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2 Introduction

2.0.1 Intro: What Is Biochemistry?

Biochemistry is the study of the chemistry of, and relating to, biological organisms. It forms
a bridge between biology and chemistry by studying how complex chemical reactions and
chemical structures give rise to life and life's processes. Biochemistry is sometimes viewed as
a hybrid branch of organic chemistry which specializes in the chemical processes and chemical
transformations that take place inside of living organisms, but the truth is that the study of
biochemistry should generally be considered neither fully "biology" nor fully "chemistry" in
nature. Biochemistry incorporates everything in size between a molecule and a cell and all
the interactions between them. The aim of biochemists is to describe in molecular terms the
structures, mechanisms and chemical processes shared by all organisms, providing organizing
principles that underlie life in all its diverse forms. Biochemistry essentially remains the
study of the structure and function of cellular components (such as enzymes and cellular
organelles) and the processes carried out both on and by organic macromolecules - especially
proteins, but also carbohydrates, lipids, nucleic acids, and other biomolecules. All life forms
alive today are generally believed to have descended from a single proto-biotic ancestor,
which could explain why all known living things naturally have similar biochemistries. Even
when it comes to matters which could appear to be arbitrary - such as the genetic code and
meanings of codons, or the "handedness" of various biomolecules - it is irrefutable fact that
all marine and terrestrial living things demonstrate certain unchanging patterns throughout
every level of organization, from family and phylum to kingdom and clade. Biochemistry is,
most simply put, the chemistry of life.

2.1 Thermodynamics

2.2 Why Do Substances React?

Chemical (and thus, biochemical) reactions only occur to a significant extent if they are
energetically favorable. If the products are more stable than the reactants, then in general
the reaction will, over time, tend to go forward. Ashes are more stable than wood, so once
the energy of activation is supplied (e.g., by a match), the wood will burn. There are plenty
of exceptions to the rule, of course, but as a rule of thumb it's pretty safe to say that if
the products of a reaction represent a more stable state, then that reaction will go in the
forward direction. There are two factors that determine whether or not reactions changing
reactants into products are considered to be favorable: these two factors are simply called
enthalpy and entropy.
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2.2.1 Enthalpy

Simply put, enthalpy is the heat content of a substance (H). Most people have an intuitive
understanding of what heat is... we learn as children not to touch the burners on the stove
when they are glowing orange. Enthalpy is not the same as that kind of heat. Enthalpy is
the sum of all the internal energy of a substance's matter plus its pressure times its volume.
Enthalpy is therefore defined by the following equation:

H = U +PV

where (all units given in SI)

• H is the enthalpy
• U is the internal energy, (joules)
• P is the pressure of the system, (Pascals)
• and V is the volume, (cubic meters)

If the enthalpy of the reactants while being converted to products ends up decreasing (ΔH
< 0), that means that the products have less enthalpy than the reactants and energy is
released to the environment. This reaction type is termed exothermic. In the course of most
biochemical processes there is little change in pressure or volume, so the change in enthalpy
accompanying a reaction generally reflects the change in the internal energy of the system.
Thus, exothermic reactions in biochemistry are processes in which the products are lower in
energy than the starting materials. As an example, consider the reaction of glucose with
oxygen to give carbon dioxide and water. Strong bonds form in the products, reducing the
internal energy of the system relative to the reactants. This is a highly exothermic reaction,
releasing 2805 kJ of energy per mole of glucose that burns (ΔH = -2805 kJ/mol). That
energy is given off as heat.

ΔΔΔH reactants/products environment favorable
< 0 releases heat heats up yes
> 0 gains heat cools down no

2.2.2 Entropy

Entropy (symbol S) is the measure of randomness in something. It represents the most
likely of statistical possibilities of a system, so the concept has extremely broad applications.
In chemistry of all types, entropy is generally considered important in determining whether
or not a reaction goes forward based on the principle that a less-ordered system is more
statistically probable than a more-ordered system. What does that mean, really? Well, if the
volcano Mt. Vesuvius erupted next to a Roman-Empire era Mediterranean city, would the
volcano be more likely to destroy the city, or build a couple of skyscrapers there? It's pretty
obvious what would happen (or, rather, what did happen) because it makes sense to us that
natural occurrences favor randomness (destruction) over order (construction, or in this case,

6
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skyscrapers). Entropy is just a mathematical way of expressing these essential differences.
When it comes to chemistry, there are three major concepts based on the concept of entropy:

1. Intramolecular states (Degrees of freedom)
The more degrees of freedom (how much the molecules can move in space) a molecule
has, the greater the degree of randomness, and thus, the greater the entropy.There
are three ways molecules can move in space, and each has a name: rotation =
movement around an axis, vibration = intramolecular movement of two bonded
atoms in relation to each other, and translation = a molecule moving from place to
place.

•2. Intermolecular structures
When molecules can interact with each other by forming non-covalent bonds a
structure is often created.This tends to reduce randomness (and thus entropy) since
any such association between molecules stabilizes the motion of both and decreases
the possibilities for a random distribution.

•3. Number of possibilities
The more molecules present, the more ways of distributing the molecules in space -
which because of statistical probabilities means more potential for randomness.Also,
if there is more space available to distribute the molecules within, the randomness
increases for precisely the same reason solid matter (least entropy) << liquids <<
gases (most entropy)

Changes in entropy are denoted as ΔS. For the reasons stated above (in the volcano
situation), the increase of entropy (ΔS > 0) is considered to be favorable as far as the
Universe in general is concerned. A decrease in entropy is generally not considered favorable
unless an energetic component in the reaction system can make up for the decrease in
entropy (see free energy below).

ΔΔΔS entropy favorable
> 0 increases yes
< 0 decreases no

2.2.3 Gibbs Free Energy

Changes of both enthalpy (ΔH) and entropy (ΔS) combined decide how favorable a
reaction is. For instance, burning a piece of wood releases energy (exothermic, favorable)
and results in a substance with less structure (CO2 and H2O gas, both of which are less
'ordered' than solid wood). Thus, one could predict that once a piece of wood was set on
fire, it would continue to burn until it was gone. The fact that it does so is ascribed to the
change in its Gibbs Free Energy. The overall favorability of a reaction was first described
by the prominent chemist Josiah Willard Gibbs1, who defined the free energy of a reaction
as

1 http://en.wikibooks.org//en.wikipedia.org/wiki/Willard_Gibbs
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••

ΔG = ΔH - T ΔS

where T is the temperature on the Kelvin temperature scale. The formula above assumes
that pressure and temperature are constant during the reaction, which is almost always the
case for biochemical reactions, and so this book makes the same assumption throughout.
The unit of ΔG (for Gibbs) is the "joule" in SI systems, but the unit of "calorie" is also often
used because of its convenient relation to the properties of water. This book will use both
terms as convenient, but the preference should really be for the SI notation.

2.2.4 What Does ΔΔΔG Really Mean?

If ΔG < 0 then the reactants should convert into products (signifying a forward reaction)...
eventually. (Gibbs free energy says nothing about a reaction's rate, only its probability.)
Likewise, for a given reaction if ΔG > 0 then it is known that the reverse reaction is favored
to take place. A state where ΔG = 0 is called equilibrium, and this is the state where the
reaction in both the forward and reverse directions take place at the same rate, thus not
changing the net effect on the system.

How is equilibrium best explained? Alright, as an example set yourself on the living
room carpet with your most gullible younger relative (a little nephew, niece or cousin
will work fine). Take out a set of Monopoly, take one ten dollar bill for yourself and give
your little relative the rest. Now both of you give the other 5% of all that you have. Do
this again, and again, and again-again-again until eventually... you both have the same
amount of money. This is precisely what the equilibrium of a reaction means, though
equilibrium only very rarely results in an even, 50-50% split of products and reactants.

ΔG naturally varies with the concentration of reactants and products. When ΔG reaches
0, the reaction rate in the forward direction and the reaction rate in the reverse direction
are the same, and the concentration of reactants and products no longer appears to change;
this state is called the point of chemical equilibrium. You and your gullible little relative
have stopped gaining and losing Monopoly money, respectively; you both keep exchanging
the same amount each turn. Note again that equilibrium is dynamic. Chemical reaction
does not cease at equilibrium, but products are converted to reactants and reactants are
converted to products at exactly the same rate. A small ΔG (that is, a value of ΔG close to
0) indicates that a reaction is somewhat reversible; the reaction can actually run backwards,
converting products back to reactants. A very large ΔG (that is, ΔG >> 0 or ΔG << 0) is
precisely the opposite, because it indicates that a given reaction is irreversible, i.e., once the
reactants become products there are very few molecules that go back to reactants.

2.3 Metabolic pathways

The food we consume is processed to become a part of our cells; DNA, proteins, etc. If the
biochemical reactions involved in this process were reversible, we would convert our own
DNA back to food molecules if we stop eating even for a short period of time. To prevent
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this from happening, our metabolism is organized in metabolic pathways. These pathways
are a series of biochemical reactions which are, as a whole, irreversible. The reactions of a
pathway occur in a row, with the products of the first reaction being the reactants of the
second, and so on:

A ⇌ B ⇌ C ⇌ D ⇌ E

At least one of these reactions has to be irreversible, e.g.:

A ⇀ B ⇌ C ⇌ D ⇀ E

The control of the irreversible steps (e.g., A → B) enables the cell to control the whole
pathway and, thus, the amount of reactants used, as well as the amount of products
generated. Some metabolic pathways do have a "way back", but it is not the same pathway
backwards. Instead, while using the reversible steps of the existing pathway, at least one of
the irreversible reactions is bypassed by another (irreversible) one on the way back from E
to A:

E ⇀ X ⇌ C ⇌ B ⇀ A

This reaction is itself controlled, letting the cell choose the direction in which the pathway
is running.

2.4 Free energy and equilibrium

For ΔG, the free energy of a reaction, standard conditions were defined:

• concentration of reactants and products at 1M
• temperature at 25°C
• acidity at pH 7.0

Under these standard conditions, ΔΔΔG0' is defined as the standard free energy change.
For a reaction

A + B ⇌ C + D

the ratio of products to reactants is given by keq' (=keq at pH 7.0):

k′
eq = products

reactants = [C][D]
[A][B]

The relationship of ΔG0' and keq' is

ΔG0' = - R T ln keq' = - R T 2.030 log10 keq'

with

R = 8.315 [J mol-1 K-1] ( molar gas constant2)

T = temperature [K]

2 http://en.wikibooks.org//en.wikipedia.org/wiki/molar_gas_constant
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In theory, we can now decide if a reaction is favorable (ΔG0' < 0). However, the reaction
might need a catalyst to occur within a reasonable amount of time. In biochemistry, such a
catalyst is often called an enzyme.

The purpose of DNA melting or DNA denaturation is emphasizing and demonstrating the
life cycles of all organisms and the origin of replication. The origin of replication specific
structure varies from species to species. Furthermore, the particular sequence of the origin
of replication is in a genome which is the human genes. Nevertheless, DNA replication is
also part of origin of replication which examen in the living organism such as prokaryotes
and eukaryotes. Thermodynamically, there are two important contributions on the DNA
denaturation. One of them is the breaking all of the hydrogen bonds between the bases
in the double helix; the other one is to overcome the stacking stability/energy of bases
on top of each other. There are several methods to denature DNA; heat is known as the
most common one use in laboratory. We just have to heat the sample to reach above
its melting point, the unstack ability of DNA can be then monitored. Melting point and
denaturation of DNA depend on several factors: the length of DNA, base-composition of
DNA, the condition of the DNA and also the composition of buffer. For instance, the
longer DNA will contain more H-bonds and more intermolecular forces compared to the
shorter one; therefore, denaturations of longer DNA requires more time and more heat.
Base-composition of DNA can also play as a key factor because A:T requires two hydrogen
bonds and G:C interaction requires three hydrogen bonds. The region of DNA which
contains more A:T will melt/denature more rapidly compared to G:C. We can also see how
the condition of DNA is important because condition of DNA is related to whether the
DNA is relax, supercoiled, linear or heavily nicked. It is important because it allow us to
examine how much intermolecular forces existing in the double helix. Finally, condition of
buffer is also playing an essential role to study DNA denaturation because it allow us to
control the amount of ions present in the solution during the entire process. Biologically,
DNA denaturation can happen inside the cell during DNA replication or translation. In
both cases, DNA denaturation is an essential step and a beginning to start each of the
process. Most of the time, denaturation happened because of binding of protein or enzymes
to a specific region of DNA, the binding will likely lead to open or denature of the helix.
However, the actual meaning of the DNA melting is the denaturation of DNA which changes
the structure of DNA from double stranded into single stranded. The processes of DNA
denaturation is unwinding the double stranded deoxyribonucleic acid and breaks it into two
single stranded by breaking the hydrogen bonding between the bases. DNA denaturation is
also known of DNA annealing because it is reservable . The main steps DNA annealing are
double helical will go through the denaturation to become partially denatured DNA then it
will separated the strands into two single strand of DNA in random coils.

2.5 Catalysis

Catalysis refers to the acceleration of the rate of a chemical reaction by a substance, called
a catalyst, that is itself unchanged by the overall reaction. Catalysis is crucial for any
known form of life, as it makes chemical reactions happen much faster than they would "by
themselves", sometimes by a factor of several million times. A common misunderstanding is
that catalysis "makes the reaction happen", that the reaction would not otherwise proceed
without the presence of the catalyst. However, a catalyst cannot make a thermodynamically
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unfavorable reaction proceed. Rather, it can only speed up a reaction that is already
thermodynamically favorable. Such a reaction in the absence of a catalyst would proceed,
even without the catalyst, although perhaps too slowly to be observed or to be useful in
a given context. Catalysts accelerate the chemical reaction by providing a lower energy
pathway between the reactants and the products. This usually involves the formation
of an intermediate, which cannot be formed without the catalyst. The formation of this
intermediate and subsequent reaction generally has a much lower activation energy barrier
than is required for the direct reaction of reactants to products. Catalysis is a very important
process from an industrial point of view since the production of most industrially important
chemicals involve catalysis. Research into catalysis is a major field in applied science,
and involves many fields of chemistry and physics. Two types of catalysis are generally
distinguished. In homogeneous catalysis the reactants and catalyst are in the same phase.
For example acids (H+ ion donors) are common catalysts in many aqueous reactions. In
this case both the reactants and the catalysts are in the aqueous phase. In heterogeneous
catalysis the catalyst is in a different phase than the reactants and products. Usually, the
catalyst is a solid and the reactants and products are gases or liquids. In order for the
reaction to occur one or more of the reactants must diffuse to the catalyst surface and adsorb
onto it. After reaction, the products must desorb from the surface and diffuse away from
the solid surface. Frequently, this transport of reactants and products from one phase to
another plays a dominant role in limiting the rate of reaction. Understanding these transport
phenomena is an important area of heterogeneous catalyst research.

2.6 Enzymes

Enzyme (from Greek, in ferment) are special protein molecules whose function is to
facilitate or otherwise accelerate most chemical reactions in cells. Many chemical reactions
occur within biological cells, but without catalysts most of them happen too slowly in
the test tube to be biologically relevant. Enzymes can also serve to couple two or more
reactions together, so that a thermodynamically favorable reaction can be used to "drive" a
thermodynamically unfavorable one. One of the most common examples is enzymes which
use the dephosphorylation of ATP to drive some otherwise unrelated chemical reaction.
Chemical reactions need a certain amount of activation energy to take place. Enzymes
can increase the reaction speed by favoring or enabling a different reaction path with a
lower activation energy (Fig. 1), making it easier for the reaction to occur. Enzymes are
large globular proteins that catalyze (accelerate) chemical reactions. They are essential for
the function of cells. Enzymes are very specific as to the reactions they catalyze and the
chemicals (substrates) that are involved in the reactions. Substrates fit their enzymes like a
key fits its lock (Fig. 2). Many enzymes are composed of several proteins that act together
as a unit. Most parts of an enzyme have regulatory or structural purposes. The catalyzed
reaction takes place in only a small part of the enzyme called the active site, which is made
up of approximately 2 - 20 amino acids.
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Figure 2 Figure 1: Diagram of a catalytic reaction, showing the energy needed (E)
against time (t).

The substrates (A and B) need a large amount of energy (E1) to reach the intermediate
state A...B, which then reacts to form the end product (AB). The enzyme (E) creates a
microenvironment in which A and B can reach the intermediate state (A...E...B) more easily,
reducing the amount of energy needed (E2). As a result, the reaction is more likely to take
place, thus improving the reaction speed.
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Figure 3 Figure 2: An enzyme catalyzes the reaction of two substrates and to form one
product.

Enzymes can perform up to several million catalytic reactions per second. To determine
the maximum speed of an enzymatic reaction, the substrate concentration is increased
until a constant rate of product formation is achieved (Fig. 3). This is the maximum
velocity (Vmax) of the enzyme. In this state, all enzyme active sites are saturated with
substrate. This was proposed in 1913 by Leonor Michaelis and Maud Menten. Since the
substrate concentration at Vmax cannot be measured exactly, enzymes are characterized
by the substrate concentration at which the rate of reaction is half its maximum. This
substrate concentration is called the Michaelis-Menten constant (KM). Many enzymes obey
Michaelis-Menten kinetics.
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Figure 4 Figure 3: Diagram of reaction speed and Michaelis-Menten constant.

The speed V means the number of reactions per second that are catalyzed by an enzyme.
With increasing substrate concentration [S], the enzyme is asymptotically approaching its
maximum speed Vmax, but never actually reaching it. Because of that, no [S] for Vmax
can be given. Instead, the characteristic value for the enzyme is defined by the substrate
concentration at its half-maximum speed (Vmax/2). This KM value is also called Michaelis-
Menten constant. Several factors can influence the reaction speed, catalytic activity, and
specificity of an enzyme. Besides de novo synthesis (the production of more enzyme molecules
to increase catalysis rates), properties such as pH or temperature can denature an enzyme
(alter its shape) so that it can no longer function. More specific regulation is possible by
posttranslational modification (e.g., phosphorylation) of the enzyme or by adding cofactors
like metal ions or organic molecules (e.g., NAD+, FAD, CoA, or vitamins) that interact
with the enzyme. Allosteric enzymes are composed of several subunits (proteins) that
interact with each other and thus influence each other's catalytic activity. Enzymes can
also be regulated by competitive inhibitors (Fig. 4) and non-competitive inhibitors and
activators (Fig. 5). Inhibitors and activators are often used as medicines, but they can also
be poisonous.
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Figure 5 Figure 4: Competitive inhibition.

A competitive inhibitor fits the enzyme as well as its real substrate, sometimes even better.
The inhibitor takes the place of the substrate in the active center, but cannot undergo
the catalytic reaction, thus inhibiting the enzyme from binding with a substrate molecule.
Some inhibitors form covalent bonds with the enzyme, deactivating it permanently (suicide
inhibitors). In terms of the kinetics of a competitive inhibitor, it will increase Km but leave
Vmax unchanged.
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Figure 6 Figure 5: Non-competitive inhibition.

Non-competitive inhibitors/activators (I) do not bind to the active center, but to other parts
of the enzyme (E) that can be far away from the substrate (S) binding site. By changing the
conformation (the three-dimensional structure) of the enzyme (E), they disable or enable
the ability of the enzyme (E) to bind its substrate (S) and catalyze the desired reaction.
The noncompetitive inhibitor will lower Vmax but leave Km unchanged. An uncompetitive
inhibitor will only bind to the enzyme-substrate complex forming an enzyme-substrate-
inhibitor (ESI) complex and cannot be overcome by additional substrate. Since the ESI
is nonreactive, Vmax is effectively lowered. The uncompetitive inhibitor will in turn lower
the Km due to a lower concentration of substrate needed to achieve half the maximum
concentration of ES. Several enzymes can work together in a specific order, creating metabolic
pathways (e.g., the citric acid cycle, a series of enzymatic reactions in the cells of aerobic
organisms, important in cellular respiration). In a metabolic pathway, one enzyme takes
the product of another enzyme as a substrate. After the catalytic reaction, the product
is then passed on to another enzyme. The end product(s) of such a pathway are often
non-competitive inhibitors (Fig. 5) for one of the first enzymes of the pathway (usually the
first irreversible step, called committed step), thus regulating the amount of end product
made by the pathway (Fig. 6).
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Figure 7 Figure 6: Common feedback inhibition mechanisms.

1. The basic feedback inhibition mechanism, where the product (P) inhibits the
committed step (A⇀B).

2. Sequential feedback inhibition. The end products P1 and P2 inhibit the first committed
step of their individual pathway (C⇀D or C⇀F). If both products are present in
abundance, all pathways from C are blocked. This leads to a buildup of C, which in
turn inhibits the first common committed step A⇀B.

3. Enzyme multiplicity. Each end product inhibits both the first individual committed
step and one of the enzymes performing the first common committed step.
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4. Concerted feedback inhibition. Each end product inhibits the first individual committed
step. Together, they inhibit the first common committed step.

5. Cumulative feedback inhibition. Each end product inhibits the first individual com-
mitted step. Also, each end product partially inhibits the first common committed
step.

Enzymes are essential to living organisms, and a malfunction of even a single enzyme out of
approximately 2,000 present in our bodies can lead to severe or lethal illness. An example of a
disease caused by an enzyme malfunction in humans is phenylketonuria (PKU). The enzyme
phenylalanine hydroxylase, which usually converts the essential amino acid phenylalanine
into tyrosine does not work, resulting in a buildup of phenylalanine that leads to mental
retardation. Enzymes in the human body can also be influenced by inhibitors in good or bad
ways. Aspirin, for example, inhibits an enzyme that produces prostaglandins (inflammation
messengers), thus suppressing pain. But not all enzymes are in living things. Enzymes are
also used in everyday products such as biological washing detergents where they speed up
chemical reactions, (to get your clothes clean).

2.7 Digestive and Metabolic Enzymes

In the previous section we have been talking about the digestive enzymes, both the ones
produced by the body, such as salivary amylase, and the food enzymes. Their primary role
is for the digestion of food. Another class of enzymes is called metabolic enzymes. Their
role is to catalyze chemical reactions involving every process in the body, including the
absorption of oxygen. Our cells would literally starve for oxygen even with an abundance of
oxygen without the action of the enzyme, cytochrome oxidase. Enzymes are also necessary
for muscle contraction and relaxation. The fact is, without both of these classes of enzymes,
(digestive and metabolic,) life could not exist. Digestive enzymes function as biological
catalysts in which it helps to breakdown carbohydrates, proteins, and fats. On the other
hand, metabolic enzymes function as a remodel of cells. Digestion of food has a high priority
and demand for enzymes; digestive enzymes get priority over metabolic enzymes. Any
deficiency in metabolic enzyme can lead to over work, which could lead to enlarge organs in
order to perform the increased workload. The result is unhealthy and could cause enlarged
heart or pancreas. The deficiencies of metabolic enzymes can have a tremendous impact on
health. As we grow older enzyme level decline and the efficiency in the body decline.

2.8 Enzyme naming conventions

By common convention, an enzyme's name consists of a description of what it does, with the
word ending in "-ase". Examples are alcohol dehydrogenase and DNA polymerase. Kinases
are enzymes that transfer phosphate groups. The International Union of Biochemistry and
Molecular Biology has developed a nomenclature for enzymes, the EC numbers; each enzyme
is described by a sequence of four numbers, preceded by "EC". The first number broadly
classifies the enzyme based on its mechanism:

• EC 1 Oxidoreductases: catalyze oxidation/reduction reactions
• EC 2 Transferases: transfer a functional group (e.g., a methyl or phosphate group)
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• EC 3 Hydrolases: catalyze the hydrolysis of various bonds
• EC 4 Lyases: cleave various bonds by means other than hydrolysis and oxidation
• EC 5 Isomerases: catalyze isomerization changes within a single molecule
• EC 6 Ligases: join two molecules with covalent bonds

Some other important enzymes are: Protease: breaks the protein into amino acids in high
acidity environments such as stomach,pancreatic and intestinal juices. Act on bacteria,
viruses and some cancerous cells. Amylase: Break complex carbohydrates such as starch
into simpler sugars (dextrin and maltose). It found in the intestines, pancreas and also in
salivary glands. Lipase: breaks down fats and some fat soluble vitamins (A,E,K, and D).
helpful in treating cardiovascular diseases. Cellulase: break down cellulose that found in
fruits, grains, and vegetables. It increases the nutritional values of vegetables, and fruits.
Pectinase: break down pectin that found in citrus fruits, carrots, beets, tomatoes, and apple.
Antioxidants: protect from free radical negative effect that can damage cell in the body.
Cathepsin: break animal protein down. Lactase: break down lactose that found in milk
products. the production of lactase decrease with age. Invertase: assimilate sucrose that
can contribute to digestive stress if not digested properly. Papain: break down protein and
help the body in digestion. Bromelain: Break proteins that found in plants and animals.
it could help the body to fight cancer and treat inflammation. Glucoamylase: break down
maltose that found in all grains in to two glucose molecules.

2.9 Metabolism and energy

Biochemistry3 << Catalysis4 | pKa values >>5

2.10 Metabolism

2.10.1 Anabolism and catabolism

Metabolism (Fig. 1) is, broadly speaking, the conversion of food into energy, cell components,
and waste products.

3 http://en.wikibooks.org/wiki/Biochemistry
4 http://en.wikibooks.org/wiki/Biochemistry/Catalysis
5 http://en.wikibooks.org/wiki/Biochemistry/pKa_values
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Figure 8

Figure 1: Overview of metabolism The above diagram shows the different parts of
metabolism:

• energy source, which is, after all, the sun, whose energy is harvested through photosynthesis
• catabolism, the breakdown of food into chemical energy, which is needed in
• anabolism, the construction of complex cell molecules from small environmental molecules,

utilizing chemical energy

Catabolic reactions release energy and are therefore exergonic, while anabolic reactions
use up energy and are therefore endergonic.

2.10.2 High-energy phosphates

Due to the large variety of food compounds, and the large number of biochemical reactions
which need energy in anabolism, it would be quite inefficient to couple a specific anabolic
reaction to a specific energy source in catabolism. Instead, the cell uses an intermediate
compound, a kind of universal energy currency. This intermediate is called high-energy
phosphate. But when is a phosphate group called "high-energy", and how does it differ from
a "low-energy" phosphate? A giveaway is the ΔG0' of hydrolysis. Hydrolysis separates a
phosphate from a compound by adding water:

O O

20



Metabolism

R-OP-OH + H2O ⇌ R-OH + HO-P-OH
O O

The ΔG0' of a low-energy (or "inorganic") phosphate group (called Pi) is 9-20 kJ mol-1, while
the ΔG0' of a high-energy phosphate (denoted Ⓟ) is ˜30 kJ mol-1.

2.10.3 pKa value

Now what makes this Ⓟ so special? To explain this, we must take a little excourse into pH
and pKa values. A phosphate group has between zero and three OH groups. This allows Ⓟ
to exist in up to four different forms (0, 1, 2, and 3 OH groups, Fig. 2), depending on the
pH value of the surrounding solution. A pKa value gives us the pH value at which 50% of
the molecules are in one form (e.g., 1 OH group) and another (e.g., 2 OH groups). This is
expressed by the Henderson-Hasselbalch equation :

pH = pKa + log [base]
[acid]

Figure 9

Figure 2: The four possible forms of a phosphate group. pKa2 represents the conditions in
the cell. Now to the promised difference between Ⓟ and PPi. The breaking of the ester
bond of an ROⓅ releases more energy than the breaking of a PPi bond (Fig. 3), because of

1. electrostatic repulsion between the two phosphate groups in PPi
2. resonance stabilization of two Pi groups, compared to PPi (Fig. 4)

Figure 10

Figure 3: Hydrolysis of Ⓟ and PPi.
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Figure 11

Figure 4: Resonance stabilization of Pi. Resonance stabilization means that both OH and
=O can "travel" around the phosphate. Of course, this is a crude analogy; they do not really
move, the electrons are just "smeared" around the phosphate atom. This is also indicated by
the use of the ↔ arrow, instead of ⇌; the three forms do not exist, they are just a way of
writing down the chemical reality. As you can see in Fig. 3, the ΔG0' value for PPi⇌2Pi is
≪0, shifting the reaction strongly in favor of the 2Pi.

2.11 Molecules using high-energy phosphates

2.11.1 Anhydride between phosphoric acid and carboxyl group

Hydrolysis : ΔG0' = -49.3 kJ mol-1

Figure 12

2.11.2 Guanidine phosphate

Hydrolysis : ΔG0' = -43.0 kJ mol-1
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Figure 13

2.11.3 Enol phosphate

For example, this picture is wrong, the carbon has 5 bonds to it after it tautomerizes, which
is impossible and a rookie organic chemistry error. please fix phosphoenolpyruvate

Hydrolysis : ΔG0' = -61.9 kJ mol-1

Figure 14

2.11.4 ATP

Adenosine triphosphate contains one low-energy and two high-energy phosphate bonds:
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Figure 15

Low energy : ΔG0' = -14,2 kJ mol-1

High energy : ΔG0' = -30.5 kJ mol-1

• ATP is regenerated from ADP (adenosine diphosphate), Pi and energy (from food); H2O
is released in the process.

• ATP is the short-term energy "currency" of the cell.
• ATP concentration in the cell is low (ATP: 2-8mM; ADP:0,2-0,8mM). ATP is generated

in high "turn over".
• ATP performs its chemical work through coupled reactions.
• Coupled reactions are always Ⓟ transfers, never direct hydrolysis

Basically, any ATP-driven reaction is reversible, building ATP from ADP and Pi in the
process. However, some ATP-driven reactions should never be reversed; these include
nucleotide and protein synthesis. If these were reversed, the organism would disassemble
its own DNA and proteins for energy, a rather unfortunate strategy. For reactions that
should never be reversed, ATP can be broken down into AMP (adenosine monophosphate)
and PPi, which in turn becomes 2×Pi. This reaction has a ΔG0' of -65,7 kJ mol-1, which is
totally irreversible under in vivo conditions. It should be noted that AMP can not directly
be converted to ATP again. Instead, the enzyme AMP kinase forms two ADP molecules
from one ATP and one AMP. The resulting ADPs are then treated as described above.
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2.12 Non-covalent bonds

The destruction of covalent bonds takes up huge amounts of energy. The breakdown of
an O2 molecule into two oxygen atoms needs ˜460 kJ mol-1. Thus, nowhere in "living"
biochemistry are covalent bonds actually destroyed; if one is broken, another one is created.
This is where non-covalent bonds come in, they are weak enough to be broken down easily,
and to form "bonds" again. For this reason, many biochemical functions are using so-called
weak/secondary/non-covalent bonds. Weak bonds are created and destroyed much more
easily than covalent ones. The typical range of energy needed to destroy such a weak bond is
4-30 kJ mol-1. Thus, the formation of weak bonds is energetically favorable, but these bonds
are also easily broken by kinetic (thermal) energy (the normal movement of molecules).
Biochemical interactions are often temporary (e.g., a substrate has to leave an enzyme
quickly after being processed), for which the weakness of these bonds is essential. Also,
biochemical specificity (e.g., enzyme-substrate-recognition) is achieved through weak bonds,
utilizing two of their major properties:

• Since individual weak bonds are, well, weak, several of them have to occur in a specific
pattern at the same time in roughly the same place.

• The short range of weak bonds.

The link that follows demonstrates the type of non-covalent forces: [1]6 There are three
basic types of weak bonds, and a fourth "pseudo-bond":

2.12.1 Ionic bonds

Ionic bonds are electrostatic attractions between permanently charged groups. Ionic bonds
are not directed. Example:

X-CO2- ..... H3+N-Y

˜ 20 kJ mol-1

2.12.2 Hydrogen bonds

Hydrogen bonds are also established by electrostatic attraction. These attractions do not
occur between permanently charged groups, but rather between atoms temporarily charged
by a dipole moment, resulting from the different electronegativity7 of atoms within a group.
Hydrogen bonds are even weaker than ionic bonds, and they are highly directional, usually
along a straight line. Besides being weaker than ionic bonds, hydrogen bonds are also weaker,
and longer than similar covalent bonds. Hydrogen bonds are unique because they only exist
when the Hydrogen is bonded to an oxygen (O), Nitrogen (N), or Fluorine (F), but the most
common hydrogen bonds in biochemistry are:

6 http://www.pearsonhighered.com/mathews/ch02/fi2p2.htm

7 http://en.wikibooks.org/w/index.php?title=Electronegativity&amp;action=edit&amp;
redlink=1
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X-OH ..... O-Y

X-OH ..... N-Y

X-NH ..... O-Y

X-NH ..... N-Y

Hydrogen bonds equal an energy between 12-29 kJ mol, whereas covalent bonds are much
higher. For example, the covalent bond between oxygen and hydrogen is about 492 KJ
mol-1-1.

2.13 Hydrogen Bonds and Water

Water has unique properties, after all, it is chosen to be the universal solvent. The unique
properties of water are due to hydrogen bonding between all the oxygens and hydrogens of
the content. The hydrogen bonds occurring in water are about 2 angstroms apart from each
other. Although hydrogen bonding is only about 5% as strong as covalent bond, they still
cause water to have a high boiling point, and a high surface tension. The following link will
take you to the structure of water and its Hydrogen Bonding: [ [2]8]

2.13.1 Van der Waals attractions

Van der Waals attractions are established between electron density-induced dipoles. They
form when the outer electron shells of two atoms almost (but not quite) touch. The distance
of the atoms is very important for these weak interactions. If the atoms are too far apart, the
interactions are too weak to establish; if the atoms are too close to each other, their electron
shells will repel each other. Van der Waals attractions are highly unspecific; they can occur
between virtually any two atoms. Their energy is between 4-8 kJ mol-1. [[File:Example.jpg ]]

2.13.2 Hydrophobic forces

Hydrophobic forces are not actually bonds, so this list has four items, but still just three bond
types. In a way hydrophobic forces are the negation of the hydrogen bonds of a polar solute,
usually water, enclosing a nonpolar molecule. For a polar solute like water, it is energetically
unfavorable to "waste" a possible hydrogen bond by exposing it towards a nonpolar molecule.
Thus, water will arrange itself around any nonpolar molecule in such a way that no hydrogen
bonds point towards that molecule. This results in a higher order, compared to "freely"
moving water, which leads to a lower entropy level and is thus energetically unfavorable.
If there is more than one nonpolar molecule in the solute, it is favorable for the nonpolar
molecules to aggregate in one place, reducing their surrounding, ordered "shell" of water to
a minimal surface. Also, in large molecules, such as proteins, the hydrophobic (nonpolar)

8 http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/H/Hbonds_water.gif
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parts of the molecule will tend to turn towards the inside, while the polar parts will tend to
turn towards the surface of the molecule.

2.13.3 References

Cooke, Rosa-lee. Properties of Water. Lecture 10. Mountain Empire Community College.
n.d. Web. 9 Kimball, John W.. Hydrogen Bonds. Kimball’s Biology Pages. Feb. 12, 2011.
Web. 10 Lower, Stephen. States of matter: Water and hydrogen bonding. General Chemistry
Virtual Textbooks. 2009. Aug. 26, 2010. Web. 11 n.p. Covalent vs. Non-Covalent Bonds.
n.d. 12 W. W. Norton & Company. Hydrogen Bonding in Water. Web. 2012. 13 WyzAnt
Tutoring. WyzAnt Tutoring. Bonds. 2012. Web. 14
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2.14 pKa values

Biochemistry18 << Metabolism and energy19

It is difficult to discuss the subject of biochemistry without a firm foundation in general
chemistry and organic chemistry, but if one doesn't remember the concept of the Acid
Dissociation Constant (pKa) from Organic Chemistry20, one can read up on the topic below.

Buffers are essential to biochemical reactions, as they provide a (more or less) stable pH
value for reactions to take place under constantly changing circumstances. The pH value in
living cells tends to fall between 7.2 and 7.4, and this pH level is generally maintained by
weak acids. (The pH values in lysosomes and peroxisomes differ from this value, as do the
pH measurements of the stomach and other organs found in various types of plants and
animals.)

An acid is here defined simply as any molecule that can release a proton (H+) into a solution.
Stronger acids are more likely to release a proton, due to their atomic and molecular
properties. The tendency of an acid to release a proton is called the dissociation constant
(Ka) of that substance, with

9 http://water.me.vccs.edu/courses/env211/lesson10_print.htm
10 http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/H/Hbonds_water.gif
11 http://www.chem1.com/acad/webtext/states/water.html
12 http://www.pearsonhighered.com/mathews/ch02/c02cv.htm
13 http://www.wwnorton.com/college/chemistry/gilbert2/tutorials/chapter_10/water_h_bond/
14 http://www.wyzant.com/Help/Science/Chemistry/Bonds/
15 http://en.wikibooks.org/wiki/Biochemistry/Catalysis
16 http://en.wikibooks.org/wiki/Biochemistry/pKa_values
17 http://en.wikibooks.org/wiki/Biochemistry
18 http://en.wikibooks.org/wiki/Biochemistry
19 http://en.wikibooks.org/wiki/Biochemistry/Metabolism_and_energy

20 http://en.wikibooks.org/w/index.php?title=Organic_ChemistryFoundational_concepts_of_
organic_chemistry/Acids_and_bases&amp;action=edit&amp;redlink=1
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Introduction

Ka = [H+][A−]
[HA]

for HA <-> H+ + A-.

A larger Ka value means a greater tendency to dissociate a proton, and thus it means the
substance is a stronger acid. The pH at which 50% of the protons are dissociated can
therefore be calculated as:

pKa = -log ( Ka )

This equation is known as the Henderson-Hasselbalch equation.

pH = pKa + log [base]
[acid]

The Henderson-Hasselbalch equation is derived from the adjacent Ka expression. By taking
the logarithm of base ten to both sides, the next part of the equation is obtained. Using the
logarithmic property of multiplication, the [H+] breaks from the expression. Since log Ka is
equal to -pKa and log [H+] is equal to -pH, they are then substituted. To obtain what is
known as the Henderson-Hasselbalch equation, -pKa and -pH are subtracted from their
respective sides to yield a positive equation.

The Henderson-Hasselbalch equation interestingly enough predicts the behavior of buffer
solutions. A solution of 1 M ethanoic (acetic) acid [HA] and 1 M sodium ethanoate [A-] will
have a pH equal to the pKa of ethanoic acid: 4.76.

If we added acid to pure water up to a concentration of 0.1 M, the pH would become 1. If
we add the same concentration of acid to the buffer solution, it will react with the ethanoate
to form ethanoic acid. The ethanoate concentration would drop to 0.9 M and the ethanoic
acid concentration should rise to 1.1 M. The pH becomes 4.67 - very different from the
pH=1 without a buffer.

Similarly, adding 0.1 M alkali changes the pH of the buffer to 4.85, instead of pH=13
without buffer. Due to the amphipathic nature of amino acids - which are the monomer
building blocks of all proteins, physiological conditions are always considered to be buffered,
which plays a major role in the conformations and reactivities of substrates in the cell's
liquid interior, its cytosol.

A very small (which would include a large negative value) pKa indicates a very strong acid.
A pKa value between 4 and 5 is the most common range for organic acid compounds.

<< Metabolism and energy21 Biochemistry22

21 http://en.wikibooks.org/wiki/Biochemistry/Metabolism_and_energy
22 http://en.wikibooks.org/wiki/Biochemistry
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3 Proteins

Proteins are a primary constituent of living things and one of the chief classes of molecules
studied in biochemistry. Proteins provide most of the molecular machinery of cells. Many
are enzymes or subunits of enzymes. Other proteins play structural or mechanical roles,
such as those that form the struts and joints of the cytoskeleton. Each protein is linear
polymers built of amino acid. Proteins are also nutrient sources for organisms that do not
produce their own energy from sunlight and/or are unable to fix nitrogen. Proteins can
interact with one another and with others molecules to form complexes.

Index of chapters and main sections

1. Introduction1

Protein role in biology2

Proteins as polymers of amino acids3

Protein function depends on structure4

Protein synthesis5

The chemistry of proteins6

Amino acid structure and chemistry7 Disulfide bonds8 Post-translational modifications9

1.2. Protein structure and folding10

1 http://en.wikibooks.org/wiki/Biochemistry/Proteins/Introduction

2 http://en.wikibooks.org/wiki/Biochemistry/Proteins/Introduction#Protein_role_in_
biology

3 http://en.wikibooks.org/wiki/Biochemistry/Proteins/Introduction#Proteins_as_polymers_
of_aminoacids

4 http://en.wikibooks.org/wiki/Biochemistry/Proteins/Introduction#Protein_function_
depends_on_structure

5 http://en.wikibooks.org/wiki/Biochemistry/Proteins/Introduction#Protein_synthesis
6 http://en.wikibooks.org/wiki/Biochemistry/Proteins/The_chemistry_of_proteins

7 http://en.wikibooks.org/wiki/Biochemistry/Proteins/The_chemistry_of_proteins#
Aminoacid_structure_and_chemistry

8 http://en.wikibooks.org/wiki/Biochemistry/Proteins/The_chemistry_of_proteins#
Disulfide_bonds

9 http://en.wikibooks.org/wiki/Biochemistry/Proteins/The_chemistry_of_proteins#
Post-translational_modifications

10 http://en.wikibooks.org/wiki/Biochemistry/Proteins/Protein_structure_and_folding
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Proteins

What is protein folding?11 Protein structural levels12 Secondary structure elements13

Tertiary structure elements14 Common folds and modules15

1.2.3.4. Types of Protein16

Oxygen Binding Proteins17

3.1 Introduction

3.2 Protein role and importance

Proteins are among the fundamental molecules of biology. They are common to all life
present on Earth today, and are responsible for most of the complex functions that make life
possible. They are also the major structural constituent of living beings. According to the
Central Dogma18 of Molecular Biology (proposed by Francis Crick in 1958), information
is transferred from DNA to RNA to proteins. DNA functions as a storage medium for
the information necessary to synthesize proteins, and RNA is responsible for (among other
things) the translation of this information into protein molecules, as part of the ribosome.
Virtually all the complex chemical functions of the living cell are performed by protein-based
catalysts called enzymes. Specifically, enzymes either make or break chemical bonds. Protein
enzymes should not be confused with RNA-based enzymes (also called ribozymes), a group
of macromolecules that perform functions similar to protein enzymes. Further, most of
the scaffolding that holds cells and organelles together is made of proteins. In addition to
their catalytic functions, proteins can transmit and commute signals from the extracellular
environment, duplicate genetic information, assist in transforming the energy in light and
chemicals with astonishing efficiency, convert chemical energy into mechanical work, and
carry molecules between cell compartments.

3.3 Functions not performed by proteins

Proteins do so much that it's important to note what proteins don't do. Currently there
are no known proteins that can directly replicate themselves. Prions are no exception to
this rule. It is theorized that prions may be able to act as a structural template for other
chemically (but not structurally) identical proteins, but they can't function as a native

11 http://en.wikibooks.org/wiki/Biochemistry/Proteins/Protein_structure_and_folding#
What_is_protein_folding.3F

12 http://en.wikibooks.org/wiki/Biochemistry/Proteins/Protein_structure_and_folding#
Protein_structural_levels

13 http://en.wikibooks.org/wiki/Biochemistry/Proteins/Protein_structure_and_folding#
Secondary_structure_elements

14 http://en.wikibooks.org/wiki/Biochemistry/Proteins/Protein_structure_and_folding#
Tertiary_structure_elements

15 http://en.wikibooks.org/wiki/Biochemistry/Proteins/Protein_structure_and_folding#
Common_folds_and_modules

16 http://en.wikibooks.org/wiki/Biochemistry/Proteins/Types_of_Protein

17 http://en.wikibooks.org/wiki/Biochemistry/Proteins/Types_of_Protein#Oxygen_Binding_
Proteins

18 http://en.wikibooks.org/w/index.php?title=Biochemistry/Print_version/Central_
Dogma&amp;action=edit&amp;redlink=1
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Functions not performed by proteins

template for protein synthesis de novo. Proteins don't act as fundamental energy reserves in
most organisms, as their metabolism is slower and inefficient compared to sugars or lipids.
They are, on the other hand, a fundamental nitrogen and amino acid reserve for many
organisms. Proteins do not directly function as a membrane in most organisms, except
viruses; however, they are often important components of these structures, lending both
stability and structural support.
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4 Proteins as polymers of aminoacids

4.1 Composition and Features

Proteins are composed of a linear (not branched and not forming rings) polymer of amino
acids. The twenty genetically encoded amino acids are molecules that share a central core:
The α-carbon is bonded to a primary amino (-NH2) terminus, a carboxylic acid (-COOH)
terminus, a hydrogen atom, and the amino acid side chain, also called the "R-group". The
R-group determines the identity of the amino acid. In an aqueous solution, at physiological
pH (˜6.8), the amino group will be in the protonated -NH3+ form, and the carboxylic acid
will be in the deprotonated -COO- form, forming a zwitterion. Most amino acids that make
up proteins are L-isomers, although a few exotic creatures use D-isomers in their proteins. It
is important to note that levorotatory (L) and dextrorotatory (D) are not specific to rectus
(R) and sinister (S) configurations. A levorotatory form of a protein can be either R or S
configuration. Levorotatory and dextrorotatory refer to how the proteins bend light in a
polarimeter.

Figure 16 The structure of an amino acid.
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Proteins as polymers of aminoacids

Amino acids polymerize via peptide bonds, which is a type of amide bond. A peptide bond
is formed upon the dehydration of the carboxy-terminus of one amino acid with the amine
terminus of a second amino acid. The resulting carbonyl group's carbon atom is directly
bound to the nitrogen atom of a secondary amine. A peptide chain will have an unbound
amino group free at one end (called the N-terminus) and a single free carboxylate group at
the other end (called the C-terminus). The written list of the amino acids linked together in
a protein, in order, is called its primary structure. By convention, peptide sequences are
written from N-terminus to C-terminus. This convention mimics the way polypeptides are
synthesized by the ribosome in the cell. Small polymers of less than 20 amino acids long are
more often called peptides or polypeptides. Proteins can have sequences as short as 20-30
amino acids to gigantic molecules of more than 3,000 aminoacids (like Titin,a human muscle
protein).

4.2 Genetically-Encoded Amino Acids

While there are theoretically billions of possible amino acids, most proteins are formed of
only 20 amino acids: the genetically-encoded (or more precisely, proteogenic) amino acids.
Note that all amino acids except glycine have a chiral center at their α-carbons. (Glycine has
two hydrogens on its α-carbon, and therefore it is achiral.) Besides glycine, all proteogenic
amino acids are L-amino acids, meaning they have the same absolute configuration as
L-glyceraldehyde. This is the same as the S-configuration, with the exception of cysteine,
which contains a sulfur atom in its side chain, and so the naming priority changes. D-amino
acids are sometimes found in nature, as in the cell walls of certain bacteria, but they are
rarely incorporated into protein chains. The side-chains of proteogenic amino acids are quite
varied: they range from a single hydrogen atom (as for glycine, the simplest amino acid) to
the indole heterocycle, as found in tryptophan. There are polar, charged and hydrophobic
amino acids. The chemical richness of amino acids is at the base of the complexity and
versatility of proteins.

4.3 Post-Translational Modification

There are two major types of post-translational modifications to protein: those that cleave
the bonds of the peptide backbone and those that add or remove functional groups to the
sidechains of individual amino acids. In the first type of post-translational modification,
specialized enzymes called proteases recognize specific amino acids of a protein and break the
associated peptide bond, thereby irreversibly modifying the primary structure. In the second
major type of modification, the amino acid side chains of a given protein are chemically
modified by enzymatic reactions or are spontaneously formed (non-enzymatic). Examples of
sidechain modifications are quite numerous, but common ones include oxidation, acylation,
glycosylation (addition of a glycan, or sugar), methylation, and phosphorylation. Both types
of post-translational modifications are capable of exerting positive and negative control over
a given protein or enzyme.
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The importance of protein structure

4.4 The importance of protein structure

Generally speaking, the function of a protein is completely determined by its structure.
Molecules like DNA, which perform a fairly small set of functions, have an almost fixed
structure that's fairly independent from sequence. By contrast, protein molecules perform
functions as different as digesting sugars or moving muscles. To perform so many different
functions, proteins come in many different structures. The protein function is almost
completely dependent on protein structure. Enzymes must recognize and react with their
substrates with precise positioning of critical chemical groups in the three-dimensional space.
Scaffold proteins must be able to precisely dock other proteins or components and position
them in space in the correct fashion. Structural proteins like Collagen1 must face mechanical
stresses and be able to build a regular matrix where cells can adhere and proliferate. Motor
proteins must reversibly convert chemical energy in movement, in a precise fashion.

4.5 Protein folding depends on sequence

As Anfinsen demonstrated in the 1960's, proteins acquire their structure by spontaneous
folding of the polypeptide chain into the minimal energy configuration. Most proteins
require no external factors in order to fold (although specialized protein exist in cells, called
chaperones, that help other, misfolded, proteins acquire their correct structure) — the
protein sequence itself uniquely determines the structure. Often the whole process takes
place in milliseconds. Despite the apparent chemical simplicity of proteins, the vast number
of permutations of twenty amino acids in a linear sequence leads to an amazing number
of different protein folds. Nevertheless, protein structures share several characteristics in
common: they are almost all built of a few secondary structure elements (short-range
structural patterns that are recurrent in protein structures) and even the way these elements
combine is often repeated in common motifs. Nonetheless, it is still impossible to know what
structure a given protein sequence will yield in solution. This is known as the protein folding
problem, and it is one of the most important open problems in modern molecular biology.

4.6 Protein denaturation

Proteins can lose their structure if put in unsuitable chemical (e.g. high or low pH; high
salt concentrations; hydrophobic environment) or physical (e.g. high temperature; high
pressure) conditions. This process is call denaturation. Denatured proteins have no defined
structure and, especially if concentrated, tend to aggregate into insoluble masses. Protein
denaturation is by no means an exotic event: a boiled egg becomes solid just because of
denaturation and subsequent aggregation of its proteins. Denatured proteins can sometimes
refold when put again in the correct environment, but sometimes the process is irreversible
(especially after aggregation: the boiled egg is again an example). It is finally the proteins
which are responsible for susceptibility or resistance to a pathogen or parasite.

1 http://en.wikibooks.org//en.wikipedia.org/wiki/Collagen
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Proteins as polymers of aminoacids

4.7 Proteins can fold into domains

A significant number of proteins, especially large proteins, have a structure divided into
several independent domains. These domains can often perform specific functions in a
protein. For example, a cell membrane receptor might have an extracellular domain to
bind a target molecule and an intracellular domain that binds other proteins inside the
cell, thereby transducing a signal across the cell membrane. The domain of a protein is
determined by the secondary structure of a protein there are four main types of domain
structures: alpha-helix, beta-sheet, beta-turns, and random coil. The alpha-helix is when
the poly-peptide chain forms a helix shape with the amino acids side chains sticking out,
usually about 10 amino acids long. The alpha-helix gets its strength by forming internal
hydrogen bonds, that occur between amino acid 1 and 4 along the length of the helix. A
high concentration of Glycine's in a row tend towards the alpha-helix conformation. The
beta-sheet structure is composed of poly-peptide chains stacking forming hydrogen bonds
between the sheets. You can from parallel sheets by stacking in the same direction N-C
terminal on top of N-C terminal or form anti-parallel by stacking in opposite directions
N-C terminal on top of C-N terminal. Beta-turns link two anti-parallel beta strands by a 4
amino acid loop in a defined conformation. A random coil is a portion of the protein that
has no defined secondary structure. Domains of a protein then come from unique portions
of the peptide that are made up of these types of secondary structure.

4.8 The chemistry of proteins

4.9 Amino acid structure and chemistry

4.9.1 General features

Amino acids consist of a primary amine bound to an aliphatic carbon atom (the so-called
α-carbon), which in turn is bound to a carboxylic acid group. At least one hydrogen atom
is bound to the α-carbon; in addition, the α-carbon bears a side chain, which is different for
different amino acids. In a neutral aqueous solution, amino acids exist in two forms. A very
small fraction of amino acid molecules will be neutral, with a deprotonated amino group and
a protonated carboxylic acid group. However, the overwhelming majority of molecules will
be in a Zwitterion2 tautomer3, with a positive charge on the (protonated) amino group and
a negative charge on the (deprotonated) carboxylate group. Amino acids are linked via a
Peptide bond4. (From an organic chemistry perspective, a peptide bond is a type of amide5

group.) A peptide bond consists of a carbonyl group's carbon atom directly bound to the
nitrogen atom of a secondary amine. A peptide chain will have an unbound amino group
free at one end (called the N-terminus) and a single free carboxylate group at the other
end (called the C-terminus). The peptide bond is planar, because resonance between the
carbonyl group and the amino nitrogen lends the C-N bond a partial double-bond character.

2 http://en.wikibooks.org//en.wikipedia.org/wiki/Zwitterion
3 http://en.wikibooks.org//en.wikipedia.org/wiki/tautomer
4 http://en.wikibooks.org//en.wikipedia.org/wiki/Peptide_bond
5 http://en.wikibooks.org//en.wikipedia.org/wiki/amide
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Amino acid structure and chemistry

(It is possible to draw a resonance structure with a double bond between the carbon atom
and the nitrogen atom, with a formal negative charge on the oxygen atom and a formal
positive charge on the nitrogen.) This prevents rotation around the C-N bond, locking the
peptide bond in the trans conformation, and holding six atoms in a plane: the α-carbon of
one amino acid, the carbonyl carbon and oxygen atoms, the amino nitrogen and hydrogen
atoms, and the &alpha-carbon of the second amino acid are all co-planar. The structure
of a peptide chain's "backbone" can be described uniquely by the torsion angles between
adjacent peptide units. The φ-angle6 is the torsion angle between the α-carbon and the
carbonyl carbon of one amino acid; the ψ-angle7 is the torsion angle between the amino
nitrogen and the α-carbon.

Figure 17 Peptide bond formation

Peptide bond formation

Two amino acids with different side chains react when the amino-terminus (red) of one joins the
carboxy-terminus (blue) of another are linked by an amide bond (green). See also the mechanism of

peptide bond formation8.)

It is important to note that the formation of this peptide bond is highly unfavorable
under standard conditions. However, in the human body, there are enzymes that assist in
facilitating this reaction, making peptide bond formation and proteins possible.

4.9.2 Chemical classification of aminoacids

The 20 amino acids encoded by the genetic code9 are:

6 http://en.wikibooks.org//en.wikipedia.org/wiki/%CF%86-angle
7 http://en.wikibooks.org//en.wikipedia.org/wiki/%CF%88-angle
8 http://en.wikibooks.org/wiki/Biochemistry/Peptide_Bond_Formation
9 http://en.wikibooks.org//en.wikipedia.org/wiki/Wikipedia:genetic_code
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Proteins as polymers of aminoacids

Figure 18 The 20 Genetically Encoded Amino Acids

They are not shown in their zwitterionic state for clarity. At physiological pH (˜pH 6.8), all
would be so, except proline, which is a five-membered ring. Charged side-chains are shown
ionic when they exist as such at physiological pH.

4.9.3 Protein Electrophoresis

Protein Electrophoresis is a method in which a mixture of proteins can be separated and
analyzed. Electrophoresis is based on the mobility of ions in an electric field. The charge
distribution of the molecules is critical in the separation of all electrophoresis. In an electric
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field, electrophoresis is a passage of charged molecules in solution. Positively charged
ions have tendency toward a negative electrode and inversely, negatively charged ions
have tendency toward a positive electrode. The molecular weight results to a molecular
friction which is directly proportional to the molecular charge and its voltage and inversely
proportional to a molecule’s mobility in an electric field. Gel electrophoresis is performed
to analyze the molecular weights and the charge of the protein and is mostly used in
electrophoresis of the protein. The gel electrophoresis is carried out in a thin piece of
polyacrylamide. The crosslinked of acrylamide and N,N'-methylene-bis-acrylamide forms
the polyacrylamide by polymerization. The size has an important effect in the movement
of the protein molecule. The smaller molecules of protein would result in a faster passage
of the molecules through the gel pores. The separation of the protein molecules in the
gel affects the protein activity. In this process, first the protein reduces the disruption of
disulfide bonding by heating which results in purification and denaturalization. Next, the
sodium dodecyl sulfate, abbreviated as SDS, (and ionic detergent) is added. SDS is an
anionic detergent which dissolve hydrophobic molecules and denatures protein molecules
without breaking peptide bonds. This result in the dislocation of the structure of the protein
changes the secondary, tertiary and quaternary to the primary structure with negative
charge. Then the protein is passed through the gel. For denatured proteins, SDS can form a
steady charge mass ratio in binding with proteins. The polyacrylamide gel electrophoresis is
a very sensitive method capable of a bearing a high resolution and it is analytically used in
the studies in the separation techniques.

4.9.4 Isoelectric point

The isoelectric point10 (pI) is the pH-value in which a protein is neutral, that is, has zero
net charge. To be clear, it is not the pH value where a protein has all bases deprotonated
and all acids protonated, but rather the value where positive and negative charges cancel
out to zero. Calculating pI: An aminoacid with n ionizable groups with their respective
pKa values pK1, pK2, ... pkn will have the pI equal to the average of the group pkas:
pI=(pK1+pK2+...+pkn)/n Most proteins have many ionizable sidechains in addition to
their amino- and carboxy- terminal groups. The pI is different for each protein and it can be
theoretically calculated according Henderson-Hasselbalch equation11 if we know amino acids
composition of protein. In order to experimentally determine a protein's pI 2-Dimensional
Electrophoresis (2-DE) can be used. The proteins of a cell lysate are applied to a pH
immobilized gradient strip, upon electrophoresis the proteins migrate to their pI within the
strip. The second dimension of 2-DE is the separation of proteins by MW using a SDS-gel.
To clearly understand isoelectric point, you have to keep in mind that the positively charged
groups are balanced by the negatively charged groups. For simple amino acid " alanine", the
isoelectric point is an average of the PKa of the carboxyl with PK1 of (2.34) and ammonium
with PK2 of (9.69) groups. So, the PI for the simple amino acid " alanine" is calculated
as:(2.34+9.69)/2 which is equal to 6.02. When additional basic or acidic groups are added
as a side-chain functions, the isoelectric point pI will be the average of the pKa's of the most
similar acids. Example for this concept could be aspartic acid in which the similar acids are
alpha-carboxyl function with pKa of 2.1 and the side chain carboxyl function with a pKa

10 http://en.wikibooks.org//en.wikipedia.org/wiki/Isoelectric_point
11 http://en.wikibooks.org//en.wikipedia.org/wiki/Henderson-Hasselbalch_equation
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Proteins as polymers of aminoacids

of 3.9. Thus, the pI for aspartic acid is (2.1+3.9)/2=3.0. Another example is arginine, its
similar acids are guanidinium on the side chain with pKa of 12.5 and the alpha-ammonium
function with pKa of 9.0. Thus the calculated pI for arginine= (12.5+9.0)/2=10.75. pI does
not has a unite.

4.9.5 The peptidic bond

Two amino acid molecules can be covalently joined through a substituted amide linkage,
termed a peptide bond, to yield a dipeptide. this link is formed by dehydration (removal
of the water molecules - one hydrogen atom from one amino acid and an OH group from
the other). This process can then continue to join other amino acids and yield in an amino
acid chain. When there are few amino acids in a chain, it is called an oligopeptide, when
there are many it is called a polypeptide. although the terms "protein" and "polypeptide"
are sometimes used to describe the same thing, the term polypeptide is generally used when
the molecular weight of the chain is below 10,000. An amino acid unit in a peptide is often
called a residue.

4.10 Disulfide bonds

Disulfide bonds form between the sulfur atoms of two cysteine side chains in a protein. The
side chains undergo a reversible oxidation of the sulfhydryl groups of the cysteine, wich
results in covalent bonding of the sulfur atoms (S-S). This bonding is called a "disulfide
bridge". Typically, disulfides don't form on the surface of proteins because of the presence
of reducing agents in the cytoplasm. These bonds are of great importance concerning the
shaping of protein structure; their formation guides the folding of peptide chains as the
proteins are produced. Structural proteins that have to be rigorously stable (for example,
Keratin, which is found in nail, horn and crustacean shell) often contain a large number of
disulfide bonds.

Figure 19 The reaction scheme for disulfide bond formation. Two cysteine residues
undergo a two electron oxidation, relaeasing two electrons and two protons. Such reactions
are typically catalyzed by flavin-enzymes.
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4.11 Post-translational modifications

After a protein is synthesized inside the cell is usually modified by addition of extra functional
groups the polypeptide chain. These can be sugar or phosphate groups and may confer to
the protein special functions such as: the ability to recognize other molecules, to integrate
in the plasma membrane, to catalyze biochemical reactions, and various other processes.
It is in the interest of the biochemist to understand what proteins are modified, what the
modification is, and where it is located. An easy way to do this is by using mass spectrometry.
In a sample of protein submitted to mass spectrometry you will see both modified and
unmodified protein signals, the change in mass between these signals will correspond to the
change in mass of your protein due to your post-translation modification.

4.12 Protein structure and folding

4.13 What is protein folding?

Protein folding is commonly a fast or very fast process, often but not always reversible, taking
no more than a few milliseconds to occur. It can be viewed as a complex compromise between
the different chemical interactions that can happen between the amino acid sidechains, the
amidic backbone and the solvent. There are literally millions of possible three-dimensional
configurations, often with minimal energetic differences between them. That's why we're still
almost unable to predict the folding of a given polypeptide chain ab initio.Protein folding
problem is that scientist still has failed to crack the code that governs folding. Moreover, the
ability of biological polymers such as protein fold into well-defined structures is remarkable
thermodynamically. An unfolded polymer exists are random coils, each copy of an unfolded
polymers will have different conformation, yielding a mixture of many possible conformation.

4.14 Folding depends only on primary structure

In 1954 Christian Anfinsen demonstrated that the folding of a protein in a given environment
depends only on its primary structure - the amino acid sequence. This conclusion was by no
means obvious, given the complexity of the folding process and the paucity of biochemical
knowledge at the time. The process of folding often begins co-translationally, so that the
N-terminus of the protein begins to fold while the C-terminal portion of the protein is still
being synthesized by the ribosome. Specialized proteins called chaperones assist in the
folding of other proteins. Meanwhile, protein folding is a thermodynamically driven process:
that is, proteins fold by reaching their thermodynamically most stable structure. The path
followed by the protein in the potential energy landscape is far from obvious, however. Many
local and non-local interactions take part in the process, and the space of possible structures
is enormous. As of today molecular dynamics simulations are giving invaluable hints on
the first stages of the folding process. It is known now that the unfolded state still retains
key long-range interactions and that the local propensity of the sequence to fold in a given
secondary structure element narrow the "search" in the so-called conformational space. This
seems to mean that biological proteins somehow evolved to properly fold. In fact, many
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random amino acid sequences only acquire ill-defined structures (molten globules) or no
structure at all. There are some general rules, however. Hydrophobic amino acids will
tend to be kept inside the structure, with little or no contact with the surrounding water;
conversely, polar or charged amino acids will be often exposed to solvent. Very long proteins
will often fold in various distinct modules, instead of in a single large structure.

4.15 The Ramachandran plot

The Ramachandran plot was invented by professor G.N.Ramachandran, a very eminent
scientist from India. He discovered the triple helix structure of collagen in 1954 a year
after the double helix structure was put forth. In a polypeptide the main chain N-Calpha
and Calpha-C bonds relatively are free to rotate. These rotations are represented by the
torsion angles phi and psi, respectively. G N Ramachandran used computer models of
small polypeptides to systematically vary phi and psi with the objective of finding stable
conformations. For each conformation, the structure was examined for close contacts between
atoms. Atoms were treated as hard spheres with dimensions corresponding to their van
der Waals radii. Therefore, phi and psi angles which cause spheres to collide correspond to
sterically disallowed conformations of the polypeptide backbone

4.16 Intramolecular forces in protein folding

The tertiary structure is held together by hydrogen bonds, hydrophobic interactions, ionic
interactions, and/or disulfide bonds.

4.17 The protein folding problem

The protein folding problem relates to what is known as the Levinthal paradox. Levinthal
calculated that if a fairly small protein is composed of 100 amino acids and each amino acid
residue has only 3 possible conformations (an underestimate) then the entire protein can fold
into 3100-1 or 5x1047 possible conformations. Even if it takes only 10-13 of a second to try
each conformation it would take 1027 years to try them all. Obviously a protein doesn't take
that long to fold, so randomly trying out all possible conformations is not the way proteins
fold. Since most proteins fold on a timescale of the order of milliseconds it is clear that the
process is directed in some manner dependent on the constituents of the chain. The protein
folding problem which has perplexed scientists for over thirty years is that of understanding
how the tertiary structure of a protein is related to its primary structure, because it has
been proven that the primary structure of a protein holds the only information necessary
for the protein to fold. Ultimately the aim is also to be able to predict what pathway the
protein will take.
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4.18 Folding in extreme environments

Most proteins are not capable of maintaining their three-dimensional shape when they
are exposed to environmental extremes such as a low or high pH, or a highly variable
temperature. Changes in the pH of the proteins environment may alter the charges on the
amino acid side chains that form the whole protein, so that repulsive or attractive forces
may form, altering the secondary and tertiary structure of the protein as a whole, as a
result the shape of the enzyme is warped, and the now non-functional protein is said to be
denatured. A high or exceptionally low temperature can cause the constitutive bonds on
the protein to be broken, again resulting in the protein being rendered non-functional. It
is important to note that certain proteins, mainly digestive enzymes such as trypsin, are
capable of with-standing a pH as low as 1. If the pH of such an enzymes environment were
to increase to approximately pH5, it would be inactivated.

4.19 Protein misfolding

The way that a protein folds is one of the most important factors influencing its properties,
as this is what determines which active groups are exposed for interaction. If the protein
misfolds, its properties can be markedly changed. One example of this is in Transmissible
Spongiform Encephalopathies, such as BSE, and Scrapie. In these, the prion protein, which
is involved in the brain's copper metabolism, misfolds, and starts forming plaques, which
destroy brain tissue.
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5 Protein structural levels

Biochemists refer to four distinct aspects of a protein's structure:

5.1 Primary structure

Primary structure is practically a synonym of the amino acid sequence. It can also contain
informations on amino acids linked by peptide bonds. Primary structure is typically written
as a string of three letter sequences, each representing an amino acid. Peptides and proteins
must have the correct sequence of amino acids.

5.2 Secondary structure

Secondary structure elements are elementary structural patterns that are present in most,if
not all,known proteins. These are highly patterned sub-structures --alpha helix and
beta sheet-- consisting of loops between elements or segments of polypeptide chain that
assume no stable shape. Secondary structure elements, when mapped on the sequence
and depicted in the relative position they have in respect to each other, define the
topology of the protein. It is also relevant to note that hydrogen bonding between residues
is the cause for secondary structure features; secondary structure is usually described
to beginning biochemists as (almost) entirely independent of residue side-chain interactions.

5.3 Tertiary structure

Tertiary structure is the name given to refer to the overall shape of a single protein molecule.
Although tertiary structure is sometimes described (especially to beginning biology and
biochemistry students) as being a result of interactions between amino acid residue side
chains, a more correct understanding of tertiary structure is the interactions between elements
of secondary protein structure, i.e. alpha-helices and beta-pleated sheets. Tertiary structure
is often referred to as the "fold structure" of a protein, since it is the result of the complex
three-dimensional interplay of other structural and environmental elements.

5.4 Super-tertiary structure (protein modules)

Some literature refers to elements of super-tertiary structure, which often refers to elements
of folding that, for whatever reason, do not neatly fit into the category of tertiary structure.
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Often this level of distinction is saved for graduate level coursework. Protein denaturation
can be a reversible or an irreversible process, i.e., it may be possible or impossible to make
the protein regain its original spatial conformation.

5.5 Quaternary structure

Quaternary structure is the shape or structure that results from the union of more than one
protein molecule, usually called subunit proteins subunits in this context, which function as
part of the larger assembly or protein complex.

And it refers to the regular association of two or more polypeptide
chains to form a complex. A multi-subunit protein may be composed of
two or more identical polypeptides, or it may include different
polypeptides.

Quaternary structure tends to be stabilized mainly by weak interactions between residues
exposed on surfaces polypeptides within a complex.
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6 Secondary structure elements

6.1 The alpha helix

Figure 20 Alpha Helix
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The alpha helix is a periodic structure formed when main-chain atoms from residues spaced
four residues apart hydrogen bond with one another. This gives rise to a helical structure,
which in natural proteins is always right-handed. Each turn of the helix comprises 3.6
amino acids. Alpha helices are stiff, rod-like structures which are found in many unrelated
proteins. One feature of these structures is that they tend to show a bias in the distribution
of hydrophobic residues such that they tend to occur primarily on one face of the helix. The
amino acids in an α helix are arranged in a helical structure, about 5 Å wide. Each amino
acid results in a 100° turn in the helix, and corresponds to a translation of 1.5Å along the
helical axis. The helix is tightly packed; there is almost no free space within the helix. All
amino acid side-chains are arranged at the outside of the helix. The N-H group of amino
acid (n) can establish a hydrogen bond with the C=O group of amino acid (n+4). Short
polypeptides usually are not able to adopt the alpha helical structure, since the entropic
cost associated with the folding of the polypeptide chain is too high. Some amino acids
(called helix breakers) like proline will disrupt the helical structure. Ordinarily, a helix has a
buildup of positive charge at the N-terminal end and negative charge at the C-terminal end
which is a destabilizing influence. As a result, α helices are often capped at the N-terminal
end by a negatively charged amino acid (like glutamic acid) in order to stabilize the helix
dipole. Less common (and less effective) is C-terminal capping with a positively charged
protein like lysine. α helices have particular significance in DNA binding motifs, including
helix-turn-helix motifs, leucine zipper motifs and zinc finger motifs. This is because of the
structural coincidence of the α helix diameter of 12Å being the same as the width of the
major groove in B-form DNA. α helices are one of the basic structural elements in proteins,
together with beta sheets. The peptide backbone of an α helix has 3.6 amino acids per turn.
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6.2 The beta sheet

Figure 21 Diagram of Β-Pleated sheet and bond structure of protein

The βββ sheet (also βββ-pleated sheet) is a commonly occurring form of regular secondary
structure in proteins, first proposed by Linus Pauling and Robert Corey in 1951. It consists
of two or more amino acid sequences within the same protein that are arranged adjacently
and in parallel, but with alternating orientation such that hydrogen bonds can form between
the two strands. The amino acid chain is almost fully extended throughout a β strand,
lessening the probability of bulky steric clashes. The Ramachandran plot shows optimal
conformation with angle phi = -120 to -60 degrees and angle psi = 120 to 160 degrees. The
N-H groups in the backbone of one strand establish hydrogen bonds with the C=O groups
in the backbone of the adjacent, parallel strand(s). The cumulative effect of multiple such
hydrogen bonds arranged in this way contributes to the sheet's stability and structural
rigidity and integrity: for example, cellulose's beta-1,4 glucose structure. The side chains
from the amino acid residues found in a β sheet structure may also be arranged such that
many of the adjacent side chains on one side of the sheet are hydrophobic, while many
of those adjacent to each other on the alternate side of the sheet are polar or charged
(hydrophilic). Some sequences involved in a β sheet, when traced along the backbone, take a
hairpin turn in orientation (direction), sometimes through one or more prolines. The α-C
atoms of adjacent strands stand 3.5Å apart. In addition to the parallel beta sheet, there is
also the anti-parallel beta sheet. The hydrogen-bond still exists in this conformation but the
main difference lies in the directionality of the protein. In this conformation the proteins run
in opposite directions, but the resulting hydrogen bonds connect directly across from one
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another instead of the diagonal. In short, beta sheets can be purely parallel, anti-parallel, or
even mixed.

6.3 The random coil

A protein that completely lacks secondary structure is a random coil. In random coil, the
only fixed relationship between amino acids is that between adjacent residues through the
peptide bond. As a result, random coil can be detected from the absence of the signals in a
multidimensional nuclear magnetic resonance experiment that depend on particular peptide-
peptide interactions. Likewise in the images produced in crystallography experiments, pieces
of random coil appear simply as an absence of "electron density" or contrast. Random coil
is also easily distinguished by circular dichroism. Denaturing reduces a protein entirely to
random coil.

6.4 Less common secondary structure elements

Certain other periodic structures rarely appear in proteins, some of which are similar to
the more common types. For example, two variants of the alpha-helix also occur, the 3-10
helix and the pi helix. These have helical pitches of 3 and 4.4 residues per turn respectively,
corresponding to hydrogen bonds forming between residue i and i+3 for the 3-10 helix and
between i and i+5 for the pi helix. Both are usually very short (1 turn or so) and have been
seen only at the ends of alpha helices.
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7 Tertiary structure elements

7.1 Alpha-only structures

Structures that contain only Alpha Helices

7.2 Beta-only structures
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8 Common folds and modules

8.1 The Rossman fold

The Rossmann fold is a protein structural motif found in proteins that bind nucleotides,
especially the cofactor NAD. The structure is composed of three or more parallel beta
strands linked by two alpha helices in the topological order beta-alpha-beta-alpha-beta.
Because each Rossmann fold can bind one nucleotide, binding domains for dinucleotides
such as NAD consist of two paired Rossmann folds that each bind one nucleotide moiety of
the cofactor molecule. Single Rossmann folds can bind mononucleotides such as the cofactor
FMN. The motif is named for Michael Rossmann who first pointed out that this was a
frequently occurring motif in nucleotide binding proteins.

8.2 The hemoglobin fold

8.3 The immunoglobulin fold

8.4 Keratin

Found in hair and in the palms of human hands.

8.5 Collagen

8.6 Types of protein

Biochemistry/Proteins/Types of protein1

1 http://en.wikibooks.org/w/index.php?title=Biochemistry/Proteins/Types_of_protein&amp;
action=edit&amp;redlink=1
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9 Carbohydrates

9.1 Introduction

Carbohydrates are one of the fundamental classes of macromolecules found in biology1.
Carbohydrates are commonly found in most organisms, and play important roles in organism
structure, and are a primary energy source for animals and plants. Most carbohydrates
are sugars or composed mainly of sugars. By far, the most common carbohydrate found
in nature is glucose, which plays a major role in cellular respiration and photosynthesis.
Some carbohydrates are for structural purposes, such as cellulose (which composes plants'
cell walls) and chitin (a major component of insect exoskeletons). However, the majority of
carbohydrates are used for energy purposes, especially in animals. Carbohydrates are made
up of a 1:2:1 ratio of Carbon, Hydrogen, and Oxygen (CH2O)n

9.2 Simple Carbohydrates (Monosaccharides)

These are used only for energy in living organisms. Simple carbohydrates are also
known as "Monosaccharides".The chemical formula for all the monosaccharides is CnH2nOn.
They are all structural isomers of each other. There are two main types of monosaccharides.
The first type are aldoses, containing an aldehyde on the first carbon, and the second type
are ketoses, which have a ketone on the second carbon (This carbonyl group is always located
on the second carbon).

Name Formula Aldoses Ketoses
Trioses C3 H6 O3 Glycerose
Dhydroxyacetone
Tetroses C4 H8 O3 Erythrose
Erythrulose
Pentoses C5 H10 O5 Ribose Ribulose
Hexoses C6 H12 O6 Glucose Fructose
Heptose C7 H14 O7 Glucoheptose
Sodoheptulose

The suffix -oses is kept for the aldoses & the suffix -uloses is kept for the ketoses. Except
fructose ketoses are as common as aldoses.The most abundant monosaccharide in nature is
the 6-Carbon sugar -i.e.D-Glucose. All monosachharides are non reducing sugar.

1 http://en.wikibooks.org/wiki/Biology
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9.2.1 Monomers

There are two main forms of monomer, aldoses and ketoses, of which, all have the same
backbone. The simplest for of monomers are trioses. The trioses consist of three carbons in
the backbone.

9.2.2 Fructose

Fructose is a ketohexose with the molecular formula of C6H12O6 ; which is same as the
molecular formula of Glucose but different structure. The structure of fructose differs from
glucose at carbon 1 and 2 by the location of the carbonyl group. Fructose is the sweetest
naturally occurring sugar. Fructose is also called levulose and fruit sugar; fructose is also
found in fruits, root vegetables(such as sweet potato and onion) and honey. It is a isomer
of glucose and a ketose simple sugar. Fructose has the highest solubility among all sugars.
Fructose can be converted to its isomer glucose, after it enters the blood stream.

CH2OH

C=O

OH-C-H

H-C-OH

H-C-OH

CH2OH

9.2.3 Glucose

The hexoses glucose,galactose, and fructose are important monosaccharides.Glucose is the
most prevalent monosaccharide in diet. The most common hexose, D-glucose, C6H12O6
also known as dextrose and blood sugar, is found in fruits,vegetables, corn syrup, and honey.
Glucose is a building block of the disaccharides(sucrose,maltose,lactose) and polysaccharides
( glycogen,cellulose,starch). In the body, excess glucose is converted to glycogen and then
stored in the muscle and liver.

CHO

H-C-OH

OH-C-H
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H-C-OH

H-C-OH

CH2OH

9.2.4 Galactose

Galactose is a sugar component of the disaccharide lactose, as found in milk. It is not as
sweet as glucose and is separated from the glucose in lactose via hydrolysis.In addition,
galactose is an aldohexose that does not occur in the free form in nature; galactose has an
important role in the cellular membrane of the brain and nervous system. D-galactose has a
structure similar to D-glucose and the only difference between them is in the arrangement
of the –OH group on carbon number 4. Galactose can be found in human breast milk and is
incorporated into the structure of Human Milk Oligosaccharides. The backbone of Human
Milk Oligosaccharides is the disaccharide lactose, which is formed by the linkage between
galactose and glucose sugars.

Oligosachharides

Tha oligosachharides yields 2 to 10 monosachharides on hydrolysis. Disachharides are most
common oligosachharide found in nature.

9.2.5 Disaccharides

Monosaccharides are simple forms of sugars consisting of one sugar, disacharides on the
other hand, consists of two. The two sugars are bonded together via a glycosidic bond. Most
linkages between sugars occur between the first and fourth carbon on the sugars.

9.2.6 Polysaccharides

Sugars do not stop at disaccharides, they are much more complex than that. Multiple
sugars are linked together forming many polysaccharides. Polysaccharides are made up of
monosaccharides linked together.

9.3 Compound Carbohydrates (Disaccharides)

These are used by living organisms for energy. They are composed of two monosaccharides
joined together by the process known as dehydration synthesis. In this process, one molecule
loses one hydrogen atom, while the other loses one hydrogen atom and one oxygen atom.
The reverse of this is hydrolysis, where water is added to break down a molecule into two or
more simpler molecules. Disaccharides have the chemical equation C12H22O11. The reason
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it does not follow the 1:2:1 ratio is, obviously, due to the H2O taken way from it. Some
examples of disaccharides are:

Disachharides

Non reducing reducing

C1-C1 glycosidic C1-C2 glycosidic C1-C4 glycosidic
C1-C6 glycosidic

linkage linkage linkage
linkage
Trehalose Sucrose Lactose

Gentiobiose
Maltose

Melibiose
Cellobiose

Isomaltose

9.3.1 Maltose
1. Chemistry-

Maltose is a white crystal sugar, also known as malt sugar and a reducing disaccharide made
from two glucose units. The bonding of two glucose units is called 1-4 glycosidic linkage
which joins the carbon number 1 of one glucose to carbon number 4 of the second glucose.In
the presence of enzyme maltase,1-4 linkage of two glucose is broken down and maltose is
hydrolized into glucose

1. occurrence-

Maltose is present in sprouting barely. It is the major product of hydrolysis of starch.
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Figure 22 alpha - maltose

Figure 23 beta - maltose

9.3.2 Sucrose

3Occurrence- It is the costituent of sugarcane. it is also found in Beet,carrot,etc. Nector of
flower is particularly rich in sucrose. 3Chemistry- Sucrose is white crystal sugar.When heat
above its melting point it forms a brown substance known as "Caramel". it is non reducing
sugar. Sucrose is formed by the C1-C2 glucosidic bond between glucose & fructose. Sucrose

59



Carbohydrates

on hydrolysis yield equimolar mixture of glucose & fructose which is offen called as "invert
sugar" by the "enzyme".

Figure 24

Figure 25
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9.3.3 Lactose

3 Occurrence- It is found in milk of animal. It is also Milk sugar. The percentage of latose
in human milk is 6.8 % & in cow milk is 4.8 % 3 Chemistry- Lactose is made by the
C1-C4 glycosidic bond between galactose & glucose. The hydrolysis of Lactose gives the
monosacchride: glucose + glactose by the enzyme lactase. Lactose can be a reducing sugar.

Figure 26 β-D-galactopyranosyl-(1→4)-D-glucose
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Figure 27 The molecular structure of α-lactose, as determined by X-ray
crystallography.

9.4 Complex Carbohydrates (Polysaccharides)

Polysachharide are also called as glycanes are high molecular weight which on hydrolysis
yield monosachharides.Some source of complex carbohydrates are pasta, brown bread, brown
rice, corn, beans, potatoes, and peas. Digestion of complex carbohydrates could take more
time because digestive enzyme have to work harder to break down the chain into individual
sugars. Both monosaccharides and disaccharides are used only for energy. Another difference
is that while monosaccharides can be used for energy immediately, and disaccharides can be
used for energy relatively rapidly because they can be broken down quickly, polysaccharides
release their energy slowly. chemicaly , the polysachharide may be distinguished into
homopolysachharide & heteropolysachharide. Homopolysachharides which on hydrolysis
yield only single monosachharide. Eg. starch, cellulose, etc. Hateropolysachharide which on
hydrolysis yield two or more monosachharide. Eg. heparin, chondroitin, etc.

POLYSACHHARIDE
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Homopolysachharide
Heteropolysachharide

Starch Mucopolysachharids
Glucogen Chondroitin
Inulin Hyaluronic acid
Cellulose Keratosulfate
Pectin Heparin
Chitin Vegetable gum
Xylan Agar agar

polysachharide may be classified on the basis of functional aspect as Nutritive & Structural.
Nutritive- starch,glycogen,inulin etc. Structural- cellulose,chitin,pectin,etc.

9.4.1 Cellulose (Fiber)

Cellulose is a special kind of carbohydrate. It is insoluble and most organisms can not
produce enzymes to break it down. It is made by β-D-glucose. It is found only in plants,
and it's found in the cell wall. It is composed of β glucose molecules, which create a more
rigid structure. Cotton used to make clothes etc. is cellulose from around the seeds of the
cotton plant. Fibre helps the plant keep a strong structure. Humans can't digest fibre.it
gives no color with iodine.It is completely absent in meat, egg, fish & milk.

9.4.2 Starch

Starch is the energy storage molecule of plants.It is formed by long chains of α glucose
molecules linked together. It is mostly found in potato. Starch is actually a mixture of 2
types of molecules, amylose and amylopectin. These large polysaccharides are very good
for energy storage because they have lots of glucose molecules crammed into a small space
which can then be easily broken off, one at a time, by hydrolysis and then used for energy.
It is hydrolysed by enzyme Amylase.It is non reducinh sugar. It gives blue,purple colour
with iodine

9.4.3 Glycogen

Glycogen is the energy storage molecule of animals. It is formed by branched chains of alpha
glucose molecules with 1-4 glycosidic bonds on the main chains and 1-6 glycosidic bonds
to form the branches. Humans store small amounts of glycogen in the liver and muscles.
It is created when there are high blood sugar levels. The pancreas secretes insulin, which
stimulates the creation of glycogen from glucose and signals the body to use glucose as its
main form of energy. It is non reducing sugar. It gives red colour with iodine.

9.4.4 References

n.p. Carbohydrates Notes. n.d. www.chem.ucla.edu/harding/notes/notes_14C_carbos.pdf
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10 Membranes and Lipids

Biochemistry1

Figure 28

10.1 Membranes And Lipids

All cells, from simple prokaryotic bacteria to complex multicellular organisms are surrounded
by a membrane. The membrane acts as a selective barrier, letting some substances into the
cell and preventing other substances from entering. The membrane also actively transports
substances between the inside and outside of the cell, using cellular energy to do so. This is
important in regulating the concentration of many substances which must be maintained
within strict limits. The cell also contains membrane bound compartments, where the
membrane acts as a barrier for the separation of different environments, like lysosomes which
have a high pH that would be toxic to the rest of the cell. This chapter is about the chemical
composition of the membrane and how this creates the functionality of the membrane.

1 http://en.wikibooks.org/wiki/Biochemistry
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10.2 The Lipid Bilayer

The first person to link lipids with the cell membrane may have been Charles Ernest
Overton, who was studying heredity in plants. Part of his studies involved studying which
substances absorbed into plant cells most quickly. After characterizing a large number of
substances, he came up with the idea that cell membranes were composed of something
similar to the lipids found in vegetable oils, and that substances are absorbed into the cells
by dissolving through the membrane. The next big step came when Gorter and Grendel
extracted the lipids from red blood cells and compared the surface area of the lipids spread
out on water compared to the surface area of the red blood cells. They found the lipid
surface area was twice that of the red blood cells, and concluded that the lipids must be
arranged in a layer two lipid molecules thick. This is what biologists now call the lipid
bilayer, and to understand the construction of the bilayer, we need to understand the lipids
themselves.

10.2.1 Fatty Acids

A fatty acid is simply a linear carbon chain with a carboxylic acid group at one end. Fatty
acids usually have between 14 and 24 carbon atoms and may have one or more double bonds.
These double bonds are almost always in the cis configuration.

Figure 29

Fatty acids have both common names and systematic names. The systematic name is based
on the alkane or alkene with the same number of carbon atoms, with the final e of the
hydrocarbon replaced with oic acid. For example Laurate (Figure x)

Figure 30

is a fatty acid with 12 carbon atoms and no double bonds, so the systematic name is
dodecanoic acid, and the ionized form is dodecanoate. (saturated fatty acid table) If
there are double bonds, the location is marked with the symbol Δ with a superscript
number indicating the location of the double bond and preceded by cis or trans to indicate
configuration (but almost invariably cis in natural fatty acids). Carbon atoms are counted
from the carboxyl end, as in Figure x, so a dodecenoate acid with a cis double bond between
carbon atoms 9 and 10 would be: cis-Δ9-dodecenoate. The number 2, 3 and last carbon
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atom are called the α, β and ω atoms, respectively.

One common shorthand for describing fatty acids is based on the fact that multiple double
bonds are placed three bonds apart. This allows the acid to be described by the length of
its carbon chain, number of double bonds, and location of the final double bond, relative
to the ω carbon. Under this system, for instance, Docosahexaenoic Acid (DHA),a very
important constituent of membranes in the brain and eyes, can by listed as 22:6 ω-3. This
corresponds to: 22 carbons and 6 double bonds,of which the final double bond is at ω-3.
This is equivalent to 22:6 Δ4, 7, 10, 13, 16, 19, or, in its full IUPAC form, cis-docosa - 4, 7, 10,
13, 16, 19 - hexaenoic acid.

10.2.2 Phosphoglycerides

Phosphoglycerides are composed of a glycerol back bone with substituents in the following
arrangements:

• Hydroxyl #1 of glycerol is usually esterified to a saturated fatty acid
• Hydroxyl #2 of glycerol is usually esterified to an unsaturated fatty acid
• Hydroxyl #3 of glycerol is esterified to a phosphate group

Figure 31

The simplest phosphoglyceride is phosphatidate (picture). Other phosphoglycerides can be
made when a group with a hydroxyl is esterified to the phosphate group of phosphatidate.
There are four common substituents for phosphatidate. Serine, ethanolamine and choline
are structurally similar, while inositol is different:
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Figure 32

Figure 33

When the fatty acid esterified to hydroxyl #2 is a cis- configured polyunsaturated fatty acid
(i.e. one with more than one double bond), it tends to curl, and thus prevents the molecules
from packing so closely together in a membrane. This makes the membrane more flexible.

10.2.3 Sphingolipids

Sphingolipids', have the same overall shape as phosphoglycerides but have different chemistry,
using sphingosine in place of glycerol. Sphingosine has a long hydrocarbon tail similar to
fatty acids attached to a structure that is similar to the amino acid serine. A fatty acid
can attach to the amine group, and a "head" group can attach to a hydroxyl (see Figure x).
Sphingolipids are named according to this head group:

• If there is no head group it is called a ceramide
• If the head group is phosphate and choline, it is called sphingomyelin
• If the head group is a sugar, it is called a glycosphingolipid (or a glycolipid)
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The majority of sphingolipids are of the third type, glycosphingolipids. It is thought they
have functions in cell recognition and protection in addition to their structural role in the
membrane.

Sphingolipids are known to regulate activity in cells, such as immune responses, production
of cells, and development of specialized cells. Although these are under the spatial and
temporal control, it was recently discovered that sphingosine kinases will be focused on
therapeutic effects on enzymes for people with cancer and other conditions.

Figure 34 General structures of sphingolipids

10.2.4 Formation Of The Bilayer

If we compare the structures of phosphoglycerides and sphingolipids, we see that they are
very similar compounds. Each lipid has two long hydrophobic hydrocarbon "tails" and a
single polar "head". Since the molecule has both polar and nonpolar moieties, it is said to
be amphipathic. It is the amphipathic nature of these molecules that causes them to form
bilayers, mediated by four forces:

• The hydrophobic effect- this causes the hydrophobic tails to come together. This is the
strongest force driving the formation of the bilayer. It is a consequence of the increased
entropy in water molecules when non polar substances are aggregated in water.

• Van der Walls forces between the hydrophobic tails.
• Electrostatic forces of the head groups.
• Hydrogen bonds between the head groups.

One possible structure that satisfies the above forces is called a micelle (pictures). This is
common with free fatty acids, but not with most phosphoglycerides and sphingolipids because
these groups have twice as many acyl chains per head than the fatty acid (picture), and it is
difficult to pack them all into the center of the micelle. Phospholipids and sphingolipids
more often form a bilayer in a sheet or a sphere (picture). This is the so called lipid bilayer.
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10.2.5 Lipid Motion

Studying Motion

NMR, ESR, X-Ray, Differential scanning calorimetry FRAP is a good way to measure
diffusion of receptors through a lipid membrane after tagging the protein of interest with a
GFP construct

Intramolecular Motion

There are three basic kinds of motion within the lipid molecules: stretching between bonds,
rotating between bonds, and wagging between bonds (?). [picture] 99% of motion within
liquid crystal is due to rotation about carbon-carbon bonds. Unsaturated fatty acids of
membrane lipids rotate more often. This is because of the packed arrangement of the lipid
bilayer. When there is rotation about one bond, an adjacent bond rotates to compensate
for steric clashes [pictures]. Since double bonds in fatty acids are nearly always cis, they
introduce kinks in the fatty acid. When a bond adjacent to a double bond rotates, the
other bond adjacent to the double bond also rotates, and the whole thing moves like an old
fashioned bit and brace [pictures]. It takes more energy to rotate the double bonds closer
to the head groups due to [angle thing picture]. Double bonds react with O2 readily and
create poisons [more] bacteria have [cyclopropane picture].

Types of Membrane Protein Diffusion

Rotational Lateral Liquid crystal Flip Flop

10.3 Plasma Membrane Function

10.3.1 Barrier

Interior of cell is separated from surrounding environment. to keep undesirable substances
out keep desirable substances in intracellulat membranes:act to compartmentalize functions
within eukaryotic cells(ex:mitochondria,chloroplast)

10.3.2 Transport Regulation

The lipid membrane is impermeable to many essential nutrients to the cell, such as glucose.
In order to get the proper nutrients into the cell protein transporters are constantly moving
through the membrane. For the example of glucose, there are several isoforms of the glucose
transporter, some of which are specific for only certain types of cells. One of the more
interesting transporter is the water transporter: aquaporins. Even though water can get
through the membrane, at times the cells needs more water then can be provided through
diffusion.
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10.3.3 Cell Communication

Gap junctions are channels found between cells that allow for the cytoplasm to exchange
between the cells. This is how very fast signalling can occur by cells close together.

10.3.4 Cell Adhesion

Several classes of proteins are responsible for cells sticking together: Cadherins

10.4 Summary

71





11 Lipids and the Plasma Membrane

Figure 35

11.1 Membranes And Lipids

All cells, from simple prokaryotic bacteria to complex multicellular organisms are surrounded
by a membrane. The membrane acts as a selective barrier, letting some substances into the
cell and preventing other substances from entering,and it also actively transports substances
between the inside and outside of the cell, using cellular energy to do so. This is important
in regulating the concentration of many substances which must be maintained within strict
limits. The cell also contains membrane bound compartments, where the membrane acts as a
barrier for the separation of different environments, like lysosomes which have a high pH that
would be toxic to the rest of the cell. Furthermore, lipids are non-polar compound and soluble
in organic solvent. Their ability to form membranes are as a result of their hydrophobic
properties, which is contributed by their fatty acids. Membranes are amphipatic.

11.2 The Lipid Bilayer

The first person to link lipids with the cell membrane may have been Charles Ernest Overton,
who was studying heredity in plants. Part of his studies involved studying which substances

73



Lipids and the Plasma Membrane

absorbed into plant cells most quickly. After characterizing a large number of substances,
he came up with the idea that cell membranes were composed of something similar to the
lipids found in vegetable oils, and that substances are absorbed into the cells by dissolving
through the membrane. The next big step came when Gorter and Grendel extracted the
lipids from red blood cells and compared the surface area of the lipids spread out on water
compared to the surface area of the red blood cells. They found the lipid surface area
was twice that of the red blood cells, and concluded that the lipids must be arranged in
a layer two lipid molecules thick. Lipid bilayer is a double layer membrane formed from
phospholipids. Phospholipids are composed of a polar head group and non-polar fatty acid
tails. The arrangement of the phospholipids makes the cell membrane permeable.

11.2.1 Fatty Acids

A fatty acid is a linear of carboxylic acid with a long hydrocarbon chain. In fatty acids,
the non-polar hydrocarbon chain gives the molecule a non- polar character Fatty acids
usually have between 14 and 24 carbon atoms and their carbon chain may have one or
more double bonds. In naturally occurring fatty acids, these double bonds are mostly in cis
configuration. Fatty acids have both common names and systematic names. The systematic
name is based on the alkane or alkene with the same number of carbon atoms, with the
final e of the hydrocarbon replaced with oic acid, if the carbon chain of the fatty acid is
saturated (without double bond in its carbon chain), and "enoic acid" if there is double in
its carbon chain. For example Laurate (Figure x)

Figure 36

is a fatty acid with 12 carbon atoms and no double bonds, so the systematic name is
dodecanoic acid, and the ionized form is dodecanoate. (saturated fatty acid table) If
there are double bonds, the location is marked with the symbol Δ with a superscript
number indicating the location of the double bond and preceded by cis or trans to indicate
configuration (but almost invariably cis). Carbon atoms are counted from the carboxyl end,
as in Figure x, so a dodecenoate acid with a cis double bond between carbon atoms 9 and
10 would be: cis-Δ9-dodecenoate. The number 2, 3 and last carbon atom are called the α, β
and ω atoms, respectively.

Biological fatty acids usually contain an even number of carbon atoms, with numbers of 16
and 18 being most common. The length of the fatty acid chain and the degree of saturation
contributes largely to their distinct properties. The shorter the chain length and the more
unsaturation in the fatty acid enhances their fluidity, thus lowering their melting point.

11.2.2 Phosphoglycerides

Phosphoglycerides are esters of two fatty acids, phosphoric acid and a trifunctional alcohol-
glycerol. The fatty acids are attached to the glycerol at the 1 and 2 positions on glyc-
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erol through ester bonds. Phosphoglycerides are composed of a glycerol back bone with
substituents in the following arrangements:

• Hydroxyl #1 of glycerol is usually esterified to a saturated fatty acid
• Hydroxyl #2 of glycerol is usually esterified to an unsaturated fatty acid
• Hydroxyl #3 of glycerol is esterified to a phosphate group

Figure 37

The simplest phosphoglyceride is phosphatidate (picture). Other phosphoglycerides can be
made when a group with a hydroxyl is esterified to the phosphate group of phosphatidate.
There are four common substituents for phosphatidate. Serine, ethanolamine and choline
are structurally similar, while inositol is different:

Figure 38
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Figure 39

11.2.3 Sphingolipids

Sphingolipids are a second type of lipid found in cell membranes, particularly nerve cells
and brain tissues. They do not contain glycerol, but retain the two alcohols with the middle
position occupied by an amine and have the same overall shape as phosphoglycerides but
have different chemistry, using sphingosine in place of glycerol. Sphingosine has a long
hydrocarbon tail similar to fatty acids attached to a structure that is similar to the amino
acid serine. A fatty acid can attach to the amine group, and a "head" group can attach to a
hydroxyl (see Figure x). Sphingolipids are named according to this head group:

• If there is no head group it is called a ceramide
• If the head group is phosphate and choline, it is called sphingomyelin
• If the head group is a sugar, it is called a glycosphingolipid (or a glycolipid)

The majority of sphingolipids are of the third type, glycosphingolipids. It is thought they
have functions in cell recognition and protection in addition to their structural role in the
membrane.

11.2.4 Formation Of The Bilayer

If we compare the structures of phosphoglycerides and sphingolipids, we see that they are
very similar compounds. Each lipid has two long hydrophobic hydrocarbon "tails" and a
single polar "head". Since the molecule has both polar and nonpolar moieties, it is said to
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be amphipathic. It is the amphipathic nature of these molecules that causes them to form
bilayers, mediated by four forces:

• The hydrophobic effect- this causes the hydrophobic tails to come together. This is the
strongest force driving the formation of the bilayer. It is a consequence of the increased
entropy in water molecules when non polar substances are aggregated in water.

• Van der Walls forces between the hydrophobic tails.
• Electrostatic forces of the head groups.
• Hydrogen bonds between the head groups.

One possible structure that satisfies the above forces is called a micelle (pictures). This is
common with free fatty acids, but not with most phosphoglycerides and sphingolipids because
these groups have twice as many acyl chains per head than the fatty acid (picture), and it is
difficult to pack them all into the center of the micelle. Phospholipids and sphingolipids
more often form a bilayer in a sheet or a sphere (picture). This is the so called lipid bilayer.
Lipid bilayer is permeable to water molecules and other small, uncharged molecules like
oxygen, carbon dioxide. A bimolecular sheet formed by amphipathic molecules in which
the hydrophobic moieties are on the inside of the sheet and the hydrophilic ones are on the
aqueous outside.

11.2.5 Lipid Motion

Studying Motion

NMR, ESR, X-Ray, Differential scanning calorimetry

Intramolecular Motion

There are three basic kinds of motion within the lipid molecules: stretching between bonds,
rotating between bonds, and wagging between bonds (?). [picture] 99% of motion within
liquid crystal is due to rotation about carbon-carbon bonds. Unsaturated fatty acids of
membrane lipids rotate more often. This is because of the packed arrangement of the lipid
bilayer. When there is rotation about one bond, an adjacent bond rotates to compensate
for steric clashes [pictures]. Since double bonds in fatty acids are nearly always cis, they
introduce kinks in the fatty acid. When a bond adjacent to a double bond rotates, the
other bond adjacent to the double bond also rotates, and the whole thing moves like an old
fashioned bit and brace [pictures]. It takes more energy to rotate the double bonds closer
to the head groups due to [angle thing picture]. Double bonds react with O2 readily and
create poisons [more] bacteria have [cyclopropane picture]. Furthermore, NMR rotating
frame relaxation studies of the intramolecular motion in methionine-enkephalin.

Diffusion

One of the most notable properties of the lipid membrane is the ability of a single lipid to
diffuse. This property was discovered using the "fluorescence recovery after photobleaching,"
also known as FRAP. In this experiment, the cell surface is first labeled with a fluorescent
chromophore. Afterwards, a specific region is then bleached with intense light, leaving a
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prominent mark. In the bleached area, the experimenters noticed that as time progressed,
bleached molecules moved out from the bleached area and unbleached molecules moved
towards the bleached area. This shows that the lipid bilayer allows for molecule movement
within the membrane. There are two kinds of diffusion: lateral and transverse (flip-flop).
The lateral diffusion is exactly as it sounds like. In a lipid bilayer, one lipid molecule can
move pass the adjacent one. The transverse molecule works a bit differently. It still displaces
one over its adjacent counterpart, and crosses over to the other side of the lipid bilayer. It
is important to note that the lateral diffusion is substantially faster than the transverse.
Studies show that the transverse diffusion only happens once every few hours. Diffusion is
the movement of a particle from area of high concentration to low concentration, and it is
not to be confused with osmosis, which is the movement of water through a semi-permeable
membrane. Diffusion depends on CO2 and O2 concentrate inside and outside of alveolar
sack.

11.3 Plasma Membrane Function

11.3.1 Transportation Methods

The membrane regulates molecule transport through a variety of means. There are two
general categories that each transportation regulation falls into: passive transport and active
transport. Passive transport is the movement of molecules down its concentration gradient:
in other words, higher concentration to lower concentration. The diffusion of water, a special
case, is called "osmosis." Not all molecules can diffuse through the phospholipid bilayer.
The ones that can are usually hydrophobic molecules (i.e. oxygen), nonpolar molecules (i.e.
benzene), or small uncharged polar molecules (i.e. water). The hydrophobic and nonpolar
molecules can dissolve through the bilayer because of the similar polarites of the bilayer
and the molecule itself. The small uncharged polar molecules usually require a membrane
channel to diffuse i.e. aquaporins for water. The molecules that do not pass through the
layer with ease are large & uncharged, polar, or ions. Examples of each are glucose, sucrose,
and hydrogen ion, respectively. To sum up the defining characteristics of what passes
or does not pass through the membrane, they are size, charge, and polarity. Normally,
hydrophilic molecules would not be able to cross the phospholipid bilayer due to the difference
in polarities. However, it is observed that hydrophilic molecules do cross the membrane
protein through a different mechanism than the hydrophobic molecules. While hydrophobic
molecules diffuse through the membrane due to their similar polarities, hydrophilic molecules
require a molecule called a membrane protein (integral or peripheral), which transfers the
molecule in both active and passive transport. A few examples of passive transport are
simple diffusion and facilitated diffusion. Simple diffusion is when a solute moves from an
area of high concentration to an area of low concentration to establish equilibrium via a
channel protein. Facilitated diffusion still moves from an area of higher concentration to lower
concentration but instead of a channel protein, it is a carrier protein. This carrier protein,
also called permeases, accelerates the rate of transport greatly. Active transport moves the
molecules from an area of low concentration to an area of high concentration (the opposite of
passive transport). This transport moving molecules up its concentration gradient requires
energy, usually from ATP (adenosine triphosphate). A common example used to explain
this concept is the sodium-potassium pump. In the human cell, there is usually a high
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concentration of sodium on the outside the cell and a low concentration of sodium inside the
cell. The opposite applies to the concentrations of potassium: high on the inside and low on
the outside. The mechanism begins by sodium ion binding to the sodium-potassium pump
protein with its gap close off from the cell's external environment. The binding of sodium
ion signals to the cell to use convert ATP to ADP (adenosine triphosphate). This reaction
will release energy and add a phosphate group to the protein, enabling the protein to change
its conformation and release the bound sodium ions to the external cell environment. After
the release of sodium ions, potassium ions from the same area will bind to the protein. The
potassium ion binding will signal to the protein to convert the bound phosphate group to
unbound inorganic phosphate and change the conformation of the protein to release the
potassium ions into the cell. Afterwards, the sodium ions bind again and the cycle repeats.
A few other energy-driven processes are endocytosis and exocytosis. Endocytosis are when
large molecules are transported into the cell. Exocytosis are when molecules are expelled
from the cell. An example of receptor-mediated endocytosis occurs in eukaryotes. It is
important for the different membranes in the cell to either join or separate in order to perform
certain functions such as engulf, transport, or even release molecules essential for the body.
This process is facilitated by LDL, a low-density lipoprotein. External cellular LDL float
first binds to its corresponding receptor, called the LDL receptor. The cell membrane then
engulfs the LDL and the LDL receptor into the cell, forming a vesicle to keep it unharmed
from the cell hydrophilic environment. The complex then separates to protein and receptor
counterparts. The LDL fuses with a lysosome, breaking down the LDL with the release
of cholesterol as a by-product. A short example of exocytosis would be either the insulin
secretion in the blood, or the transport of neurotransmitters at the gap junction during an
action potential. A more specific example lies in Golgi's vesicular transport. In eukaryotes,
the endoplasmic reticulum (ER) sends transport vesicles to the Golgi apparatus created
from proteins. Some of the vesicles fuse with the lysosomes resulting in digestion. Some of
the other transport vesicles with essential proteins for the plasma membrane will diffuse
in to the membrane due to their similar polarities, releasing the protein content out into
the cell's environment. Different concentrations with regards to internal and external cell
environment have different effects on animal cells and plant cells. In a hypertonic solution
(concentration of solute is greater on the outside than on the inside), the cell would attempt
to create an equilibrium by releasing its water content to the external cell environment.
By doing so, the concentrations may be equal if there is enough water in the cell. Also,
the cell would end up being shriveled. In the plant cell, the same things occurs. However,
because plant cells have cell walls, instead of being shriveled, it is plasmolyzed. On the
other extreme, hypotonic solution, when the concentration is solute is lower on the outside
than the inside, the cell will become lysed. The attempt to establish equilibrium lies in the
water's entrance into the cell to lower the concentration in the cell. In the plant cell, this is
called turgid instead of lysed. On a sidenote, this is the normal preference of the plant cell.
In an isotonic solution (concentrations are equal on both sides of the cell), the net content of
water in and out of the cell remains the cell. This is the eukaryote's preferred state. In the
plant cell, it is termed flaccid. Membrance proteins called transporters facilitate the passage
of molecules across membrance, there is involved at least three step: dinding, conformational
change fo the protein, and release. There are two types of transporter: passive transporters
which use no energy, and active transporters that employ ATP to drive transport.
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11.3.2 Cell Communication

cell-to- cell communication is essential for multicellular organisms such as human or an oak
creatures in which they must communicate in order for them to develop from fertilized egg
and then survive and reproduce in turn. Communication between cells is very important for
many unicellular organisms that must find matters and food in order for them to develop and
to sexually reproduce. An early example of cell communication is Saccharomyces cerevisiae
in which the cells of that yeast use chemical signaling to identify cells of opposite mating
and to start the mating process. The study of cell communication could help to answer
some of the most important questions and medicine in areas ranging between embryological
development to hormone action to the development of cancer and other related diseases. On
a side note, not only is cell-to-cell communication imperative, but also with other molecules.
Different kinds of molecules communicate differently with the internal programming of the
cell. For example, synaptic transmitters, such as acetylcholine, bind to a certain G-protein
and activates intracellular 2nd messengers. Another way for synaptic transmitters to bind is
via a protein complex (integral/membrane protein) including an ion channel. The net result
of both pathways change the state of ion channel conformation in the membrane. Another
example, steroid hormones, diffuse through the cell membrane and eventually changes the
protein programming in certain cells. As for the peptide hormone, it binds to a G-protein,
activates intracellular 2nd messengers, and changes the transcription paradigm. Due to the
peptide hormone's hydrophobic character and the cell membrane nonpolarity, it requires
secondary messenger interaction whereas the steroid hormone (also nonpolar) can directly
communicate and diffuse into the cell. Cell-cell communication is essential for multicellular
organisms. Cells usually communicate by releasing chemical messenger targeted for cell.
Some messengers travel short distances such as molecules are alled local regulators. Animal
growth factors which are compounds that stimulate nearby target cells to grow and multiply.
Numerous cells can simulaneously receive and respond to the molecules of growth factors
produced by single cell in their vicinity.

11.3.3 Cell Adhesion

Cell adhesion is any glandular cells in ctenophores, turbellarian used for adhesion to a
substrate and for capture. Cell adhesion occurs when one cell binds to another surface
such as another cell or some other inanimate surface. Cell adhesion molecules serve as
intermediates that hold the cell to another surface.

11.4 Summary
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12 Complex Lipid Metabolism and
Cholesterol

12.1 Introduction

Dietary fats serve a variety of function in the body. One of the most important function is
as a metabolic fuel, per gram, fats yield twice as much energy as carbohydrate. All steroid
hormones are derived initially from lipid, and these in turn are responsible for the regulation
of body functions such as growth, development and the appearance of sexual characteristics
as a result of sex hormones. Essential fatty acids, such as linoleic acid and α-linolenic acid
are prostaglandin and ecosanoid precursors.

12.2 Lipid Droplets (LDs)

The LDs takes part of a hydrophobic phase in the cytosol and are composed of an organic
phase of neutral lipids. This hydrophobic core stores metabolic energy and membrane
components making them the central region for lipid metabolism. They also take part in
protein storage, degradation, and viral replication. The formal definition for Lipid Droplets
is "the cytoplasmic organelle composed of a hydrophobic core of neutral lipids bounded by a
phospholipid monolayer and specific proteins" [1]

12.2.1 How were they Discovered

These droplets were found in the nineteenth century by the method of light microscopy of
cellular organelles. Lipid Droplets were often called liposomes until the in vitro vesicles were
generated in 1960's and this new vesicles were named liposomes. Since this moment the
Lipid Droplets were referred as lipid bodies, fat bodies, spherosomes, or simply LDs. LDs
were mainly ignored on research until a protein that specifically localized to LD surface was
identified in 1991 [1]

12.2.2 Where are they found?

LDs are found in most cells. LDs can be found among bacterias and eukaryote, although
their number and size vary greatly in different cell types.
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12.2.3 What is their functions?

The LDs provide building blocks for membranes for energy metabolism. LDs have the ability
to package hydrophobic lipids, such as TGs, without water, providing a very efficient form of
energy storage. It has also been found that there are links between lipid synthesis pathways
and LDs. LDs also serve as organizing center for specific lipids and have been linked to
protein storage with the possibility of also storing unfolded membrane proteins. LDs have
also been found to be involved in the hepatitis C virus assembly.

12.3 Digestion and Absorption of Lipids

Lingual Lipase

Short Chain Fatty Acids Long Chain Fatty Acids

12.4 Bile

Primary Bile Acids Bile Salts Secondary Bile Acids

12.5 Chylomicron Formation

Micelles

12.6 Very Low Density Lipoprotein (vLDL)

12.7 Low Density Lipoprotein (LDL)

Low density lipoprotein (LDL) is known as bad cholesterol. When the level of LDL is high
in the blood, it could slowly build up inside the arteries that pump the blood to the brain
and the heart. LDL and other substances can cause atherosclerosis. Atherosclerosis is a
disease that happened when the arteries became less flexible and narrow due to the plaque
that LDL and other substances form.

12.8 High Density Lipoprotein (HDL)

Cholesterol can not dissolved in the blood there for it has to be transported in and out
of the cells by carrier called lipoprotein. There are two type of lipoprotein: low-density
lipoprotein ( LDL) and high-density lipoprotein HDL. high density lipoproteins (HDL) are
known as good cholesterol because high level of HDL could prevent from heat attacks. Some
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scientists believe that high-density lipoprotein (HDL) slow the build up of plaque in which
it removes cholesterol from arteries.
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14 Enzymes

14.1 Introduction

Enzymes are proteins that act as catalysts in most of the body's biochemical reactions that
have catalytic functions indispensable to maintenance and activity of life. A small subset
of enzymes are composed of RNA and are known as ribozymes. The general mechanism
by which enzymes work is by reducing the energy required to start the reaction, otherwise
known as the activation energy. Enzymes have extremely varied uses: ethanol production,
forensic science, and polymerase chain reaction amongst them. And there are all chemical
reactions occurring in a living organism which are dependent on the catalytic actions of
enzymes. Biologists aren't the only people interested in enzymes, however. These diverse
molecules form a huge part of industries such as brewing and pharmaceuticals; the use of
enzymes alone in the brewing process of Guinness is worth over a billion euro to the Irish
economy.

14.2 Structure of Enzymes

Enzymes are composed of many amino acids, joined in long chains, forming proteins, which
are manufactured in the cell(s) of every organism. Furthermore, enzymes are globular
proteins, folding conformation creates the active site. These long amino chains fold in
specific ways, so as to make the reactions the enzyme catalyses specific to that particular
enzyme.The nature and arrangement of amino acids in the active site make it specific for
only one type of substrate.

14.3 Mechanism of Enzymes

The mechanism of enzymes work is by lowering the activation energy of the reaction the
specific enzyme is to catalyse. Each enzyme is entirely specific to the reactants; it will
only work for one specific reaction, this is due to the unique active site of the enzyme.
The enzyme's active site is in a unique 3D shape, with a unique pattern of electrostatic
charge and hydrophobicity. Here the specific substrates, the substances upon which the
enzyme works, are temporarily combined with the enzyme, forming an enzyme substrate
complex, or ESC. The reaction then occurs, and the product of the reaction separates from
the enzyme, at which point it may be used. The enzyme is then capable of repeating the
reaction many thousands of times, although they may have to be replaced every so often.
Activity of Enzymes Control of Enzyme activity in Cell The production of enzyme can
be enhanced or diminished by changing the internal environment of the cell. This is called
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enzyme induction and inhabitation. The enzyme inhibitor or the enzyme inductor will
be bound to the enzyme and either decrease or increase the activity of the enzyme. The
inhibitor stops the entre of substrate to the active site. It can be reversible or irreversible.
Enzyme activities are compartmentalized that means reduce the activity of one enzyme can
lower the productivity of other since they are linked. Some enzymes will be activated by the
environmental factor in side your body, for example the lowering of pH changes the activity
of hemagglutinin in the influenza. Thus,the lower the potential energy barrier to reaction,
the more reactants have sufficient energy and, hence, the faster the reaction will occur. All
catalysts, including enzymes, function by forming a transition state, with the reactants, of
lower free energy than would be found in the uncatalysed reaction.

Enzyme Graph Enzymes do not modify the equilibrium of a reaction. Enzymes only
catalyze or speeds up the rate of reaction by stabilizing the transition state and do not
participate in the chemical reaction. The transition state is the highest activation energy
(Ea) on a reaction coordinate in which the molecule is only partially reacted. The activation
energy is lowered when a catalyst (enzyme) is used. When an enzyme is not used, the
activation energy of a reaction is much higher, which will take the reaction much longer to
proceed. The enzyme is complementary to the transition state and not the substrate, in
order to facilitate the reaction efficiently. A catalyst is present in the reactants and also
appears in the end products.

Figure 40

14.4 Properties of Enzymes

1. Enzymes are sensitive to heat, and are denatured by excess heat or (inactivated by excess
cold), i.e. their active site becomes permanently warped, thus the enzyme is unable to
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form an enzyme substrate complex. This is what happens when you fry an egg, the egg
white (augmenten, a type of protein, not an enzyme), is denatured. 2. Enzymes are created
in cells but are capable of functioning outside of the cell. This allows the enzymes to be
immobilised, without killing them. 3. Enzymes are sensitive to pH, the rate at which they
can conduct reaction is dependent upon the pH of where the reaction is taking place, e.g.
pepsin in the stomach has an optimum pH of about pH2. Whereas salivary amylase has
an optimum pH of about 7. 4. Enzymes are reusable, and some enzymes are capable of
catalysing many hundreds of thousands of reactions every second, e.g. catalase working on
hydrogen peroxide. 5. Enzymes will only catalyse one reaction, e.g. invertase will only
produce glucose and fructose, when a glucose solution is passed over beads of enzyme (see
Immobilisation). 6. The reaction rate for an enzyme is limited by its saturation point.
Saturation is essentially the point at which an enzyme can no longer speed up the reaction
to compensate for the increase in substrate concentration (push the equilibrium towards
the products). Graphically this is portrayed as a horizontal asymptote and is also called
the maximum velocity. Each enzyme has its own maximum velocity for a given substrate.
Measuring the rate of product formation with varying concentrations of substrate is one
way of determining the maximum velocity of an enzyme. 7. Enzymes are capable of
working in reverse, this acts as a cut off point for the amount of product being produced.
If there are excess reactants the reaction will keep going and be reversed, so that there
is no overload or build up of product. Enzymes are catalysts in the breaking down of
substances by bonding with them briefly. Hydrogen peroxide they break it down into
water and oxygen much faster than it would naturally occur. Inside the body they are
used to break down food and to start off the digestion process. They are proteins they are
affected by the pH level of the substance and also the temperature of the substance. The
last important note is that obviously the concentration of the enzyme will affect how well
it works.They are substrate specific which is illustrated by the lock and key hypothesis.
Enzymes may be immobilised in two ways, firstly by bonding them chemically to some
sort of rigid structure, and secondly by physically placing the enzymes on an insolube
support structure, e.g. a gel or bead. The second method of enzyme immobilisation is
much more common, is cheaper, but it does reduce the enzyme's ability to catalyse reactions.

Steps in Enzyme immobilization 1. Make up a 5% w/v solution of sodium alginate,
and leave to stand overnight, to mix properly. 2. Add the enzyme, or in this case, a cell
e.g. yeast, to the alginate solution, and mix in well. At this point the mixture will be very
thick, and should be left for twenty minutes to eliminate the air bubbles, from the solution;
such air bubbles would increase the surface area of the beads, making them less efficient.
3. Take a syringe, and fill it with the alginate/cell matrix. 4. Make a 2% w/v solution
of Calcium Chloride. 5. Hold the syringe about 20 cm perpendicularly above the calcium
chloride solution, and drip in the alginate solution, trying to create the smallest possible
beads, approx 3-4mm in diameter. 6. Remove and discard any alginate strings or floating
beads from the chloride solution. 7. Rinse the beads in deionised water. 8. Using a retort
stand set up two tap funnels above each other, placing the beads in the bottom funnel, and
strong glucose in the top. 9. Allow the glucose to run through the beads, and draw off the
product. The product is a type of alcohol, which should not be ingested as it is impossible
to tell whether it is ethanol or methanol, the later being toxic.
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14.5 Naming Enzymes

Until quite recently enzymes have been given arbitrary names, for example, ptylin (amylase),
this tells us nothing of what the enzyme acts upon, instead biologists have devised a means
of naming enzymes, whereby enzymes end -ase; e.g. DNA Helicase, they have also included
a clue as to what the enzyme acts upon; DNA Helicase working to separate nucleotides in
a chain of DNA. Other common enzymes include protease, lipases, pepsin, amylase, and
lysomase.

14.6 References

Berg, Jeremy M. Biochemistry 6th Edition. New York, W. H. Freeman and Company, 2007.
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15 Metabolism

Biochemistry1 << Enzymes2 | DNA and RNA >>3

What is life? What makes life work? Life is not static; it is defined by activity. A cell has
to perform certain tasks to stay alive. This activity has to be powered by fuel; the fuel is
converted into energy, to keep the cell running, building blocks for new biomolecules, and
waste products. This process is called metabolism.

15.1 ATP as an intermediate energy carrier

We have already seen4 how ATP is a universal "energy currency" in the cell, and how its
high-energy phosphate can store and release this energy efficiently. But ATP is only a
short-term energy storage; a hard-working human can use up to one pound of ATP per
minute. How can that be? The answer lies in the medium- and long-term energy storage
molecules, notably phosphoenol pyruvate (PEP), acetyl phosphate, and creatine phosphate.
Each of these molecules carries a phosphate group with an ever higher transfer potential
than that of ATP. ATP is continuously regenerated by transferring phosphate groups from
these molecules to ADP. For example, the reaction of creatine phosphate is

Creatine phosphate + ADP + H+
⇋ ATP + creatine

a reaction which is catalyzed by the creatine kinase, and highly in favor of the "ATP side"
of the equation.

15.2 Electron carriers

Most of the energy of eucaryotic lifeforms derives from oxidating fuel molecules, that is,
the transfer of electrons from fuel molecules to oxygen. The fuel molecules are oxidized,
while the oxygen is reduced. A rather radical form of oxidation is fire, which oxidizes its
fuel directly with oxygen. As spontaneous combustion one ones cells is rather unpleasant,
the electrons are carried through several steps from the fuel molecules to the final electron
acceptor, oxygen. The flow of electrons causes a proton gradient in the mitochondrial
membranes, which in turn is used by the enzyme ATPase (or proton pump) to generate ATP.
This process, utilizing an electron transport chain5, is called oxidative phosphorylation. The

1 http://en.wikibooks.org/wiki/Biochemistry
2 http://en.wikibooks.org/wiki/Biochemistry/Enzymes
3 http://en.wikibooks.org/wiki/Biochemistry/DNA_and_RNA
4 http://en.wikibooks.org/wiki/Biochemistry/Metabolism_and_energy
5 http://en.wikibooks.org/wiki/Biochemistry/Electron_Transport_Chain
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electron carrier molecules of choice are NADH and FADH2. They are pyridine nucleotides
(also called flavions).

Reduced form Oxidized form
NADH NADH NAD+

FADH2 FADH2 FAD

Both molecules are also for biosyntheses that require reducing power. Especially a variant
of NADH, NADPH, is used for this purpose. With all these high-energy bonds and electron-
carrying molecules around, one would expect to see wild, uncontrolled chemical reactions
occurring in the cell. However, the opposite is the case: Without a catalyst, ATP is quite
slow to hydrolize and give its phosphate group to water. Also, all three electron-carrying
molecules, NADH, NADPH, and FADH2, are slow to react with O2 without a catalyst.

15.3 Cancer Cell Metabolism

Glutamine addiction: a new therapeutic target in cancer The Warburg observation
that cancer cells use up an unusually high level of glucose and produce more lactic acid
has been around since the 1920’s. It wasn’t noted till 1955 by Eagle, that cancer cells
also use up a high level of the amino acid glutamine. In the article, Glutamine addiction:
a new therapeutic target in cancer, Wise and Thompson highlight the role glutamine
plays in cancer cell growth, protein translation, anaplerosis, and macromolecular synthesis.
Glutamine is the chief donor of nitrogen to cancer cells for the cells to multiply. When
glutamine gives up its amide, it is converted into glutamic acid, which is the main nitrogen
donor for nonessential amino acid synthesis. This amino acid biosynthesis makes glutamine
a main ingredient for the cancer cells’ need for protein translation. Stemming off of
biosynthesis is Myc, a basic protein that binds 11 of the genes involved in nucleotide
biosynthesis. Myc activation is a commonly observed in cancer and is identified as the
driving force behind the spread of lymphomas and small cell lung cancer. Myc facilitates
glutamine consumption and supports the change of glutamine into glutamic acid, and
finally into lactic acid. This satisfies the Warburg observation of the unusual lactic acid
production of cancer cells. The target of rapamycine (TOR) controls many cell functions
such as cell growth, reproduction, motility, and protein synthesis. The “master regulator
of protein translation, the mammalian target of rapamycin complex (TOR), is responsive
to glutamine levels” (Wise and Thompson, 2010). This was initially discovered in yeast,
where TOR activation was found to be dependent on glutamine levels. The article also
describes how glutamine adds to macromolecular (DNA, RNA, and proteins) synthesis
by producing NADPH (nicotinamide adenide dinucleotide phosphate, a reducing agent
in anabolic reactions) and providing the cancer cell with a substrate source which refills
the mitochondrial carbon pool (anaplerosis). This refilling of the carbon pool is necessary
for the synthesis of proteins, lipids, and nucleotides. All of these facts relating glutamine
importance to cancer cells may be a potential target in altering cancer cell metabolism.
However, it is still unknown if this is a viable target for the treatment of cancer. Ideas
include suppressing the glutamine uptake, TOR activation, or the anaplerosis of the cancer
cells. Using an enzyme to lower blood glutamine levels is another possible method.
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References Wise & Thompson, Glutamine addiction: a new therapeutic target in cancer,
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15.4 Glycolysis

Biochemistry/Glycholysis6

15.5 Pyruvate Dehydrogenase

15.6 Pyruvate Dehydrogenase

Metabolism, as all other functions in the human body, is not a simple mechanism. Although
performed extremely fast, metabolism has many complex steps. For the multiple steps,
there are multiple enzymes catalyzing the process. One of the steps of metabolism is taking
pyruvate (from glycolysis) and converting it into CO2 and acetyl-CoA (used in the krebs
cycle). In order to perform this action, so it will not be a lengthy process, an enzyme is
necessary. The enzyme that catalyzes this action is pyruvate dehydrogenase. Aside from
being an enzyme catalyzing the complex steps of metabolism, pyruvate dehydrogenase too
is very complex. The pyruvate dehydrogenase is an extremely complex structure made of
several enzymes: E1, E2, and E3. Since it does contain a complex structure, these enzymes
are present within the structure multiple times. Overall, pyruvate dyhydrogenase is a
dehydrogenase. As most dehydrogenase do, pyruvate dehydrogenase performs it job with
the cofactor of NAD+. NAD+ performs its function by converting NAD+ to NADH+Hˆ+.

15.7 Pyruvate Dehydrogenase Deficiency

As previously stated, pyruvate dehydrogenase is the enzyme in charge of changing pyruvate
into acetyl-CoA (acetyl coenzyme A), a necessity to start the Krebs’s cycle. The question
at hang is can pyruvate dehydrogenase go wrong? The answer is yes, and although
uncommon, pyruvate dehydrogenase deficiency is an example of what occurs when pyruvate
dehydrogenase cannot perform its job. The question left unanswered is what pyruvate
dehydrogenase deficiency is? Pyruvate dehydrogenase deficiency is a buildup of lactic acid,
or lactic acidosis, which can be life-threatening for many. The most common forms of this
lactic acid buildup can cause symptoms such as nausea, abnormal heartbeat, and vomiting.
Pyruvate dehydrogenase is also characterized by varies neurological problems. The most
common issues occurring with neurological abnormalities are slow mental abilities and motor
skills such as sitting. Other neurological problems range from having poor coordination to
difficulty walking to being intellectually disabled.

6 http://en.wikibooks.org/w/index.php?title=Biochemistry/Glycholysis&amp;action=
edit&amp;redlink=1
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15.9 Tricarboxylic Acid Cycle

Biochemistry/Tricarboxylic Acid Cycle10

15.10 Electron Transport Chain

The electron transport chain is a system of molecules through which electrons are
transferred to generate ATP. It has an important role in both photosynthesis and cellular
respiration. ETS in photosynthesis In photosynthesis, when sunlight is absorbed in
photosystem 2, electrons are energized. They are transferred to the reaction center. From
the reaction center, the electrons enter the electron transport chain and pass the etransport
chain molecules. Then the 2 deenergized electrons are reenergized in Photosystem 1 (is
second because PSII was discovered first)and they go to the NAPD+ reductase which
transfers ther electrons to a coenzyme, converting it to NADPH+ The two electrons used
must be replaced, so water is broken down producing 2 protons (H+) which concentrate in
the thylakoid membrane, 2 electrons replaced in PSII and oxygen released as O2. Protons
go down proton pumps and a concentration gradient forms as protons move from the
stroma into the thylakoid space. Protons move down gradient through ATP synthase which
forms ATP. Energy is stored. ETS in respiration In respiration, an electron transport
chain is used to break the fall of electrons to oxygen into several energy-releasing steps. It
slows down the releasing process of energy. There are a number of molecules that consists
an electron transport chain. Most of these molecules are proteins, built into the inner
membrane of mitochondria of eukaryotic cells and the plasma membrane of aerobically
respiring prokaryotes. On the "top" end of the chain, where the energy is highest, electrons
removed from oxidation of glucose are shuttled by NADH. On the "bottom" end, where the
energy is lowest, Oxygen molecules pick up the electrons, and together with protons existing
in the cellular environment, oxygen molecules form water. The total energy released from the
oxidation of glucose by oxygen is huge, about 2880kJ/mol. (The overall oxidation of glucose
is shown by reaction C6H12O6 (aq) + 6 O2 (g) → 6 CO2 (g) + 6 H2O). This energy can't
be picked up by cells in a short amount of time. Therefore, electron transport chain applies
a cascade of reactions to slowly release the energy, maximizing the usage of glucose. In the
cascade, each "downhill" carrier is more electronegative than their "uphill" neighbors, so
that the electrons can be passed "downhill" by oxidation. Oxygen is the last electron acceptor.

7 http://www.rpi.edu/dept/bcbp/molbiochem/MBWeb/mb1/part2/krebs.htm
8 http://www.science.siu.edu/microbiology/micr425/425Notes/05-PyrKrebs.html
9 http://ghr.nlm.nih.gov/condition/pyruvate-dehydrogenase-deficiency

10 http://en.wikibooks.org/w/index.php?title=Biochemistry/Tricarboxylic_Acid_Cycle&amp;
action=edit&amp;redlink=1
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There are four unique electron carrier complexes in the respiratory chain:

Complex I: NADH dehydrogenase

• Composed of 42 different polypeptide chains.
• Has several Fe-S centers.
• NADH + H + FMN <---> NAD + FMNH2
• Transfers 2 electrons from NADH to Q.
• Pumps 4 protons from matrix to IMS.

Complex II: Succinate Dehydrogense

• Transfers 2 electrons from succinate to coenzyme Q.
• Contains 4 different protein subunits:

Subunit A: FAD, succinate binding

Subunit B: 3 Fe-S centers

Subunit C: integral membrane protein, Q binding

Subunit D: does not participate in electron transfer to Q, instead reduces the frequency of
some leaking electrons form reactive oxygen Species: ROS.

Complex III: Ubiquinone Cytochrome C Oxidoreductase

• Composed of 22 subunits: heme groups and Fe-S centers
• Transfers of 2 electrons QH2 to Cytochrome C.
• Pumps 4 protons into IMS.

Complex IV: Cytochrome C Oxidase

• Contains 13 subunits, prosthetic groups such as cytochromes and Fe-S centers.
• Transfers 2 electrons from cytochrome C to oxygen, reducing it to H2O.
• Pumps 2 protons into IMS
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Figure 41 the detailed graph of the mechanism of electron transfer chain

image citation: 11

11 http://en.wikipedia.org/wiki/File:Mitochondrial_electron_transport_chain%E2%80%94Etc4.
svg
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16 DNA and RNA

Deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) are the information storage
molecules and working templates for the construction of proteins. Every living cell and virus
encodes its genetic information using either DNA or RNA. It is a true marvel of evolution
that the vast amount of information needed to produce a human being can fit inside cells.
Friedrich Miescher first isolated DNA and RNA from used surgical bandages in 1869. A
series of experiments done by Oswald Avery, Colin MacLeod, and Maclyn McCarty in 1944
defined DNA as the genetic information. They injected virulent encapsulated bacteria into
a mouse. As it a result, it died. On the contrary, nonvirulent nonencapsulated bacteria did
not kill the mouse. Also, heating the virulent encapsulated bacteria and injecting did not kill
the mouse either. The surprise lied in mixing the heat-killed virulent encapsulated bacteria
with nonvirulent nonencapsulated bacteria did kill the mouse. Avery's group kept isolating
factors until they discovered what killed the mouse, which was the DNA. In conclusion, the
nonpathogenic bacteria was made pathogenic by DNA transfer from a pathogenic stain. A.D.
Hershey and Martha Chase's work in 1952 reconfirmed that DNA is the carrier of genetic
information. Hershey and Chase's group conducted an experiment involving two phages.
One of the phages was radioactively labeled with heavy phosphorus to highlight the DNA
and heavy sulfur to highlight the protein. The two phages inserted their "genetic material"
into the bacterial cell. Afterwards, these cells were "blended" to remove the phage heads.
The resulting radioactively-labeled heavy phosphorus was found in the cell. This experiment
showed that DNA alone was sufficient to make new viruses, and therefore, defined as the
genetic information. Rosalind Franklin, Chargaff, and other chemists provided information
that led to the discovery of DNA as well. Franklin provided crystallographic data that
implied a helical structure. Chargaff's rule said that the adenine content was equal to the
thymine content and cytosine was equal to guanine. Also the aromaticity of the electron-rich
purine and pyrimidine rings allowed for tautomer shifts between the keto and enol form.
The keto tautomer (lactam) dominated at physiological pH. Garnering all this information,
James Watson and Francis Crick discovered the structure of DNA (double-helix) in 1953.

16.1 Structure of DNA and RNA

DNA is a polymer of nucleotides. Nucleotides consist of a pentose sugar (2-deoxyribose for
DNA and ribose for RNA), a phosphate group (H3PO4), and a nitrogen-containing base.
There are five nitrogen bases - adenine, guanine, thymine, cytosine and uracil. Individual
nucleotides are connected by phosphodiester bonds to form polynucleotides.
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Figure 42 DNA

DNA exists as a double helix of two (2) strands of polynucleotides. According to the principle
of complementarity nucleotides A (adenine) bases are bound with a hydrogen bridge to the
T (thymine) or U (uracil in case of RNA) on the other thread and similarly C (cytosine)
bind themselves to G (guanine). This principle allows for DNA and RNA replication and
for limited possibilities of repairing the genetic information when one of the threads gets
damaged.

16.2 Difference between DNA and RNA

DNA is the permanent genetic information storage medium, found in the nucleus of most
cells of most living organisms. RNA is, in the case of eukaryotes, the medium that transfers
the genetic information from the nucleus to the cytoplasm where proteins are synthesized.
The most basic structural difference between a DNA molecule and an RNA molecule is that
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DNA lacks an hydroxyl group at its 2' carbon while RNA has an hydroxyl group at its 2'
carbon. There are three major types of RNA:

• messenger RNA (mRNA) - temporarily created RNA used for transferring the information
from the DNA in the nucleus to the ribosome in the cytoplasm where it is "read," or
translated, and a protein is synthesized.Each gene produce a separate mRNA molecule
when a certain protein is needed in the cell. In addition, the size of an mRNA depends
on the number of nucletides in that particular gene.

• transfer RNA (tRNA) - Is the smallest of the RNA molecules and it is associated with
the ribosome and delivers an amino acid to be attached to the growing protein. Only the
tRna can translate the genetic information into amino acid for proteins.

Each tRNA contains an "anticodon" which is a series of 3 bases that complements 3 bases
on mRNA.

• ribosomal RNA (rRNA) - a major constituent of the ribosome with both structural and
catalytic properties.

Additionally, by 2005, other types of RNA, such as siRNA (small, interfering RNA) and
miRNA have been characterized. DNA structure is typically a double stranded molecule with
long chain of nucleotides, while RNA is a single stranded molecule " in most biological roles"
and it has shorter chain of nucleotide. Deoxyribose sugar in DNA is less reactive because
of the carbon- hydrogen bonds. DNA has small grooves to prevent the enzymes to attack
DNA. on the other hand, RNA contain ribose sugar which is more reactive because of the
carbon-hydroxyl bonds. RNA not stable in its alkaline conditions.RNA has larger grooves
than that of DNA, which makes RNA easier to be attacked by enzymes. DNA has a unique
features because of its helix geometry which is in B-form. DNA is protected completely by
the body in which the body destroys any enzymes that cleave DNA. In contrast the helix
geometry of RNA is in the A- form; RNA can be broken down and reused. RNA is more
resistance to be damage by Ultra- violet rays, while DNA can be damaged if exposed to
Ultra-violet rays. DNA can be found in nucleus, while RNA can be found in nucleus and
cytoplasm. The bases of DNA are A,T,C,and G, DNA is a long polymer with phosphate
and deoxyribose backbone. In contrast, RNA bases are A,U, C,and G, RNA backbone
contain ribose and phosphate. The job of DNA on the cell is to store and transmit genetic
information. RNA job is to transfer the genetic codes that are needed for the creation of
proteins from the nucleus to the ribosome, this process prevents the DNA from leaving the
nucleus, so DNA stays safe.

16.3 Plasmid

Plasmids are small, circular DNA molecules that replicate separately from the much larger
bacterial chromosome can be use in laboratory to manipulate genes. Plasmids can carry
almost any gene and they can passed it on from one generation of bacteria to the next
generation, therefore plasmids are key tools for “gene cloning” which is the production of
multiple identical copies of a gene carrying piece of DNA
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17 DNA Replication ;Semi-conservative
replication

In the process of DNA replication, as cells divide, copies of DNA must be produced
in order to transfer the genetic information. In DNA replication, the strands in the
original DNA separate, and then each of the parent strands make copies by synthesizing
complementary strands. Enzyme called helicase will start The process of replication by
catalyzing the unwinding of protein of the double helix. This enzyme can break the H
bonds between the complementary bases. These single strands now act as templates for
the synthesis of new complementary strands. The energy for the reaction can be provided
when a nucleoside triphosphate bonds to a sugar (at the end of a growing strand), and
2 phosphate group are cleaved. Then a T in the template forms H bond with an A in
ATP, and a G on the template forms H bond with CTP. After the entire double helix of
the parent DNA is copied, the new DNA molecule will form . The new DNA molecule
is consist of one strand from the parent (original) DNA and one strand from the daugh-
ter strand( newly synthesized strand). This process is called "semi-conservative replication".

17.1 Recombination

Recombination refers to ways in which DNA modification leads to distinct gene expres-
sions and functions. Deletions, insertions and substitutions are the most useful changes
implemented for the synthesis of new genes. Recombination techniques and recombinant
DNA technologies has made possible the modification and creation of new genes for specific
proposes. These techniques helps clone, amplified and introduce new DNA into suitable cells
for replication. Restriction enzymes and DNA ligase play a vital role in the in the production
of recombinant DNA. Vectors are useful for cloning. Plasmids or viral DNA (lambda Phage)
used to introduced a DNA sequence into a cell is refer as vector. The semi-conservative
hypothesis was confirmed by both Matthew Meselson and Franklin Stahl in 1958. The parent
DNA was labeled with "heavy nitrogen," the radioisotope of fifteen. This radioactive nitrogen
was made through growing E. coli with ammonium chloride (also with "heavy nitrogen")
environment. Directly after the labeling of "heavy nitrogen" to the parent DNA strand, it
was transferred to a medium with only regular nitrogen (isotope of fourteen). The proposed
question was "What is the distribution between the two nitrogens in the DNA molecules after
successive rounds of replication?" Using density-gradient equilibrium sedimentation, this
question was answered. In this centrifugation, similar densities were grouped together in the
tube. Afterwards, an absorbance was applied with ultra-violet light to determine the density
bands of all the different kinds of DNA in the solution. After one generation, a unique single
density band was shown. It was not exactly the band of heavy nitrogen nor the regular band
of regular nitrogen, but rather halfway between the two. This proved that DNA was not
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conservative but semi-conservative due to this nitrogen hybrid. One generation after this one,
there were two nitrogen-14 molecules and two hybrid nitrogen molecules. The probability
and statistics of this second generation reassures the semi-conservative hypothesis. As DNA
strands can combine and form molecules, it can also be melted, resulting in separation or
denaturation. It is important to note that the heat from the melting process does not disrupt
the DNA structure, but rather DNA helicase takes energy from the heat, separating the DNA
strands. The denaturation process occurs at about ninety-four degrees Fahrenheit where the
double strands are converted to single stands. Absorbance readings were taken to reconfirm
the denaturation process. When the DNA molecule is in its double-stranded form, it absorbs
less UV light. In its single-stranded form, it absorbs more UV light because the single strand
is more exposed than its double-strand counterpart. This is known as the hypochromic effect.
In a PCR, polymerase chain reaction, it utilizes this denaturation capability in its primary
step. Afterwards, it is then annealed at fifty to sixty degrees Fahrenheit. In this step, this
is where the primers bind to their corresponding flanking DNA base sequence. In the last
step, DNA polymerization, it requires a few ingredients: heat-resistant DNA polymerase,
magnesium ion, buffer, and corresponding nucleotides. The DNA polymerase requires heat
resistance because throughout the entire process, it undergoes a constant temperatures
changes. The magnesium stabilizes the phosphate backbone. The buffer prevents drastic
changes in pH, because if the pH lies near the extremes on the scale, it may denature
the DNA so drastically that it will not recombine. This final step of DNA polymerization
happens at the "melting temperature." The melting temperature is the temperature at which
half of the DNA is single-stranded and the other half is double-stranded. At this optimal
temperature of seventy-two degrees Fahrenheit, the DNA is amplified with its respective
primers, replicating at an exponential rate.
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18 DNA manipulation: human's effort to
desire DNA and "read" DNA

18.1 Restriction endonucleases

What's endonuclease?--Endonucleases are enzymes that can recognize specific base sequences
in double-helical DNA and cleave, at specific places, both strands of that duplex. Many
prokaryotes contain restriction enzymes. Biologically, they cleave foreign DNA molecules.
Because the sites recognized by its own restriction enzymes are metylated, the cells' own
DNA are not cleaved. One striking properties of endonucleases is that they recognize DNA
cleavage sites by "two-fold symmetry". In another word, within the cleavage site domain
(usually 4 to 8 base pair), there exists a center, around which the cleavage site rotate 180
degree, the whole cleavage site would be indistinguishable. The following graph shows an
example of how endonuclease recognize cleavage site by symmetry.

Figure 43 The Symmetry center recognized by endonuclease.

.After cleavage from several different endonulcease, a DNA sample would be sliced into many
different duplex fragments, which are then separated by electrophoresis. The restriction
fragments are then denatured to form single stranded DNA, which are then transferred to a
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nitrocellulose sheet, where they are exposed to a 32P-labeled single-stranded DNA probe.
The single-stranded DNA are then hybridized by the radio active complementary strand.
These duplex are then examined by autoradiography, which reveals the sequence of the DNA.
This technique is named Southern plot, after Edwin South, who invented the technique. The
following image shows the steps for creating a southern plot.

Figure 44 steps to create a southern plot.

18.2 DNA sequencing

DNA subunits are dGMP, dAMP, dCMP and dTMP. In a DNA molecule, these subunits are
connected in a way that their phosphate on 5 prime carbon are bonded to another subunit's
hydroxy group on 3 prime carbon. If there is no hydroxy group on 3 prime carbon, then the
DNA polymeration will be terminated. Utilizing this idea, subunit analogies were invented,
ddGMP, ddAMP, ddCMP and ddTMP. These analogies have the same structure as their
parent molecule except that they have hydrogen on 3 prime carbon instead of hydroxyl
group. In practice, target DNA template is put into four polymeration environments,
dNTP+ddGMP or ddAMP or ddCMP or ddTMP, respectively.
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Figure 45 the analogy of dNTP

. Statically, fragments with different length terminated at base, G, A, C, T will be formed,
respectively. Then these fragments will be separated by electrophoresis, which will tell the
sequence of the target DNA.

18.3 DNA synthesis

Although nature synthesize DNA from 5 prime carbon to 3 prime carbon, human synthesize
DNA from 3 prime carbon to 5 prime carbon. The following monomer is commercially
available for each of the base and is used as basic building block for DNA synthesis.
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Figure 46 5 prime protected and 3 prime activated monomer.

It starts with the subunit with the first base bonded to resin by the 3 prime hydroxyl group.
The second monomer with its own 5 hydroxyl protected by DMT (protecting group) was
activated on its 3 prime phosphate, which is attached to the 5 prime hydroxyl group by
nucleophilic substitution. Then the phosphite is oxidized by iodine to yield phosphate. Then
DMT is removed to make the 5 prime hydroxyl available for the incoming of the third
monomer. The graphical representation is shown below.
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Figure 47 DNA synthesis.

18.4 Polymerase Chain Reaction (PCR)

It is used for amplification of DNA. It includes three stages: DNA denaturation, oligonu-
cleotide annealing, and DNA polymerization. In each cycle, the DNA duplex is denatured
at first, then the primers for both strands (forward and reverse) bind to the desired sites
and at last both strands polymerize to form the desired sequence. What needed in PCR
are the DNA containing the desired sequence, primers for both strands, heat resistant DNA
polymerase, dNTP and constantly changing temperature. The following image shows the
detailed steps in PCR.

107



DNA manipulation: human's effort to desire DNA and "read" DNA

Figure 48 PCR steps in graphs.
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19 RNA Editing

19.1 Introduction

Adenosine deaminases (ADAR) are mRNA editing enzymes that alternate a double stranded
RNA sequence by tuning it. When tuning the mRNA, ADARs retype the nucleotides of
the mRNA at certain, specific points they wish to change. Because ADARs can change the
sequence of mRNA, they can create or remove a splice site, delete or alter the meaning of a
codon, and finally change the sequence of the RNA altogether. ADAR plays a vital part
in editing mRNA and modulating the mRNA translational activity and is mainly found in
the nervous system and is important in regulating the nervous systems. Lacking the ADAR
gene is very detrimental to health.

19.2 Function

RNA splicing and RNA editing are very similar to one another. RNA splicing is more of a
cut, copy, and past process while RNA editing is an alteration of one or more nucleotides.
There are mainly two types of ADAR that alternate the sequence of a single nucleotide.
The first type of ADAR retypes cytidine nucleotides into uridine nucleotides while a second
type of ADAR retypes adenosine into inosine.

mRNA consisting of many inosine nucleotides in its sequence is known to be very
abundant in the nucleus and only mRNAs that leave the nucleus can be translated. In
this case, ADAR is modulating the translational activities of mRNAs. In modulating
the translational activities of the specified mRNA, it is also modulating the abundance
of the certain proteins that are expressed in the edited mRNA. Also, increasing inosine
can stabilize the structure of mRNA. Hence, ADAR can function as an mRNA stabilizer too.

ADARs target the coding sequence, introns, and 5’ and 3’ untranslated reigions (UTR).
ADAR targets the coding sequence by changing the nucleotide which then changes the
geometry of the protein. Change in the geometry of the protein may yield to higher protein-
protein affinity interaction. This high protein-protein affinity can improve biological reactions
by facilitating those reactions. Alternation of the non-coding sites such as introns, 5’, and 3’
UTR is still unknown. The only thing that is known is that alternating the sequence within
these sites can create new splice sites.
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19.3 Importance of ADAR

Adar is mainly found in the nervous system because it plays a very important role in
regulating the nervous system. One of Adars’ primary functions is its regulation of the
nervous system. Adar regulates the nervous system by editing the glutamate receptors’
mRNA. These glutamate receptors construct the glutamate-gated ion channels which are
important in transferring electrical signals between neurons. When ADARs edit gluR mRNA,
they change the calcium permeability of these glutamate channels. They can either lower
the calcium permeability for certain glutamate channel or increase calcium permeability
for other glutamate channels. Regulation of calcium permeability is important to proper
neurotransmission between neurons.

19.4 Disease connecting to ADAR

Adenosine deaminase Deficiency (ADD) is caused by the lack of ADAR gene. Hence ADARs
editing is important for survival especially for human. Without ADAR, the body can not
break down the toxin deoxyadenosine. The accumulation of this toxin destroys the immune
cells making its host vulnerable to infection from bacteria and viruses. Seizures can also
be caused by ADAR. Unedited version of gluR mRNA strongly causes seizures. When a
seizure happens, the body mechanism increases the level of ADAR activity to edit gluR
mRNA to prevent future seizures.

19.5 DNA Replication:Initiation

There are multiple mechanisms that have been proposed for the melting of the DNA strand
and the subsequent unwinding of the double helix during the initiation process of DNA
replication. Two recently proposed models are E1 and LTag. These two models function
differently to attain the same overall goal of melting the DNA double helix due to differences
in their overall structure. E1 model: In the E1 hexamer, there are six ß-hairpins in the
central channel of the protein. They are arranged in a staircase-like structure. Two adjacent
E1 trimers assemble at the origin point to melt the double-stranded DNA. A ring shaped
E1 hexamer is then formed around the melted single-stranded DNA and the DNA is then
pumped through the ring hexamer to from a fork that allows for the replication of the DNA.
Ltag: The channel diameters of these hexamers vary between 13-17 angstroms. The hexamer
responsible for melting has an assortment of planar ß-hairpins in the narrow channel. Two
of these hexamers surround the origin point of the double-stranded DNA and squeeze the
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area together. This causes the melting of the dsDNA by forcing the breakage of base pairing.
The two single-stranded DNA strands are then pumped into a larger channeland finally out
through two separate Zn-domains. This allows for the replication of the DNA. The two
mechanisms here are built solely on the structural knowledge of the proteins involved in
the process and as such more experimental support is needed to confirm. There are not an
excessive amount of helicases. Currently, work is being done in discerning the more simple
helicases, and trying to find the different mechanisms that they may have. While there are
some similarities, for example helicases all seem to have a hexameric structure, there are
also differences as well in their structures that contribute greatly to the differences in their
mechanisms. -This article refers to a recently published article in Curr Opin Struct Biol.
published 2010, Sep. 24.: "Origin DNA melting and unwinding in DNA replication" by Gai
et al.
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20 Respiratory Pigments

In humans, these pigments include hemoglobin and myoglobin, the latter is present in red
muscle fibers. Hemoglobin is a coordination compound of iron. It had attachment sites for
gases, namely oxygen and carbon dioxide. Its reactivity depends upon partial pressure of
these gases. The presence of heme makes it appear red colored. Myoglobin is present in
muscles to make available extra oxygen.
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21 Cell Signaling Pathways

Biochemistry/Cell Signaling Pathways1

1 http://en.wikibooks.org/w/index.php?title=Biochemistry/Cell_Signaling_Pathways&amp;
action=edit&amp;redlink=1
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22 Bioinformatics

22.1 Homology

When scientists study the relationship between proteins between different species they
must determine whether or not these proteins are homologous to one another. Homologous
proteins are proteins that have a common ancestor. There are two classes of homologs.
They are ortholog and paralog. Orthologs are homologous proteins that are found among
different species but have similar function. Orthologs occurs due to speciation. Paralog
are homologous proteins that are found within the same species. They have very similar
structure but serve different functions within the organism. Paralogs are due to gene
duplication within the specie. Scientists finds out whether the proteins are homologous
or not by studying the DNA sequence, amino acid sequence, the tertiary structure of the
protein. In other word, they study the sequence alignment and structural alignment of the
protein.

22.2 Sequence Alignment

When analyzing the DNA sequence or the amino acid sequence similarity and differences
, scientists study the alignment of the DNA sequence or the alignment of the amino acid
alignment of the protein. Alignment of DNA sequences is less sensitive to that of the
alignment of amino acid. DNA sequence only consists of 4 bases. This means that the
chance that both residues are the same is 1 out of 4. For the amino acid sequence, the
chance that both residues are the same is 1 out of 21. The scoring of the degree of similarity
of the alignment of each case is determined by Matrix.

22.3 Matrix

Matrix is a method used to determine the degree or similarity between the sequences (DNA
or Amino Acid). Matrix takes account of two factors which are conservation and frequency.
Conversation determines whether or not a certain residue can substitute for another residue
by comparing the residue’s physical factors such as their hydrophobicity, charge, and size.
For example if two residues are both hydrophobic they may substitute for each other. If
two residues have different charges, chance that they can substitute for one another is very
slim. Frequency states how often a residue occurs. For example, if sequence A has a 20%
of residue A and 30% of residue B and if sequence B has 21% of residue A and 35% of
residue B, these residues A and B prevalence may indicate that these sequences are related
to one another. The techniques used by matrix are the sliding between sequences, the gap

117



Bioinformatics

introduced within the sequence, and the deletion of certain residues within the sequence.
This method is used in order to improve the alignment’s similarity. In sliding, one sequence
is sided in reference to the other. For example after the sliding the sequence by one residue,
the similarity between the sequences may increase because more residues are identical or
similar to one another. Gaps are introduces within the sequence in order to increase the
residue similarity. For example if a sequence A have this particular range of residues that are
not important or critical to its function or structure but have an important residue rang after
the non-important residue range and the other sequence B lacks the sequence unimportant
residue range but does have the same important residue range of sequence A. Then a gap is
introduces in sequence B in order to make for the non important residue range. For deletion,
certain residues are omitted in the sequence. Unimportant residues are usually deleted in
order to increase the similarity between the sequences. There are two types of matrices.
They are identity matrix and substitution matrix. Identity matrix only assign points to
residues that are identical where as substitution may assign points to residues that are
different yet alike in a conservative perspective. Substitution matrix are more accurate than
that of identity matrix because in taking account for conservation substitution, substitution
matrix give large positive score to the sequence where frequent substitution occur and large
negative score where rare substitution occur . Hence substitution matrix is more sensitive
to that of the identity matrix.

22.4 Structural Alignment

Structural alignment is the analysis of the degree of similarity between primary, secondary
and tertiary structure. In protein, the tertiary structure is more conserved than that of
primary structure because tertiary structure is more closely related to the protein’s function.
The purpose of structural alignment is to improve sequence alignment (method discussed
before this) by creating a sequence template. Since some regions are more conserved than
other, sequence template is template that maps out the conserved amino acid residues that
are structurally and functionally important to a particular protein family member. Hence
sequence template helps find protein that belongs to certain family member. SIRCh Link
for Bioinformatics1 (Selected Internet Resourcess)

Category2:

• Biochemistry3

1 http://en.wikibooks.org/wiki/Chemical_Information_Sources/SIRCh/Bioinformatics
2 http://en.wikibooks.org/wiki/Special:Categories
3 http://en.wikibooks.org/wiki/Category:Biochemistry
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24 Licenses

24.1 GNU GENERAL PUBLIC LICENSE
Version 3, 29 June 2007

Copyright © 2007 Free Software Foundation, Inc.
<http://fsf.org/>

Everyone is permitted to copy and distribute verba-
tim copies of this license document, but changing
it is not allowed. Preamble

The GNU General Public License is a free, copyleft
license for software and other kinds of works.

The licenses for most software and other practi-
cal works are designed to take away your freedom
to share and change the works. By contrast, the
GNU General Public License is intended to guaran-
tee your freedom to share and change all versions
of a program–to make sure it remains free software
for all its users. We, the Free Software Foundation,
use the GNU General Public License for most of our
software; it applies also to any other work released
this way by its authors. You can apply it to your
programs, too.

When we speak of free software, we are referring
to freedom, not price. Our General Public Li-
censes are designed to make sure that you have
the freedom to distribute copies of free software
(and charge for them if you wish), that you receive
source code or can get it if you want it, that you
can change the software or use pieces of it in new
free programs, and that you know you can do these
things.

To protect your rights, we need to prevent others
from denying you these rights or asking you to sur-
render the rights. Therefore, you have certain re-
sponsibilities if you distribute copies of the soft-
ware, or if you modify it: responsibilities to respect
the freedom of others.

For example, if you distribute copies of such a pro-
gram, whether gratis or for a fee, you must pass
on to the recipients the same freedoms that you re-
ceived. You must make sure that they, too, receive
or can get the source code. And you must show
them these terms so they know their rights.

Developers that use the GNU GPL protect your
rights with two steps: (1) assert copyright on the
software, and (2) offer you this License giving you
legal permission to copy, distribute and/or modify
it.

For the developers’ and authors’ protection, the
GPL clearly explains that there is no warranty for
this free software. For both users’ and authors’
sake, the GPL requires that modified versions be
marked as changed, so that their problems will not
be attributed erroneously to authors of previous
versions.

Some devices are designed to deny users access to
install or run modified versions of the software in-
side them, although the manufacturer can do so.
This is fundamentally incompatible with the aim
of protecting users’ freedom to change the software.
The systematic pattern of such abuse occurs in the
area of products for individuals to use, which is
precisely where it is most unacceptable. Therefore,
we have designed this version of the GPL to pro-
hibit the practice for those products. If such prob-
lems arise substantially in other domains, we stand
ready to extend this provision to those domains in
future versions of the GPL, as needed to protect
the freedom of users.

Finally, every program is threatened constantly by
software patents. States should not allow patents
to restrict development and use of software on
general-purpose computers, but in those that do,
we wish to avoid the special danger that patents
applied to a free program could make it effectively
proprietary. To prevent this, the GPL assures that
patents cannot be used to render the program non-
free.

The precise terms and conditions for copying, dis-
tribution and modification follow. TERMS AND
CONDITIONS 0. Definitions.

“This License” refers to version 3 of the GNU Gen-
eral Public License.

“Copyright” also means copyright-like laws that ap-
ply to other kinds of works, such as semiconductor
masks.

“The Program” refers to any copyrightable work
licensed under this License. Each licensee is ad-
dressed as “you”. “Licensees” and “recipients” may
be individuals or organizations.

To “modify” a work means to copy from or adapt
all or part of the work in a fashion requiring copy-
right permission, other than the making of an exact
copy. The resulting work is called a “modified ver-
sion” of the earlier work or a work “based on” the
earlier work.

A “covered work” means either the unmodified Pro-
gram or a work based on the Program.

To “propagate” a work means to do anything with it
that, without permission, would make you directly
or secondarily liable for infringement under appli-
cable copyright law, except executing it on a com-
puter or modifying a private copy. Propagation in-
cludes copying, distribution (with or without mod-
ification), making available to the public, and in
some countries other activities as well.

To “convey” a work means any kind of propagation
that enables other parties to make or receive copies.
Mere interaction with a user through a computer

network, with no transfer of a copy, is not convey-
ing.

An interactive user interface displays “Appropriate
Legal Notices” to the extent that it includes a con-
venient and prominently visible feature that (1) dis-
plays an appropriate copyright notice, and (2) tells
the user that there is no warranty for the work (ex-
cept to the extent that warranties are provided),
that licensees may convey the work under this Li-
cense, and how to view a copy of this License. If
the interface presents a list of user commands or
options, such as a menu, a prominent item in the
list meets this criterion. 1. Source Code.

The “source code” for a work means the preferred
form of the work for making modifications to it.
“Object code” means any non-source form of a
work.

A “Standard Interface” means an interface that ei-
ther is an official standard defined by a recognized
standards body, or, in the case of interfaces spec-
ified for a particular programming language, one
that is widely used among developers working in
that language.

The “System Libraries” of an executable work in-
clude anything, other than the work as a whole,
that (a) is included in the normal form of packag-
ing a Major Component, but which is not part of
that Major Component, and (b) serves only to en-
able use of the work with that Major Component,
or to implement a Standard Interface for which an
implementation is available to the public in source
code form. A “Major Component”, in this context,
means a major essential component (kernel, window
system, and so on) of the specific operating system
(if any) on which the executable work runs, or a
compiler used to produce the work, or an object
code interpreter used to run it.

The “Corresponding Source” for a work in object
code form means all the source code needed to gen-
erate, install, and (for an executable work) run
the object code and to modify the work, including
scripts to control those activities. However, it does
not include the work’s System Libraries, or general-
purpose tools or generally available free programs
which are used unmodified in performing those ac-
tivities but which are not part of the work. For
example, Corresponding Source includes interface
definition files associated with source files for the
work, and the source code for shared libraries and
dynamically linked subprograms that the work is
specifically designed to require, such as by intimate
data communication or control flow between those
subprograms and other parts of the work.

The Corresponding Source need not include any-
thing that users can regenerate automatically from
other parts of the Corresponding Source.

The Corresponding Source for a work in source code
form is that same work. 2. Basic Permissions.

All rights granted under this License are granted
for the term of copyright on the Program, and are
irrevocable provided the stated conditions are met.
This License explicitly affirms your unlimited per-
mission to run the unmodified Program. The out-
put from running a covered work is covered by this
License only if the output, given its content, con-
stitutes a covered work. This License acknowledges
your rights of fair use or other equivalent, as pro-
vided by copyright law.

You may make, run and propagate covered works
that you do not convey, without conditions so long
as your license otherwise remains in force. You may
convey covered works to others for the sole purpose
of having them make modifications exclusively for
you, or provide you with facilities for running those
works, provided that you comply with the terms
of this License in conveying all material for which
you do not control copyright. Those thus making or
running the covered works for you must do so exclu-
sively on your behalf, under your direction and con-
trol, on terms that prohibit them from making any
copies of your copyrighted material outside their
relationship with you.

Conveying under any other circumstances is permit-
ted solely under the conditions stated below. Subli-
censing is not allowed; section 10 makes it unneces-
sary. 3. Protecting Users’ Legal Rights From Anti-
Circumvention Law.

No covered work shall be deemed part of an effec-
tive technological measure under any applicable law
fulfilling obligations under article 11 of the WIPO
copyright treaty adopted on 20 December 1996, or
similar laws prohibiting or restricting circumven-
tion of such measures.

When you convey a covered work, you waive any
legal power to forbid circumvention of technologi-
cal measures to the extent such circumvention is ef-
fected by exercising rights under this License with
respect to the covered work, and you disclaim any
intention to limit operation or modification of the
work as a means of enforcing, against the work’s
users, your or third parties’ legal rights to forbid
circumvention of technological measures. 4. Con-
veying Verbatim Copies.

You may convey verbatim copies of the Program’s
source code as you receive it, in any medium, pro-
vided that you conspicuously and appropriately
publish on each copy an appropriate copyright no-
tice; keep intact all notices stating that this License
and any non-permissive terms added in accord with
section 7 apply to the code; keep intact all notices
of the absence of any warranty; and give all recipi-
ents a copy of this License along with the Program.

You may charge any price or no price for each copy
that you convey, and you may offer support or war-
ranty protection for a fee. 5. Conveying Modified
Source Versions.

You may convey a work based on the Program, or
the modifications to produce it from the Program,
in the form of source code under the terms of sec-
tion 4, provided that you also meet all of these con-
ditions:

* a) The work must carry prominent notices stating
that you modified it, and giving a relevant date. *
b) The work must carry prominent notices stating
that it is released under this License and any con-
ditions added under section 7. This requirement
modifies the requirement in section 4 to “keep in-
tact all notices”. * c) You must license the entire
work, as a whole, under this License to anyone who
comes into possession of a copy. This License will
therefore apply, along with any applicable section 7
additional terms, to the whole of the work, and all
its parts, regardless of how they are packaged. This
License gives no permission to license the work in
any other way, but it does not invalidate such per-
mission if you have separately received it. * d) If
the work has interactive user interfaces, each must
display Appropriate Legal Notices; however, if the
Program has interactive interfaces that do not dis-
play Appropriate Legal Notices, your work need not
make them do so.

A compilation of a covered work with other sepa-
rate and independent works, which are not by their
nature extensions of the covered work, and which
are not combined with it such as to form a larger
program, in or on a volume of a storage or distri-
bution medium, is called an “aggregate” if the com-
pilation and its resulting copyright are not used to
limit the access or legal rights of the compilation’s
users beyond what the individual works permit. In-
clusion of a covered work in an aggregate does not
cause this License to apply to the other parts of the
aggregate. 6. Conveying Non-Source Forms.

You may convey a covered work in object code form
under the terms of sections 4 and 5, provided that
you also convey the machine-readable Correspond-
ing Source under the terms of this License, in one
of these ways:

* a) Convey the object code in, or embodied in,
a physical product (including a physical distribu-
tion medium), accompanied by the Corresponding
Source fixed on a durable physical medium custom-
arily used for software interchange. * b) Convey the
object code in, or embodied in, a physical product
(including a physical distribution medium), accom-
panied by a written offer, valid for at least three
years and valid for as long as you offer spare parts
or customer support for that product model, to
give anyone who possesses the object code either
(1) a copy of the Corresponding Source for all the
software in the product that is covered by this Li-
cense, on a durable physical medium customarily
used for software interchange, for a price no more
than your reasonable cost of physically performing
this conveying of source, or (2) access to copy the
Corresponding Source from a network server at no
charge. * c) Convey individual copies of the object
code with a copy of the written offer to provide
the Corresponding Source. This alternative is al-
lowed only occasionally and noncommercially, and
only if you received the object code with such an of-
fer, in accord with subsection 6b. * d) Convey the
object code by offering access from a designated
place (gratis or for a charge), and offer equivalent
access to the Corresponding Source in the same way
through the same place at no further charge. You
need not require recipients to copy the Correspond-
ing Source along with the object code. If the place
to copy the object code is a network server, the Cor-
responding Source may be on a different server (op-
erated by you or a third party) that supports equiv-
alent copying facilities, provided you maintain clear
directions next to the object code saying where to
find the Corresponding Source. Regardless of what
server hosts the Corresponding Source, you remain
obligated to ensure that it is available for as long
as needed to satisfy these requirements. * e) Con-
vey the object code using peer-to-peer transmission,
provided you inform other peers where the object
code and Corresponding Source of the work are be-
ing offered to the general public at no charge under
subsection 6d.

A separable portion of the object code, whose
source code is excluded from the Corresponding
Source as a System Library, need not be included
in conveying the object code work.

A “User Product” is either (1) a “consumer prod-
uct”, which means any tangible personal property
which is normally used for personal, family, or
household purposes, or (2) anything designed or
sold for incorporation into a dwelling. In deter-
mining whether a product is a consumer product,
doubtful cases shall be resolved in favor of cover-
age. For a particular product received by a par-
ticular user, “normally used” refers to a typical or
common use of that class of product, regardless of
the status of the particular user or of the way in
which the particular user actually uses, or expects
or is expected to use, the product. A product is a
consumer product regardless of whether the prod-
uct has substantial commercial, industrial or non-
consumer uses, unless such uses represent the only
significant mode of use of the product.

“Installation Information” for a User Product
means any methods, procedures, authorization
keys, or other information required to install and
execute modified versions of a covered work in that
User Product from a modified version of its Corre-
sponding Source. The information must suffice to
ensure that the continued functioning of the modi-
fied object code is in no case prevented or interfered
with solely because modification has been made.

If you convey an object code work under this sec-
tion in, or with, or specifically for use in, a User
Product, and the conveying occurs as part of a
transaction in which the right of possession and
use of the User Product is transferred to the re-
cipient in perpetuity or for a fixed term (regard-
less of how the transaction is characterized), the
Corresponding Source conveyed under this section
must be accompanied by the Installation Informa-
tion. But this requirement does not apply if neither
you nor any third party retains the ability to install
modified object code on the User Product (for ex-
ample, the work has been installed in ROM).

The requirement to provide Installation Informa-
tion does not include a requirement to continue to
provide support service, warranty, or updates for a
work that has been modified or installed by the re-
cipient, or for the User Product in which it has been
modified or installed. Access to a network may be
denied when the modification itself materially and
adversely affects the operation of the network or
violates the rules and protocols for communication
across the network.

Corresponding Source conveyed, and Installation
Information provided, in accord with this section
must be in a format that is publicly documented
(and with an implementation available to the public
in source code form), and must require no special
password or key for unpacking, reading or copying.
7. Additional Terms.

“Additional permissions” are terms that supplement
the terms of this License by making exceptions from
one or more of its conditions. Additional permis-
sions that are applicable to the entire Program
shall be treated as though they were included in
this License, to the extent that they are valid un-
der applicable law. If additional permissions apply
only to part of the Program, that part may be used
separately under those permissions, but the entire
Program remains governed by this License without
regard to the additional permissions.

When you convey a copy of a covered work, you may
at your option remove any additional permissions
from that copy, or from any part of it. (Additional
permissions may be written to require their own re-
moval in certain cases when you modify the work.)
You may place additional permissions on material,
added by you to a covered work, for which you have
or can give appropriate copyright permission.

Notwithstanding any other provision of this Li-
cense, for material you add to a covered work, you
may (if authorized by the copyright holders of that
material) supplement the terms of this License with
terms:

* a) Disclaiming warranty or limiting liability dif-
ferently from the terms of sections 15 and 16 of this
License; or * b) Requiring preservation of specified
reasonable legal notices or author attributions in
that material or in the Appropriate Legal Notices
displayed by works containing it; or * c) Prohibit-
ing misrepresentation of the origin of that material,
or requiring that modified versions of such material
be marked in reasonable ways as different from the
original version; or * d) Limiting the use for pub-
licity purposes of names of licensors or authors of
the material; or * e) Declining to grant rights under
trademark law for use of some trade names, trade-
marks, or service marks; or * f) Requiring indem-
nification of licensors and authors of that material
by anyone who conveys the material (or modified
versions of it) with contractual assumptions of lia-
bility to the recipient, for any liability that these
contractual assumptions directly impose on those
licensors and authors.

All other non-permissive additional terms are con-
sidered “further restrictions” within the meaning of
section 10. If the Program as you received it, or any
part of it, contains a notice stating that it is gov-
erned by this License along with a term that is a
further restriction, you may remove that term. If a
license document contains a further restriction but
permits relicensing or conveying under this License,
you may add to a covered work material governed
by the terms of that license document, provided
that the further restriction does not survive such
relicensing or conveying.

If you add terms to a covered work in accord with
this section, you must place, in the relevant source
files, a statement of the additional terms that ap-
ply to those files, or a notice indicating where to
find the applicable terms.

Additional terms, permissive or non-permissive,
may be stated in the form of a separately written
license, or stated as exceptions; the above require-
ments apply either way. 8. Termination.

You may not propagate or modify a covered work
except as expressly provided under this License.
Any attempt otherwise to propagate or modify it is
void, and will automatically terminate your rights
under this License (including any patent licenses
granted under the third paragraph of section 11).

However, if you cease all violation of this License,
then your license from a particular copyright holder
is reinstated (a) provisionally, unless and until the
copyright holder explicitly and finally terminates
your license, and (b) permanently, if the copyright
holder fails to notify you of the violation by some
reasonable means prior to 60 days after the cessa-
tion.

Moreover, your license from a particular copyright
holder is reinstated permanently if the copyright
holder notifies you of the violation by some reason-
able means, this is the first time you have received
notice of violation of this License (for any work)
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from that copyright holder, and you cure the vi-
olation prior to 30 days after your receipt of the
notice.

Termination of your rights under this section does
not terminate the licenses of parties who have re-
ceived copies or rights from you under this License.
If your rights have been terminated and not perma-
nently reinstated, you do not qualify to receive new
licenses for the same material under section 10. 9.
Acceptance Not Required for Having Copies.

You are not required to accept this License in or-
der to receive or run a copy of the Program. Ancil-
lary propagation of a covered work occurring solely
as a consequence of using peer-to-peer transmission
to receive a copy likewise does not require accep-
tance. However, nothing other than this License
grants you permission to propagate or modify any
covered work. These actions infringe copyright if
you do not accept this License. Therefore, by mod-
ifying or propagating a covered work, you indicate
your acceptance of this License to do so. 10. Auto-
matic Licensing of Downstream Recipients.

Each time you convey a covered work, the recipient
automatically receives a license from the original
licensors, to run, modify and propagate that work,
subject to this License. You are not responsible
for enforcing compliance by third parties with this
License.

An “entity transaction” is a transaction transfer-
ring control of an organization, or substantially all
assets of one, or subdividing an organization, or
merging organizations. If propagation of a cov-
ered work results from an entity transaction, each
party to that transaction who receives a copy of the
work also receives whatever licenses to the work the
party’s predecessor in interest had or could give un-
der the previous paragraph, plus a right to posses-
sion of the Corresponding Source of the work from
the predecessor in interest, if the predecessor has it
or can get it with reasonable efforts.

You may not impose any further restrictions on the
exercise of the rights granted or affirmed under this
License. For example, you may not impose a license
fee, royalty, or other charge for exercise of rights
granted under this License, and you may not ini-
tiate litigation (including a cross-claim or counter-
claim in a lawsuit) alleging that any patent claim
is infringed by making, using, selling, offering for
sale, or importing the Program or any portion of it.
11. Patents.

A “contributor” is a copyright holder who autho-
rizes use under this License of the Program or a
work on which the Program is based. The work
thus licensed is called the contributor’s “contribu-
tor version”.

A contributor’s “essential patent claims” are all
patent claims owned or controlled by the contribu-
tor, whether already acquired or hereafter acquired,
that would be infringed by some manner, permit-
ted by this License, of making, using, or selling its
contributor version, but do not include claims that
would be infringed only as a consequence of further
modification of the contributor version. For pur-
poses of this definition, “control” includes the right
to grant patent sublicenses in a manner consistent
with the requirements of this License.

Each contributor grants you a non-exclusive, world-
wide, royalty-free patent license under the contrib-
utor’s essential patent claims, to make, use, sell, of-
fer for sale, import and otherwise run, modify and
propagate the contents of its contributor version.

In the following three paragraphs, a “patent li-
cense” is any express agreement or commitment,
however denominated, not to enforce a patent (such
as an express permission to practice a patent or
covenant not to sue for patent infringement). To
“grant” such a patent license to a party means to
make such an agreement or commitment not to en-
force a patent against the party.

If you convey a covered work, knowingly relying
on a patent license, and the Corresponding Source
of the work is not available for anyone to copy,
free of charge and under the terms of this License,
through a publicly available network server or other
readily accessible means, then you must either (1)
cause the Corresponding Source to be so available,
or (2) arrange to deprive yourself of the benefit
of the patent license for this particular work, or
(3) arrange, in a manner consistent with the re-
quirements of this License, to extend the patent
license to downstream recipients. “Knowingly re-
lying” means you have actual knowledge that, but
for the patent license, your conveying the covered
work in a country, or your recipient’s use of the cov-
ered work in a country, would infringe one or more
identifiable patents in that country that you have
reason to believe are valid.

If, pursuant to or in connection with a single trans-
action or arrangement, you convey, or propagate
by procuring conveyance of, a covered work, and
grant a patent license to some of the parties re-
ceiving the covered work authorizing them to use,
propagate, modify or convey a specific copy of the
covered work, then the patent license you grant is
automatically extended to all recipients of the cov-
ered work and works based on it.

A patent license is “discriminatory” if it does not in-
clude within the scope of its coverage, prohibits the
exercise of, or is conditioned on the non-exercise
of one or more of the rights that are specifically
granted under this License. You may not convey a
covered work if you are a party to an arrangement
with a third party that is in the business of dis-
tributing software, under which you make payment
to the third party based on the extent of your ac-
tivity of conveying the work, and under which the
third party grants, to any of the parties who would
receive the covered work from you, a discrimina-
tory patent license (a) in connection with copies
of the covered work conveyed by you (or copies
made from those copies), or (b) primarily for and in
connection with specific products or compilations
that contain the covered work, unless you entered
into that arrangement, or that patent license was
granted, prior to 28 March 2007.

Nothing in this License shall be construed as ex-
cluding or limiting any implied license or other de-
fenses to infringement that may otherwise be avail-
able to you under applicable patent law. 12. No
Surrender of Others’ Freedom.

If conditions are imposed on you (whether by court
order, agreement or otherwise) that contradict the
conditions of this License, they do not excuse you
from the conditions of this License. If you cannot
convey a covered work so as to satisfy simultane-
ously your obligations under this License and any
other pertinent obligations, then as a consequence
you may not convey it at all. For example, if you
agree to terms that obligate you to collect a roy-
alty for further conveying from those to whom you
convey the Program, the only way you could satisfy
both those terms and this License would be to re-
frain entirely from conveying the Program. 13. Use
with the GNU Affero General Public License.

Notwithstanding any other provision of this Li-
cense, you have permission to link or combine any
covered work with a work licensed under version
3 of the GNU Affero General Public License into
a single combined work, and to convey the result-
ing work. The terms of this License will continue
to apply to the part which is the covered work, but
the special requirements of the GNU Affero General
Public License, section 13, concerning interaction
through a network will apply to the combination
as such. 14. Revised Versions of this License.

The Free Software Foundation may publish revised
and/or new versions of the GNU General Public Li-
cense from time to time. Such new versions will be
similar in spirit to the present version, but may dif-
fer in detail to address new problems or concerns.

Each version is given a distinguishing version num-
ber. If the Program specifies that a certain num-
bered version of the GNU General Public License
“or any later version” applies to it, you have the
option of following the terms and conditions either
of that numbered version or of any later version
published by the Free Software Foundation. If the
Program does not specify a version number of the
GNU General Public License, you may choose any
version ever published by the Free Software Foun-
dation.

If the Program specifies that a proxy can decide
which future versions of the GNU General Public
License can be used, that proxy’s public statement
of acceptance of a version permanently authorizes
you to choose that version for the Program.

Later license versions may give you additional or
different permissions. However, no additional obli-
gations are imposed on any author or copyright
holder as a result of your choosing to follow a later
version. 15. Disclaimer of Warranty.

THERE IS NO WARRANTY FOR THE PRO-
GRAM, TO THE EXTENT PERMITTED BY AP-
PLICABLE LAW. EXCEPT WHEN OTHERWISE
STATED IN WRITING THE COPYRIGHT HOLD-
ERS AND/OR OTHER PARTIES PROVIDE THE
PROGRAM “AS IS” WITHOUT WARRANTY OF
ANY KIND, EITHER EXPRESSED OR IMPLIED,
INCLUDING, BUT NOT LIMITED TO, THE IM-
PLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS FOR A PARTICULAR PURPOSE.
THE ENTIRE RISK AS TO THE QUALITY AND
PERFORMANCE OF THE PROGRAM IS WITH
YOU. SHOULD THE PROGRAM PROVE DEFEC-
TIVE, YOU ASSUME THE COST OF ALL NECES-
SARY SERVICING, REPAIR OR CORRECTION.
16. Limitation of Liability.

IN NO EVENT UNLESS REQUIRED BY APPLI-
CABLE LAW OR AGREED TO IN WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY
OTHER PARTY WHO MODIFIES AND/OR CON-
VEYS THE PROGRAM AS PERMITTED ABOVE,
BE LIABLE TO YOU FOR DAMAGES, IN-
CLUDING ANY GENERAL, SPECIAL, INCIDEN-
TAL OR CONSEQUENTIAL DAMAGES ARISING
OUT OF THE USE OR INABILITY TO USE
THE PROGRAM (INCLUDING BUT NOT LIM-
ITED TO LOSS OF DATA OR DATA BEING REN-
DERED INACCURATE OR LOSSES SUSTAINED
BY YOU OR THIRD PARTIES OR A FAILURE
OF THE PROGRAM TO OPERATE WITH ANY
OTHER PROGRAMS), EVEN IF SUCH HOLDER
OR OTHER PARTY HAS BEEN ADVISED OF
THE POSSIBILITY OF SUCH DAMAGES. 17. In-
terpretation of Sections 15 and 16.

If the disclaimer of warranty and limitation of lia-
bility provided above cannot be given local legal ef-

fect according to their terms, reviewing courts shall
apply local law that most closely approximates an
absolute waiver of all civil liability in connection
with the Program, unless a warranty or assumption
of liability accompanies a copy of the Program in
return for a fee.

END OF TERMS AND CONDITIONS How to Ap-
ply These Terms to Your New Programs

If you develop a new program, and you want it to
be of the greatest possible use to the public, the
best way to achieve this is to make it free software
which everyone can redistribute and change under
these terms.

To do so, attach the following notices to the pro-
gram. It is safest to attach them to the start of
each source file to most effectively state the exclu-
sion of warranty; and each file should have at least
the “copyright” line and a pointer to where the full
notice is found.

<one line to give the program’s name and a brief
idea of what it does.> Copyright (C) <year>
<name of author>

This program is free software: you can redistribute
it and/or modify it under the terms of the GNU
General Public License as published by the Free
Software Foundation, either version 3 of the Li-
cense, or (at your option) any later version.

This program is distributed in the hope that
it will be useful, but WITHOUT ANY WAR-
RANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PAR-
TICULAR PURPOSE. See the GNU General Public
License for more details.

You should have received a copy of the GNU Gen-
eral Public License along with this program. If not,
see <http://www.gnu.org/licenses/>.

Also add information on how to contact you by elec-
tronic and paper mail.

If the program does terminal interaction, make it
output a short notice like this when it starts in an
interactive mode:

<program> Copyright (C) <year> <name of au-
thor> This program comes with ABSOLUTELY
NO WARRANTY; for details type ‘show w’. This is
free software, and you are welcome to redistribute it
under certain conditions; type ‘show c’ for details.

The hypothetical commands ‘show w’ and ‘show c’
should show the appropriate parts of the General
Public License. Of course, your program’s com-
mands might be different; for a GUI interface, you
would use an “about box”.

You should also get your employer (if you work
as a programmer) or school, if any, to sign a
“copyright disclaimer” for the program, if nec-
essary. For more information on this, and
how to apply and follow the GNU GPL, see
<http://www.gnu.org/licenses/>.

The GNU General Public License does not permit
incorporating your program into proprietary pro-
grams. If your program is a subroutine library, you
may consider it more useful to permit linking pro-
prietary applications with the library. If this is
what you want to do, use the GNU Lesser General
Public License instead of this License. But first,
please read <http://www.gnu.org/philosophy/why-
not-lgpl.html>.

24.2 GNU Free Documentation License
Version 1.3, 3 November 2008

Copyright © 2000, 2001, 2002, 2007, 2008 Free Soft-
ware Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verba-
tim copies of this license document, but changing
it is not allowed. 0. PREAMBLE

The purpose of this License is to make a manual,
textbook, or other functional and useful document
"free" in the sense of freedom: to assure everyone
the effective freedom to copy and redistribute it,
with or without modifying it, either commercially
or noncommercially. Secondarily, this License pre-
serves for the author and publisher a way to get
credit for their work, while not being considered
responsible for modifications made by others.

This License is a kind of "copyleft", which means
that derivative works of the document must them-
selves be free in the same sense. It complements
the GNU General Public License, which is a copy-
left license designed for free software.

We have designed this License in order to use it
for manuals for free software, because free software
needs free documentation: a free program should
come with manuals providing the same freedoms
that the software does. But this License is not lim-
ited to software manuals; it can be used for any tex-
tual work, regardless of subject matter or whether
it is published as a printed book. We recommend
this License principally for works whose purpose is
instruction or reference. 1. APPLICABILITY AND
DEFINITIONS

This License applies to any manual or other work,
in any medium, that contains a notice placed by the
copyright holder saying it can be distributed under
the terms of this License. Such a notice grants a
world-wide, royalty-free license, unlimited in dura-
tion, to use that work under the conditions stated
herein. The "Document", below, refers to any such
manual or work. Any member of the public is a li-
censee, and is addressed as "you". You accept the
license if you copy, modify or distribute the work
in a way requiring permission under copyright law.

A "Modified Version" of the Document means any
work containing the Document or a portion of it, ei-
ther copied verbatim, or with modifications and/or
translated into another language.

A "Secondary Section" is a named appendix or a
front-matter section of the Document that deals ex-
clusively with the relationship of the publishers or

authors of the Document to the Document’s overall
subject (or to related matters) and contains noth-
ing that could fall directly within that overall sub-
ject. (Thus, if the Document is in part a textbook
of mathematics, a Secondary Section may not ex-
plain any mathematics.) The relationship could be
a matter of historical connection with the subject
or with related matters, or of legal, commercial,
philosophical, ethical or political position regard-
ing them.

The "Invariant Sections" are certain Secondary Sec-
tions whose titles are designated, as being those of
Invariant Sections, in the notice that says that the
Document is released under this License. If a sec-
tion does not fit the above definition of Secondary
then it is not allowed to be designated as Invariant.
The Document may contain zero Invariant Sections.
If the Document does not identify any Invariant
Sections then there are none.

The "Cover Texts" are certain short passages of text
that are listed, as Front-Cover Texts or Back-Cover
Texts, in the notice that says that the Document is
released under this License. A Front-Cover Text
may be at most 5 words, and a Back-Cover Text
may be at most 25 words.

A "Transparent" copy of the Document means a
machine-readable copy, represented in a format
whose specification is available to the general pub-
lic, that is suitable for revising the document
straightforwardly with generic text editors or (for
images composed of pixels) generic paint programs
or (for drawings) some widely available drawing ed-
itor, and that is suitable for input to text format-
ters or for automatic translation to a variety of for-
mats suitable for input to text formatters. A copy
made in an otherwise Transparent file format whose
markup, or absence of markup, has been arranged
to thwart or discourage subsequent modification by
readers is not Transparent. An image format is not
Transparent if used for any substantial amount of
text. A copy that is not "Transparent" is called
"Opaque".

Examples of suitable formats for Transparent
copies include plain ASCII without markup, Tex-
info input format, LaTeX input format, SGML or
XML using a publicly available DTD, and standard-
conforming simple HTML, PostScript or PDF de-
signed for human modification. Examples of trans-
parent image formats include PNG, XCF and JPG.
Opaque formats include proprietary formats that
can be read and edited only by proprietary word
processors, SGML or XML for which the DTD
and/or processing tools are not generally available,
and the machine-generated HTML, PostScript or

PDF produced by some word processors for output
purposes only.

The "Title Page" means, for a printed book, the
title page itself, plus such following pages as are
needed to hold, legibly, the material this License
requires to appear in the title page. For works in
formats which do not have any title page as such,
"Title Page" means the text near the most promi-
nent appearance of the work’s title, preceding the
beginning of the body of the text.

The "publisher" means any person or entity that
distributes copies of the Document to the public.

A section "Entitled XYZ" means a named subunit
of the Document whose title either is precisely XYZ
or contains XYZ in parentheses following text that
translates XYZ in another language. (Here XYZ
stands for a specific section name mentioned below,
such as "Acknowledgements", "Dedications", "En-
dorsements", or "History".) To "Preserve the Title"
of such a section when you modify the Document
means that it remains a section "Entitled XYZ" ac-
cording to this definition.

The Document may include Warranty Disclaimers
next to the notice which states that this License
applies to the Document. These Warranty Dis-
claimers are considered to be included by reference
in this License, but only as regards disclaiming war-
ranties: any other implication that these Warranty
Disclaimers may have is void and has no effect on
the meaning of this License. 2. VERBATIM COPY-
ING

You may copy and distribute the Document in any
medium, either commercially or noncommercially,
provided that this License, the copyright notices,
and the license notice saying this License applies to
the Document are reproduced in all copies, and that
you add no other conditions whatsoever to those
of this License. You may not use technical mea-
sures to obstruct or control the reading or further
copying of the copies you make or distribute. How-
ever, you may accept compensation in exchange for
copies. If you distribute a large enough number of
copies you must also follow the conditions in sec-
tion 3.

You may also lend copies, under the same condi-
tions stated above, and you may publicly display
copies. 3. COPYING IN QUANTITY

If you publish printed copies (or copies in media
that commonly have printed covers) of the Doc-
ument, numbering more than 100, and the Doc-
ument’s license notice requires Cover Texts, you

must enclose the copies in covers that carry, clearly
and legibly, all these Cover Texts: Front-Cover
Texts on the front cover, and Back-Cover Texts
on the back cover. Both covers must also clearly
and legibly identify you as the publisher of these
copies. The front cover must present the full title
with all words of the title equally prominent and
visible. You may add other material on the covers
in addition. Copying with changes limited to the
covers, as long as they preserve the title of the Doc-
ument and satisfy these conditions, can be treated
as verbatim copying in other respects.

If the required texts for either cover are too volu-
minous to fit legibly, you should put the first ones
listed (as many as fit reasonably) on the actual
cover, and continue the rest onto adjacent pages.

If you publish or distribute Opaque copies of the
Document numbering more than 100, you must ei-
ther include a machine-readable Transparent copy
along with each Opaque copy, or state in or with
each Opaque copy a computer-network location
from which the general network-using public has
access to download using public-standard network
protocols a complete Transparent copy of the Doc-
ument, free of added material. If you use the lat-
ter option, you must take reasonably prudent steps,
when you begin distribution of Opaque copies in
quantity, to ensure that this Transparent copy will
remain thus accessible at the stated location until
at least one year after the last time you distribute
an Opaque copy (directly or through your agents or
retailers) of that edition to the public.

It is requested, but not required, that you con-
tact the authors of the Document well before redis-
tributing any large number of copies, to give them
a chance to provide you with an updated version of
the Document. 4. MODIFICATIONS

You may copy and distribute a Modified Version of
the Document under the conditions of sections 2
and 3 above, provided that you release the Modi-
fied Version under precisely this License, with the
Modified Version filling the role of the Document,
thus licensing distribution and modification of the
Modified Version to whoever possesses a copy of it.
In addition, you must do these things in the Modi-
fied Version:

* A. Use in the Title Page (and on the covers, if
any) a title distinct from that of the Document,
and from those of previous versions (which should,
if there were any, be listed in the History section
of the Document). You may use the same title as
a previous version if the original publisher of that
version gives permission. * B. List on the Title
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Page, as authors, one or more persons or entities
responsible for authorship of the modifications in
the Modified Version, together with at least five of
the principal authors of the Document (all of its
principal authors, if it has fewer than five), unless
they release you from this requirement. * C. State
on the Title page the name of the publisher of the
Modified Version, as the publisher. * D. Preserve
all the copyright notices of the Document. * E. Add
an appropriate copyright notice for your modifica-
tions adjacent to the other copyright notices. * F.
Include, immediately after the copyright notices, a
license notice giving the public permission to use
the Modified Version under the terms of this Li-
cense, in the form shown in the Addendum below. *
G. Preserve in that license notice the full lists of In-
variant Sections and required Cover Texts given in
the Document’s license notice. * H. Include an unal-
tered copy of this License. * I. Preserve the section
Entitled "History", Preserve its Title, and add to it
an item stating at least the title, year, new authors,
and publisher of the Modified Version as given on
the Title Page. If there is no section Entitled "His-
tory" in the Document, create one stating the title,
year, authors, and publisher of the Document as
given on its Title Page, then add an item describ-
ing the Modified Version as stated in the previous
sentence. * J. Preserve the network location, if any,
given in the Document for public access to a Trans-
parent copy of the Document, and likewise the net-
work locations given in the Document for previous
versions it was based on. These may be placed in
the "History" section. You may omit a network lo-
cation for a work that was published at least four
years before the Document itself, or if the original
publisher of the version it refers to gives permission.
* K. For any section Entitled "Acknowledgements"
or "Dedications", Preserve the Title of the section,
and preserve in the section all the substance and
tone of each of the contributor acknowledgements
and/or dedications given therein. * L. Preserve all
the Invariant Sections of the Document, unaltered
in their text and in their titles. Section numbers or
the equivalent are not considered part of the section
titles. * M. Delete any section Entitled "Endorse-
ments". Such a section may not be included in the
Modified Version. * N. Do not retitle any existing
section to be Entitled "Endorsements" or to conflict
in title with any Invariant Section. * O. Preserve
any Warranty Disclaimers.

If the Modified Version includes new front-matter
sections or appendices that qualify as Secondary
Sections and contain no material copied from the
Document, you may at your option designate some
or all of these sections as invariant. To do this, add
their titles to the list of Invariant Sections in the
Modified Version’s license notice. These titles must
be distinct from any other section titles.

You may add a section Entitled "Endorsements",
provided it contains nothing but endorsements of
your Modified Version by various parties—for ex-
ample, statements of peer review or that the text
has been approved by an organization as the au-
thoritative definition of a standard.

You may add a passage of up to five words as a
Front-Cover Text, and a passage of up to 25 words
as a Back-Cover Text, to the end of the list of Cover
Texts in the Modified Version. Only one passage of
Front-Cover Text and one of Back-Cover Text may
be added by (or through arrangements made by)
any one entity. If the Document already includes
a cover text for the same cover, previously added
by you or by arrangement made by the same entity
you are acting on behalf of, you may not add an-

other; but you may replace the old one, on explicit
permission from the previous publisher that added
the old one.

The author(s) and publisher(s) of the Document do
not by this License give permission to use their
names for publicity for or to assert or imply en-
dorsement of any Modified Version. 5. COMBIN-
ING DOCUMENTS

You may combine the Document with other docu-
ments released under this License, under the terms
defined in section 4 above for modified versions,
provided that you include in the combination all
of the Invariant Sections of all of the original doc-
uments, unmodified, and list them all as Invariant
Sections of your combined work in its license no-
tice, and that you preserve all their Warranty Dis-
claimers.

The combined work need only contain one copy of
this License, and multiple identical Invariant Sec-
tions may be replaced with a single copy. If there
are multiple Invariant Sections with the same name
but different contents, make the title of each such
section unique by adding at the end of it, in paren-
theses, the name of the original author or publisher
of that section if known, or else a unique number.
Make the same adjustment to the section titles in
the list of Invariant Sections in the license notice
of the combined work.

In the combination, you must combine any sections
Entitled "History" in the various original docu-
ments, forming one section Entitled "History"; like-
wise combine any sections Entitled "Acknowledge-
ments", and any sections Entitled "Dedications".
You must delete all sections Entitled "Endorse-
ments". 6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Docu-
ment and other documents released under this Li-
cense, and replace the individual copies of this Li-
cense in the various documents with a single copy
that is included in the collection, provided that you
follow the rules of this License for verbatim copying
of each of the documents in all other respects.

You may extract a single document from such a col-
lection, and distribute it individually under this Li-
cense, provided you insert a copy of this License
into the extracted document, and follow this Li-
cense in all other respects regarding verbatim copy-
ing of that document. 7. AGGREGATION WITH
INDEPENDENT WORKS

A compilation of the Document or its derivatives
with other separate and independent documents or
works, in or on a volume of a storage or distribution
medium, is called an "aggregate" if the copyright re-
sulting from the compilation is not used to limit the
legal rights of the compilation’s users beyond what
the individual works permit. When the Document
is included in an aggregate, this License does not
apply to the other works in the aggregate which are
not themselves derivative works of the Document.

If the Cover Text requirement of section 3 is appli-
cable to these copies of the Document, then if the
Document is less than one half of the entire aggre-
gate, the Document’s Cover Texts may be placed
on covers that bracket the Document within the
aggregate, or the electronic equivalent of covers
if the Document is in electronic form. Otherwise
they must appear on printed covers that bracket
the whole aggregate. 8. TRANSLATION

Translation is considered a kind of modification, so
you may distribute translations of the Document
under the terms of section 4. Replacing Invariant
Sections with translations requires special permis-
sion from their copyright holders, but you may in-
clude translations of some or all Invariant Sections
in addition to the original versions of these Invari-
ant Sections. You may include a translation of this
License, and all the license notices in the Document,
and any Warranty Disclaimers, provided that you
also include the original English version of this Li-
cense and the original versions of those notices and
disclaimers. In case of a disagreement between the
translation and the original version of this License
or a notice or disclaimer, the original version will
prevail.

If a section in the Document is Entitled "Acknowl-
edgements", "Dedications", or "History", the re-
quirement (section 4) to Preserve its Title (section
1) will typically require changing the actual title.
9. TERMINATION

You may not copy, modify, sublicense, or distribute
the Document except as expressly provided under
this License. Any attempt otherwise to copy, mod-
ify, sublicense, or distribute it is void, and will
automatically terminate your rights under this Li-
cense.

However, if you cease all violation of this License,
then your license from a particular copyright holder
is reinstated (a) provisionally, unless and until the
copyright holder explicitly and finally terminates
your license, and (b) permanently, if the copyright
holder fails to notify you of the violation by some
reasonable means prior to 60 days after the cessa-
tion.

Moreover, your license from a particular copyright
holder is reinstated permanently if the copyright
holder notifies you of the violation by some reason-
able means, this is the first time you have received
notice of violation of this License (for any work)
from that copyright holder, and you cure the vi-
olation prior to 30 days after your receipt of the
notice.

Termination of your rights under this section does
not terminate the licenses of parties who have re-
ceived copies or rights from you under this License.
If your rights have been terminated and not perma-
nently reinstated, receipt of a copy of some or all
of the same material does not give you any rights
to use it. 10. FUTURE REVISIONS OF THIS LI-
CENSE

The Free Software Foundation may publish new, re-
vised versions of the GNU Free Documentation Li-
cense from time to time. Such new versions will be
similar in spirit to the present version, but may dif-
fer in detail to address new problems or concerns.
See http://www.gnu.org/copyleft/.

Each version of the License is given a distinguish-
ing version number. If the Document specifies that
a particular numbered version of this License "or
any later version" applies to it, you have the op-
tion of following the terms and conditions either of
that specified version or of any later version that
has been published (not as a draft) by the Free Soft-
ware Foundation. If the Document does not specify
a version number of this License, you may choose
any version ever published (not as a draft) by the
Free Software Foundation. If the Document speci-
fies that a proxy can decide which future versions of

this License can be used, that proxy’s public state-
ment of acceptance of a version permanently autho-
rizes you to choose that version for the Document.
11. RELICENSING

"Massive Multiauthor Collaboration Site" (or
"MMC Site") means any World Wide Web server
that publishes copyrightable works and also pro-
vides prominent facilities for anybody to edit those
works. A public wiki that anybody can edit is
an example of such a server. A "Massive Multiau-
thor Collaboration" (or "MMC") contained in the
site means any set of copyrightable works thus pub-
lished on the MMC site.

"CC-BY-SA" means the Creative Commons
Attribution-Share Alike 3.0 license published by
Creative Commons Corporation, a not-for-profit
corporation with a principal place of business in
San Francisco, California, as well as future copyleft
versions of that license published by that same
organization.

"Incorporate" means to publish or republish a Doc-
ument, in whole or in part, as part of another Doc-
ument.

An MMC is "eligible for relicensing" if it is licensed
under this License, and if all works that were first
published under this License somewhere other than
this MMC, and subsequently incorporated in whole
or in part into the MMC, (1) had no cover texts or
invariant sections, and (2) were thus incorporated
prior to November 1, 2008.

The operator of an MMC Site may republish an
MMC contained in the site under CC-BY-SA on the
same site at any time before August 1, 2009, pro-
vided the MMC is eligible for relicensing. ADDEN-
DUM: How to use this License for your documents

To use this License in a document you have written,
include a copy of the License in the document and
put the following copyright and license notices just
after the title page:

Copyright (C) YEAR YOUR NAME. Permission is
granted to copy, distribute and/or modify this doc-
ument under the terms of the GNU Free Documen-
tation License, Version 1.3 or any later version pub-
lished by the Free Software Foundation; with no
Invariant Sections, no Front-Cover Texts, and no
Back-Cover Texts. A copy of the license is included
in the section entitled "GNU Free Documentation
License".

If you have Invariant Sections, Front-Cover Texts
and Back-Cover Texts, replace the "with . . .
Texts." line with this:

with the Invariant Sections being LIST THEIR TI-
TLES, with the Front-Cover Texts being LIST, and
with the Back-Cover Texts being LIST.

If you have Invariant Sections without Cover Texts,
or some other combination of the three, merge
those two alternatives to suit the situation.

If your document contains nontrivial examples of
program code, we recommend releasing these exam-
ples in parallel under your choice of free software
license, such as the GNU General Public License,
to permit their use in free software.

24.3 GNU Lesser General Public License
GNU LESSER GENERAL PUBLIC LICENSE

Version 3, 29 June 2007

Copyright © 2007 Free Software Foundation, Inc.
<http://fsf.org/>

Everyone is permitted to copy and distribute verba-
tim copies of this license document, but changing
it is not allowed.

This version of the GNU Lesser General Public Li-
cense incorporates the terms and conditions of ver-
sion 3 of the GNU General Public License, supple-
mented by the additional permissions listed below.
0. Additional Definitions.

As used herein, “this License” refers to version 3
of the GNU Lesser General Public License, and the
“GNU GPL” refers to version 3 of the GNU General
Public License.

“The Library” refers to a covered work governed by
this License, other than an Application or a Com-
bined Work as defined below.

An “Application” is any work that makes use of an
interface provided by the Library, but which is not
otherwise based on the Library. Defining a subclass
of a class defined by the Library is deemed a mode
of using an interface provided by the Library.

A “Combined Work” is a work produced by com-
bining or linking an Application with the Library.
The particular version of the Library with which
the Combined Work was made is also called the
“Linked Version”.

The “Minimal Corresponding Source” for a Com-
bined Work means the Corresponding Source for
the Combined Work, excluding any source code for
portions of the Combined Work that, considered in
isolation, are based on the Application, and not on
the Linked Version.

The “Corresponding Application Code” for a Com-
bined Work means the object code and/or source
code for the Application, including any data and
utility programs needed for reproducing the Com-
bined Work from the Application, but excluding the
System Libraries of the Combined Work. 1. Excep-
tion to Section 3 of the GNU GPL.

You may convey a covered work under sections 3
and 4 of this License without being bound by sec-
tion 3 of the GNU GPL. 2. Conveying Modified
Versions.

If you modify a copy of the Library, and, in your
modifications, a facility refers to a function or data
to be supplied by an Application that uses the fa-
cility (other than as an argument passed when the
facility is invoked), then you may convey a copy of
the modified version:

* a) under this License, provided that you make a
good faith effort to ensure that, in the event an Ap-
plication does not supply the function or data, the
facility still operates, and performs whatever part
of its purpose remains meaningful, or * b) under
the GNU GPL, with none of the additional permis-
sions of this License applicable to that copy.

3. Object Code Incorporating Material from Li-
brary Header Files.

The object code form of an Application may incor-
porate material from a header file that is part of
the Library. You may convey such object code un-
der terms of your choice, provided that, if the in-
corporated material is not limited to numerical pa-
rameters, data structure layouts and accessors, or
small macros, inline functions and templates (ten
or fewer lines in length), you do both of the follow-
ing:

* a) Give prominent notice with each copy of the
object code that the Library is used in it and that
the Library and its use are covered by this License.
* b) Accompany the object code with a copy of the
GNU GPL and this license document.

4. Combined Works.

You may convey a Combined Work under terms of
your choice that, taken together, effectively do not
restrict modification of the portions of the Library
contained in the Combined Work and reverse en-
gineering for debugging such modifications, if you
also do each of the following:

* a) Give prominent notice with each copy of the
Combined Work that the Library is used in it and
that the Library and its use are covered by this Li-
cense. * b) Accompany the Combined Work with a
copy of the GNU GPL and this license document. *
c) For a Combined Work that displays copyright no-
tices during execution, include the copyright notice
for the Library among these notices, as well as a ref-
erence directing the user to the copies of the GNU
GPL and this license document. * d) Do one of the
following: o 0) Convey the Minimal Corresponding
Source under the terms of this License, and the Cor-
responding Application Code in a form suitable for,
and under terms that permit, the user to recombine
or relink the Application with a modified version
of the Linked Version to produce a modified Com-
bined Work, in the manner specified by section 6 of
the GNU GPL for conveying Corresponding Source.
o 1) Use a suitable shared library mechanism for
linking with the Library. A suitable mechanism
is one that (a) uses at run time a copy of the Li-
brary already present on the user’s computer sys-
tem, and (b) will operate properly with a modified
version of the Library that is interface-compatible
with the Linked Version. * e) Provide Installation
Information, but only if you would otherwise be re-
quired to provide such information under section 6
of the GNU GPL, and only to the extent that such
information is necessary to install and execute a
modified version of the Combined Work produced
by recombining or relinking the Application with
a modified version of the Linked Version. (If you
use option 4d0, the Installation Information must
accompany the Minimal Corresponding Source and
Corresponding Application Code. If you use option
4d1, you must provide the Installation Information
in the manner specified by section 6 of the GNU
GPL for conveying Corresponding Source.)

5. Combined Libraries.

You may place library facilities that are a work
based on the Library side by side in a single library
together with other library facilities that are not
Applications and are not covered by this License,
and convey such a combined library under terms of
your choice, if you do both of the following:

* a) Accompany the combined library with a copy
of the same work based on the Library, uncombined
with any other library facilities, conveyed under
the terms of this License. * b) Give prominent no-
tice with the combined library that part of it is a
work based on the Library, and explaining where
to find the accompanying uncombined form of the
same work.

6. Revised Versions of the GNU Lesser General
Public License.

The Free Software Foundation may publish revised
and/or new versions of the GNU Lesser General
Public License from time to time. Such new ver-
sions will be similar in spirit to the present version,
but may differ in detail to address new problems or
concerns.

Each version is given a distinguishing version num-
ber. If the Library as you received it specifies that
a certain numbered version of the GNU Lesser Gen-
eral Public License “or any later version” applies to
it, you have the option of following the terms and
conditions either of that published version or of any
later version published by the Free Software Foun-
dation. If the Library as you received it does not
specify a version number of the GNU Lesser Gen-
eral Public License, you may choose any version of
the GNU Lesser General Public License ever pub-
lished by the Free Software Foundation.

If the Library as you received it specifies that a
proxy can decide whether future versions of the
GNU Lesser General Public License shall apply,
that proxy’s public statement of acceptance of
any version is permanent authorization for you to
choose that version for the Library.
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%%==================================================%%
%%= Ausgabe der Box nach Vorgabe der Ausgaberoutine=%%
%%==================================================%%
%% Styledatei fuer das Paket mdframed erstellt durch
%% Marco Daniel und Elke Schubert
%% 
%% This package may be distributed under the terms of the LaTeX Project
%% Public License, as described in lppl.txt in the base LaTeX distribution.
%% Either version 1.0 or, at your option, any later version.

%%$Id: md-frame-0.mdf 105 2010-12-22 16:50:44Z marco $
%%$Rev: 105 $
%%$Author: marco $
%%$Date: 2010-12-22 17:50:44 +0100 (Mi, 22. Dez 2010) $

\def\mdversion{v0.6a}
\def\mdframedOpackagename{md-frame-0}
\def\md@frameOdate@svn$#1: #2 #3 #4-#5-#6 #7 #8${#4/#5/#6\space }

\ProvidesFile{md-frame-3.mdf}[\md@frameOdate@svn$Id: md-frame-0.mdf 105 2010-12-22 16:50:44Z marco $ \mdversion: \mdframedOpackagename]


\let\md@textwidth\textwidth




%%=single=%%
\def\md@frame@background@single{%
        \rlap{\color{\mdf@backgroundcolor}%
             \setlength{\mdfboundingboxheight}{\ht\@tempboxa+\dp\@tempboxa}%
             \addtolength{\mdfboundingboxheight}{%
                   \mdf@innertopmargin@length%
                  +\mdf@innerbottommargin@length%
                  }%
              \rule[-\mdf@innerbottommargin@length]%
                     {\wd\@tempboxa%
                    +\mdf@innerleftmargin@length%
                    +\mdf@innerrightmargin@length%
                   }{\mdfboundingboxheight}%
              }%
}%
% 
\def\md@frame@leftandbottomandtopline@single{%
           \setlength{\mdfboundingboxheight}{\ht\@tempboxa+\dp\@tempboxa}%
           \addtolength{\mdfboundingboxheight}{%
                           \mdf@innertopmargin@length%
                          +\mdf@innerbottommargin@length%
                          +\mdf@middlelinewidth@length%
                          +\mdf@middlelinewidth@length%
                         }%
           \rlap{\color{\mdf@middlelinecolor}%
                 \ifbool{mdf@leftline}%
                     {\rule[-\mdf@innerbottommargin@length]%
                         {\mdf@middlelinewidth}{\mdfboundingboxheight-2\mdf@middlelinewidth@length}%
                     }{}%
               }%
           \rlap{\color{\mdf@middlelinecolor}%
                 \ifmdf@bottomline%
                     \ifboolexpr{ bool {mdf@leftline} and bool  {mdf@rightline} }%
                       {%\hspace*{\mdf@middlelinewidth@length}%
                       \rule[-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                        {\wd\@tempboxa%
                         +\mdf@innerleftmargin@length%
                         +\mdf@innerrightmargin@length%
                         +\mdf@middlelinewidth@length%
                         +\mdf@middlelinewidth@length%
                      }{\mdf@linewidth}% 
                       }{}%
                     \ifboolexpr{ bool {mdf@leftline} and not( bool  {mdf@rightline}) }%
                       {%\hspace*{\mdf@middlelinewidth@length}%
                       \rule[-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                        {\wd\@tempboxa%
                         +\mdf@innerleftmargin@length%
                         +\mdf@innerrightmargin@length%
                         +\mdf@middlelinewidth@length%
   %                      +\mdf@middlelinewidth@length%
                      }{\mdf@linewidth}% 
                       }{}%
                      \ifboolexpr{ not(bool {mdf@leftline}) and bool  {mdf@rightline} }%
                       {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                      {\wd\@tempboxa%
                       +\mdf@innerleftmargin@length%
                       +\mdf@innerrightmargin@length%
                       +\mdf@middlelinewidth@length%
   %                    +\mdf@middlelinewidth@length%
                      }{\mdf@linewidth}% 
                       }{}%                
                       \ifboolexpr{ not(bool {mdf@leftline}) and not( bool {mdf@rightline}) }%
                       {%\hspace*{\mdf@middlelinewidth@length}%
                        \rule[-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                         {\wd\@tempboxa%
                         +\mdf@innerleftmargin@length%
                         +\mdf@innerrightmargin@length%
   %                      +\mdf@middlelinewidth@length%
   %                      +\mdf@middlelinewidth@length%
                        }{\mdf@linewidth}% 
                       }{}%  
                 \fi%
               }%
          \rlap{\color{\mdf@middlelinecolor}%
                \ifmdf@topline%
                  \ifboolexpr{ bool {mdf@leftline} and bool  {mdf@rightline} }%
                    {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[%
                       \mdf@innertopmargin@length
                       +\ht\@tempboxa+\dp\@tempboxa]%
                       {\wd\@tempboxa%
                        +\mdf@innerleftmargin@length%
                        +\mdf@innerrightmargin@length%
                        +\mdf@middlelinewidth@length%
                        +\mdf@middlelinewidth@length%
                       }{\mdf@linewidth}%
                    }{}%
                  \ifboolexpr{ bool {mdf@leftline} and not( bool  {mdf@rightline}) }%
                    {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[%
                       \mdf@innertopmargin@length
                       +\ht\@tempboxa+\dp\@tempboxa]%
                       {\wd\@tempboxa%
                        +\mdf@innerleftmargin@length%
                        +\mdf@innerrightmargin@length%
%                        +\mdf@middlelinewidth@length%
                        +\mdf@middlelinewidth@length%
                       }{\mdf@linewidth}%
                    }{}%
                   \ifboolexpr{ not(bool {mdf@leftline}) and bool  {mdf@rightline} }%
                    {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[%
                       \mdf@innertopmargin@length
                       +\ht\@tempboxa+\dp\@tempboxa]%
                       {\wd\@tempboxa%
                        +\mdf@innerleftmargin@length%
                        +\mdf@innerrightmargin@length%
%                        +\mdf@middlelinewidth@length%
                        +\mdf@middlelinewidth@length%
                       }{\mdf@linewidth}%
                    }{}%                
                    \ifboolexpr{ not(bool {mdf@leftline}) and not( bool {mdf@rightline}) }%
                    {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[%
                       \mdf@innertopmargin@length
                       +\ht\@tempboxa+\dp\@tempboxa]%
                       {\wd\@tempboxa%
                        +\mdf@innerleftmargin@length%
                        +\mdf@innerrightmargin@length%
%                        +\mdf@middlelinewidth@length%
%                        +\mdf@middlelinewidth@length%
                       }{\mdf@linewidth}%
                    }{}%  
                \fi%
              }%
}%

\def\md@frame@rightline@single{%
         \llap{\color{\mdf@middlelinecolor}
               \ifmdf@rightline%
                \rule[-\mdf@innerbottommargin@length]%
                     {\mdf@linewidth}%
                     {\mdfboundingboxheight-2\mdf@middlelinewidth@length}%
               \fi%
              }%
}%


\def\md@putbox@single{%%%%% Ausgabe der ungesplitteten Gesamtbox
  \ifvoid\@tempboxa
  \else
      \leftline{%
        \null\hspace*{\mdf@leftmargin@length}%
        \md@frame@leftandbottomandtopline@single%
        \ifbool{mdf@leftline}%
        {\hspace*{\mdf@middlelinewidth@length}}{}%
        \md@frame@background@single%
        \hspace*{\mdf@innerleftmargin@length}%
        {\box\@tempboxa}%
        \hspace*{\mdf@innerrightmargin@length}%
        \hspace*{\mdf@middlelinewidth@length}%
        \md@frame@rightline@single%
        }%
  \fi
}


%%=first=%%

\def\md@frame@background@first{%
       \setlength{\mdfboundingboxheight}{\ht\tw@+\dp\tw@}%
       \addtolength{\mdfboundingboxheight}{%
                           \mdf@innertopmargin@length%
                           +\mdf@splitbottomskip@length%
                         }%
       \rlap{\color{\mdf@backgroundcolor}%
              \rule[-\dp\tw@-\mdf@splitbottomskip@length]%
                   {\wd\tw@+\mdf@innerleftmargin@length+\mdf@innerrightmargin@length}%
                   {\mdfboundingboxheight}%
              }%
}%
 
\def\md@frame@topandleftline@first{%
           \setlength{\mdfboundingboxheight}{\ht\tw@+\dp\tw@}%
           \addtolength{\mdfboundingboxheight}{%
                           1\mdf@innertopmargin@length%
                          +1\mdf@middlelinewidth@length%
                          +\mdf@splitbottomskip@length%
                         }%
            \rlap{\color{\mdf@middlelinecolor}
               \ifbool{mdf@leftline}%
                   {%
                     \rule[-\dp\tw@-\mdf@splitbottomskip@length]%
                            {\mdf@middlelinewidth@length}%
                               {\mdfboundingboxheight-\mdf@middlelinewidth@length}%
                   }{}%
             }%
            \rlap{\color{\mdf@middlelinecolor}%
             \ifmdf@topline
                 \ifboolexpr{ bool {mdf@leftline} and bool {mdf@rightline}}%
                    {\rule[\mdfboundingboxheight-\mdf@middlelinewidth@length-\dp\tw@-\mdf@splitbottomskip@length]%
                        {\wd\tw@%
                          +\mdf@innerleftmargin@length%
                          +\mdf@innerrightmargin@length%
                          +\mdf@middlelinewidth@length%
                          +\mdf@middlelinewidth@length%
                         }{\mdf@linewidth@length}%
                    }{}%
                 \ifboolexpr{ bool {mdf@leftline} and not(bool {mdf@rightline}) }%
                    {\rule[\mdfboundingboxheight-\mdf@middlelinewidth@length-\dp\tw@-\mdf@splitbottomskip@length]%
                        {\wd\tw@%
                          +\mdf@innerleftmargin@length%
                          +\mdf@innerrightmargin@length%
                          +\mdf@middlelinewidth@length%
%                          +\mdf@middlelinewidth@length%
                         }{\mdf@linewidth@length}%
                    }{}%
                 \ifboolexpr{ not (bool {mdf@leftline}) and bool {mdf@rightline} }%
                    {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[\mdfboundingboxheight-\mdf@middlelinewidth@length-\dp\tw@-\mdf@splitbottomskip@length]%
                        {\wd\tw@%
                          +\mdf@innerleftmargin@length%
                          +\mdf@innerrightmargin@length%
                          +\mdf@middlelinewidth@length%
%                          +\mdf@middlelinewidth@length%
                         }{\mdf@linewidth@length}%
                    }{}%
                 \ifboolexpr{ not (bool {mdf@leftline}) and not( bool {mdf@rightline}) }%
                    {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[\mdfboundingboxheight-\mdf@middlelinewidth@length-\dp\tw@-\mdf@splitbottomskip@length]%
                        {\wd\tw@%
                          +\mdf@innerleftmargin@length%
                          +\mdf@innerrightmargin@length%
%                          +\mdf@middlelinewidth@length%
%                          +\mdf@middlelinewidth@length%
                         }{\mdf@linewidth@length}%
                    }{}%
              \fi%
              \ifmdf@rightline
               \ifmdf@topline\else%
                 \deflength\@tempskipb{\wd\tw@%
                          +\mdf@innerleftmargin@length%
                          +\mdf@innerrightmargin@length%
                          +2\mdf@middlelinewidth@length%
                         }%
                 \hspace*{\@tempskipb}%
               \fi%
                  \llap{\color{\mdf@middlelinecolor}%
                         \rule[-\dp\tw@-\mdf@splitbottomskip@length]{\mdf@middlelinewidth@length}%
                                {\mdfboundingboxheight-\mdf@middlelinewidth@length}%
                    }%
              \fi%
            }%
}%




\def\md@putbox@first{%%%% Ausgabe der Teilbox 1
      \leftline{%
           \null\hspace*{\mdf@leftmargin@length}%
           \md@frame@topandleftline@first%
           \ifbool{mdf@leftline}%
           {\hspace*{\mdf@middlelinewidth@length}}{}%
           \md@frame@background@first%
           \hspace*{\mdf@innerleftmargin@length}%
           {\box\tw@}%
         }%
}

%%=second=%%

\def\md@frame@background@second{%
         \setlength{\mdfboundingboxheight}{\ht\@tempboxa+\dp\@tempboxa}%
         \addtolength{\mdfboundingboxheight}{%
                    +\mdf@innerbottommargin@length%
                }%
        \rlap{\color{\mdf@backgroundcolor}%
               \rule[\dp\@tempboxa-\mdf@innerbottommargin@length]%
                    {\wd\@tempboxa+\mdf@innerleftmargin@length%
                      +\mdf@innerrightmargin@length}%
                   {\mdfboundingboxheight}%
               }%
}%
 
\def\md@frame@lines@second{%
         \setlength{\mdfboundingboxheight}{\ht\@tempboxa+\dp\@tempboxa}%
         \addtolength{\mdfboundingboxheight}{%
                    +\mdf@innerbottommargin@length%
                    +\mdf@middlelinewidth@length%
                }%
          \rlap{\color{\mdf@middlelinecolor}%
               \ifbool{mdf@leftline}%
                 {\rule[\dp\@tempboxa-\mdf@innerbottommargin@length]%
                        {\mdf@middlelinewidth@length}%
                        {\mdfboundingboxheight-\mdf@middlelinewidth@length}%
                 }{}%
               }%
          \rlap{\color{\mdf@middlelinecolor}%
                \ifbool{mdf@bottomline}%
                 {%
                   \ifboolexpr{ bool {mdf@leftline} and bool {mdf@rightline} }%
                        {\rule[\dp\@tempboxa-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                           {\wd\@tempboxa+\mdf@innerleftmargin@length%
                            +\mdf@innerrightmargin@length+2\mdf@middlelinewidth@length}%
                           {\mdf@middlelinewidth@length}%
                       }{}%
                   \ifboolexpr{ not (bool {mdf@leftline}) and not(bool {mdf@rightline}) }%
                        {%
                          \rule[\dp\@tempboxa-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                           {\wd\@tempboxa+\mdf@innerleftmargin@length%
                            +\mdf@innerrightmargin@length}%
                           {\mdf@middlelinewidth@length}%
                       }{}%
                    \ifboolexpr{ bool {mdf@leftline} and not( bool {mdf@rightline}) }%
                        {%
                          \rule[\dp\@tempboxa-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                           {\wd\@tempboxa+\mdf@innerleftmargin@length%
                            +\mdf@innerrightmargin@length+\mdf@middlelinewidth@length}%
                           {\mdf@middlelinewidth@length}%
                       }{}%
                    \ifboolexpr{ not(bool {mdf@leftline}) and bool {mdf@rightline} }%
                        {%
                          \rule[\dp\@tempboxa-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                           {\wd\@tempboxa+\mdf@innerleftmargin@length%
                            +\mdf@innerrightmargin@length+\mdf@middlelinewidth@length}%
                           {\mdf@middlelinewidth@length}%
                       }{}%
                 }{}%
               \llap{\color{\mdf@middlelinecolor}%
                     \ifbool{mdf@rightline}%
                       {\rule[\dp\@tempboxa-\mdf@innerbottommargin@length]%
                             {\mdf@middlelinewidth@length}%
                             {\mdfboundingboxheight-\mdf@middlelinewidth@length}%
                        \ifbool{mdf@bottomline}{}%
                             {\deflength\@tempskipb{\wd\@tempboxa%
                                      +\mdf@innerleftmargin@length%
                                      +\mdf@innerrightmargin@length%
                                      +2\mdf@middlelinewidth@length%
                                     }%
                             \hspace*{-\@tempskipb}%
                            }%
                      }{}%
                    }%
               }%       
}%


\def\md@putbox@second{%%%%% Ausgabe der mittleren Teilbox
  \ifvoid\@tempboxa%
  \else
      \leftline{%
         \null\hspace*{\mdf@leftmargin@length}%
         \md@frame@lines@second%
         \ifbool{mdf@leftline}%
         {\hspace*{\mdf@middlelinewidth@length}}{}%
         \md@frame@background@second%
         \hspace*{\mdf@innerleftmargin@length}%
         {\box\@tempboxa}%
        }%
  \fi%
}%


%%=middle=%%

\def\md@frame@background@middle{%
         \setlength{\mdfboundingboxheight}{\ht\tw@+\dp\tw@}%
         \addtolength{\mdfboundingboxheight}{%
                  \mdf@splitbottomskip@length%
                  }%
        \rlap{\color{\mdf@backgroundcolor}%
              \rule[-\dp\tw@-\mdf@splitbottomskip@length]%
                    {\wd\tw@+\mdf@innerleftmargin@length+\mdf@innerrightmargin@length}%
                    {\mdfboundingboxheight}%
              }%
}%
 
\def\md@frame@lines@middle{%
         \setlength{\mdfboundingboxheight}{\ht\tw@+\dp\tw@}%
         \addtolength{\mdfboundingboxheight}{%
                  \mdf@splitbottomskip@length%
                  }%
        \rlap{\color{\mdf@middlelinecolor}%
            \ifbool{mdf@leftline}%
              {%
              \rule[-\dp\tw@-\mdf@splitbottomskip@length]{\mdf@middlelinewidth@length}{\mdfboundingboxheight}%
              }{}%
            \ifbool{mdf@rightline}%
                   {%
                   \deflength{\mdfpositionx}{\wd\tw@%
                                     +\mdf@innerleftmargin@length%
                                     +\mdf@innerrightmargin@length%
                                     +\mdf@middlelinewidth@length%
                                    }%
                   \hspace*{\mdfpositionx}%
                   \llap{\color{\mdf@middlelinecolor}%
                        \rule[-\dp\tw@-\mdf@splitbottomskip@length]{\mdf@middlelinewidth@length}{\mdfboundingboxheight}%
                        \ifbool{mdf@leftline}{}{}%
                        }%
                   }{}%
          }%
}%




\def\md@putbox@middle{%%%% Ausgabe der Teilbox 1
      \leftline{%
           \null\hspace*{\mdf@leftmargin@length}%
           \md@frame@lines@middle%
           \ifbool{mdf@leftline}%
           {\hspace*{\mdf@middlelinewidth@length}}{}%
           \md@frame@background@middle%
           \hspace*{\mdf@innerleftmargin@length}%
           {\box\tw@}%
        }%
}
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%%==================================================%%
%%= Ausgabe der Box nach Vorgabe der Ausgaberoutine=%%
%%==================================================%%
%% Styledatei fuer das Paket mdframed erstellt durch
%% Marco Daniel und Elke Schubert
%% 
%% This package may be distributed under the terms of the LaTeX Project
%% Public License, as described in lppl.txt in the base LaTeX distribution.
%% Either version 1.0 or, at your option, any later version.

%%$Id: md-frame-1.mdf 105 2010-12-22 16:50:44Z marco $
%%$Rev: 105 $
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\def\mdversion{v0.6a}
\def\mdframedIpackagename{md-frame-1}
\def\md@frameIdate@svn$#1: #2 #3 #4-#5-#6 #7 #8${#4/#5/#6\space }

\ProvidesFile{md-frame-1.mdf}[\md@frameIdate@svn$Id: md-frame-1.mdf 105 2010-12-22 16:50:44Z marco $ \mdversion: \mdframedIpackagename]

%%Allgemeine Einstellungen fuer tikz

\def\md@tikz@settings{%
          %wenn das Innere der Doppellinie 0pt breit ist,
          %muss Grenze zwischen innerer und aeusserer Linie
          %einer Farbe zugeordnet werden
          \ifdimequal{\mdf@middlelinewidth@length}{\z@}%
                       {\ifdimequal{\mdf@innerlinewidth@length}{\z@}%
                            {\ifdimequal{\mdf@outerlinewidth@length}{\z@}%
                              {\let\mdf@middlelinecolor\mdf@backgroundcolor}%
                              {\let\mdf@middlelinecolor\mdf@outerlinecolor}%
                            }%
                            {\let\mdf@middlelinecolor\mdf@innerlinecolor}%
                        }{}%
          \ifdimequal{\mdf@innerlinewidth@length}{\z@}%
                       {\ifdimequal{\mdf@outerlinewidth@length}{\z@}%
                            {\ifdimequal{\mdf@middlelinewidth@length}{\z@}%
                              {}%
                              {\let\mdf@middlelinecolor\mdf@linecolor}%
                            }%
                            {}%
                        }{}%
        \tikzset{mdftext/.style={inner sep=0pt,outer sep=0pt}}%
        \tikzset{mdfcorners/.style={rounded corners=\mdf@roundcorner@length}}%
        \tikzset{mdfbackground/.style={fill=\mdf@backgroundcolor}}%
        \ifdimgreater{\mdf@outerlinewidth@length}{\z@}%
            {\tikzset{mdfborderA/.style={%
                         draw=\mdf@outerlinecolor,%
                         line width=2\mdf@outerlinewidth@length+\mdf@middlelinewidth@length%
                         }%
                     }%
            }%
            {\tikzset{mdfborderA/.style={}}}%
        \ifdimgreater{\mdf@innerlinewidth@length}{\z@}%
            {\tikzset{mdfborderI/.style={%
                         draw=\mdf@innerlinecolor,%
                         line width=2\mdf@innerlinewidth@length+\mdf@middlelinewidth@length%
                         }%
                     }%
            }%
            {\tikzset{mdfborderI/.style={}}}%
       \tikzset{mdfmiddle/.style={draw=\mdf@middlelinecolor,line width=\mdf@middlelinewidth@length}}%
}%



\def\md@putbox@single{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
       \md@tikz@settings%
        \setlength\mdfboxwidth{\wd\@tempboxa}%
        \setlength\mdfboxheight{\ht\@tempboxa+\dp\@tempboxa}%
        \begin{tikzpicture}
	         \coordinate(O)at(0,0);
                 \pgfmathsetlengthmacro\x{\mdfboxwidth+\mdf@innerrightmargin@length%
                                          +\mdf@innerleftmargin@length+%
                                          2\mdf@innerlinewidth@length+\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\xp{\mdf@innerleftmargin@length+%
                                          1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\y{\mdfboxheight+\mdf@innertopmargin@length%
                                          +\mdf@innerbottommargin@length%
                                          +2*\mdf@innerlinewidth@length+\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\yp{\mdf@innerbottommargin@length%
                                          +1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \coordinate(P)at(\x,\y);
                 \begin{scope}
		      \clip[preaction=mdfborderA]%
                           [postaction={mdfbackground,mdfborderI}]%
                           [mdfcorners](O)--(O|-P)--(P)--(P|-O)--cycle;
	         \end{scope}
                 \path[mdfmiddle,mdfcorners](O)--(O|-P)--(P)--(P|-O)--cycle;
                 \node[mdftext,anchor=south west]at(\xp,\yp){\box\@tempboxa};
       \end{tikzpicture}%
     }%
}%

\def\md@putbox@first{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
       \md@tikz@settings%
        \setlength\mdfboxwidth{\wd\tw@}%
        \setlength\mdfboxheight{\ht\tw@+\dp\tw@}%
        \ifdimequal{\pagegoal}{\maxdimen}{\enlargethispage{\baselineskip}}{}%
        \begin{tikzpicture}
	         \coordinate(O) at (0,0);
                 \pgfmathsetlengthmacro\x{\mdfboxwidth+\mdf@innerrightmargin@length%
                                          +\mdf@innerleftmargin@length+%
                                          2*\mdf@innerlinewidth@length+1*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\xp{\mdf@innerleftmargin@length+%
                                          1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\y{-\mdfboxheight-\mdf@innertopmargin@length%
                                          -1*\mdf@innerlinewidth@length-0.5*\mdf@middlelinewidth@length+0.0cm}
                 \pgfmathsetlengthmacro\yp{-\mdf@innertopmargin@length%
                                           -1*\mdf@innerlinewidth@length-0.5*\mdf@middlelinewidth@length%
                                           -0.5\mdfboxheight}
                 \coordinate(P)at(\x,\y);
                 \clip(-\mdf@outerlinewidth@length-0.5*\mdf@middlelinewidth@length,%
                       \mdf@outerlinewidth@length+0.5*\mdf@middlelinewidth@length)%
                      rectangle(\x+\mdf@outerlinewidth@length+0.5*\mdf@middlelinewidth@length,\y);
                 \begin{scope}
                     \clip[preaction=mdfborderA]%
                          [postaction={mdfbackground,mdfborderI}]%
                          [mdfcorners](O|-P)--(O)--(P|-O)--(P);
                 \end{scope}
                 \path[mdfmiddle,mdfcorners,](O|-P)--(O)--(P|-O)--(P);
                 \node[mdftext,anchor=west,inner sep=0pt,outer sep=0pt]at(\xp,\yp){\box\tw@};
%                 \draw[fill] (0,0) circle (.1cm);
%                 \draw[fill,yellow] (\x,\y) circle (.1cm);
%                 \draw[fill,orange] (\xp,\yp) circle (.05cm);
     \end{tikzpicture}%
     }%
}%


\def\md@putbox@middle{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
        \md@tikz@settings%
        \setlength\mdfboxwidth{\wd\tw@}%
        \setlength\mdfboxheight{\ht\tw@}%
        \setlength{\mdf@ymargin@length}{0.4\baselineskip}%
        \begin{tikzpicture}
	         \coordinate(O)at(0,0);
                 \pgfmathsetlengthmacro\x{\mdfboxwidth+\mdf@innerrightmargin@length%
                                          +\mdf@innerleftmargin@length+%
                                          2*\mdf@innerlinewidth@length+1*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\xp{\mdf@innerleftmargin@length+%
                                          1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\y{\mdfboxheight}
                 \pgfmathsetlengthmacro\yp{0cm}
                 \coordinate(P)at(\x,\y);
                 \clip(-\mdf@outerlinewidth@length-0.5*\mdf@middlelinewidth@length,0)%
                       rectangle(\x+\mdf@outerlinewidth@length+0.5*\mdf@middlelinewidth@length,\y);
                 \begin{scope}
                 	\path[mdfborderA](O)--(O|-P)(P)--(P|-O);
                        \clip[postaction=mdfbackground](O)--(O|-P)--(P)--(P|-O);
                        \path[mdfborderI](O)--(O|-P)(P)--(P|-O);
                 \end{scope}
                 \path[mdfmiddle](O)--(O|-P)(P)--(P|-O);
                 \node[mdftext,anchor=south west]at(\xp,\yp){\box\tw@};
       \end{tikzpicture}%
     }
}

\def\md@putbox@second{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
       \md@tikz@settings%
        \setlength\mdfboxwidth{\wd\@tempboxa}%
        \setlength\mdfboxheight{\ht\@tempboxa}%
        \begin{tikzpicture}
                 \coordinate(O)at(0,0);
                 \pgfmathsetlengthmacro\x{\mdfboxwidth+\mdf@innerrightmargin@length%
                                          +\mdf@innerleftmargin@length+%
                                          2*\mdf@innerlinewidth@length+1*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\xp{\mdf@innerleftmargin@length+%
                                          1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\y{\mdfboxheight%
                                          +\mdf@innerbottommargin@length%
                                          +1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\yp{\mdf@innerbottommargin@length%
                                          +1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \coordinate(P)at(\x,\y);
                 \clip(-\mdf@outerlinewidth@length-0.5*\mdf@middlelinewidth@length,%
                       -\mdf@outerlinewidth@length-0.5*\mdf@middlelinewidth@length)%
                      rectangle(\x+\mdf@outerlinewidth@length+0.5*\mdf@middlelinewidth@length,\y);
                 \begin{scope}
                      \clip[preaction=mdfborderA]%
                      [postaction={mdfbackground,mdfborderI}]%
                      [mdfcorners](P-|O)--(O)--(O-|P)--(P);
                 \end{scope}
                 \path[mdfmiddle,mdfcorners](P-|O)--(O)--(O-|P)--(P);
                 \node[mdftext,anchor=south west] at (\xp,\yp){\box\@tempboxa};
       \end{tikzpicture}%
     }
}
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%%Allgemeine Einstellungen fuer pstricks
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\def\mdversion{v0.6a}
\def\mdframedIIIpackagename{md-frame-3}
\def\md@frameIIIdate@svn$#1: #2 #3 #4-#5-#6 #7 #8${#4/#5/#6\space }

\ProvidesFile{md-frame-3.mdf}[\md@frameIIIdate@svn$Id: md-frame-3.mdf 105 2010-12-22 16:50:44Z marco $ \mdversion: \mdframedIIIpackagename]

\def\md@ptlength@to@pscode#1{\pst@number{#1} \pst@number\psxunit div}
\let\ptTps\md@ptlength@to@pscode\relax


\def\md@putbox@single{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
        \setlength\mdfboxwidth{\wd\@tempboxa}%
        \setlength\mdfboxheight{\ht\@tempboxa+\dp\@tempboxa}%
        \setlength{\mdfboundingboxheight}{%
                     \mdfboxheight%
                    +\mdf@innertopmargin@length%
                    +\mdf@innerbottommargin@length%
%                    +\mdf@middlelinewidth@length%
%                    +\mdf@middlelinewidth@length%
                  }%
         \ifbool{mdf@topline}{\addtolength{\mdfboundingboxheight}{\mdf@middlelinewidth@length}}{}%
         \ifbool{mdf@bottomline}{\addtolength{\mdfboundingboxheight}{\mdf@middlelinewidth@length}}{}%
         \setlength{\mdfboundingboxwidth}{%
                     \mdfboxwidth%
                    +\mdf@innerleftmargin@length%
                    +\mdf@innerrightmargin@length%
%                    +\mdf@middlelinewidth@length%
%                    +\mdf@middlelinewidth@length%
                  }%
       \ifbool{mdf@leftline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
       \ifbool{mdf@rightline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
       \psset{linearc=\mdf@roundcorner@length,cornersize=absolute,}%
       \expandafter\psset\expandafter{\mdf@psset@local}%
        \psset{unit=1truecm}%
        \begin{pspicture}(0,0)(\mdfboundingboxwidth,\mdfboundingboxheight)
             \ifboolexpr{     bool {mdf@topline} and bool {mdf@bottomline}
                          and bool {mdf@leftline} and bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                      \psframe[linewidth=\mdf@middlelinewidth@length,
                               linecolor=\mdf@linecolor,
                                cornersize=absolute,
                                fillstyle=none,]%
                          (0,0)(\mdfboundingboxwidth,\mdfboundingboxheight)%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%
             \ifboolexpr{     bool {mdf@topline} and bool {mdf@bottomline}
                          and not (bool {mdf@leftline}) and bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! 0  %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! 0  %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       \rput(!\ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add  %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                      }{}%
              \ifboolexpr{     bool {mdf@topline} and bool {mdf@bottomline}
                          and bool {mdf@leftline} and not( bool {mdf@rightline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                     }{}% 
               \ifboolexpr{   not(  bool {mdf@topline}) and bool {mdf@bottomline}
                          and bool {mdf@leftline} and  bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%  
                      \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%     
                \ifboolexpr{  bool {mdf@topline} and not (bool {mdf@bottomline})
                          and bool {mdf@leftline} and  bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                           0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add  %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add  %Y-Koord
                       )%  
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                           0 %Y-Koord
                       )%
                      \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                     }{}% 
                 \ifboolexpr{ not( bool {mdf@topline}) and not (bool {mdf@bottomline})
                          and bool {mdf@leftline} and  bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                           0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}
                       )%
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%  
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                           0 %Y-Koord
                       )%
                      \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%    
             \ifboolexpr{     bool {mdf@topline} and bool {mdf@bottomline}
                          and not (bool {mdf@leftline}) and not(bool {mdf@rightline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! 0  %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! 0  %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       \rput(!\ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add  %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                      }{}%
              \ifboolexpr{ not( bool {mdf@topline}) and not (bool {mdf@bottomline})
                          and bool {mdf@leftline} and  not( bool {mdf@rightline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                           0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}
                       )%
                      \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%    
              \ifboolexpr{ not( bool {mdf@topline}) and not (bool {mdf@bottomline})
                          and not(bool {mdf@leftline}) and  bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (!0 0)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%  
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                           0 %Y-Koord
                       )%
                      \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                     }{}% 
             \ifboolexpr{    not( bool {mdf@topline}) and bool {mdf@bottomline}
                          and not (bool {mdf@leftline}) and not(bool {mdf@rightline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! 0  %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       \rput(!\ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add  %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                      }{}%
              \ifboolexpr{     bool {mdf@topline} and not (bool {mdf@bottomline})
                          and not (bool {mdf@leftline}) and not(bool {mdf@rightline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! 0  %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       \rput(!\ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add  %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                      }{}%  \psgrid
        \end{pspicture}%
     }%
}






\def\md@putbox@first{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
        \setlength\mdfboxwidth{\wd\tw@}%
        \setlength\mdfboxheight{\ht\tw@+\dp\tw@}%
        \setlength{\mdfboundingboxheight}{%
                    +\mdfboxheight%
                    +\mdf@innertopmargin@length%
                    +\mdf@splitbottomskip@length%
                  }%
         \ifbool{mdf@topline}{\addtolength{\mdfboundingboxheight}{\mdf@middlelinewidth@length}}{}%
         \setlength{\mdfboundingboxwidth}{%
                    +\mdf@innerleftmargin@length%
                    +\mdfboxwidth
                    +\mdf@innerrightmargin@length%
                  }%
         \ifbool{mdf@leftline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \ifbool{mdf@rightline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \psset{linearc=\mdf@roundcorner@length}%
         \expandafter\psset\expandafter{\mdf@psset@local}%
         \psset{unit=1truecm}%
         \ifdimgreater{\mdfboundingboxheight}{\vsize}
                {\begin{pspicture}(0,0)(\mdfboundingboxwidth,\vsize)}
                {\begin{pspicture}(0,0)(\mdfboundingboxwidth,\mdfboundingboxheight)}
              \ifboolexpr{     bool {mdf@topline} and bool {mdf@rightline}
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}%
              \ifboolexpr{    not( bool {mdf@topline}) and bool {mdf@rightline}
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}%       
               \ifboolexpr{    not( bool {mdf@topline}) and not(bool {mdf@rightline})
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}%  
               \ifboolexpr{    not( bool {mdf@topline}) and bool {mdf@rightline}
                          and not( bool {mdf@leftline} )
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       \rput(!\ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}%              
               \ifboolexpr{     bool {mdf@topline} and not(bool {mdf@rightline})
                          and not(bool {mdf@leftline} )
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! 0 %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}% 
                \ifboolexpr{    not(bool {mdf@topline}) and not(bool {mdf@rightline})
                          and not(bool {mdf@leftline} )
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}%  
           \end{pspicture}%
     }%
}



\def\md@putbox@middle{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
        \setlength\mdfboxwidth{\wd\tw@}%
        \setlength\mdfboxheight{\ht\tw@+\dp\tw@}%
        \setlength{\mdfboundingboxheight}{%
                    +\mdfboxheight%
                    +\mdf@splitbottomskip@length%
                  }%
         \setlength{\mdfboundingboxwidth}{%
                    +\mdf@innerleftmargin@length%
                    +\mdfboxwidth%
                    +\mdf@innerrightmargin@length%
                  }%
         \ifbool{mdf@leftline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \ifbool{mdf@rightline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \expandafter\psset\expandafter{\mdf@psset@local}%
         \psset{linearc=\mdf@roundcorner@length}%
         \psset{unit=1truecm}%
         \ifdimgreater{\mdfboundingboxheight}{\vsize}
                {\begin{pspicture}(0,0)(\mdfboundingboxwidth,\vsize)}
                {\begin{pspicture}(0,0)(\mdfboundingboxwidth,\mdfboundingboxheight)}
              \ifboolexpr{    bool {mdf@rightline} and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}  %Y-Koord
                       )%
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\tw@}
                     }{}%
               \ifboolexpr{    bool {mdf@rightline} and not(bool {mdf@leftline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\tw@}
                     }{}%  
               \ifboolexpr{   not( bool {mdf@rightline})  and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}  %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\tw@}
                     }{}%                    
                \ifboolexpr{(
                             not(bool {mdf@rightline}) and not(bool {mdf@leftline})
                             and bool {mdf@topline} and not( bool {mdf@bottomline})
                             )
                             or
                             (
                             not(bool {mdf@rightline}) and not(bool {mdf@leftline})
                             and not (bool {mdf@topline}) and not( bool {mdf@bottomline})
                             )
                             or
                             (
                             not(bool {mdf@rightline}) and not(bool {mdf@leftline})
                             and not (bool {mdf@topline}) and bool {mdf@bottomline}
                             )
                              or
                             (
                             not(bool {mdf@rightline}) and not(bool {mdf@leftline})
                             and bool {mdf@topline} and bool {mdf@bottomline}
                             )  
                       }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\tw@}
                     }{}%  
       \end{pspicture}%
     }%
}

\def\md@putbox@second{
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
        \setlength\mdfboxwidth{\wd\@tempboxa}%
        \setlength\mdfboxheight{\ht\@tempboxa+\dp\@tempboxa}%
        \setlength{\mdfboundingboxheight}{%
                    +\mdfboxheight%
                    +\mdf@innerbottommargin@length%
                  }%
         \ifbool{mdf@bottomline}{\addtolength{\mdfboundingboxheight}{\mdf@middlelinewidth@length}}{}%
         \setlength{\mdfboundingboxwidth}{%
                    +\mdf@innerleftmargin@length%
                    +\mdfboxwidth
                    +\mdf@innerrightmargin@length%
                  }%
         \ifbool{mdf@leftline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \ifbool{mdf@rightline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \expandafter\psset\expandafter{\mdf@psset@local}
         \psset{linearc=\mdf@roundcorner@length}%
         \psset{unit=1truecm}%
         \begin{pspicture}(0,0)(\mdfboundingboxwidth,\mdfboundingboxheight)
              \ifboolexpr{     bool {mdf@bottomline} and bool {mdf@rightline}
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%
               \ifboolexpr{   not( bool {mdf@bottomline}) and bool {mdf@rightline}
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%                    
               \ifboolexpr{   not( bool {mdf@bottomline}) and not(bool {mdf@rightline})
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%  
               \ifboolexpr{   not( bool {mdf@bottomline}) and bool {mdf@rightline}
                          and not(bool {mdf@leftline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%  
               \ifboolexpr{  bool {mdf@bottomline} and not(bool {mdf@rightline})
                          and not(bool {mdf@leftline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! 0 %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%  
                \ifboolexpr{  not(bool {mdf@bottomline}) and not(bool {mdf@rightline})
                          and not(bool {mdf@leftline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%  
       \end{pspicture}%
     }%
}

\endinput
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%eof
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%eof







main/utf8plain.def

%%
%% This is file `utf8.def',
%% generated with the docstrip utility.
%%
%% The original source files were:
%%
%% utf8ienc.dtx  (with options: `utf8')
%% 
%% This is a generated file.
%% 
%% Copyright 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
%% The LaTeX3 Project and any individual authors listed elsewhere
%% in this file.
%% 
%% This file was generated from file(s) of the LaTeX base system.
%% --------------------------------------------------------------
%% 
%% It may be distributed and/or modified under the
%% conditions of the LaTeX Project Public License, either version 1.3c
%% of this license or (at your option) any later version.
%% The latest version of this license is in
%%    http://www.latex-project.org/lppl.txt
%% and version 1.3c or later is part of all distributions of LaTeX
%% version 2005/12/01 or later.
%% 
%% This file has the LPPL maintenance status "maintained".
%% 
%% This file may only be distributed together with a copy of the LaTeX
%% base system. You may however distribute the LaTeX base system without
%% such generated files.
%% 
%% The list of all files belonging to the LaTeX base distribution is
%% given in the file `manifest.txt'. See also `legal.txt' for additional
%% information.
%% 
%% The list of derived (unpacked) files belonging to the distribution
%% and covered by LPPL is defined by the unpacking scripts (with
%% extension .ins) which are part of the distribution.
\ProvidesFile{utf8.def}
   [2008/04/05 v1.1m UTF-8 support for inputenc]
\makeatletter
\catcode`\ \saved@space@catcode
\def\UTFviii@two@octets#1#2{\expandafter
    \UTFviii@defined\csname u8:#1\string#2\endcsname}
\def\UTFviii@three@octets#1#2#3{\expandafter
    \UTFviii@defined\csname u8:#1\string#2\string#3\endcsname}
\def\UTFviii@four@octets#1#2#3#4{\expandafter
    \UTFviii@defined\csname u8:#1\string#2\string#3\string#4\endcsname}
\def\UTFviii@defined#1{%
  \ifx#1\relax
      \PackageError{inputenc}{Unicode\space char\space \string#1\space
                              not\space set\space up\space
                              for\space use\space with\space LaTeX}\@eha
  \else\expandafter
    #1%
  \fi
}
\begingroup
\catcode`\~13
\catcode`\"12
\def\UTFviii@loop{%
  \uccode`\~\count@
  \uppercase\expandafter{\UTFviii@tmp}%
  \advance\count@\@ne
  \ifnum\count@<\@tempcnta
  \expandafter\UTFviii@loop
  \fi}
    \count@"C2
    \@tempcnta"E0
    \def\UTFviii@tmp{\xdef~{\noexpand\UTFviii@two@octets\string~}}
\UTFviii@loop
    \count@"E0
    \@tempcnta"F0
    \def\UTFviii@tmp{\xdef~{\noexpand\UTFviii@three@octets\string~}}
\UTFviii@loop
    \count@"F0
    \@tempcnta"F4
    \def\UTFviii@tmp{\xdef~{\noexpand\UTFviii@four@octets\string~}}
\UTFviii@loop
\endgroup
\@inpenc@test
\ifx\@begindocumenthook\@undefined
  \makeatother
  \endinput \fi
\begingroup
\catcode`\"=12
\catcode`\<=12
\catcode`\.=12
\catcode`\,=12
\catcode`\;=12
\catcode`\!=12
\catcode`\~=13
\gdef\DeclareUnicodeCharacter#1#2{%
   \count@"#1\relax
   \wlog{ \space\space defining Unicode char U+#1 (decimal \the\count@)}%
   \begingroup
    \parse@XML@charref
    \def\UTFviii@two@octets##1##2{\csname u8:##1\string##2\endcsname}%
    \def\UTFviii@three@octets##1##2##3{\csname u8:##1%
                                     \string##2\string##3\endcsname}%
    \def\UTFviii@four@octets##1##2##3##4{\csname u8:##1%
                           \string##2\string##3\string##4\endcsname}%
    \expandafter\expandafter\expandafter
    \expandafter\expandafter\expandafter
    \expandafter
     \gdef\UTFviii@tmp{\IeC{#2}}%
   \endgroup
}
\gdef\parse@XML@charref{%
  \ifnum\count@<"A0\relax
     \PackageError{inputenc}{Cannot\space define\space Unicode\space
                             char\space value\space <\space 00A0}\@eha
  \else\ifnum\count@<"800\relax
     \parse@UTFviii@a,%
     \parse@UTFviii@b C\UTFviii@two@octets.,%
  \else\ifnum\count@<"10000\relax
     \parse@UTFviii@a;%
     \parse@UTFviii@a,%
     \parse@UTFviii@b E\UTFviii@three@octets.{,;}%
   \else
     \parse@UTFviii@a;%
     \parse@UTFviii@a,%
     \parse@UTFviii@a!%
     \parse@UTFviii@b F\UTFviii@four@octets.{!,;}%
    \fi
    \fi
  \fi
}
\gdef\parse@UTFviii@a#1{%
     \@tempcnta\count@
     \divide\count@ 64
     \@tempcntb\count@
     \multiply\count@ 64
     \advance\@tempcnta-\count@
     \advance\@tempcnta 128
     \uccode`#1\@tempcnta
     \count@\@tempcntb}
\gdef\parse@UTFviii@b#1#2#3#4{%
     \advance\count@ "#10\relax
     \uccode`#3\count@
     \uppercase{\gdef\UTFviii@tmp{#2#3#4}}}
\endgroup
\@onlypreamble\DeclareUnicodeCharacter
\@onlypreamble\parse@XML@charref
\@onlypreamble\parse@UTFviii@a
\@onlypreamble\parse@UTFviii@b
\begingroup
  \def\cdp@elt#1#2#3#4{%
    \wlog{Now handling font encoding #1 ...}%
    \lowercase{%
        \InputIfFileExists{utf8plain.dfu}}%
           {\wlog{... processing UTF-8 mapping file for font %
                     encoding #1}%
            \catcode`\ 9\relax}%
          {\wlog{... no UTF-8 mapping file for font encoding #1}}%
  }
  \cdp@list
\endgroup
\def\DeclareFontEncoding@#1#2#3{%
  \expandafter
  \ifx\csname T@#1\endcsname\relax
    \def\cdp@elt{\noexpand\cdp@elt}%
    \xdef\cdp@list{\cdp@list\cdp@elt{#1}%
                    {\default@family}{\default@series}%
                    {\default@shape}}%
    \expandafter\let\csname#1-cmd\endcsname\@changed@cmd
    \begingroup
      \wlog{Now handling font encoding #1 ...}%
      \lowercase{%
        \InputIfFileExists{utf8plainenc.dfu}}%
           {\wlog{... processing UTF-8 mapping file for font %
                      encoding #1}}%
           {\wlog{... no UTF-8 mapping file for font encoding #1}}%
    \endgroup
  \else
     \@font@info{Redeclaring font encoding #1}%
  \fi
  \global\@namedef{T@#1}{#2}%
  \global\@namedef{M@#1}{\default@M#3}%
  \xdef\LastDeclaredEncoding{#1}%
  }
\DeclareUnicodeCharacter{00A9}{\textcopyright}
\DeclareUnicodeCharacter{00AA}{\textordfeminine}
\DeclareUnicodeCharacter{00AE}{\textregistered}
\DeclareUnicodeCharacter{00BA}{\textordmasculine}
\DeclareUnicodeCharacter{02C6}{\textasciicircum}
\DeclareUnicodeCharacter{02DC}{\textasciitilde}
\DeclareUnicodeCharacter{200C}{\textcompwordmark}
\DeclareUnicodeCharacter{2026}{\textellipsis}
\DeclareUnicodeCharacter{2122}{\texttrademark}
\DeclareUnicodeCharacter{2423}{\textvisiblespace}

\endinput
%%
%% End of file `utf8.def'.
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headers/babel.tex

\usepackage[english]{babel}
\newcommand{\mychapterbabel}{Chapter}
\newcommand{\mypagebabel}{on page}
\newcommand{\myfigurebabel}{Figure}
\newcommand{\mylangbabel}{english}







headers/commands.tex

% Syntax Highlightling

%\DefineShortVerb[commandchars=\\\{\}]{\|}
\DefineVerbatimEnvironment{Highlighting}{Verbatim}{commandchars=\\\{\}}
% Add ',fontsize=\small' for more characters per line
\newenvironment{Shaded}{\begin{scriptsize}}{\end{scriptsize}}
\newcommand{\KeywordTok}[1]{\textbf{{#1}}}
\newcommand{\DataTypeTok}[1]{\underline{{#1}}}
\newcommand{\DecValTok}[1]{{#1}}
\newcommand{\BaseNTok}[1]{{#1}}
\newcommand{\FloatTok}[1]{{#1}}
\newcommand{\CharTok}[1]{{#1}}
\newcommand{\StringTok}[1]{{#1}}
\newcommand{\CommentTok}[1]{\textit{{#1}}}
\newcommand{\OtherTok}[1]{{#1}}
\newcommand{\AlertTok}[1]{\textbf{{#1}}}
\newcommand{\FunctionTok}[1]{{#1}}
\newcommand{\RegionMarkerTok}[1]{{#1}}
\newcommand{\ErrorTok}[1]{\textbf{{#1}}}
\newcommand{\NormalTok}[1]{{#1}}
\newcommand{\myfigurewithoutcaption}[1]{{\bfseries \myfigurebabel{ }#1}}
\newcommand{\myfigurewithcaption}[2]{{\bfseries \myfigurebabel{ }#1{\quad}}#2}

% Definition der Fussnoten
% ------------------------
%\KOMAoptions{footnotes=multiple}


\DeclareTextSymbol{\textlongs}{TS1}{115} 

\deffootnote[2.2em]{2.2em}{0em}{\makebox[2.2em][l]{\thefootnotemark}}

\newcommand{\badchar}[1]
{\textbf{?}}


\newcommand{\myplainurl}[1]
{{\ttfamily  \url{#1}}}


\newcommand{\myfnhref}[2]
{{#2} \^{}{\{\ttfamily  \url{#1}\}} }

\newcommand{\mymchref}[2]
{}


\newcommand{\mytabhref}[2]
{{#2}\protect\footnote{\ttfamily \url{#1} }}
%{\textsc{#2}}


\newcommand{\myfnlref}[2]
{{#2} \^{}\{\mychapterbabel \ref{#1} \mypagebabel {$\text{}$} \pageref{#1}\}}

\newlength{\fnwidth}
\setlength{\fnwidth}{\linewidth}
\addtolength{\fnwidth}{-10mm}

\newcommand{\myhref}[2]
{{#2}\protect\footnote{    \begin{minipage}{\fnwidth} \ttfamily \url{#1}  \end{minipage}}} 

\newcommand{\mylref}[2]
{{#2}\protect\footnote{\mychapterbabel {$\text{}$} \ref{#1} \mypagebabel {$\text{}$} \pageref{#1}}}

\newcommand{\myfnsref}[2]
{\text{#2} \^{}\{\text{#1} \}}

\newcommand{\mysref}[2]
{\text{#2}\protect\footnote{#1}}

\newcommand{\TickYes}{\checkmark}


% Kompatibilität, damit myfootnote nichts ins Leere läuft
\newcommand{\myfootnote}[1]
%{\footnote{\quad{}#1}}
{\footnote{#1}}


% Auflistungen
% ------------
% Standardvorschlag für itemize
%\newenvironment{myitemize}{\begin{itemize}}{\end{itemize}}
%\newenvironment{myenumerate}{\begin{enumerate}}{\end{enumerate}}
\newenvironment{myquote}{\begin{itemize}[{}]}{\end{itemize}}
\newenvironment{myblockquote}{\begin{itemize}[{\quad}]}{\end{itemize}}

\newenvironment{mydescription}{

\begin{inparablank}}{\end{inparablank}} 
% Alternativen ohne Einrückung
\newenvironment{myitemize}{\begin{compactitem}[\textbullet]}{\end{compactitem}}
\newenvironment{myenumerate}{\begin{compactenum}}{\end{compactenum}}

% einige weitere Festlegungen
% ---------------------------
% \breakslash is used for URLs to allow linebreaking
\newcommand{\mybreakslash}{\discretionary{/}{}{/}}

\newlength{\mylength}
\newlength{\myhight}
\newlength{\myshadingheight}
\newcommand{\myoverline}[1]
{\settowidth{\mylength}{#1} \settoheight{\myhight}{#1}
\makebox[-3pt][l]{#1}
\rule[\myhight+1pt]{\mylength}{0.15mm}}

% Teile von Büchern
\newcommand{\mypart}[1]
%{\part{#1}}
{\addtocontents{toc}{\protect\vspace{7.5mm} \textbf{\Large {#1}}}}

% minitoc vorbereiten, aber standardmäßig unterdrücken
\newcommand{\myminitoc}{}

% Haupttitel
% ----------
%\newcommand{\mymaintitle}[1]
%{\definecolor{shadecolor}{gray}{0.9}\begin{shaded}
%\begin{center}
%\Huge \bfseries 
%#1 
%\end{center}
%\end{shaded}}

%\newcommand{\mysubtitle}[1]
%{\begin{center}
%\LARGE \bfseries 
%#1
%\end{center}}

\newcommand{\mysubtitle}[1]{\subtitle{#1}}
\newcommand{\mymaintitle}[1]{\title{#1}}
\newcommand{\myauthor}[1]{\author{#1}}


% Metadaten
% ---------
\newcommand{\fetchurlcaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Adresse der elektronischen Ressource zur Abholung (O)}.}{URL zur Abholung}}

\newcommand{\bookcaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Adresse der elektronischen Ressource (O)}.}{Buch (Hauptseite)}}

\newcommand{\functionalgroupcaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Angaben zum Inhalt: DDC-Sachgruppe der Deutschen Nationalbibliografie oder Warengruppen-Systematik des Deutschen Buchhandels (O)}.}{Sachgruppe(n)} }

\newcommand{\futhertopicscaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Angaben zum Inhalt: weitere Klassifikationen / Thesauri (F)}.}{Weitere Themen}}

\newcommand{\mainauthorscaption}[0]
{Hauptautor(en)}

\newcommand{\projecttexniciancaption}[0]
{Betreuer}

\newcommand{\organizationscaptions}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Beteiligte Organisationen (F)}.}{Organisation(en)}}

\newcommand{\datecaption}[0]
{Erscheinungsdatum}

\newcommand{\issuecaption}[0]
{Ausgabebezeichnung}

\newcommand{\standardcodecaption}[0]
{Standardnummer }

\newcommand{\maintitlecaption}[0]
{Haupttitel}

\newcommand{\publishercaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Verlag / Verlegende Stelle (O)}.}{Verlegende Stelle} }

\newcommand{\publishercitycaption}[0]
{Verlagsort}

\newcommand{\shelfcaption}[0]
{Wikibooks-Regal}

\newcommand{\sizecaption}[0]
{Umfang}


\newcommand{\Alpha}{\mathrm{A}}
\newcommand{\Beta}{\mathrm{B}}
\newcommand{\Epsilon}{\mathrm{E}}
\newcommand{\Zeta}{\mathrm{Z}}
\newcommand{\Eta}{\mathrm{H}}
\newcommand{\Iota}{\mathrm{I}}
\newcommand{\Kappa}{\mathrm{K}}
\newcommand{\Mu}{\mathrm{M}}
\newcommand{\Nu}{\mathrm{N}}
\newcommand{\Rho}{\mathrm{P}}
\newcommand{\Tau}{\mathrm{T}}
\newcommand{\Chi}{\mathrm{X}}













headers/defaultcolors.tex

\definecolor{AliceBlue}{rgb}{0.941176470588,0.972549019608,1.0}
\definecolor{aliceblue}{rgb}{0.941176470588,0.972549019608,1.0}
\definecolor{AntiqueWhite}{rgb}{0.980392156863,0.921568627451,0.843137254902}
\definecolor{antiquewhite}{rgb}{0.980392156863,0.921568627451,0.843137254902}
\definecolor{Aqua}{rgb}{0.0,1.0,1.0}
\definecolor{aqua}{rgb}{0.0,1.0,1.0}
\definecolor{Aquamarine}{rgb}{0.498039215686,1.0,0.83137254902}
\definecolor{aquamarine}{rgb}{0.498039215686,1.0,0.83137254902}
\definecolor{Azure}{rgb}{0.941176470588,1.0,1.0}
\definecolor{azure}{rgb}{0.941176470588,1.0,1.0}
\definecolor{Beige}{rgb}{0.960784313725,0.960784313725,0.862745098039}
\definecolor{beige}{rgb}{0.960784313725,0.960784313725,0.862745098039}
\definecolor{Bisque}{rgb}{1.0,0.894117647059,0.76862745098}
\definecolor{bisque}{rgb}{1.0,0.894117647059,0.76862745098}
\definecolor{Black}{rgb}{0.0,0.0,0.0}
\definecolor{black}{rgb}{0.0,0.0,0.0}
\definecolor{BlanchedAlmond}{rgb}{1.0,0.921568627451,0.803921568627}
\definecolor{blanchedalmond}{rgb}{1.0,0.921568627451,0.803921568627}
\definecolor{Blue}{rgb}{0.0,0.0,1.0}
%\definecolor{blue}{rgb}{0.0,0.0,1.0}
\definecolor{BlueViolet}{rgb}{0.541176470588,0.16862745098,0.886274509804}
\definecolor{blueviolet}{rgb}{0.541176470588,0.16862745098,0.886274509804}
\definecolor{Brown}{rgb}{0.647058823529,0.164705882353,0.164705882353}
\definecolor{brown}{rgb}{0.647058823529,0.164705882353,0.164705882353}
\definecolor{BurlyWood}{rgb}{0.870588235294,0.721568627451,0.529411764706}
\definecolor{burlywood}{rgb}{0.870588235294,0.721568627451,0.529411764706}
\definecolor{CadetBlue}{rgb}{0.372549019608,0.619607843137,0.627450980392}
\definecolor{cadetblue}{rgb}{0.372549019608,0.619607843137,0.627450980392}
\definecolor{Chartreuse}{rgb}{0.498039215686,1.0,0.0}
\definecolor{chartreuse}{rgb}{0.498039215686,1.0,0.0}
\definecolor{Chocolate}{rgb}{0.823529411765,0.411764705882,0.117647058824}
\definecolor{chocolate}{rgb}{0.823529411765,0.411764705882,0.117647058824}
\definecolor{Coral}{rgb}{1.0,0.498039215686,0.313725490196}
\definecolor{coral}{rgb}{1.0,0.498039215686,0.313725490196}
\definecolor{CornflowerBlue}{rgb}{0.392156862745,0.58431372549,0.929411764706}
\definecolor{cornflowerblue}{rgb}{0.392156862745,0.58431372549,0.929411764706}
\definecolor{Cornsilk}{rgb}{1.0,0.972549019608,0.862745098039}
\definecolor{cornsilk}{rgb}{1.0,0.972549019608,0.862745098039}
\definecolor{Crimson}{rgb}{0.862745098039,0.078431372549,0.235294117647}
\definecolor{crimson}{rgb}{0.862745098039,0.078431372549,0.235294117647}
\definecolor{Cyan}{rgb}{0.0,1.0,1.0}
%\definecolor{cyan}{rgb}{0.0,1.0,1.0}
\definecolor{DarkBlue}{rgb}{0.0,0.0,0.545098039216}
\definecolor{darkblue}{rgb}{0.0,0.0,0.545098039216}
\definecolor{DarkCyan}{rgb}{0.0,0.545098039216,0.545098039216}
\definecolor{darkcyan}{rgb}{0.0,0.545098039216,0.545098039216}
\definecolor{DarkGoldenRod}{rgb}{0.721568627451,0.525490196078,0.043137254902}
\definecolor{darkgoldenrod}{rgb}{0.721568627451,0.525490196078,0.043137254902}
\definecolor{DarkGray}{rgb}{0.662745098039,0.662745098039,0.662745098039}
\definecolor{darkgray}{rgb}{0.662745098039,0.662745098039,0.662745098039}
\definecolor{DarkGreen}{rgb}{0.0,0.392156862745,0.0}
\definecolor{darkgreen}{rgb}{0.0,0.392156862745,0.0}
\definecolor{DarkKhaki}{rgb}{0.741176470588,0.717647058824,0.419607843137}
\definecolor{darkkhaki}{rgb}{0.741176470588,0.717647058824,0.419607843137}
\definecolor{DarkMagenta}{rgb}{0.545098039216,0.0,0.545098039216}
\definecolor{darkmagenta}{rgb}{0.545098039216,0.0,0.545098039216}
\definecolor{DarkOliveGreen}{rgb}{0.333333333333,0.419607843137,0.18431372549}
\definecolor{darkolivegreen}{rgb}{0.333333333333,0.419607843137,0.18431372549}
\definecolor{Darkorange}{rgb}{1.0,0.549019607843,0.0}
\definecolor{darkorange}{rgb}{1.0,0.549019607843,0.0}
\definecolor{DarkOrchid}{rgb}{0.6,0.196078431373,0.8}
\definecolor{darkorchid}{rgb}{0.6,0.196078431373,0.8}
\definecolor{DarkRed}{rgb}{0.545098039216,0.0,0.0}
\definecolor{darkred}{rgb}{0.545098039216,0.0,0.0}
\definecolor{DarkSalmon}{rgb}{0.913725490196,0.588235294118,0.478431372549}
\definecolor{darksalmon}{rgb}{0.913725490196,0.588235294118,0.478431372549}
\definecolor{DarkSeaGreen}{rgb}{0.560784313725,0.737254901961,0.560784313725}
\definecolor{darkseagreen}{rgb}{0.560784313725,0.737254901961,0.560784313725}
\definecolor{DarkSlateBlue}{rgb}{0.282352941176,0.239215686275,0.545098039216}
\definecolor{darkslateblue}{rgb}{0.282352941176,0.239215686275,0.545098039216}
\definecolor{DarkSlateGray}{rgb}{0.18431372549,0.309803921569,0.309803921569}
\definecolor{darkslategray}{rgb}{0.18431372549,0.309803921569,0.309803921569}
\definecolor{DarkTurquoise}{rgb}{0.0,0.807843137255,0.819607843137}
\definecolor{darkturquoise}{rgb}{0.0,0.807843137255,0.819607843137}
\definecolor{DarkViolet}{rgb}{0.580392156863,0.0,0.827450980392}
\definecolor{darkviolet}{rgb}{0.580392156863,0.0,0.827450980392}
\definecolor{DeepPink}{rgb}{1.0,0.078431372549,0.576470588235}
\definecolor{deeppink}{rgb}{1.0,0.078431372549,0.576470588235}
\definecolor{DeepSkyBlue}{rgb}{0.0,0.749019607843,1.0}
\definecolor{deepskyblue}{rgb}{0.0,0.749019607843,1.0}
\definecolor{DimGray}{rgb}{0.411764705882,0.411764705882,0.411764705882}
\definecolor{dimgray}{rgb}{0.411764705882,0.411764705882,0.411764705882}
\definecolor{DodgerBlue}{rgb}{0.117647058824,0.564705882353,1.0}
\definecolor{dodgerblue}{rgb}{0.117647058824,0.564705882353,1.0}
\definecolor{FireBrick}{rgb}{0.698039215686,0.133333333333,0.133333333333}
\definecolor{firebrick}{rgb}{0.698039215686,0.133333333333,0.133333333333}
\definecolor{FloralWhite}{rgb}{1.0,0.980392156863,0.941176470588}
\definecolor{floralwhite}{rgb}{1.0,0.980392156863,0.941176470588}
\definecolor{ForestGreen}{rgb}{0.133333333333,0.545098039216,0.133333333333}
\definecolor{forestgreen}{rgb}{0.133333333333,0.545098039216,0.133333333333}
\definecolor{Fuchsia}{rgb}{1.0,0.0,1.0}
\definecolor{fuchsia}{rgb}{1.0,0.0,1.0}
\definecolor{Gainsboro}{rgb}{0.862745098039,0.862745098039,0.862745098039}
\definecolor{gainsboro}{rgb}{0.862745098039,0.862745098039,0.862745098039}
\definecolor{GhostWhite}{rgb}{0.972549019608,0.972549019608,1.0}
\definecolor{ghostwhite}{rgb}{0.972549019608,0.972549019608,1.0}
\definecolor{Gold}{rgb}{1.0,0.843137254902,0.0}
\definecolor{gold}{rgb}{1.0,0.843137254902,0.0}
\definecolor{GoldenRod}{rgb}{0.854901960784,0.647058823529,0.125490196078}
\definecolor{goldenrod}{rgb}{0.854901960784,0.647058823529,0.125490196078}
\definecolor{Gray}{rgb}{0.501960784314,0.501960784314,0.501960784314}
\definecolor{gray}{rgb}{0.501960784314,0.501960784314,0.501960784314}
\definecolor{Green}{rgb}{0.0,0.501960784314,0.0}
%\definecolor{green}{rgb}{0.0,0.501960784314,0.0}
\definecolor{GreenYellow}{rgb}{0.678431372549,1.0,0.18431372549}
\definecolor{greenyellow}{rgb}{0.678431372549,1.0,0.18431372549}
\definecolor{HoneyDew}{rgb}{0.941176470588,1.0,0.941176470588}
\definecolor{honeydew}{rgb}{0.941176470588,1.0,0.941176470588}
\definecolor{HotPink}{rgb}{1.0,0.411764705882,0.705882352941}
\definecolor{hotpink}{rgb}{1.0,0.411764705882,0.705882352941}
\definecolor{IndianRed}{rgb}{0.803921568627,0.360784313725,0.360784313725}
\definecolor{indianred}{rgb}{0.803921568627,0.360784313725,0.360784313725}
\definecolor{Indigo}{rgb}{0.294117647059,0.0,0.509803921569}
\definecolor{indigo}{rgb}{0.294117647059,0.0,0.509803921569}
\definecolor{Ivory}{rgb}{1.0,1.0,0.941176470588}
\definecolor{ivory}{rgb}{1.0,1.0,0.941176470588}
\definecolor{Khaki}{rgb}{0.941176470588,0.901960784314,0.549019607843}
\definecolor{khaki}{rgb}{0.941176470588,0.901960784314,0.549019607843}
\definecolor{Lavender}{rgb}{0.901960784314,0.901960784314,0.980392156863}
\definecolor{lavender}{rgb}{0.901960784314,0.901960784314,0.980392156863}
\definecolor{LavenderBlush}{rgb}{1.0,0.941176470588,0.960784313725}
\definecolor{lavenderblush}{rgb}{1.0,0.941176470588,0.960784313725}
\definecolor{LawnGreen}{rgb}{0.486274509804,0.988235294118,0.0}
\definecolor{lawngreen}{rgb}{0.486274509804,0.988235294118,0.0}
\definecolor{LemonChiffon}{rgb}{1.0,0.980392156863,0.803921568627}
\definecolor{lemonchiffon}{rgb}{1.0,0.980392156863,0.803921568627}
\definecolor{LightBlue}{rgb}{0.678431372549,0.847058823529,0.901960784314}
\definecolor{lightblue}{rgb}{0.678431372549,0.847058823529,0.901960784314}
\definecolor{LightCoral}{rgb}{0.941176470588,0.501960784314,0.501960784314}
\definecolor{lightcoral}{rgb}{0.941176470588,0.501960784314,0.501960784314}
\definecolor{LightCyan}{rgb}{0.878431372549,1.0,1.0}
\definecolor{lightcyan}{rgb}{0.878431372549,1.0,1.0}
\definecolor{LightGoldenRodYellow}{rgb}{0.980392156863,0.980392156863,0.823529411765}
\definecolor{lightgoldenrodyellow}{rgb}{0.980392156863,0.980392156863,0.823529411765}
\definecolor{LightGrey}{rgb}{0.827450980392,0.827450980392,0.827450980392}
\definecolor{lightgrey}{rgb}{0.827450980392,0.827450980392,0.827450980392}
\definecolor{LightGreen}{rgb}{0.564705882353,0.933333333333,0.564705882353}
\definecolor{lightgreen}{rgb}{0.564705882353,0.933333333333,0.564705882353}
\definecolor{LightPink}{rgb}{1.0,0.713725490196,0.756862745098}
\definecolor{lightpink}{rgb}{1.0,0.713725490196,0.756862745098}
\definecolor{LightSalmon}{rgb}{1.0,0.627450980392,0.478431372549}
\definecolor{lightsalmon}{rgb}{1.0,0.627450980392,0.478431372549}
\definecolor{LightSeaGreen}{rgb}{0.125490196078,0.698039215686,0.666666666667}
\definecolor{lightseagreen}{rgb}{0.125490196078,0.698039215686,0.666666666667}
\definecolor{LightSkyBlue}{rgb}{0.529411764706,0.807843137255,0.980392156863}
\definecolor{lightskyblue}{rgb}{0.529411764706,0.807843137255,0.980392156863}
\definecolor{LightSlateGray}{rgb}{0.466666666667,0.533333333333,0.6}
\definecolor{lightslategray}{rgb}{0.466666666667,0.533333333333,0.6}
\definecolor{LightSteelBlue}{rgb}{0.690196078431,0.76862745098,0.870588235294}
\definecolor{lightsteelblue}{rgb}{0.690196078431,0.76862745098,0.870588235294}
\definecolor{LightYellow}{rgb}{1.0,1.0,0.878431372549}
\definecolor{lightyellow}{rgb}{1.0,1.0,0.878431372549}
\definecolor{Lime}{rgb}{0.0,1.0,0.0}
\definecolor{lime}{rgb}{0.0,1.0,0.0}
\definecolor{LimeGreen}{rgb}{0.196078431373,0.803921568627,0.196078431373}
\definecolor{limegreen}{rgb}{0.196078431373,0.803921568627,0.196078431373}
\definecolor{Linen}{rgb}{0.980392156863,0.941176470588,0.901960784314}
\definecolor{linen}{rgb}{0.980392156863,0.941176470588,0.901960784314}
\definecolor{Magenta}{rgb}{1.0,0.0,1.0}
%\definecolor{magenta}{rgb}{1.0,0.0,1.0}
\definecolor{Maroon}{rgb}{0.501960784314,0.0,0.0}
\definecolor{maroon}{rgb}{0.501960784314,0.0,0.0}
\definecolor{MediumAquaMarine}{rgb}{0.4,0.803921568627,0.666666666667}
\definecolor{mediumaquamarine}{rgb}{0.4,0.803921568627,0.666666666667}
\definecolor{MediumBlue}{rgb}{0.0,0.0,0.803921568627}
\definecolor{mediumblue}{rgb}{0.0,0.0,0.803921568627}
\definecolor{MediumOrchid}{rgb}{0.729411764706,0.333333333333,0.827450980392}
\definecolor{mediumorchid}{rgb}{0.729411764706,0.333333333333,0.827450980392}
\definecolor{MediumPurple}{rgb}{0.576470588235,0.439215686275,0.847058823529}
\definecolor{mediumpurple}{rgb}{0.576470588235,0.439215686275,0.847058823529}
\definecolor{MediumSeaGreen}{rgb}{0.235294117647,0.701960784314,0.443137254902}
\definecolor{mediumseagreen}{rgb}{0.235294117647,0.701960784314,0.443137254902}
\definecolor{MediumSlateBlue}{rgb}{0.482352941176,0.407843137255,0.933333333333}
\definecolor{mediumslateblue}{rgb}{0.482352941176,0.407843137255,0.933333333333}
\definecolor{MediumSpringGreen}{rgb}{0.0,0.980392156863,0.603921568627}
\definecolor{mediumspringgreen}{rgb}{0.0,0.980392156863,0.603921568627}
\definecolor{MediumTurquoise}{rgb}{0.282352941176,0.819607843137,0.8}
\definecolor{mediumturquoise}{rgb}{0.282352941176,0.819607843137,0.8}
\definecolor{MediumVioletRed}{rgb}{0.780392156863,0.0823529411765,0.521568627451}
\definecolor{mediumvioletred}{rgb}{0.780392156863,0.0823529411765,0.521568627451}
\definecolor{MidnightBlue}{rgb}{0.0980392156863,0.0980392156863,0.439215686275}
\definecolor{midnightblue}{rgb}{0.0980392156863,0.0980392156863,0.439215686275}
\definecolor{MintCream}{rgb}{0.960784313725,1.0,0.980392156863}
\definecolor{mintcream}{rgb}{0.960784313725,1.0,0.980392156863}
\definecolor{MistyRose}{rgb}{1.0,0.894117647059,0.882352941176}
\definecolor{mistyrose}{rgb}{1.0,0.894117647059,0.882352941176}
\definecolor{Moccasin}{rgb}{1.0,0.894117647059,0.709803921569}
\definecolor{moccasin}{rgb}{1.0,0.894117647059,0.709803921569}
\definecolor{NavajoWhite}{rgb}{1.0,0.870588235294,0.678431372549}
\definecolor{navajowhite}{rgb}{1.0,0.870588235294,0.678431372549}
\definecolor{Navy}{rgb}{0.0,0.0,0.501960784314}
\definecolor{navy}{rgb}{0.0,0.0,0.501960784314}
\definecolor{OldLace}{rgb}{0.992156862745,0.960784313725,0.901960784314}
\definecolor{oldlace}{rgb}{0.992156862745,0.960784313725,0.901960784314}
\definecolor{Olive}{rgb}{0.501960784314,0.501960784314,0.0}
\definecolor{olive}{rgb}{0.501960784314,0.501960784314,0.0}
\definecolor{OliveDrab}{rgb}{0.419607843137,0.556862745098,0.137254901961}
\definecolor{olivedrab}{rgb}{0.419607843137,0.556862745098,0.137254901961}
\definecolor{Orange}{rgb}{1.0,0.647058823529,0.0}
\definecolor{orange}{rgb}{1.0,0.647058823529,0.0}
\definecolor{OrangeRed}{rgb}{1.0,0.270588235294,0.0}
\definecolor{orangered}{rgb}{1.0,0.270588235294,0.0}
\definecolor{Orchid}{rgb}{0.854901960784,0.439215686275,0.839215686275}
\definecolor{orchid}{rgb}{0.854901960784,0.439215686275,0.839215686275}
\definecolor{PaleGoldenRod}{rgb}{0.933333333333,0.909803921569,0.666666666667}
\definecolor{palegoldenrod}{rgb}{0.933333333333,0.909803921569,0.666666666667}
\definecolor{PaleGreen}{rgb}{0.596078431373,0.98431372549,0.596078431373}
\definecolor{palegreen}{rgb}{0.596078431373,0.98431372549,0.596078431373}
\definecolor{PaleTurquoise}{rgb}{0.686274509804,0.933333333333,0.933333333333}
\definecolor{paleturquoise}{rgb}{0.686274509804,0.933333333333,0.933333333333}
\definecolor{PaleVioletRed}{rgb}{0.847058823529,0.439215686275,0.576470588235}
\definecolor{palevioletred}{rgb}{0.847058823529,0.439215686275,0.576470588235}
\definecolor{PapayaWhip}{rgb}{1.0,0.937254901961,0.835294117647}
\definecolor{papayawhip}{rgb}{1.0,0.937254901961,0.835294117647}
\definecolor{PeachPuff}{rgb}{1.0,0.854901960784,0.725490196078}
\definecolor{peachpuff}{rgb}{1.0,0.854901960784,0.725490196078}
\definecolor{Peru}{rgb}{0.803921568627,0.521568627451,0.247058823529}
\definecolor{peru}{rgb}{0.803921568627,0.521568627451,0.247058823529}
\definecolor{Pink}{rgb}{1.0,0.752941176471,0.796078431373}
\definecolor{pink}{rgb}{1.0,0.752941176471,0.796078431373}
\definecolor{Plum}{rgb}{0.866666666667,0.627450980392,0.866666666667}
\definecolor{plum}{rgb}{0.866666666667,0.627450980392,0.866666666667}
\definecolor{PowderBlue}{rgb}{0.690196078431,0.878431372549,0.901960784314}
\definecolor{powderblue}{rgb}{0.690196078431,0.878431372549,0.901960784314}
\definecolor{Purple}{rgb}{0.501960784314,0.0,0.501960784314}
\definecolor{purple}{rgb}{0.501960784314,0.0,0.501960784314}
\definecolor{Red}{rgb}{1.0,0.0,0.0}
%\definecolor{red}{rgb}{1.0,0.0,0.0}
\definecolor{RosyBrown}{rgb}{0.737254901961,0.560784313725,0.560784313725}
\definecolor{rosybrown}{rgb}{0.737254901961,0.560784313725,0.560784313725}
\definecolor{RoyalBlue}{rgb}{0.254901960784,0.411764705882,0.882352941176}
\definecolor{royalblue}{rgb}{0.254901960784,0.411764705882,0.882352941176}
\definecolor{SaddleBrown}{rgb}{0.545098039216,0.270588235294,0.0745098039216}
\definecolor{saddlebrown}{rgb}{0.545098039216,0.270588235294,0.0745098039216}
\definecolor{Salmon}{rgb}{0.980392156863,0.501960784314,0.447058823529}
\definecolor{salmon}{rgb}{0.980392156863,0.501960784314,0.447058823529}
\definecolor{SandyBrown}{rgb}{0.956862745098,0.643137254902,0.376470588235}
\definecolor{sandybrown}{rgb}{0.956862745098,0.643137254902,0.376470588235}
\definecolor{SeaGreen}{rgb}{0.180392156863,0.545098039216,0.341176470588}
\definecolor{seagreen}{rgb}{0.180392156863,0.545098039216,0.341176470588}
\definecolor{SeaShell}{rgb}{1.0,0.960784313725,0.933333333333}
\definecolor{seashell}{rgb}{1.0,0.960784313725,0.933333333333}
\definecolor{Sienna}{rgb}{0.627450980392,0.321568627451,0.176470588235}
\definecolor{sienna}{rgb}{0.627450980392,0.321568627451,0.176470588235}
\definecolor{Silver}{rgb}{0.752941176471,0.752941176471,0.752941176471}
\definecolor{silver}{rgb}{0.752941176471,0.752941176471,0.752941176471}
\definecolor{SkyBlue}{rgb}{0.529411764706,0.807843137255,0.921568627451}
\definecolor{skyblue}{rgb}{0.529411764706,0.807843137255,0.921568627451}
\definecolor{SlateBlue}{rgb}{0.41568627451,0.352941176471,0.803921568627}
\definecolor{slateblue}{rgb}{0.41568627451,0.352941176471,0.803921568627}
\definecolor{SlateGray}{rgb}{0.439215686275,0.501960784314,0.564705882353}
\definecolor{slategray}{rgb}{0.439215686275,0.501960784314,0.564705882353}
\definecolor{Snow}{rgb}{1.0,0.980392156863,0.980392156863}
\definecolor{snow}{rgb}{1.0,0.980392156863,0.980392156863}
\definecolor{SpringGreen}{rgb}{0.0,1.0,0.498039215686}
\definecolor{springgreen}{rgb}{0.0,1.0,0.498039215686}
\definecolor{SteelBlue}{rgb}{0.274509803922,0.509803921569,0.705882352941}
\definecolor{steelblue}{rgb}{0.274509803922,0.509803921569,0.705882352941}
\definecolor{Tan}{rgb}{0.823529411765,0.705882352941,0.549019607843}
\definecolor{tan}{rgb}{0.823529411765,0.705882352941,0.549019607843}
\definecolor{Teal}{rgb}{0.0,0.501960784314,0.501960784314}
\definecolor{teal}{rgb}{0.0,0.501960784314,0.501960784314}
\definecolor{Thistle}{rgb}{0.847058823529,0.749019607843,0.847058823529}
\definecolor{thistle}{rgb}{0.847058823529,0.749019607843,0.847058823529}
\definecolor{Tomato}{rgb}{1.0,0.388235294118,0.278431372549}
\definecolor{tomato}{rgb}{1.0,0.388235294118,0.278431372549}
\definecolor{Turquoise}{rgb}{0.250980392157,0.878431372549,0.81568627451}
\definecolor{turquoise}{rgb}{0.250980392157,0.878431372549,0.81568627451}
\definecolor{Violet}{rgb}{0.933333333333,0.509803921569,0.933333333333}
\definecolor{violet}{rgb}{0.933333333333,0.509803921569,0.933333333333}
\definecolor{Wheat}{rgb}{0.960784313725,0.870588235294,0.701960784314}
\definecolor{wheat}{rgb}{0.960784313725,0.870588235294,0.701960784314}
\definecolor{White}{rgb}{1.0,1.0,1.0}
%\definecolor{white}{rgb}{1.0,1.0,1.0}
\definecolor{WhiteSmoke}{rgb}{0.960784313725,0.960784313725,0.960784313725}
\definecolor{whitesmoke}{rgb}{0.960784313725,0.960784313725,0.960784313725}
\definecolor{Yellow}{rgb}{1.0,1.0,0.0}
%\definecolor{yellow}{rgb}{1.0,1.0,0.0}
\definecolor{YellowGreen}{rgb}{0.603921568627,0.803921568627,0.196078431373}
\definecolor{yellowgreen}{rgb}{0.603921568627,0.803921568627,0.196078431373}

\definecolor{shadecolor}{gray}{0.9}
\definecolor{mydarkgreen}{rgb}{0.0,0.5625,0.0} 
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\subsection{Intro: What Is Biochemistry?}

Biochemistry is the study of the chemistry of, and relating to, biological organisms. It forms a bridge between biology and chemistry by studying how complex chemical reactions and chemical structures give rise to life and life\textquotesingle{}s processes. Biochemistry is sometimes viewed as a hybrid branch of organic chemistry which specializes in the chemical processes and chemical transformations that take place inside of living organisms, but the truth is that the study of biochemistry should generally be considered neither fully \symbol{34}biology\symbol{34} nor fully \symbol{34}chemistry\symbol{34} in nature. Biochemistry incorporates everything in size between a molecule and a cell and all the interactions between them. The aim of biochemists is to describe in molecular terms the structures, mechanisms and chemical processes shared by all organisms, providing organizing principles that underlie life in all its diverse forms.
Biochemistry essentially remains the study of the structure and function of cellular components (such as enzymes and cellular organelles) and the processes carried out both on and by organic macromolecules -{} especially proteins, but also carbohydrates, lipids, nucleic acids, and other biomolecules. All life forms alive today are generally believed to have descended from a single proto-{}biotic ancestor, which could explain why all known living things naturally have similar biochemistries. Even when it comes to matters which could appear to be arbitrary -{} such as the genetic code and meanings of codons, or the \symbol{34}handedness\symbol{34} of various biomolecules -{} it is irrefutable fact that all marine and terrestrial living things demonstrate certain unchanging patterns throughout every level of organization, from family and phylum to kingdom and clade.
Biochemistry is, most simply put, the chemistry of life.
\section{Thermodynamics}


\section{Why Do Substances React?}

Chemical (and thus, biochemical) reactions only occur to a significant extent if they are energetically favorable. If the products are more stable than the reactants, then in general the reaction will, over time, tend to go forward. Ashes are more stable than wood, so once the energy of activation is supplied (e.g., by a match), the wood will burn. There are plenty of exceptions to the rule, of course, but as a rule of thumb it\textquotesingle{}s pretty safe to say that \uline{if the products of a reaction represent a more stable state, then that reaction will go in the forward direction.}
There are two factors that determine whether or not reactions changing reactants into products are considered to be {\itshape favorable}: these two factors are simply called {\bfseries enthalpy} and {\bfseries entropy}.
\subsection{Enthalpy}

Simply put, {\bfseries enthalpy} is the heat content of a substance ({\itshape H}). Most people have an intuitive understanding of what heat is... we learn as children not to touch the burners on the stove when they are glowing orange. Enthalpy is {\bfseries not} the same as that kind of heat. Enthalpy is the sum of all the internal energy of a substance\textquotesingle{}s matter plus its pressure times its volume. Enthalpy is therefore defined by the following equation:
$\text{ }$\newline{}



\begin{myquote}
\item{}{$H = U + PV \,$}
\end{myquote}


where (all units given in SI)

\begin{myitemize}
\item{}{\itshape H} is the enthalpy
\item{}{\itshape U} is the internal energy, (joules)
\item{}{\itshape P} is the pressure of the system, (Pascals)
\item{}and {\itshape V} is the volume, (cubic meters)

\end{myitemize}

$\text{ }$\newline{}

If the enthalpy of the reactants while being converted to products ends up decreasing (Δ{\itshape H} {\mbox{$<$}} 0), that means that the products have less enthalpy than the reactants and energy is released to the environment. This reaction type is termed {\itshape exothermic}. In the course of most biochemical processes there is little change in pressure or volume, so the change in enthalpy accompanying a reaction generally reflects the change in the internal energy of the system. Thus, exothermic reactions in biochemistry are processes in which the products are lower in energy than the starting materials.
As an example, consider the reaction of glucose with oxygen to give carbon dioxide and water. Strong bonds form in the products, reducing the internal energy of the system relative to the reactants. This is a highly exothermic reaction, releasing 2805 kJ of energy per mole of glucose that burns (Δ{\itshape H} = -{}2805 kJ/mol). That energy is given off as heat.
$\text{ }$\newline{}


\begin{longtable}{>{\RaggedRight}p{0.09516\linewidth}>{\RaggedRight}p{0.32599\linewidth}>{\RaggedRight}p{0.23356\linewidth}>{\RaggedRight}p{0.18457\linewidth}} 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Δ{\itshape H}}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}reactants/products}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}environment}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}favorable}\endhead  \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{\mbox{$<$}} 0&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}releases heat&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}heats up&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}yes\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{\mbox{$>$}} 0&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}gains heat&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}cools down&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}no 
\end{longtable}

\subsection{Entropy}

{\bfseries Entropy} (symbol {\itshape S}) is the measure of randomness in something. It represents the most likely of statistical possibilities of a system, so the concept has extremely broad applications. In chemistry of all types, entropy is generally considered important in determining whether or not a reaction goes forward based on the principle that a less-{}ordered system is more statistically probable than a more-{}ordered system.
What does that mean, really? Well, if the volcano Mt. Vesuvius erupted next to a Roman-{}Empire era Mediterranean city, would the volcano be more likely to destroy the city, or build a couple of skyscrapers there? It\textquotesingle{}s pretty obvious what would happen (or, rather, what {\itshape did} happen) because it makes sense to us that natural occurrences favor randomness (destruction) over order (construction, or in this case, skyscrapers). Entropy is just a mathematical way of expressing these essential differences.
When it comes to chemistry, there are three major concepts based on the concept of entropy:

\begin{myenumerate}
\item{}{\itshape Intramolecular} states ({\itshape Degrees of freedom})

\begin{myitemize}

\end{myitemize}

\begin{myitemize}The more degrees of freedom (how much the molecules can move in space) a molecule has, the greater the degree of randomness, and thus, the greater the entropy.
\item{}There are three ways molecules can move in space, and each has a name: rotation = movement around an axis, vibration = intramolecular movement of two bonded atoms in relation to each other, and translation = a molecule moving from place to place.

\end{myitemize}


\item{}{\itshape Intermolecular} structures

\begin{myitemize}

\end{myitemize}

\begin{myitemize}When molecules can interact with each other by forming non-{}covalent bonds a structure is often created.
\item{}This tends to reduce randomness (and thus entropy) since any such association between molecules stabilizes the motion of both and decreases the possibilities for a random distribution.

\end{myitemize}


\item{}Number of possibilities

\begin{myitemize}

\end{myitemize}

\begin{myitemize}The more molecules present, the more ways of distributing the molecules in space -{} which because of statistical probabilities means more potential for randomness.
\item{}Also, if there is more space available to distribute the molecules within, the randomness increases for precisely the same reason
\item{}{\itshape solid matter (least entropy)} {\mbox{$<$}}{\mbox{$<$}} {\itshape liquids} {\mbox{$<$}}{\mbox{$<$}} {\itshape gases (most entropy)}

\end{myitemize}



\end{myenumerate}

$\text{ }$\newline{}

Changes in entropy are denoted as ΔS. For the reasons stated above (in the volcano situation), the increase of entropy (ΔS {\mbox{$>$}} 0) is considered to be favorable as far as the Universe in general is concerned. A decrease in entropy is generally not considered favorable unless an energetic component in the reaction system can make up for the decrease in entropy (see free energy below).
$\text{ }$\newline{}


\begin{longtable}{>{\RaggedRight}p{0.18292\linewidth}>{\RaggedRight}p{0.34176\linewidth}>{\RaggedRight}p{0.35479\linewidth}} 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}ΔS}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}entropy}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}favorable}\endhead  \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{\mbox{$>$}} 0&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}increases&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}yes\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{\mbox{$<$}} 0&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}decreases&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}no 
\end{longtable}

\subsection{Gibbs Free Energy}

Changes of both {\bfseries enthalpy} (ΔH) and {\bfseries entropy} (ΔS) combined decide how favorable a reaction is. For instance, burning a piece of wood releases energy ({\itshape exothermic}, favorable) and results in a substance with less structure (CO\textsubscript{2} and H\textsubscript{2}O gas, both of which are less \textquotesingle{}ordered\textquotesingle{} than solid wood). Thus, one could predict that once a piece of wood was set on fire, it would continue to burn until it was gone. The fact that it does so is ascribed to the change in its {\bfseries Gibbs Free Energy}.
The overall favorability of a reaction was first described by the prominent chemist \myhref{http://en.wikibooks.org//en.wikipedia.org/wiki/Willard_Gibbs}{ Josiah Willard Gibbs}, who defined the {\itshape free energy} of a reaction as


\begin{myquote}
\item{}

\end{myquote}

\begin{myquote}
\item{}

\end{myquote}
ΔG = ΔH -{} T ΔS



where T is the temperature on the Kelvin temperature scale. The formula above assumes that pressure and temperature are constant during the reaction, which is almost always the case for biochemical reactions, and so this book makes the same assumption throughout.
The unit of ΔG (for {\itshape Gibbs}) is the \symbol{34}joule\symbol{34} in SI systems, but the unit of \symbol{34}calorie\symbol{34} is also often used because of its convenient relation to the properties of water. This book will use both terms as convenient, but the preference should really be for the SI notation.
\subsection{What Does ΔG Really Mean?}

If ΔG {\mbox{$<$}} 0 then the reactants should convert into products (signifying a forward reaction)... eventually. (Gibbs free energy says nothing about a reaction\textquotesingle{}s {\itshape rate}, only its {\itshape probability}.) Likewise, for a given reaction if ΔG {\mbox{$>$}} 0 then it is known that the reverse reaction is favored to take place. A state where ΔG = 0 is called {\bfseries equilibrium}, and this is the state where the reaction in both the forward and reverse directions take place at the same rate, thus not changing the {\bfseries net} effect on the system.
\begin{myblockquote}
\item{}
How is equilibrium best explained? Alright, as an example set yourself on the living room carpet with your most gullible younger relative (a little nephew, niece or cousin will work fine). Take out a set of Monopoly, take one ten dollar bill for yourself and give your little relative the rest. Now both of you give the other 5\% of all that you have. Do this again, and again, and again-{}again-{}again until eventually... you both have the same amount of money. This is {\bfseries precisely} what the equilibrium of a reaction means, though equilibrium only very rarely results in an even, 50-{}50\% split of products and reactants.

\end{myblockquote}
ΔG naturally varies with the concentration of reactants and products. When ΔG reaches 0, the reaction rate in the forward direction and the reaction rate in the reverse direction are the same, and the concentration of reactants and products no longer appears to change; this state is called the {\itshape point of chemical equilibrium}. You and your gullible little relative have stopped gaining and losing Monopoly money, respectively; you both keep exchanging the same amount each turn. Note again that equilibrium is {\itshape dynamic}. Chemical reaction does not cease at equilibrium, but products are converted to reactants and reactants are converted to products at exactly the same rate.
A small ΔG (that is, a value of ΔG close to 0) indicates that a reaction is somewhat reversible; the reaction can actually run backwards, converting products back to reactants. A very large ΔG (that is, ΔG {\mbox{$>$}}{\mbox{$>$}} 0 or ΔG {\mbox{$<$}}{\mbox{$<$}} 0) is precisely the opposite, because it indicates that a given reaction is irreversible, i.e., once the reactants become products there are very few molecules that go back to reactants.
\section{Metabolic pathways}

The food we consume is processed to become a part of our cells; DNA, proteins, etc. If the biochemical reactions involved in this process were reversible, we would convert our own DNA back to food molecules if we stop eating even for a short period of time. To prevent this from happening, our {\itshape metabolism} is organized in {\itshape metabolic pathways}. These pathways are a series of biochemical reactions which are, as a whole, irreversible. The reactions of a pathway occur in a row, with the products of the first reaction being the reactants of the second, and so on:


\begin{myquote}
\item{}A ⇌ B ⇌ C ⇌ D ⇌ E
\end{myquote}


At least one of these reactions has to be irreversible, e.g.:


\begin{myquote}
\item{}A ⇀ B ⇌ C ⇌ D ⇀ E
\end{myquote}


The control of the irreversible steps (e.g., A → B) enables the cell to control the whole pathway and, thus, the amount of reactants used, as well as the amount of products generated.
Some metabolic pathways do have a \symbol{34}way back\symbol{34}, but it is not the same pathway backwards. Instead, while using the reversible steps of the existing pathway, at least one of the irreversible reactions is bypassed by another (irreversible) one on the way back from E to A:


\begin{myquote}
\item{}E ⇀ {\bfseries X} ⇌ C ⇌ B ⇀ A
\end{myquote}


This reaction is itself controlled, letting the cell choose the direction in which the pathway is running.
$\text{ }$\newline{}

\section{Free energy and equilibrium}

For ΔG, the free energy of a reaction, standard conditions were defined:

\begin{myitemize}
\item{}concentration of reactants and products at 1M
\item{}temperature at 25°C
\item{}acidity at pH 7.0

\end{myitemize}

Under these standard conditions, {\bfseries ΔG\textsuperscript{0\textquotesingle{}}} is defined as the {\bfseries standard free energy change}.
For a reaction


\begin{myquote}
\item{}A + B ⇌ C + D
\end{myquote}


the ratio of products to reactants is given by {\bfseries k\textsubscript{eq}\textquotesingle{}} (=k\textsubscript{eq} at pH 7.0):


\begin{myquote}
\item{}{$k_{eq}^\prime = {products \over reactants} = {[C][D] \over [A][B]}$}
\end{myquote}


The relationship of ΔG\textsuperscript{0\textquotesingle{}} and k\textsubscript{eq}\textquotesingle{} is


\begin{myquote}
\item{}ΔG\textsuperscript{0\textquotesingle{}} = -{} R T ln k\textsubscript{eq}\textquotesingle{} = -{} R T 2.030 log\textsubscript{10} k\textsubscript{eq}\textquotesingle{}
\end{myquote}


with


\begin{myquote}
\item{}R = 8.315 {$\text{[}$}J mol\textsuperscript{-{}1} K\textsuperscript{-{}1}{$\text{]}$} (\myhref{http://en.wikibooks.org//en.wikipedia.org/wiki/molar_gas_constant}{ molar gas constant})
\end{myquote}


\begin{myquote}
\item{}T = temperature {$\text{[}$}K{$\text{]}$}
\end{myquote}


In theory, we can now decide if a reaction is favorable (ΔG\textsuperscript{0\textquotesingle{}} {\mbox{$<$}} 0). However, the reaction might need a {\itshape catalyst} to occur within a reasonable amount of time. In biochemistry, such a catalyst is often called an {\itshape enzyme}.

The purpose of DNA melting or DNA denaturation is emphasizing and demonstrating the life cycles of all organisms and the origin of replication. The origin of replication specific structure varies from species to species. Furthermore, the particular sequence of the origin of replication is in a genome which is the human genes. Nevertheless, DNA replication is also part of origin of replication which examen in the living organism such as prokaryotes and eukaryotes.
Thermodynamically, there are two important contributions on the DNA denaturation. One of them is the breaking all of the hydrogen bonds between the bases in the double helix; the other one is to overcome the stacking stability/energy of bases on top of each other. There are several methods to denature DNA; heat is known as the most common one use in laboratory. We just have to heat the sample to reach above its melting point, the unstack ability of DNA can be then monitored. Melting point and denaturation of DNA depend on several factors: the length of DNA, base-{}composition of DNA, the condition of the DNA and also the composition of buffer. For instance, the longer DNA will contain more H-{}bonds and more intermolecular forces compared to the shorter one; therefore, denaturations of longer DNA requires more time and more heat. Base-{}composition of DNA can also play as a key factor because A:T requires two hydrogen bonds and G:C interaction requires three hydrogen bonds. The region of DNA which contains more A:T will melt/denature more rapidly compared to G:C. We can also see how the condition of DNA is important because condition of DNA is related to whether the DNA is relax, supercoiled, linear or heavily nicked. It is important because it allow us to examine how much intermolecular forces existing in the double helix. Finally, condition of buffer is also playing an essential role to study DNA denaturation because it allow us to control the amount of ions present in the solution during the entire process.
Biologically, DNA denaturation can happen inside the cell during DNA replication or translation. In both cases, DNA denaturation is an essential step and a beginning to start each of the process. Most of the time, denaturation happened because of binding of protein or enzymes to a specific region of DNA, the binding will likely lead to open or denature of the helix. However, the actual meaning of the DNA melting is the denaturation of DNA which changes the structure of DNA from double stranded into single stranded. The processes of DNA denaturation is unwinding the double stranded deoxyribonucleic acid and breaks it into two single stranded by breaking the hydrogen bonding between the bases. DNA denaturation is also known of DNA annealing because it is reservable . The main steps DNA annealing are double helical will go through the denaturation to become partially denatured DNA then it will separated the strands into two single strand of DNA in random coils.
\section{Catalysis}


{\bfseries Catalysis} refers to the acceleration of the rate of a chemical reaction by a substance, called a catalyst, that is itself unchanged by the overall reaction. Catalysis is crucial for any known form of life, as it makes chemical reactions happen much faster than they would \symbol{34}by themselves\symbol{34}, sometimes by a factor of several million times.
A common misunderstanding is that catalysis \symbol{34}makes the reaction happen\symbol{34}, that the reaction would not otherwise proceed without the presence of the catalyst. However, a catalyst cannot make a thermodynamically unfavorable reaction proceed. Rather, it can only speed up a reaction that is already thermodynamically favorable. Such a reaction in the absence of a catalyst would proceed, even without the catalyst, although perhaps too slowly to be observed or to be useful in a given context.
Catalysts accelerate the chemical reaction by providing a lower energy pathway between the reactants and the products. This usually involves the formation of an intermediate, which cannot be formed without the catalyst. The formation of this intermediate and subsequent reaction generally has a much lower activation energy barrier than is required for the direct reaction of reactants to products.
Catalysis is a very important process from an industrial point of view since the production of most industrially important chemicals involve catalysis. Research into catalysis is a major field in applied science, and involves many fields of chemistry and physics.
Two types of catalysis are generally distinguished. In homogeneous catalysis the reactants and catalyst are in the same phase. For example acids (H+ ion donors) are common catalysts in many aqueous reactions. In this case both the reactants and the catalysts are in the aqueous phase. In heterogeneous catalysis the catalyst is in a different phase than the reactants and products. Usually, the catalyst is a solid and the reactants and products are gases or liquids. In order for the reaction to occur one or more of the reactants must diffuse to the catalyst surface and adsorb onto it. After reaction, the products must desorb from the surface and diffuse away from the solid surface. Frequently, this transport of reactants and products from one phase to another plays a dominant role in limiting the rate of reaction. Understanding these transport phenomena is an important area of heterogeneous catalyst research.
\section{Enzymes}

{\bfseries Enzyme} (from Greek, {\itshape in ferment}) are special protein molecules whose function is to facilitate or otherwise accelerate most chemical reactions in cells. Many chemical reactions occur within biological cells, but without catalysts most of them happen too slowly in the test tube to be biologically relevant.
Enzymes can also serve to couple two or more reactions together, so that a thermodynamically favorable reaction can be used to \symbol{34}drive\symbol{34} a thermodynamically unfavorable one. One of the most common examples is enzymes which use the dephosphorylation of ATP to drive some otherwise unrelated chemical reaction.
Chemical reactions need a certain amount of activation energy to take place. Enzymes can increase the reaction speed by favoring or enabling a different reaction path with a lower activation energy (Fig. 1), making it easier for the reaction to occur. Enzymes are large globular proteins that catalyze (accelerate) chemical reactions. They are essential for the function of cells. Enzymes are very specific as to the reactions they catalyze and the chemicals (substrates) that are involved in the reactions. Substrates fit their enzymes like a key fits its lock (Fig. 2). Many enzymes are composed of several proteins that act together as a unit. Most parts of an enzyme have regulatory or structural purposes. The catalyzed reaction takes place in only a small part of the enzyme called the active site, which is made up of approximately 2 -{} 20 amino acids.



\begin{minipage}{1.0\linewidth}
\begin{center}
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\end{center}
\raggedright{}\myfigurewithcaption{2}{{\bfseries Figure 1}: Diagram of a catalytic reaction, showing the energy needed ({\itshape E}) against time ({\itshape t}).}
\end{minipage}\vspace{0.75cm}



The substrates (A and B) need a large amount of energy ({\itshape E}\textsubscript{1}) to reach the intermediate state A\textsuperscript{...}B, which then reacts to form the end product (AB). The enzyme (E) creates a microenvironment in which A and B can reach the intermediate state (A\textsuperscript{...}E\textsuperscript{...}B) more easily, reducing the amount of energy needed ({\itshape E}\textsubscript{2}). As a result, the reaction is more likely to take place, thus improving the reaction speed.
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\raggedright{}\myfigurewithcaption{3}{{\bfseries Figure 2:} An enzyme catalyzes the reaction of two substrates and to form one product.}
\end{minipage}\vspace{0.75cm}



Enzymes can perform up to several million catalytic reactions per second. To determine the maximum speed of an enzymatic reaction, the substrate concentration is increased until a constant rate of product formation is achieved (Fig. 3). This is the maximum velocity ({\itshape V}\textsubscript{max}) of the enzyme. In this state, all enzyme active sites are saturated with substrate. This was proposed in 1913 by Leonor Michaelis and Maud Menten. Since the substrate concentration at {\bfseries V}\textsubscript{max} cannot be measured exactly, enzymes are characterized by the substrate concentration at which the rate of reaction is half its maximum. This substrate concentration is called the Michaelis-{}Menten constant ({\itshape K}\textsubscript{M}). Many enzymes obey Michaelis-{}Menten kinetics.
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\raggedright{}\myfigurewithcaption{4}{{\bfseries Figure 3}: Diagram of reaction speed and Michaelis-{}Menten constant.}
\end{minipage}\vspace{0.75cm}



The speed {\itshape V} means the number of reactions per second that are catalyzed by an enzyme. With increasing substrate concentration {$\text{[}$}S{$\text{]}$}, the enzyme is asymptotically approaching its maximum speed {\itshape V}\textsubscript{max}, but never actually reaching it. Because of that, no {$\text{[}$}S{$\text{]}$} for {\itshape V}\textsubscript{max} can be given. Instead, the characteristic value for the enzyme is defined by the substrate concentration at its half-{}maximum speed ({\itshape V}\textsubscript{max}{\itshape /2}). This K\textsubscript{M} value is also called Michaelis-{}Menten constant.
Several factors can influence the reaction speed, catalytic activity, and specificity of an enzyme. Besides de novo synthesis (the production of more enzyme molecules to increase catalysis rates), properties such as pH or temperature can denature an enzyme (alter its shape) so that it can no longer function. More specific regulation is possible by posttranslational modification (e.g., phosphorylation) of the enzyme or by adding cofactors like metal ions or organic molecules (e.g., NAD\textsuperscript{+}, FAD, CoA, or vitamins) that interact with the enzyme. Allosteric enzymes are composed of several subunits (proteins) that interact with each other and thus influence each other\textquotesingle{}s catalytic activity. Enzymes can also be regulated by competitive inhibitors (Fig. 4) and non-{}competitive inhibitors and activators (Fig. 5). Inhibitors and activators are often used as medicines, but they can also be poisonous.
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\raggedright{}\myfigurewithcaption{5}{{\bfseries Figure 4}: Competitive inhibition.}
\end{minipage}\vspace{0.75cm}



A competitive inhibitor fits the enzyme as well as its real substrate, sometimes even better. The inhibitor takes the place of the substrate in the active center, but cannot undergo the catalytic reaction, thus inhibiting the enzyme from binding with a substrate molecule. Some inhibitors form covalent bonds with the enzyme, deactivating it permanently (suicide inhibitors). In terms of the kinetics of a competitive inhibitor, it will increase K\textsubscript{m} but leave V\textsubscript{max} unchanged.
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\raggedright{}\myfigurewithcaption{6}{{\bfseries Figure 5}: Non-{}competitive inhibition.}
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Non-{}competitive inhibitors/activators (I) do not bind to the active center, but to other parts of the enzyme (E) that can be far away from the substrate (S) binding site. By changing the conformation (the three-{}dimensional structure) of the enzyme (E), they disable or enable the ability of the enzyme (E) to bind its substrate (S) and catalyze the desired reaction. The noncompetitive inhibitor will lower V\textsubscript{max} but leave K\textsubscript{m} unchanged.
An {\itshape uncompetitive} inhibitor will only bind to the enzyme-{}substrate complex forming an enzyme-{}substrate-{}inhibitor (ESI) complex and cannot be overcome by additional substrate. Since the ESI is nonreactive, V\textsubscript{max} is effectively lowered. The uncompetitive inhibitor will in turn lower the K\textsubscript{m} due to a lower concentration of substrate needed to achieve half the maximum concentration of ES.
Several enzymes can work together in a specific order, creating metabolic pathways (e.g., the citric acid cycle, a series of enzymatic reactions in the cells of aerobic organisms, important in cellular respiration). In a metabolic pathway, one enzyme takes the product of another enzyme as a substrate. After the catalytic reaction, the product is then passed on to another enzyme. The end product(s) of such a pathway are often non-{}competitive inhibitors (Fig. 5) for one of the first enzymes of the pathway (usually the first irreversible step, called {\itshape committed step}), thus regulating the amount of end product made by the pathway (Fig. 6).
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\raggedright{}\myfigurewithcaption{7}{Figure 6: Common feedback inhibition mechanisms.}
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\begin{myenumerate}
\item{}The basic feedback inhibition mechanism, where the product (P) inhibits the committed step (A⇀B).$\text{ }$\newline{}

\item{}{\itshape Sequential feedback inhibition.} The end products P\textsubscript{1} and P\textsubscript{2} inhibit the first committed step of their individual pathway (C⇀D or C⇀F). If both products are present in abundance, all pathways from C are blocked. This leads to a buildup of C, which in turn inhibits the first common committed step A⇀B.
\item{}{\itshape Enzyme multiplicity.} Each end product inhibits both the first individual committed step and one of the enzymes performing the first common committed step.
\item{}{\itshape Concerted feedback inhibition.} Each end product inhibits the first individual committed step. {\itshape Together}, they inhibit the first common committed step.
\item{}{\itshape Cumulative feedback inhibition.} Each end product inhibits the first individual committed step. Also, each end product {\itshape partially} inhibits the first common committed step.

\end{myenumerate}

Enzymes are essential to living organisms, and a malfunction {\itshape of even a single enzyme} out of approximately 2,000 present in our bodies can lead to severe or lethal illness. An example of a disease caused by an enzyme malfunction in humans is phenylketonuria (PKU). The enzyme phenylalanine hydroxylase, which usually converts the essential amino acid phenylalanine into tyrosine does not work, resulting in a buildup of phenylalanine that leads to mental retardation. Enzymes in the human body can also be influenced by inhibitors in good or bad ways. Aspirin, for example, inhibits an enzyme that produces prostaglandins (inflammation messengers), thus suppressing pain. But not all enzymes are in living things. Enzymes are also used in everyday products such as biological washing detergents where they speed up chemical reactions, (to get your clothes clean).
\section{Digestive and Metabolic Enzymes}

In the previous section we have been talking about the digestive enzymes, both the ones produced by the body, such as salivary amylase, and the food enzymes. Their primary role is for the digestion of food. Another class of enzymes is called metabolic enzymes. Their role is to catalyze chemical reactions involving every process in the body, including the absorption of oxygen. Our cells would literally starve for oxygen even with an abundance of oxygen without the action of the enzyme, cytochrome oxidase. Enzymes are also necessary for muscle contraction and relaxation. The fact is, without both of these classes of enzymes, (digestive and metabolic,) life could not exist. Digestive enzymes function as biological catalysts in which it helps to breakdown carbohydrates, proteins, and fats. On the other hand, metabolic enzymes function as a remodel of cells. Digestion of food has a high priority and demand for enzymes; digestive enzymes get priority over metabolic enzymes. Any deficiency in metabolic enzyme can lead to over work, which could lead to enlarge organs in order to perform the increased workload. The result is unhealthy and could cause enlarged heart or pancreas. The deficiencies of metabolic enzymes can have a tremendous impact on health. As we grow older enzyme level decline and the efficiency in the body decline.
\section{Enzyme naming conventions}

By common convention, an enzyme\textquotesingle{}s name consists of a description of what it does, with the word ending in \symbol{34}-{}ase\symbol{34}. Examples are alcohol dehydrogenase and DNA polymerase. Kinases are enzymes that transfer phosphate groups. The International Union of Biochemistry and Molecular Biology has developed a nomenclature for enzymes, the EC numbers; each enzyme is described by a sequence of four numbers, preceded by \symbol{34}EC\symbol{34}. The first number broadly classifies the enzyme based on its mechanism:

\begin{myitemize}
\item{}EC 1 {\itshape Oxidoreductases}: catalyze oxidation/reduction reactions
\item{}EC 2 {\itshape Transferases}: transfer a functional group (e.g., a methyl or phosphate group)
\item{}EC 3 {\itshape Hydrolases}: catalyze the hydrolysis of various bonds
\item{}EC 4 {\itshape Lyases}: cleave various bonds by means other than hydrolysis and oxidation
\item{}EC 5 {\itshape Isomerases}: catalyze isomerization changes within a single molecule
\item{}EC 6 {\itshape Ligases}: join two molecules with covalent bonds

\end{myitemize}


Some other important enzymes are: Protease: breaks the protein into amino acids in high acidity environments such as stomach,pancreatic and intestinal juices. Act on bacteria, viruses and some cancerous cells. Amylase: Break complex carbohydrates such as starch into simpler sugars (dextrin and maltose). It found in the intestines, pancreas and also in salivary glands. Lipase: breaks down fats and some fat soluble vitamins (A,E,K, and D). helpful in treating cardiovascular diseases. Cellulase: break down cellulose that found in fruits, grains, and vegetables. It increases the nutritional values of vegetables, and fruits. Pectinase: break down pectin that found in citrus fruits, carrots, beets, tomatoes, and apple. Antioxidants: protect from free radical negative effect that can damage cell in the body. Cathepsin: break animal protein down. Lactase: break down lactose that found in milk products. the production of lactase decrease with age. Invertase: assimilate sucrose that can contribute to digestive stress if not digested properly. Papain: break down protein and help the body in digestion. Bromelain: Break proteins that found in plants and animals. it could help the body to fight cancer and treat inflammation. Glucoamylase: break down maltose that found in all grains in to two glucose molecules.
\section{Metabolism and energy}

\myhref{http://en.wikibooks.org/wiki/Biochemistry}{ Biochemistry}
\myhref{http://en.wikibooks.org/wiki/Biochemistry/Catalysis}{ {\mbox{$<$}}{\mbox{$<$}} Catalysis} | \myhref{http://en.wikibooks.org/wiki/Biochemistry/pKa_values}{ pKa values {\mbox{$>$}}{\mbox{$>$}}}

\section{Metabolism}

\subsection{Anabolism and catabolism}

Metabolism (Fig. 1) is, broadly speaking, the conversion of food into energy, cell components, and waste products.
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{\bfseries Figure 1}: Overview of metabolism
The above diagram shows the different parts of metabolism:

\begin{myitemize}
\item{}{\itshape energy source}, which is, after all, the sun, whose energy is harvested through photosynthesis
\item{}{\itshape catabolism}, the breakdown of food into chemical energy, which is needed in
\item{}{\itshape anabolism}, the construction of complex cell molecules from small environmental molecules, utilizing chemical energy

\end{myitemize}

Catabolic reactions release energy and are therefore {\ttfamily exergonic}, while anabolic reactions use up energy and are therefore {\ttfamily endergonic}.
\subsection{High-{}energy phosphates}

Due to the large variety of food compounds, and the large number of biochemical reactions which need energy in anabolism, it would be quite inefficient to couple a specific anabolic reaction to a specific energy source in catabolism. Instead, the cell uses an intermediate compound, a kind of universal energy currency. This intermediate is called {\itshape high-{}energy phosphate}.
But when is a phosphate group called \symbol{34}high-{}energy\symbol{34}, and how does it differ from a \symbol{34}low-{}energy\symbol{34} phosphate? A giveaway is the ΔG\textsuperscript{0\textquotesingle{}} of hydrolysis. Hydrolysis separates a phosphate from a compound by adding water:
\TemplatePreformat{$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}O$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}O$\text{ }$\newline{}
R-{}OP-{}OH$\text{ }${}+$\text{ }${}H\textsubscript{2}O$\text{ }${}⇌$\text{ }${}R-{}OH$\text{ }${}+$\text{ }${}HO-{}P-{}OH$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}O$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}O$\text{ }$\newline{}
}
The ΔG\textsuperscript{0\textquotesingle{}} of a low-{}energy (or \symbol{34}inorganic\symbol{34}) phosphate group (called P\textsubscript{i}) is 9-{}20 kJ mol\textsuperscript{-{}1}, while the ΔG\textsuperscript{0\textquotesingle{}} of a high-{}energy phosphate (denoted Ⓟ) is \~{}30 kJ mol\textsuperscript{-{}1}.
\subsection{pKa value}

Now what makes this Ⓟ so special? To explain this, we must take a little excourse into pH and pKa values. A phosphate group has between zero and three {\ttfamily OH} groups. This allows Ⓟ to exist in up to four different forms (0, 1, 2, and 3 {\ttfamily OH} groups, Fig. 2), depending on the pH value of the surrounding solution. A pKa value gives us the pH value at which 50\% of the molecules are in one form (e.g., 1 {\ttfamily OH} group) and another (e.g., 2 {\ttfamily OH} groups). This is expressed by the {\itshape Henderson-{}Hasselbalch equation}{\mbox{$~$}}:


\begin{myquote}
\item{}{${pH} = {pK}_{a} + log{[base] \over [acid]}$}
\end{myquote}




\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/9.png}
\end{center}
\raggedright{}\myfigurewithoutcaption{9}
\end{minipage}\vspace{0.75cm}


{\bfseries Figure 2}: The four possible forms of a phosphate group. pK\textsubscript{a2} represents the conditions in the cell.
Now to the promised difference between Ⓟ and PP\textsubscript{i}. The breaking of the ester bond of an ROⓅ releases more energy than the breaking of a PP\textsubscript{i} bond (Fig. 3), because of

\begin{myenumerate}
\item{}{\itshape electrostatic repulsion} between the two phosphate groups in PP\textsubscript{i}
\item{}{\itshape resonance stabilization} of two P\textsubscript{i} groups, compared to PP\textsubscript{i} (Fig. 4)

\end{myenumerate}
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{\bfseries Figure 3}: Hydrolysis of Ⓟ and PP\textsubscript{i}.
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{\bfseries Figure 4}: Resonance stabilization of P\textsubscript{i}.
Resonance stabilization means that both {\ttfamily OH} and {\ttfamily =O} can \symbol{34}travel\symbol{34} around the phosphate. Of course, this is a crude analogy; they do not really move, the electrons are just \symbol{34}smeared\symbol{34} around the phosphate atom. This is also indicated by the use of the ↔ arrow, instead of ⇌; the three forms \uline{do not exist}, they are just a way of writing down the chemical reality.
As you can see in Fig. 3, the ΔG\textsuperscript{0\textquotesingle{}} value for PP\textsubscript{i}⇌2P\textsubscript{i} is ≪0, shifting the reaction strongly in favor of the 2P\textsubscript{i}.
\section{Molecules using high-{}energy phosphates}

\subsection{Anhydride between phosphoric acid and carboxyl group}

Hydrolysis{\mbox{$~$}}: ΔG\textsuperscript{0\textquotesingle{}} = -{}49.3 kJ mol\textsuperscript{-{}1}$\text{ }$\newline{}
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\subsection{Guanidine phosphate}

Hydrolysis{\mbox{$~$}}: ΔG\textsuperscript{0\textquotesingle{}} = -{}43.0 kJ mol\textsuperscript{-{}1}$\text{ }$\newline{}
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\subsection{Enol phosphate}

For example, this picture is wrong, the carbon has 5 bonds to it after it tautomerizes, which is impossible and a rookie organic chemistry error. please fix phosphoenolpyruvate$\text{ }$\newline{}

Hydrolysis{\mbox{$~$}}: ΔG\textsuperscript{0\textquotesingle{}} = -{}61.9 kJ mol\textsuperscript{-{}1}$\text{ }$\newline{}
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\subsection{ATP}

Adenosine triphosphate contains one low-{}energy and two high-{}energy phosphate bonds:$\text{ }$\newline{}
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Low energy{\mbox{$~$}}: ΔG\textsuperscript{0\textquotesingle{}} = -{}14,2 kJ mol\textsuperscript{-{}1}$\text{ }$\newline{}

High energy{\mbox{$~$}}: ΔG\textsuperscript{0\textquotesingle{}} = -{}30.5 kJ mol\textsuperscript{-{}1}$\text{ }$\newline{}


\begin{myitemize}
\item{}ATP is regenerated from ADP (adenosine diphosphate), P\textsubscript{i} and energy (from food); H\textsubscript{2}O is released in the process.
\item{}ATP is the short-{}term energy \symbol{34}currency\symbol{34} of the cell.
\item{}ATP concentration in the cell is low (ATP: 2-{}8mM; ADP:0,2-{}0,8mM). ATP is generated in high \symbol{34}turn over\symbol{34}.
\item{}ATP performs its chemical work through {\itshape coupled reactions}.
\item{}Coupled reactions are always Ⓟ {\itshape transfers}, never direct hydrolysis

\end{myitemize}

Basically, any ATP-{}driven reaction is reversible, building ATP from ADP and P\textsubscript{i} in the process. However, some ATP-{}driven reactions should never be reversed; these include nucleotide and protein synthesis. If these were reversed, the organism would disassemble its own DNA and proteins for energy, a rather unfortunate strategy. For reactions that should never be reversed, ATP can be broken down into AMP (adenosine monophosphate) and PP\textsubscript{i}, which in turn becomes 2×P\textsubscript{i}. This reaction has a ΔG\textsuperscript{0\textquotesingle{}} of -{}65,7 kJ mol\textsuperscript{-{}1}, which is totally irreversible under {\itshape in vivo} conditions.
It should be noted that AMP can not directly be converted to ATP again. Instead, the enzyme {\itshape AMP kinase} forms two ADP molecules from one ATP and one AMP. The resulting ADPs are then treated as described above.
\section{Non-{}covalent bonds}

The destruction of covalent bonds takes up huge amounts of energy. The breakdown of an O\textsubscript{2} molecule into two oxygen atoms needs \~{}460 kJ mol\textsuperscript{-{}1}. Thus, nowhere in \symbol{34}living\symbol{34} biochemistry are covalent bonds actually destroyed; if one is broken, another one is created. This is where non-{}covalent bonds come in, they are weak enough to be broken down easily, and to form \symbol{34}bonds\symbol{34} again. For this reason, many biochemical functions are using so-{}called weak/secondary/non-{}covalent bonds.
Weak bonds are created and destroyed much more easily than covalent ones. The typical range of energy needed to destroy such a weak bond is 4-{}30 kJ mol\textsuperscript{-{}1}. Thus, the formation of weak bonds is energetically favorable, but these bonds are also easily broken by kinetic (thermal) energy (the normal movement of molecules). Biochemical interactions are often temporary (e.g., a substrate has to leave an enzyme quickly after being processed), for which the weakness of these bonds is essential. Also, biochemical specificity (e.g., enzyme-{}substrate-{}recognition) is achieved through weak bonds, utilizing two of their major properties:

\begin{myitemize}
\item{}Since individual weak bonds are, well, weak, several of them have to occur in a specific pattern at the same time in roughly the same place.
\item{}The short range of weak bonds.

\end{myitemize}

The link that follows demonstrates the type of non-{}covalent forces: \myhref{http://www.pearsonhighered.com/mathews/ch02/fi2p2.htm}{ {$\text{[}$}1{$\text{]}$}} There are three basic types of weak bonds, and a fourth \symbol{34}pseudo-{}bond\symbol{34}:
$\text{ }$\newline{}

\subsection{Ionic bonds}

Ionic bonds are electrostatic attractions between permanently charged groups. Ionic bonds are not directed. Example:


\begin{myquote}
\item{}X-{}CO\textsubscript{2}\textsuperscript{-{}} \textsuperscript{.....} H\textsubscript{3}\textsuperscript{+}N-{}Y

\end{myquote}

\begin{myquote}
\item{}

\end{myquote}
\~{} 20 kJ mol\textsuperscript{-{}1}



\subsection{Hydrogen bonds}

Hydrogen bonds are also established by electrostatic attraction. These attractions do not occur between permanently charged groups, but rather between atoms temporarily charged by a {\itshape dipole moment}, resulting from the different \myhref{http://en.wikibooks.org/w/index.php?title=Electronegativity\&amp;action=edit\&amp;redlink=1}{ electronegativity} of atoms within a group. Hydrogen bonds are even weaker than ionic bonds, and they are highly directional, usually along a straight line. Besides being weaker than ionic bonds, hydrogen bonds are also weaker, and longer than similar covalent bonds. Hydrogen bonds are unique because they only exist when the Hydrogen is bonded to an oxygen (O), Nitrogen (N), or Fluorine (F), but the most common hydrogen bonds in biochemistry are:


\begin{myquote}
\item{}X-{}OH \textsuperscript{.....} O-{}Y
\end{myquote}


\begin{myquote}
\item{}X-{}OH \textsuperscript{.....} N-{}Y
\end{myquote}


\begin{myquote}
\item{}X-{}NH \textsuperscript{.....} O-{}Y
\end{myquote}


\begin{myquote}
\item{}X-{}NH \textsuperscript{.....} N-{}Y
\end{myquote}


Hydrogen bonds equal an energy between 12-{}29 kJ mol, whereas covalent bonds are much higher. For example, the covalent bond between oxygen and hydrogen is about 492 KJ mol-{}1\textsuperscript{-{}1}.
\section{{\itshape Hydrogen Bonds and Water}}

Water has unique properties, after all, it is chosen to be the universal solvent. The unique properties of water are due to hydrogen bonding between all the oxygens and hydrogens of the content. The hydrogen bonds occurring in water are about 2 angstroms apart from each other. Although hydrogen bonding is only about 5\% as strong as covalent bond, they still cause water to have a high boiling point, and a high surface tension. The following link will take you to the structure of water and its Hydrogen Bonding: {$\text{[}$}\myhref{http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/H/Hbonds_water.gif}{ {$\text{[}$}2{$\text{]}$}}{$\text{]}$}
\subsection{Van der Waals attractions}

$\text{ }$\newline{}

Van der Waals attractions are established between electron density-{}induced dipoles. They form when the outer electron shells of two atoms {\itshape almost} (but not quite) touch. The distance of the atoms is very important for these weak interactions. If the atoms are too far apart, the interactions are too weak to establish; if the atoms are too close to each other, their electron shells will repel each other. Van der Waals attractions are highly unspecific; they can occur between virtually any two atoms. Their energy is between 4-{}8 kJ mol\textsuperscript{-{}1}. {$\text{[}$}{$\text{[}$}File:Example.jpg
{$\text{]}$}{$\text{]}$}
\subsection{Hydrophobic forces}

Hydrophobic forces are not actually bonds, so this list has four items, but still just three bond types. In a way hydrophobic forces are the negation of the hydrogen bonds of a polar solute, usually water, enclosing a nonpolar molecule. For a polar solute like water, it is energetically unfavorable to \symbol{34}waste\symbol{34} a possible hydrogen bond by exposing it towards a nonpolar molecule. Thus, water will arrange itself around any nonpolar molecule in such a way that no hydrogen bonds point towards that molecule. This results in a higher order, compared to \symbol{34}freely\symbol{34} moving water, which leads to a lower entropy level and is thus energetically unfavorable. If there is more than one nonpolar molecule in the solute, it is favorable for the nonpolar molecules to aggregate in one place, reducing their surrounding, ordered \symbol{34}shell\symbol{34} of water to a minimal surface. Also, in large molecules, such as proteins, the hydrophobic (nonpolar) parts of the molecule will tend to turn towards the inside, while the polar parts will tend to turn towards the surface of the molecule.
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\section{pKa values}
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\myhref{http://en.wikibooks.org/wiki/Biochemistry/Metabolism_and_energy}{ {\mbox{$<$}}{\mbox{$<$}} Metabolism and energy}

It is difficult to discuss the subject of biochemistry without a firm foundation in general chemistry and organic chemistry, but if one doesn\textquotesingle{}t remember the concept of the Acid Dissociation Constant (p{\itshape K}\textsubscript{a}) from \myhref{http://en.wikibooks.org/w/index.php?title=Organic_ChemistryFoundational_concepts_of_organic_chemistry/Acids_and_bases\&amp;action=edit\&amp;redlink=1}{ Organic Chemistry}, one can read up on the topic below.
$\text{ }$\newline{}

{\itshape Buffers} are essential to biochemical reactions, as they provide a (more or less) stable pH value for reactions to take place under constantly changing circumstances. The pH value in living cells tends to fall between 7.2 and 7.4, and this pH level is generally maintained by weak acids. (The pH values in lysosomes and peroxisomes differ from this value, as do the pH measurements of the stomach and other organs found in various types of plants and animals.)
$\text{ }$\newline{}

An {\itshape acid} is here defined simply as any molecule that can release a proton (H\textsuperscript{+}) into a solution. Stronger acids are more likely to release a proton, due to their atomic and molecular properties. The tendency of an acid to release a proton is called the {\itshape dissociation constant} ({\itshape K}\textsubscript{a}) of that substance, with


\begin{myquote}
\item{}{${K}_{a} = {[{H}^{+}][{A}^{-}] \over [HA]}$}
\end{myquote}


for HA {\mbox{$<$}}-{}{\mbox{$>$}} H\textsuperscript{+} + A\textsuperscript{-{}}.
$\text{ }$\newline{}

A larger {\itshape K}\textsubscript{a} value means a greater tendency to dissociate a proton, and thus it means the substance is a stronger acid. The pH at which 50\% of the protons are dissociated can therefore be calculated as:


\begin{myquote}
\item{}p{\itshape K}\textsubscript{a} = -{}log ( {\itshape K}\textsubscript{a} )
\end{myquote}


This equation is known as the Henderson-{}Hasselbalch equation.


\begin{myquote}
\item{}{${pH} = {pK}_{a} + log{[base] \over [acid]}$}
\end{myquote}


The Henderson-{}Hasselbalch equation is derived from the adjacent K\textsubscript{a} expression. By taking the logarithm of base ten to both sides, the next part of the equation is obtained. Using the logarithmic property of multiplication, the {$\text{[}$}H\textsuperscript{+}{$\text{]}$} breaks from the expression. Since log K\textsubscript{a} is equal to -{}pK\textsubscript{a} and log {$\text{[}$}H\textsuperscript{+}{$\text{]}$} is equal to -{}pH, they are then substituted. To obtain what is known as the Henderson-{}Hasselbalch equation, -{}pK\textsubscript{a} and -{}pH are subtracted from their respective sides to yield a positive equation.
$\text{ }$\newline{}

The Henderson-{}Hasselbalch equation interestingly enough predicts the behavior of buffer solutions. A solution of 1 M ethanoic (acetic) acid {$\text{[}$}HA{$\text{]}$} and 1 M sodium ethanoate {$\text{[}$}A\textsuperscript{-{}}{$\text{]}$} will have a pH equal to the p{\itshape K}\textsubscript{a} of ethanoic acid: 4.76.
$\text{ }$\newline{}

If we added acid to pure water up to a concentration of 0.1 M, the pH would become 1. If we add the same concentration of acid to the buffer solution, it will react with the ethanoate to form ethanoic acid. The ethanoate concentration would drop to 0.9 M and the ethanoic acid concentration should rise to 1.1 M. The pH becomes 4.67 -{} very different from the pH=1 {\itshape without} a buffer.
$\text{ }$\newline{}

Similarly, adding 0.1 M alkali changes the pH of the buffer to 4.85, instead of pH=13 without buffer. Due to the amphipathic nature of amino acids -{} which are the monomer building blocks of all proteins, physiological conditions are always considered to be buffered, which plays a major role in the conformations and reactivities of substrates in the cell\textquotesingle{}s liquid interior, its cytosol.
$\text{ }$\newline{}

A very small (which would include a large negative value) p{\itshape K}\textsubscript{a} indicates a very strong acid. A p{\itshape K}\textsubscript{a} value between 4 and 5 is the most common range for organic acid compounds.
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\chapter{Proteins}

\myminitoc

{\bfseries Proteins} are a primary constituent of living things and one of the chief classes of molecules studied in biochemistry. Proteins provide most of the molecular machinery of cells. Many are enzymes or subunits of enzymes. Other proteins play structural or mechanical roles, such as those that form the struts and joints of the cytoskeleton. Each protein is linear polymers built of amino acid. Proteins are also nutrient sources for organisms that do not produce their own energy from sunlight and/or are unable to fix nitrogen. Proteins can interact with one another and with others molecules to form complexes.
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\item{}\myhref{http://en.wikibooks.org/wiki/Biochemistry/Proteins/Protein_structure_and_folding\#Tertiary_structure_elements}{ Tertiary structure elements}
\item{}\myhref{http://en.wikibooks.org/wiki/Biochemistry/Proteins/Protein_structure_and_folding\#Common_folds_and_modules}{ Common folds and modules}

\end{myenumerate}


\item{}\myhref{http://en.wikibooks.org/wiki/Biochemistry/Proteins/Types_of_Protein}{ Types of Protein}

\begin{myenumerate}

\end{myenumerate}

\begin{myenumerate}\myhref{http://en.wikibooks.org/wiki/Biochemistry/Proteins/Types_of_Protein\#Oxygen_Binding_Proteins}{ Oxygen Binding Proteins}

\end{myenumerate}



\section{Introduction}

\section{Protein role and importance}

Proteins are among the fundamental molecules of biology. They are common to all life present on Earth today, and are responsible for most of the complex functions that make life possible. They are also the major structural constituent of living beings. According to the \myhref{http://en.wikibooks.org/w/index.php?title=Biochemistry/Print_version/Central_Dogma\&amp;action=edit\&amp;redlink=1}{ Central Dogma} of Molecular Biology (proposed by Francis Crick in 1958), information is transferred from DNA to RNA to proteins. DNA functions as a storage medium for the information necessary to synthesize proteins, and RNA is responsible for (among other things) the translation of this information into protein molecules, as part of the ribosome.
Virtually all the complex chemical functions of the living cell are performed by protein-{}based catalysts called enzymes. Specifically, enzymes either make or break chemical bonds. Protein enzymes should not be confused with RNA-{}based enzymes (also called ribozymes), a group of macromolecules that perform functions similar to protein enzymes. Further, most of the scaffolding that holds cells and organelles together is made of proteins. In addition to their catalytic functions, proteins can transmit and commute signals from the extracellular environment, duplicate genetic information, assist in transforming the energy in light and chemicals with astonishing efficiency, convert chemical energy into mechanical work, and carry molecules between cell compartments.
\section{Functions not performed by proteins}

Proteins do so much that it\textquotesingle{}s important to note what proteins {\bfseries don\textquotesingle{}t} do. Currently there are no known proteins that can directly replicate themselves. Prions are no exception to this rule. It is theorized that prions may be able to act as a structural template for other chemically (but not structurally) identical proteins, but they can\textquotesingle{}t function as a native template for protein synthesis {\itshape de novo}. Proteins don\textquotesingle{}t act as fundamental energy reserves in most organisms, as their metabolism is slower and inefficient compared to sugars or lipids. They are, on the other hand, a fundamental nitrogen and amino acid reserve for many organisms. Proteins do not directly function as a membrane in most organisms, except viruses; however, they are often important components of these structures, lending both stability and structural support.
\chapter{Proteins as polymers of aminoacids}

\myminitoc

\section{Composition and Features}

Proteins are composed of a linear (not branched and not forming rings) polymer of amino acids. The twenty genetically encoded amino acids are molecules that share a central core: The α-{}carbon is bonded to a primary amino (-{}NH\textsubscript{2}) terminus, a carboxylic acid (-{}COOH) terminus, a hydrogen atom, and the amino acid side chain, also called the \symbol{34}R-{}group\symbol{34}. The R-{}group determines the identity of the amino acid. In an aqueous solution, at physiological pH (\~{}6.8), the amino group will be in the protonated -{}NH\textsubscript{3}\textsuperscript{+} form, and the carboxylic acid will be in the deprotonated -{}COO\textsuperscript{-{}} form, forming a zwitterion. Most amino acids that make up proteins are L-{}isomers, although a few exotic creatures use D-{}isomers in their proteins. It is important to note that levorotatory (L) and dextrorotatory (D) are not specific to rectus (R) and sinister (S) configurations. A levorotatory form of a protein can be either R or S configuration. Levorotatory and dextrorotatory refer to how the proteins bend light in a polarimeter.
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Amino acids polymerize via peptide bonds, which is a type of amide bond. A peptide bond is formed upon the dehydration of the carboxy-{}terminus of one amino acid with the amine terminus of a second amino acid. The resulting carbonyl group\textquotesingle{}s carbon atom is directly bound to the nitrogen atom of a secondary amine. A peptide chain will have an unbound amino group free at one end (called the N-{}terminus) and a single free carboxylate group at the other end (called the C-{}terminus).
The written list of the amino acids linked together in a protein, in order, is called its primary structure. By convention, peptide sequences are written from N-{}terminus to C-{}terminus. This convention mimics the way polypeptides are synthesized by the ribosome in the cell. Small polymers of less than 20 amino acids long are more often called peptides or polypeptides. Proteins can have sequences as short as 20-{}30 amino acids to gigantic molecules of more than 3,000 aminoacids (like Titin,a human muscle protein).
\section{Genetically-{}Encoded Amino Acids}

While there are theoretically billions of possible amino acids, most proteins are formed of only 20 amino acids: the genetically-{}encoded (or more precisely, {\itshape proteogenic}) amino acids. Note that all amino acids except glycine have a chiral center at their α-{}carbons. (Glycine has two hydrogens on its α-{}carbon, and therefore it is achiral.) Besides glycine, all proteogenic amino acids are {\small L}-{}amino acids, meaning they have the same absolute configuration as {\small L}-{}glyceraldehyde. This is the same as the S-{}configuration, with the exception of cysteine, which contains a sulfur atom in its side chain, and so the naming priority changes. {\small D}-{}amino acids are sometimes found in nature, as in the cell walls of certain bacteria, but they are rarely incorporated into protein chains.
The side-{}chains of proteogenic amino acids are quite varied: they range from a single hydrogen atom (as for glycine, the simplest amino acid) to the indole heterocycle, as found in tryptophan. There are polar, charged and hydrophobic amino acids. The chemical richness of amino acids is at the base of the complexity and versatility of proteins.
\section{Post-{}Translational Modification}

There are two major types of post-{}translational modifications to protein: those that cleave the bonds of the peptide backbone and those that add or remove functional groups to the sidechains of individual amino acids. In the first type of post-{}translational modification, specialized enzymes called proteases recognize specific amino acids of a protein and break the associated peptide bond, thereby irreversibly modifying the primary structure. In the second major type of modification, the amino acid side chains of a given protein are chemically modified by enzymatic reactions or are spontaneously formed (non-{}enzymatic). Examples of sidechain modifications are quite numerous, but common ones include oxidation, acylation, glycosylation (addition of a glycan, or sugar), methylation, and phosphorylation. Both types of post-{}translational modifications are capable of exerting positive and negative control over a given protein or enzyme.
\section{The importance of protein structure}

Generally speaking, the function of a protein is completely determined by its structure. Molecules like DNA, which perform a fairly small set of functions, have an almost fixed structure that\textquotesingle{}s fairly independent from sequence. By contrast, protein molecules perform functions as different as digesting sugars or moving muscles. To perform so many different functions, proteins come in many different structures. The protein function is almost completely dependent on protein structure. Enzymes must recognize and react with their substrates with precise positioning of critical chemical groups in the three-{}dimensional space. Scaffold proteins must be able to precisely dock other proteins or components and position them in space in the correct fashion. Structural proteins like \myhref{http://en.wikibooks.org//en.wikipedia.org/wiki/Collagen}{ Collagen} must face mechanical stresses and be able to build a regular matrix where cells can adhere and proliferate. Motor proteins must reversibly convert chemical energy in movement, in a precise fashion.
\section{Protein folding depends on sequence}

As Anfinsen demonstrated in the 1960\textquotesingle{}s, proteins acquire their structure by spontaneous folding of the polypeptide chain into the minimal energy configuration. Most proteins require no external factors in order to fold (although specialized protein exist in cells, called chaperones, that help other, misfolded, proteins acquire their correct structure) — the protein sequence itself uniquely determines the structure. Often the whole process takes place in milliseconds. Despite the apparent chemical simplicity of proteins, the vast number of permutations of twenty amino acids in a linear sequence leads to an amazing number of different protein folds. Nevertheless, protein structures share several characteristics in common: they are almost all built of a few secondary structure elements (short-{}range structural patterns that are recurrent in protein structures) and even the way these elements combine is often repeated in common motifs. Nonetheless, it is still impossible to know what structure a given protein sequence will yield in solution. This is known as the protein folding problem, and it is one of the most important open problems in modern molecular biology.
\section{Protein denaturation}

Proteins can lose their structure if put in unsuitable chemical (e.g. high or low pH; high salt concentrations; hydrophobic environment) or physical (e.g. high temperature; high pressure) conditions. This process is call denaturation. Denatured proteins have no defined structure and, especially if concentrated, tend to aggregate into insoluble masses. Protein denaturation is by no means an exotic event: a boiled egg becomes solid just because of denaturation and subsequent aggregation of its proteins. Denatured proteins can sometimes refold when put again in the correct environment, but sometimes the process is irreversible (especially after aggregation: the boiled egg is again an example). It is finally the proteins which are responsible for susceptibility or resistance to a pathogen or parasite.
\section{Proteins can fold into domains}

A significant number of proteins, especially large proteins, have a structure divided into several independent domains. These domains can often perform specific functions in a protein. For example, a cell membrane receptor might have an extracellular domain to bind a target molecule and an intracellular domain that binds other proteins inside the cell, thereby transducing a signal across the cell membrane.
The domain of a protein is determined by the secondary structure of a protein there are four main types of domain structures: alpha-{}helix, beta-{}sheet, beta-{}turns, and random coil.
The alpha-{}helix is when the poly-{}peptide chain forms a helix shape with the amino acids side chains sticking out, usually about 10 amino acids long. The alpha-{}helix gets its strength by forming internal hydrogen bonds, that occur between amino acid 1 and 4 along the length of the helix. A high concentration of Glycine\textquotesingle{}s in a row tend towards the alpha-{}helix conformation.
The beta-{}sheet structure is composed of poly-{}peptide chains stacking forming hydrogen bonds between the sheets. You can from parallel sheets by stacking in the same direction N-{}C terminal on top of N-{}C terminal or form anti-{}parallel by stacking in opposite directions N-{}C terminal on top of C-{}N terminal. Beta-{}turns link two anti-{}parallel beta strands by a 4 amino acid loop in a defined conformation.
A random coil is a portion of the protein that has no defined secondary structure.
Domains of a protein then come from unique portions of the peptide that are made up of these types of secondary structure.

\section{The chemistry of proteins}

\section{Amino acid structure and chemistry}

\subsection{General features}

Amino acids consist of a primary amine bound to an aliphatic carbon atom (the so-{}called α-{}carbon), which in turn is bound to a carboxylic acid group. At least one hydrogen atom is bound to the α-{}carbon; in addition, the α-{}carbon bears a side chain, which is different for different amino acids. In a neutral aqueous solution, amino acids exist in two forms. A very small fraction of amino acid molecules will be neutral, with a deprotonated amino group and a protonated carboxylic acid group. However, the overwhelming majority of molecules will be in a {\itshape \myhref{http://en.wikibooks.org//en.wikipedia.org/wiki/Zwitterion}{ Zwitterion}} \myhref{http://en.wikibooks.org//en.wikipedia.org/wiki/tautomer}{ tautomer}, with a positive charge on the (protonated) amino group and a negative charge on the (deprotonated) carboxylate group.
Amino acids are linked via a \myhref{http://en.wikibooks.org//en.wikipedia.org/wiki/Peptide_bond}{ Peptide bond}. (From an organic chemistry perspective, a peptide bond is a type of \myhref{http://en.wikibooks.org//en.wikipedia.org/wiki/amide}{ amide} group.) A peptide bond consists of a carbonyl group\textquotesingle{}s carbon atom directly bound to the nitrogen atom of a secondary amine. A peptide chain will have an unbound amino group free at one end (called the N-{}terminus) and a single free carboxylate group at the other end (called the C-{}terminus).
The peptide bond is planar, because resonance between the carbonyl group and the amino nitrogen lends the C-{}N bond a partial double-{}bond character. (It is possible to draw a resonance structure with a double bond between the carbon atom and the nitrogen atom, with a formal negative charge on the oxygen atom and a formal positive charge on the nitrogen.) This prevents rotation around the C-{}N bond, locking the peptide bond in the {\itshape trans} conformation, and holding six atoms in a plane: the α-{}carbon of one amino acid, the carbonyl carbon and oxygen atoms, the amino nitrogen and hydrogen atoms, and the {\mbox{$\&$}}alpha-{}carbon of the second amino acid are all co-{}planar.
The structure of a peptide chain\textquotesingle{}s \symbol{34}backbone\symbol{34} can be described uniquely by the torsion angles between adjacent peptide units. The \myhref{http://en.wikibooks.org//en.wikipedia.org/wiki/\%CF\%86-angle}{ φ-{}angle} is the torsion angle between the α-{}carbon and the carbonyl carbon of one amino acid; the \myhref{http://en.wikibooks.org//en.wikipedia.org/wiki/\%CF\%88-angle}{ ψ-{}angle} is the torsion angle between the amino nitrogen and the α-{}carbon.
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\begin{center}
{\small {\itshape Peptide bond formation$\text{ }$\newline{}

Two amino acids with different side chains react when the amino-{}terminus (red) of one joins the carboxy-{}terminus (blue) of another are linked by an amide bond (green). See also \myhref{http://en.wikibooks.org/wiki/Biochemistry/Peptide_Bond_Formation}{ the mechanism of peptide bond formation}.)}}
\end{center}

It is important to note that the formation of this peptide bond is highly unfavorable under standard conditions. However, in the human body, there are enzymes that assist in facilitating this reaction, making peptide bond formation and proteins possible.
\subsection{Chemical classification of aminoacids}

The 20 amino acids encoded by the \myhref{http://en.wikibooks.org//en.wikipedia.org/wiki/Wikipedia:genetic_code}{ genetic code} are:$\text{ }$\newline{}
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They are not shown in their zwitterionic state for clarity. At physiological pH (\~{}pH 6.8), all would be so, except proline, which is a five-{}membered ring. Charged side-{}chains are shown ionic when they exist as such at physiological pH.
\subsection{Protein Electrophoresis}

Protein Electrophoresis is a method in which a mixture of proteins can be separated and analyzed. Electrophoresis is based on the mobility of ions in an electric field. The charge distribution of the molecules is critical in the separation of all electrophoresis. In an electric field, electrophoresis is a passage of charged molecules in solution. Positively charged ions have tendency toward a negative electrode and inversely, negatively charged ions have tendency toward a positive electrode. The molecular weight results to a molecular friction which is directly proportional to the molecular charge and its voltage and inversely proportional to a molecule’s mobility in an electric field.
Gel electrophoresis is performed to analyze the molecular weights and the charge of the protein and is mostly used in electrophoresis of the protein. The gel electrophoresis is carried out in a thin piece of polyacrylamide. The crosslinked of acrylamide and N,N\textquotesingle{}-{}methylene-{}bis-{}acrylamide forms the polyacrylamide by polymerization. The size has an important effect in the movement of the protein molecule. The smaller molecules of protein would result in a faster passage of the molecules through the gel pores.
The separation of the protein molecules in the gel affects the protein activity. In this process, first the protein reduces the disruption of disulfide bonding by heating which results in purification and denaturalization. Next, the sodium dodecyl sulfate, abbreviated as SDS, (and ionic detergent) is added. SDS is an anionic detergent which dissolve hydrophobic molecules and denatures protein molecules without breaking peptide bonds. This result in the dislocation of the structure of the protein changes the secondary, tertiary and quaternary to the primary structure with negative charge. Then the protein is passed through the gel. For denatured proteins, SDS can form a steady charge mass ratio in binding with proteins.
The polyacrylamide gel electrophoresis is a very sensitive method capable of a bearing a high resolution and it is analytically used in the studies in the separation techniques.
\subsection{Isoelectric point}

The \myhref{http://en.wikibooks.org//en.wikipedia.org/wiki/Isoelectric_point}{ isoelectric point} (pI) is the pH-{}value in which a protein is neutral, that is, has zero net charge. To be clear, it is not the pH value where a protein has all bases deprotonated and all acids protonated, but rather the value where positive and negative charges cancel out to zero.
{\bfseries Calculating pI:} An aminoacid with n ionizable groups with their respective pKa values pK1, pK2, ... pkn will have the pI equal to the average of the group pkas:
pI=(pK1+pK2+...+pkn)/n
Most proteins have many ionizable sidechains in addition to their amino-{} and carboxy-{} terminal groups. The pI is different for each protein and it can be theoretically calculated according \myhref{http://en.wikibooks.org//en.wikipedia.org/wiki/Henderson-Hasselbalch_equation}{ Henderson-{}Hasselbalch equation} if we know amino acids composition of protein.
In order to experimentally determine a protein\textquotesingle{}s pI 2-{}Dimensional Electrophoresis (2-{}DE) can be used. The proteins of a cell lysate are applied to a pH immobilized gradient strip, upon electrophoresis the proteins migrate to their pI within the strip. The second dimension of 2-{}DE is the separation of proteins by MW using a SDS-{}gel. To clearly understand isoelectric point, you have to keep in mind that the positively charged groups are balanced by the negatively charged groups. For simple amino acid \symbol{34} alanine\symbol{34}, the isoelectric point is an average of the PKa of the carboxyl with PK1 of (2.34) and ammonium with PK2 of (9.69) groups. So, the PI for the simple amino acid \symbol{34} alanine\symbol{34} is calculated as:(2.34+9.69)/2 which is equal to 6.02. When additional basic or acidic groups are added as a side-{}chain functions, the isoelectric point pI will be the average of the pKa\textquotesingle{}s of the most similar acids. Example for this concept could be aspartic acid in which the similar acids are alpha-{}carboxyl function with pKa of 2.1 and the side chain carboxyl function with a pKa of 3.9. Thus, the pI for aspartic acid is (2.1+3.9)/2=3.0. Another example is arginine, its similar acids are guanidinium on the side chain with pKa of 12.5 and the alpha-{}ammonium function with pKa of 9.0. Thus the calculated pI for arginine= (12.5+9.0)/2=10.75. pI does not has a unite.
\subsection{The peptidic bond}

Two amino acid molecules can be covalently joined through a substituted amide linkage, termed a {\bfseries peptide bond,} to yield a dipeptide. this link is formed by dehydration (removal of the water molecules -{} one hydrogen atom from one amino acid and an OH group from the other). This process can then continue to join other amino acids and yield in an amino acid chain. When there are few amino acids in a chain, it is called an {\bfseries oligopeptide}, when there are many it is called a {\bfseries polypeptide}. although the terms \symbol{34}protein\symbol{34} and \symbol{34}polypeptide\symbol{34} are sometimes used to describe the same thing, the term polypeptide is generally used when the molecular weight of the chain is below 10,000. An amino acid unit in a peptide is often called a residue.
\section{Disulfide bonds}

Disulfide bonds form between the sulfur atoms of two cysteine side chains in a protein. The side chains undergo a reversible oxidation of the sulfhydryl groups of the cysteine, wich results in covalent bonding of the sulfur atoms (S-{}S). This bonding is called a \symbol{34}disulfide bridge\symbol{34}. Typically, disulfides don\textquotesingle{}t form on the surface of proteins because of the presence of reducing agents in the cytoplasm. These bonds are of great importance concerning the shaping of protein structure; their formation guides the folding of peptide chains as the proteins are produced. Structural proteins that have to be rigorously stable (for example, Keratin, which is found in nail, horn and crustacean shell) often contain a large number of disulfide bonds.
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\section{Post-{}translational modifications}

After a protein is synthesized inside the cell is usually modified by addition of extra functional groups the polypeptide chain. These can be sugar or phosphate groups and may confer to the protein special functions such as: the ability to recognize other molecules, to integrate in the plasma membrane, to catalyze biochemical reactions, and various other processes. It is in the interest of the biochemist to understand what proteins are modified, what the modification is, and where it is located. An easy way to do this is by using mass spectrometry. In a sample of protein submitted to mass spectrometry you will see both modified and unmodified protein signals, the change in mass between these signals will correspond to the change in mass of your protein due to your post-{}translation modification.
\section{Protein structure and folding}

\section{What is protein folding?}

Protein folding is commonly a fast or very fast process, often but not always reversible, taking no more than a few milliseconds to occur. It can be viewed as a complex compromise between the different chemical interactions that can happen between the amino acid sidechains, the amidic backbone and the solvent. There are literally millions of possible three-{}dimensional configurations, often with minimal energetic differences between them. That\textquotesingle{}s why we\textquotesingle{}re still almost unable to predict the folding of a given polypeptide chain {\itshape ab initio}.Protein folding problem is that scientist still has failed to crack the code that governs folding. Moreover, the ability of biological polymers such as protein fold into well-{}defined structures is remarkable thermodynamically. An unfolded polymer exists are random coils, each copy of an unfolded polymers will have different conformation, yielding a mixture of many possible conformation.
\section{Folding depends only on primary structure}

In 1954 Christian Anfinsen demonstrated that the folding of a protein in a given environment depends only on its primary structure -{} the amino acid sequence. This conclusion was by no means obvious, given the complexity of the folding process and the paucity of biochemical knowledge at the time. The process of folding often begins co-{}translationally, so that the N-{}terminus of the protein begins to fold while the C-{}terminal portion of the protein is still being synthesized by the ribosome. Specialized proteins called chaperones assist in the folding of other proteins. Meanwhile, protein folding is a thermodynamically driven process: that is, proteins fold by reaching their thermodynamically most stable structure. The path followed by the protein in the potential energy landscape is far from obvious, however. Many local and non-{}local interactions take part in the process, and the space of possible structures is enormous. As of today molecular dynamics simulations are giving invaluable hints on the first stages of the folding process. It is known now that the unfolded state still retains key long-{}range interactions and that the local propensity of the sequence to fold in a given secondary structure element narrow the \symbol{34}search\symbol{34} in the so-{}called conformational space. This seems to mean that biological proteins somehow evolved to properly fold. In fact, many random amino acid sequences only acquire ill-{}defined structures (molten globules) or no structure at all.
There are some general rules, however. Hydrophobic amino acids will tend to be kept inside the structure, with little or no contact with the surrounding water; conversely, polar or charged amino acids will be often exposed to solvent. Very long proteins will often fold in various distinct modules, instead of in a single large structure.
\section{The Ramachandran plot}

The Ramachandran plot was invented by professor G.N.Ramachandran, a very eminent scientist from India. He discovered the triple helix structure of collagen in 1954 a year after the double helix structure was put forth. In a polypeptide the main chain N-{}Calpha and Calpha-{}C bonds relatively are free to rotate. These rotations are represented by the torsion angles phi and psi, respectively.
G N Ramachandran used computer models of small polypeptides to systematically vary phi and psi with the objective of finding stable conformations. For each conformation, the structure was examined for close contacts between atoms. Atoms were treated as hard spheres with dimensions corresponding to their van der Waals radii. Therefore, phi and psi angles which cause spheres to collide correspond to sterically disallowed conformations of the polypeptide backbone
\section{Intramolecular forces in protein folding}

The tertiary structure is held together by hydrogen bonds, hydrophobic interactions, ionic interactions, and/or disulfide bonds.
\section{The protein folding problem}

The protein folding problem relates to what is known as the Levinthal paradox. Levinthal calculated that if a fairly small protein is composed of 100 amino acids and each amino acid residue has only 3 possible conformations (an underestimate) then the entire protein can fold into 3\textsuperscript{100}-{}1 or 5x10\textsuperscript{47} possible conformations. Even if it takes only 10\textsuperscript{-{}13} of a second to try each conformation it would take 10\textsuperscript{27} years to try them all. Obviously a protein doesn\textquotesingle{}t take that long to fold, so randomly trying out all possible conformations is not the way proteins fold. Since most proteins fold on a timescale of the order of milliseconds it is clear that the process is directed in some manner dependent on the constituents of the chain. The protein folding problem which has perplexed scientists for over thirty years is that of understanding how the tertiary structure of a protein is related to its primary structure, because it has been proven that the primary structure of a protein holds the only information necessary for the protein to fold. Ultimately the aim is also to be able to predict what pathway the protein will take.
\section{Folding in extreme environments}

Most proteins are not capable of maintaining their three-{}dimensional shape when they are exposed to environmental extremes such as a low or high pH, or a highly variable temperature.
Changes in the pH of the proteins environment may alter the charges on the amino acid side chains that form the whole protein, so that repulsive or attractive forces may form, altering the secondary and tertiary structure of the protein as a whole, as a result the shape of the enzyme is warped, and the now non-{}functional protein is said to be denatured.
A high or exceptionally low temperature can cause the constitutive bonds on the protein to be broken, again resulting in the protein being rendered non-{}functional.
It is important to note that certain proteins, mainly digestive enzymes such as trypsin, are capable of with-{}standing a pH as low as 1. If the pH of such an enzymes environment were to increase to approximately pH5, it would be inactivated.
\section{Protein misfolding}

The way that a protein folds is one of the most important factors influencing its properties, as this is what determines which active groups are exposed for interaction. If the protein misfolds, its properties can be markedly changed. One example of this is in Transmissible Spongiform Encephalopathies, such as BSE, and Scrapie. In these, the prion protein, which is involved in the brain\textquotesingle{}s copper metabolism, misfolds, and starts forming plaques, which destroy brain tissue.
\chapter{Protein structural levels}

\myminitoc

Biochemists refer to four distinct aspects of a protein\textquotesingle{}s structure:
\section{Primary structure}

Primary structure is practically a synonym of the amino acid sequence. It can also contain informations on amino acids linked by peptide bonds. Primary structure is typically written as a string of three letter sequences, each representing an amino acid. Peptides and proteins must have the correct sequence of amino acids.
\section{Secondary structure}

{\itshape Secondary structure} elements are elementary structural patterns that are present in most,if not all,known proteins. These are highly patterned sub-{}structures -{}-{}alpha helix and beta sheet-{}-{} consisting of loops between elements or segments of polypeptide chain that assume no stable shape. Secondary structure elements, when mapped on the sequence and depicted in the relative position they have in respect to each other, define the {\itshape topology} of the protein. It is also relevant to note that hydrogen bonding between residues is the cause for secondary structure features; secondary structure is usually described to beginning biochemists as (almost) entirely independent of residue side-{}chain interactions.
$\text{ }$\newline{}

\section{Tertiary structure}

{\itshape Tertiary structure} is the name given to refer to the overall shape of a single protein molecule. Although tertiary structure is sometimes described (especially to beginning biology and biochemistry students) as being a result of interactions between amino acid residue side chains, a more correct understanding of tertiary structure is the interactions between elements of secondary protein structure, i.e. alpha-{}helices and beta-{}pleated sheets. Tertiary structure is often referred to as the \symbol{34}fold structure\symbol{34} of a protein, since it is the result of the complex three-{}dimensional interplay of other structural and environmental elements.
\section{Super-{}tertiary structure (protein modules)}

Some literature refers to elements of super-{}tertiary structure, which often refers to elements of folding that, for whatever reason, do not neatly fit into the category of tertiary structure. Often this level of distinction is saved for graduate level coursework. Protein denaturation can be a reversible or an irreversible process, i.e., it may be possible or impossible to make the protein regain its original spatial conformation.
\section{Quaternary structure}

Quaternary structure is the shape or structure that results from the union of more than one protein molecule, usually called {\itshape subunit proteins} {\itshape subunits} in this context, which function as part of the larger assembly or protein complex.
\TemplatePreformat{$\text{ }$\newline{}
And$\text{ }${}it$\text{ }${}refers$\text{ }${}to$\text{ }${}the$\text{ }${}regular$\text{ }${}association$\text{ }${}of$\text{ }${}two$\text{ }${}or$\text{ }${}more$\text{ }${}polypeptide$\text{ }$\newline{}
$\text{ }${}chains$\text{ }${}to$\text{ }${}form$\text{ }${}a$\text{ }${}complex.$\text{ }${}A$\text{ }${}multi-{}subunit$\text{ }${}protein$\text{ }${}may$\text{ }${}be$\text{ }${}composed$\text{ }${}of$\text{ }$\newline{}
$\text{ }${}two$\text{ }${}or$\text{ }${}more$\text{ }${}identical$\text{ }${}polypeptides,$\text{ }${}or$\text{ }${}it$\text{ }${}may$\text{ }${}include$\text{ }${}different$\text{ }$\newline{}
$\text{ }${}polypeptides.$\text{ }${}$\text{ }$\newline{}
}
Quaternary structure tends to be stabilized mainly by weak interactions between residues exposed on surfaces polypeptides within a complex.
\chapter{Secondary structure elements}

\myminitoc

\section{The alpha helix}
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\raggedright{}\myfigurewithcaption{20}{Alpha Helix}
\end{minipage}\vspace{0.75cm}



The alpha helix is a periodic structure formed when main-{}chain atoms from residues spaced four residues apart hydrogen bond with one another. This gives rise to a helical structure, which in natural proteins is always right-{}handed. Each turn of the helix comprises 3.6 amino acids. Alpha helices are stiff, rod-{}like structures which are found in many unrelated proteins. One feature of these structures is that they tend to show a bias in the distribution of hydrophobic residues such that they tend to occur primarily on one face of the helix.
The amino acids in an α helix are arranged in a helical structure, about 5 Å wide. Each amino acid results in a 100° turn in the helix, and corresponds to a translation of 1.5Å along the helical axis. The helix is tightly packed; there is almost no free space within the helix. All amino acid side-{}chains are arranged at the outside of the helix. The N-{}H group of amino acid (n) can establish a hydrogen bond with the C=O group of amino acid (n+4).
Short polypeptides usually are not able to adopt the alpha helical structure, since the entropic cost associated with the folding of the polypeptide chain is too high. Some amino acids (called {\itshape helix breakers}) like proline will disrupt the helical structure.
Ordinarily, a helix has a buildup of positive charge at the N-{}terminal end and negative charge at the C-{}terminal end which is a destabilizing influence. As a result, α helices are often capped at the N-{}terminal end by a negatively charged amino acid (like glutamic acid) in order to stabilize the helix dipole. Less common (and less effective) is C-{}terminal capping with a positively charged protein like lysine.
α helices have particular significance in DNA binding motifs, including helix-{}turn-{}helix motifs, leucine zipper motifs and zinc finger motifs. This is because of the structural coincidence of the α helix diameter of 12Å being the same as the width of the major groove in B-{}form DNA.
α helices are one of the basic structural elements in proteins, together with beta sheets.
The peptide backbone of an α helix has 3.6 amino acids per turn.
\section{The beta sheet}
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\raggedright{}\myfigurewithcaption{21}{Diagram of Β-{}Pleated sheet and bond structure of protein}
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The {\bfseries β sheet} (also {\bfseries β-{}pleated sheet}) is a commonly occurring form of regular secondary structure in proteins, first proposed by Linus Pauling and Robert Corey in 1951. It consists of two or more amino acid sequences within the same protein that are arranged adjacently and in parallel, but with alternating orientation such that hydrogen bonds can form between the two strands. The amino acid chain is almost fully extended throughout a β strand, lessening the probability of bulky steric clashes. The Ramachandran plot shows optimal conformation with angle phi = -{}120 to -{}60 degrees and angle psi = 120 to 160 degrees. The N-{}H groups in the backbone of one strand establish hydrogen bonds with the C=O groups in the backbone of the adjacent, parallel strand(s). The cumulative effect of multiple such hydrogen bonds arranged in this way contributes to the sheet\textquotesingle{}s stability and structural rigidity and integrity: for example, cellulose\textquotesingle{}s beta-{}1,4 glucose structure. The side chains from the amino acid residues found in a β sheet structure may also be arranged such that many of the adjacent side chains on one side of the sheet are hydrophobic, while many of those adjacent to each other on the alternate side of the sheet are polar or charged (hydrophilic). Some sequences involved in a β sheet, when traced along the backbone, take a {\itshape hairpin turn} in orientation (direction), sometimes through one or more prolines. The α-{}C atoms of adjacent strands stand 3.5Å apart. In addition to the parallel beta sheet, there is also the anti-{}parallel beta sheet. The hydrogen-{}bond still exists in this conformation but the main difference lies in the directionality of the protein. In this conformation the proteins run in opposite directions, but the resulting hydrogen bonds connect directly across from one another instead of the diagonal. In short, beta sheets can be purely parallel, anti-{}parallel, or even mixed.
\section{The random coil}

A protein that completely lacks secondary structure is a {\bfseries random coil}. In random coil, the only fixed relationship between amino acids is that between adjacent residues through the peptide bond. As a result, random coil can be detected from the absence of the signals in a multidimensional nuclear magnetic resonance experiment that depend on particular peptide-{}peptide interactions. Likewise in the images produced in crystallography experiments, pieces of random coil appear simply as an absence of \symbol{34}electron density\symbol{34} or contrast. Random coil is also easily distinguished by circular dichroism. Denaturing reduces a protein entirely to random coil.
\section{Less common secondary structure elements}

Certain other periodic structures rarely appear in proteins, some of which are similar to the more common types. For example, two variants of the alpha-{}helix also occur, the 3-{}10 helix and the pi helix. These have helical pitches of 3 and 4.4 residues per turn respectively, corresponding to hydrogen bonds forming between residue i and i+3 for the 3-{}10 helix and between i and i+5 for the pi helix. Both are usually very short (1 turn or so) and have been seen only at the ends of alpha helices.
\chapter{Tertiary structure elements}

\myminitoc

\section{Alpha-{}only structures}

Structures that contain only Alpha Helices
\section{Beta-{}only structures}

\chapter{Common folds and modules}

\myminitoc

\section{The Rossman fold}

The Rossmann fold is a protein structural motif found in proteins that bind nucleotides, especially the cofactor NAD. The structure is composed of three or more parallel beta strands linked by two alpha helices in the topological order beta-{}alpha-{}beta-{}alpha-{}beta. Because each Rossmann fold can bind one nucleotide, binding domains for dinucleotides such as NAD consist of two paired Rossmann folds that each bind one nucleotide moiety of the cofactor molecule. Single Rossmann folds can bind mononucleotides such as the cofactor FMN.
The motif is named for Michael Rossmann who first pointed out that this was a frequently occurring motif in nucleotide binding proteins.
\section{The hemoglobin fold}

\section{The immunoglobulin fold}

\section{Keratin}

Found in hair and in the palms of human hands.
\section{Collagen}

\section{Types of protein}

\myhref{http://en.wikibooks.org/w/index.php?title=Biochemistry/Proteins/Types_of_protein\&amp;action=edit\&amp;redlink=1}{ Biochemistry/Proteins/Types of protein}
\chapter{Carbohydrates}

\myminitoc

\section{Introduction}

{\bfseries Carbohydrates} are one of the fundamental classes of macromolecules found in \myhref{http://en.wikibooks.org/wiki/Biology}{ biology}. Carbohydrates are commonly found in most organisms, and play important roles in organism structure, and are a primary energy source for animals and plants. Most carbohydrates are sugars or composed mainly of sugars. By far, the most common carbohydrate found in nature is glucose, which plays a major role in cellular respiration and photosynthesis. Some carbohydrates are for structural purposes, such as cellulose (which composes plants\textquotesingle{} cell walls) and chitin (a major component of insect exoskeletons). However, the majority of carbohydrates are used for energy purposes, especially in animals. Carbohydrates are made up of a 1:2:1 ratio of Carbon, Hydrogen, and Oxygen (CH\textsubscript{2}O)\textsubscript{n}
\section{Simple Carbohydrates (Monosaccharides)}

{\bfseries These are used only for energy in living organisms.} Simple carbohydrates are also known as \symbol{34}Monosaccharides\symbol{34}.The chemical formula for all the monosaccharides is CnH2nOn. They are all structural isomers of each other. There are two main types of monosaccharides. The first type are aldoses, containing an aldehyde on the first carbon, and the second type are ketoses, which have a ketone on the second carbon (This carbonyl group is always located on the second carbon).
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The suffix -{}oses is kept for the aldoses {\mbox{$\&$}} the suffix -{}uloses is kept for the ketoses. Except fructose ketoses are as common as aldoses.The most abundant monosaccharide in nature is the 6-{}Carbon sugar -{}i.e.D-{}Glucose. All monosachharides are non reducing sugar.
\subsection{Monomers}

There are two main forms of monomer, aldoses and ketoses, of which, all have the same backbone. The simplest for of monomers are trioses. The trioses consist of three carbons in the backbone.
$\text{ }$\newline{}

\subsection{Fructose}

Fructose is a ketohexose with the molecular formula of C6H12O6{\mbox{$~$}}; which is same as the molecular formula of Glucose but different structure. The structure of fructose differs from glucose at carbon 1 and 2 by the location of the carbonyl group. Fructose is the sweetest naturally occurring sugar. Fructose is also called levulose and fruit sugar; fructose is also found in fruits, root vegetables(such as sweet potato and onion) and honey. It is a isomer of glucose and a ketose simple sugar. Fructose has the highest solubility among all sugars. Fructose can be converted to its isomer glucose, after it enters the blood stream.
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\subsection{Glucose}

The hexoses glucose,galactose, and fructose are important monosaccharides.Glucose is the most prevalent monosaccharide in diet. The most common hexose, D-{}glucose, C6H12O6 also known as dextrose and blood sugar, is found in fruits,vegetables, corn syrup, and honey. Glucose is a building block of the disaccharides(sucrose,maltose,lactose) and polysaccharides ( glycogen,cellulose,starch). In the body, excess glucose is converted to glycogen and then stored in the muscle and liver.
\TemplatePreformat{$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}CHO$\text{ }$\newline{}
}
\TemplatePreformat{$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}H-{}C-{}OH$\text{ }$\newline{}
}
\TemplatePreformat{$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}OH-{}C-{}H$\text{ }$\newline{}
}
\TemplatePreformat{$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}H-{}C-{}OH$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }$\newline{}
}
\TemplatePreformat{$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}H-{}C-{}OH$\text{ }$\newline{}
}
\TemplatePreformat{$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}CH2OH$\text{ }$\newline{}
}
\subsection{Galactose}

Galactose is a sugar component of the disaccharide lactose, as found in milk. It is not as sweet as glucose and is separated from the glucose in lactose via hydrolysis.In addition, galactose is an aldohexose that does not occur in the free form in nature; galactose has an important role in the cellular membrane of the brain and nervous system. D-{}galactose has a structure similar to D-{}glucose and the only difference between them is in the arrangement of the –OH group on carbon number 4. Galactose can be found in human breast milk and is incorporated into the structure of Human Milk Oligosaccharides. The backbone of Human Milk Oligosaccharides is the disaccharide lactose, which is formed by the linkage between galactose and glucose sugars.
\TemplatePreformat{$\text{ }$\newline{}
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}
Tha oligosachharides yields 2 to 10 monosachharides on hydrolysis. Disachharides are most common oligosachharide found in nature.
\subsection{Disaccharides}

Monosaccharides are simple forms of sugars consisting of one sugar, disacharides on the other hand, consists of two. The two sugars are bonded together via a glycosidic bond. Most linkages between sugars occur between the first and fourth carbon on the sugars.
\subsection{Polysaccharides}

Sugars do not stop at disaccharides, they are much more complex than that. Multiple sugars are linked together forming many polysaccharides. Polysaccharides are made up of monosaccharides linked together.
\section{Compound Carbohydrates (Disaccharides)}

These are used by living organisms for energy. They are composed of two monosaccharides joined together by the process known as dehydration synthesis. In this process, one molecule loses one hydrogen atom, while the other loses one hydrogen atom and one oxygen atom. The reverse of this is hydrolysis, where water is added to break down a molecule into two or more simpler molecules. Disaccharides have the chemical equation C\textsubscript{12}H\textsubscript{22}O\textsubscript{11}. The reason it does not follow the 1:2:1 ratio is, obviously, due to the H\textsubscript{2}O taken way from it. Some examples of disaccharides are:
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\subsection{Maltose}


\begin{myenumerate}
\item{}Chemistry-{}

\end{myenumerate}

Maltose is a white crystal sugar, also known as malt sugar and a reducing disaccharide made from two glucose units. The bonding of two glucose units is called 1-{}4 glycosidic linkage which joins the carbon number 1 of one glucose to carbon number 4 of the second glucose.In the presence of enzyme maltase,1-{}4 linkage of two glucose is broken down and maltose is hydrolized into glucose

\begin{myenumerate}
\item{}occurrence-{}

\end{myenumerate}

Maltose is present in sprouting barely. It is the major product of hydrolysis of starch.

\begin{myitemize}
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\end{myitemize}

\subsection{Sucrose}

3Occurrence-{} It is the costituent of sugarcane. it is also found in Beet,carrot,etc. Nector of flower is particularly rich in sucrose. 3Chemistry-{} Sucrose is white crystal sugar.When heat above its melting point it forms a brown substance known as \symbol{34}Caramel\symbol{34}. it is non reducing sugar. Sucrose is formed by the C1-{}C2 glucosidic bond between glucose {\mbox{$\&$}} fructose. Sucrose on hydrolysis yield equimolar mixture of glucose {\mbox{$\&$}} fructose which is offen called as \symbol{34}invert sugar\symbol{34} by the \symbol{34}enzyme\symbol{34}.

\begin{myitemize}
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\end{myitemize}

\subsection{Lactose}

3 Occurrence-{} It is found in milk of animal. It is also Milk sugar{\itshape . The percentage of latose in human milk is 6.8{\mbox{$~$}}\% {\mbox{$\&$}} in cow milk is 4.8{\mbox{$~$}}\%} 3 Chemistry-{} Lactose is made by the C1-{}C4 glycosidic bond between galactose {\mbox{$\&$}} glucose. The hydrolysis of Lactose gives the monosacchride: glucose + glactose by the enzyme lactase. Lactose can be a reducing sugar.

\begin{myitemize}
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\end{myitemize}

\section{Complex Carbohydrates (Polysaccharides)}

Polysachharide are also called as glycanes are high molecular weight which on hydrolysis yield monosachharides.Some source of complex carbohydrates are pasta, brown bread, brown rice, corn, beans, potatoes, and peas. Digestion of complex carbohydrates could take more time because digestive enzyme have to work harder to break down the chain into individual sugars. Both monosaccharides and disaccharides are used only for energy. Another difference is that while monosaccharides can be used for energy immediately, and disaccharides can be used for energy relatively rapidly because they can be broken down quickly, polysaccharides release their energy slowly. chemicaly , the polysachharide may be distinguished into homopolysachharide {\mbox{$\&$}} heteropolysachharide. Homopolysachharides which on hydrolysis yield only single monosachharide. Eg. starch, cellulose, etc. Hateropolysachharide which on hydrolysis yield two or more monosachharide. Eg. heparin, chondroitin, etc.
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}
polysachharide may be classified on the basis of functional aspect as Nutritive {\mbox{$\&$}} Structural. Nutritive-{} starch,glycogen,inulin etc. Structural-{} cellulose,chitin,pectin,etc.
\subsection{Cellulose (Fiber)}

Cellulose is a special kind of carbohydrate. It is insoluble and most organisms can not produce enzymes to break it down. It is made by β-{}D-{}glucose. It is found only in plants, and it\textquotesingle{}s found in the cell wall. It is composed of β glucose molecules, which create a more rigid structure. Cotton used to make clothes etc. is cellulose from around the seeds of the cotton plant. Fibre helps the plant keep a strong structure. Humans can\textquotesingle{}t digest fibre.it gives no color with iodine.It is completely absent in meat, egg, fish {\mbox{$\&$}} milk.
\subsection{Starch}

Starch is the energy storage molecule of plants.It is formed by long chains of α glucose molecules linked together. It is mostly found in potato. Starch is actually a mixture of 2 types of molecules, amylose and amylopectin. These large polysaccharides are very good for energy storage because they have lots of glucose molecules crammed into a small space which can then be easily broken off, one at a time, by hydrolysis and then used for energy. It is hydrolysed by enzyme Amylase.It is non reducinh sugar. It gives blue,purple colour with iodine
\subsection{Glycogen}

Glycogen is the energy storage molecule of animals. It is formed by branched chains of alpha glucose molecules with 1-{}4 glycosidic bonds on the main chains and 1-{}6 glycosidic bonds to form the branches. Humans store small amounts of glycogen in the liver and muscles. It is created when there are high blood sugar levels. The pancreas secretes insulin, which stimulates the creation of glycogen from glucose and signals the body to use glucose as its main form of energy. It is non reducing sugar. It gives red colour with iodine.
\subsection{References}

n.p. {\itshape Carbohydrates Notes}. n.d. www.chem.ucla.edu/harding/notes/notes_14C_carbos.pdf
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$\text{ }$\newline{}

\section{Membranes And Lipids}

All cells, from simple prokaryotic bacteria to complex multicellular organisms are surrounded by a {\bfseries membrane}. The membrane acts as a selective barrier, letting some substances into the cell and preventing other substances from entering. The membrane also actively transports substances between the inside and outside of the cell, using cellular energy to do so. This is important in regulating the concentration of many substances which must be maintained within strict limits. The cell also contains membrane bound compartments, where the membrane acts as a barrier for the separation of different environments, like lysosomes which have a high pH that would be toxic to the rest of the cell. This chapter is about the chemical composition of the membrane and how this creates the functionality of the membrane.
\section{The Lipid Bilayer}

The first person to link lipids with the cell membrane may have been Charles Ernest Overton, who was studying heredity in plants. Part of his studies involved studying which substances absorbed into plant cells most quickly. After characterizing a large number of substances, he came up with the idea that cell membranes were composed of something similar to the lipids found in vegetable oils, and that substances are absorbed into the cells by dissolving through the membrane.
The next big step came when Gorter and Grendel extracted the lipids from red blood cells and compared the surface area of the lipids spread out on water compared to the surface area of the red blood cells. They found the lipid surface area was twice that of the red blood cells, and concluded that the lipids must be arranged in a layer two lipid molecules thick. This is what biologists now call the {\bfseries lipid bilayer}, and to understand the construction of the bilayer, we need to understand the lipids themselves.
$\text{ }$\newline{}

\subsection{Fatty Acids}

A fatty acid is simply a linear carbon chain with a carboxylic acid group at one end.
Fatty acids usually have between 14 and 24 carbon atoms and may have one or more double bonds. These double bonds are almost always in the cis configuration. 
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 Fatty acids have both common names and systematic names. The systematic name is based on the alkane or alkene with the same number of carbon atoms, with the final {\itshape e} of the hydrocarbon replaced with {\itshape oic acid}. For example Laurate (Figure x) 
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 is a fatty acid with 12 carbon atoms and no double bonds, so the systematic name is dodecanoic acid, and the ionized form is dodecanoate. (saturated fatty acid table) If there are double bonds, the location is marked with the symbol Δ with a superscript number indicating the location of the double bond and preceded by {\itshape cis} or {\itshape trans} to indicate configuration (but almost invariably {\itshape cis} in natural fatty acids). Carbon atoms are counted from the carboxyl end, as in Figure x, so a dodecenoate acid with a cis double bond between carbon atoms 9 and 10 would be: {\itshape cis}-{}Δ\textsuperscript{9}-{}dodecenoate.
The number 2, 3 and last carbon atom are called the α, β and ω atoms, respectively.
$\text{ }$\newline{}

One common shorthand for describing fatty acids is based on the fact that multiple double bonds are placed three bonds apart. This allows the acid to be described by the length of its carbon chain, number of double bonds, and location of the final double bond, relative to the ω carbon. Under this system, for instance, Docosahexaenoic Acid (DHA),a very important constituent of membranes in the brain and eyes, can by listed as 22:6 ω-{}3. This corresponds to: 22 carbons and 6 double bonds,of which the final double bond is at ω-{}3. This is equivalent to 22:6 Δ\textsuperscript{4, 7, 10, 13, 16, 19}, or, in its full IUPAC form, cis-{}docosa -{} 4, 7, 10, 13, 16, 19 -{} hexaenoic acid.
\subsection{Phosphoglycerides}

Phosphoglycerides are composed of a glycerol back bone with substituents in the following arrangements:

\begin{myitemize}
\item{}Hydroxyl \#1 of glycerol is usually esterified to a saturated fatty acid
\item{}Hydroxyl \#2 of glycerol is usually esterified to an unsaturated fatty acid
\item{}Hydroxyl \#3 of glycerol is esterified to a phosphate group

\end{myitemize}
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 The simplest phosphoglyceride is phosphatidate (picture). Other phosphoglycerides can be made when a group with a hydroxyl is esterified to the phosphate group of phosphatidate. There are four common substituents for phosphatidate. Serine, ethanolamine and choline are structurally similar, while inositol is different: 
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When the fatty acid esterified to hydroxyl \#2 is a cis-{} configured polyunsaturated fatty acid (i.e. one with more than one double bond), it tends to curl, and thus prevents the molecules from packing so closely together in a membrane. This makes the membrane more flexible.
\subsection{Sphingolipids}

{\itshape Sphingolipids\textquotesingle{}}, have the same overall shape as phosphoglycerides but have different chemistry, using sphingosine in place of glycerol. Sphingosine has a long hydrocarbon tail similar to fatty acids attached to a structure that is similar to the amino acid serine. A fatty acid can attach to the amine group, and a \symbol{34}head\symbol{34} group can attach to a hydroxyl (see Figure x). Sphingolipids are named according to this head group:

\begin{myitemize}
\item{}If there is no head group it is called a ceramide
\item{}If the head group is phosphate and choline, it is called sphingomyelin
\item{}If the head group is a sugar, it is called a glycosphingolipid (or a glycolipid)

\end{myitemize}

The majority of sphingolipids are of the third type, glycosphingolipids. It is thought they have functions in cell recognition and protection in addition to their structural role in the membrane.
$\text{ }$\newline{}

Sphingolipids are known to regulate activity in cells, such as immune responses, production of cells, and development of specialized cells. Although these are under the spatial and temporal control, it was recently discovered that sphingosine kinases will be focused on therapeutic effects on enzymes for people with cancer and other conditions.

\begin{myitemize}
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\end{myitemize}

\subsection{Formation Of The Bilayer}

If we compare the structures of phosphoglycerides and sphingolipids, we see that they are very similar compounds. Each lipid has two long hydrophobic hydrocarbon \symbol{34}tails\symbol{34} and a single polar \symbol{34}head\symbol{34}. Since the molecule has both polar and nonpolar moieties, it is said to be {\bfseries amphipathic}. It is the amphipathic nature of these molecules that causes them to form bilayers, mediated by four forces:

\begin{myitemize}
\item{}The hydrophobic effect-{} this causes the hydrophobic tails to come together. This is the strongest force driving the formation of the bilayer. It is a consequence of the increased entropy in water molecules when non polar substances are aggregated in water.
\item{}Van der Walls forces between the hydrophobic tails.
\item{}Electrostatic forces of the head groups.
\item{}Hydrogen bonds between the head groups.

\end{myitemize}

One possible structure that satisfies the above forces is called a {\bfseries micelle} (pictures). This is common with free fatty acids, but not with most phosphoglycerides and sphingolipids because these groups have twice as many acyl chains per head than the fatty acid (picture), and it is difficult to pack them all into the center of the micelle. Phospholipids and sphingolipids more often form a bilayer in a sheet or a sphere (picture). This is the so called lipid bilayer.
\subsection{Lipid Motion}

\subsubsection{Studying Motion}

NMR, ESR, X-{}Ray, Differential scanning calorimetry
FRAP is a good way to measure diffusion of receptors through a lipid membrane after tagging the protein of interest with a GFP construct
\subsubsection{Intramolecular Motion}

There are three basic kinds of motion within the lipid molecules: stretching between bonds, rotating between bonds, and wagging between bonds (?). {$\text{[}$}picture{$\text{]}$} 99\% of motion within liquid crystal is due to rotation about carbon-{}carbon bonds. Unsaturated fatty acids of membrane lipids rotate more often. This is because of the packed arrangement of the lipid bilayer. When there is rotation about one bond, an adjacent bond rotates to compensate for steric clashes {$\text{[}$}pictures{$\text{]}$}. Since double bonds in fatty acids are nearly always cis, they introduce kinks in the fatty acid. When a bond adjacent to a double bond rotates, the other bond adjacent to the double bond also rotates, and the whole thing moves like an old fashioned bit and brace {$\text{[}$}pictures{$\text{]}$}. It takes more energy to rotate the double bonds closer to the head groups due to {$\text{[}$}angle thing picture{$\text{]}$}. Double bonds react with O2 readily and create poisons {$\text{[}$}more{$\text{]}$} bacteria have {$\text{[}$}cyclopropane picture{$\text{]}$}.
\subsubsection{Types of Membrane Protein Diffusion}

Rotational
Lateral
Liquid crystal
Flip Flop
\section{Plasma Membrane Function}

\subsection{Barrier}

Interior of cell is separated from surrounding environment. to keep undesirable substances out keep desirable substances in intracellulat membranes:act to compartmentalize functions within eukaryotic cells(ex:mitochondria,chloroplast)
\subsection{Transport Regulation}

The lipid membrane is impermeable to many essential nutrients to the cell, such as glucose. In order to get the proper nutrients into the cell protein transporters are constantly moving through the membrane. For the example of glucose, there are several isoforms of the glucose transporter, some of which are specific for only certain types of cells. One of the more interesting transporter is the water transporter: aquaporins. Even though water can get through the membrane, at times the cells needs more water then can be provided through diffusion.
\subsection{Cell Communication}

Gap junctions are channels found between cells that allow for the cytoplasm to exchange between the cells. This is how very fast signalling can occur by cells close together.
\subsection{Cell Adhesion}

Several classes of proteins are responsible for cells sticking together: Cadherins
\section{Summary}

\chapter{Lipids and the Plasma Membrane}

\myminitoc
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\section{Membranes And Lipids}

All cells, from simple prokaryotic bacteria to complex multicellular organisms are surrounded by a {\bfseries membrane}. The membrane acts as a selective barrier, letting some substances into the cell and preventing other substances from entering,and it also actively transports substances between the inside and outside of the cell, using cellular energy to do so. This is important in regulating the concentration of many substances which must be maintained within strict limits. The cell also contains membrane bound compartments, where the membrane acts as a barrier for the separation of different environments, like lysosomes which have a high pH that would be toxic to the rest of the cell. Furthermore, lipids are non-{}polar compound and soluble in organic solvent. Their ability to form membranes are as a result of their hydrophobic properties, which is contributed by their fatty acids. Membranes are amphipatic.
\section{The Lipid Bilayer}

The first person to link lipids with the cell membrane may have been Charles Ernest Overton, who was studying heredity in plants. Part of his studies involved studying which substances absorbed into plant cells most quickly. After characterizing a large number of substances, he came up with the idea that cell membranes were composed of something similar to the lipids found in vegetable oils, and that substances are absorbed into the cells by dissolving through the membrane.
The next big step came when Gorter and Grendel extracted the lipids from red blood cells and compared the surface area of the lipids spread out on water compared to the surface area of the red blood cells. They found the lipid surface area was twice that of the red blood cells, and concluded that the lipids must be arranged in a layer two lipid molecules thick. Lipid bilayer is a double layer membrane formed from phospholipids. Phospholipids are composed of a polar head group and non-{}polar fatty acid tails. The arrangement of the phospholipids makes the cell membrane permeable.
\subsection{Fatty Acids}

A fatty acid is a linear of carboxylic acid with a long hydrocarbon chain. In fatty acids, the non-{}polar hydrocarbon chain gives the molecule a non-{} polar character Fatty acids usually have between 14 and 24 carbon atoms and their carbon chain may have one or more double bonds. In naturally occurring fatty acids, these double bonds are mostly in cis configuration. Fatty acids have both common names and systematic names. The systematic name is based on the alkane or alkene with the same number of carbon atoms, with the final {\itshape e} of the hydrocarbon replaced with {\itshape oic acid}, if the carbon chain of the fatty acid is saturated (without double bond in its carbon chain), and \symbol{34}enoic acid\symbol{34} if there is double in its carbon chain. For example Laurate (Figure x) 
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 is a fatty acid with 12 carbon atoms and no double bonds, so the systematic name is dodecanoic acid, and the ionized form is dodecanoate. (saturated fatty acid table) If there are double bonds, the location is marked with the symbol Δ with a superscript number indicating the location of the double bond and preceded by {\itshape cis} or {\itshape trans} to indicate configuration (but almost invariably {\itshape cis}). Carbon atoms are counted from the carboxyl end, as in Figure x, so a dodecenoate acid with a cis double bond between carbon atoms 9 and 10 would be: {\itshape cis}-{}Δ\textsuperscript{9}-{}dodecenoate.
The number 2, 3 and last carbon atom are called the α, β and ω atoms, respectively.
$\text{ }$\newline{}

Biological fatty acids usually contain an even number of carbon atoms, with numbers of 16 and 18 being most common. The length of the fatty acid chain and the degree of saturation contributes largely to their distinct properties. The shorter the chain length and the more unsaturation in the fatty acid enhances their fluidity, thus lowering their melting point.
\subsection{Phosphoglycerides}

Phosphoglycerides are esters of two fatty acids, phosphoric acid and a trifunctional alcohol-{} glycerol. The fatty acids are attached to the glycerol at the 1 and 2 positions on glycerol through ester bonds. Phosphoglycerides are composed of a glycerol back bone with substituents in the following arrangements:

\begin{myitemize}
\item{}Hydroxyl \#1 of glycerol is usually esterified to a saturated fatty acid
\item{}Hydroxyl \#2 of glycerol is usually esterified to an unsaturated fatty acid
\item{}Hydroxyl \#3 of glycerol is esterified to a phosphate group

\end{myitemize}



\begin{minipage}{0.72500\textwidth}
\begin{center}
\includegraphics[width=1.0\textwidth,height=6.5in,keepaspectratio]{../images/37.\SVGExtension}
\end{center}
\raggedright{}\myfigurewithoutcaption{37}
\end{minipage}\vspace{0.75cm}

 The simplest phosphoglyceride is phosphatidate (picture). Other phosphoglycerides can be made when a group with a hydroxyl is esterified to the phosphate group of phosphatidate. There are four common substituents for phosphatidate. Serine, ethanolamine and choline are structurally similar, while inositol is different: 
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\subsection{Sphingolipids}

Sphingolipids are a second type of lipid found in cell membranes, particularly nerve cells and brain tissues. They do not contain glycerol, but retain the two alcohols with the middle position occupied by an amine and have the same overall shape as phosphoglycerides but have different chemistry, using sphingosine in place of glycerol. Sphingosine has a long hydrocarbon tail similar to fatty acids attached to a structure that is similar to the amino acid serine. A fatty acid can attach to the amine group, and a \symbol{34}head\symbol{34} group can attach to a hydroxyl (see Figure x). Sphingolipids are named according to this head group:

\begin{myitemize}
\item{}If there is no head group it is called a ceramide
\item{}If the head group is phosphate and choline, it is called sphingomyelin
\item{}If the head group is a sugar, it is called a glycosphingolipid (or a glycolipid)

\end{myitemize}

The majority of sphingolipids are of the third type, glycosphingolipids. It is thought they have functions in cell recognition and protection in addition to their structural role in the membrane.
\subsection{Formation Of The Bilayer}

If we compare the structures of phosphoglycerides and sphingolipids, we see that they are very similar compounds. Each lipid has two long hydrophobic hydrocarbon \symbol{34}tails\symbol{34} and a single polar \symbol{34}head\symbol{34}. Since the molecule has both polar and nonpolar moieties, it is said to be {\bfseries amphipathic}. It is the amphipathic nature of these molecules that causes them to form bilayers, mediated by four forces:

\begin{myitemize}
\item{}The hydrophobic effect-{} this causes the hydrophobic tails to come together. This is the strongest force driving the formation of the bilayer. It is a consequence of the increased entropy in water molecules when non polar substances are aggregated in water.
\item{}Van der Walls forces between the hydrophobic tails.
\item{}Electrostatic forces of the head groups.
\item{}Hydrogen bonds between the head groups.

\end{myitemize}

One possible structure that satisfies the above forces is called a {\bfseries micelle} (pictures). This is common with free fatty acids, but not with most phosphoglycerides and sphingolipids because these groups have twice as many acyl chains per head than the fatty acid (picture), and it is difficult to pack them all into the center of the micelle. Phospholipids and sphingolipids more often form a bilayer in a sheet or a sphere (picture). This is the so called lipid bilayer. Lipid bilayer is permeable to water molecules and other small, uncharged molecules like oxygen, carbon dioxide. A bimolecular sheet formed by amphipathic molecules in which the hydrophobic moieties are on the inside of the sheet and the hydrophilic ones are on the aqueous outside.
\subsection{Lipid Motion}

\subsubsection{Studying Motion}

NMR, ESR, X-{}Ray, Differential scanning calorimetry
\subsubsection{Intramolecular Motion}

There are three basic kinds of motion within the lipid molecules: stretching between bonds, rotating between bonds, and wagging between bonds (?). {$\text{[}$}picture{$\text{]}$} 99\% of motion within liquid crystal is due to rotation about carbon-{}carbon bonds. Unsaturated fatty acids of membrane lipids rotate more often. This is because of the packed arrangement of the lipid bilayer. When there is rotation about one bond, an adjacent bond rotates to compensate for steric clashes {$\text{[}$}pictures{$\text{]}$}. Since double bonds in fatty acids are nearly always cis, they introduce kinks in the fatty acid. When a bond adjacent to a double bond rotates, the other bond adjacent to the double bond also rotates, and the whole thing moves like an old fashioned bit and brace {$\text{[}$}pictures{$\text{]}$}. It takes more energy to rotate the double bonds closer to the head groups due to {$\text{[}$}angle thing picture{$\text{]}$}. Double bonds react with O2 readily and create poisons {$\text{[}$}more{$\text{]}$} bacteria have {$\text{[}$}cyclopropane picture{$\text{]}$}. Furthermore, NMR rotating frame relaxation studies of the intramolecular motion in methionine-{}enkephalin.
\subsubsection{Diffusion}

One of the most notable properties of the lipid membrane is the ability of a single lipid to diffuse. This property was discovered using the \symbol{34}fluorescence recovery after photobleaching,\symbol{34} also known as FRAP. In this experiment, the cell surface is first labeled with a fluorescent chromophore. Afterwards, a specific region is then bleached with intense light, leaving a prominent mark. In the bleached area, the experimenters noticed that as time progressed, bleached molecules moved out from the bleached area and unbleached molecules moved towards the bleached area. This shows that the lipid bilayer allows for molecule movement within the membrane.
There are two kinds of diffusion: lateral and transverse (flip-{}flop). The lateral diffusion is exactly as it sounds like. In a lipid bilayer, one lipid molecule can move pass the adjacent one. The transverse molecule works a bit differently. It still displaces one over its adjacent counterpart, and crosses over to the other side of the lipid bilayer. It is important to note that the lateral diffusion is substantially faster than the transverse. Studies show that the transverse diffusion only happens once every few hours. Diffusion is the movement of a particle from area of high concentration to low concentration, and it is not to be confused with osmosis, which is the movement of water through a semi-{}permeable membrane. Diffusion depends on CO2 and O2 concentrate inside and outside of alveolar sack.
\section{Plasma Membrane Function}

\subsection{Transportation Methods}

The membrane regulates molecule transport through a variety of means. There are two general categories that each transportation regulation falls into: passive transport and active transport. Passive transport is the movement of molecules down its concentration gradient: in other words, higher concentration to lower concentration. The diffusion of water, a special case, is called \symbol{34}osmosis.\symbol{34} Not all molecules can diffuse through the phospholipid bilayer. The ones that can are usually hydrophobic molecules (i.e. oxygen), nonpolar molecules (i.e. benzene), or small uncharged polar molecules (i.e. water). The hydrophobic and nonpolar molecules can dissolve through the bilayer because of the similar polarites of the bilayer and the molecule itself. The small uncharged polar molecules usually require a membrane channel to diffuse i.e. aquaporins for water. The molecules that do not pass through the layer with ease are large {\mbox{$\&$}} uncharged, polar, or ions. Examples of each are glucose, sucrose, and hydrogen ion, respectively. To sum up the defining characteristics of what passes or does not pass through the membrane, they are size, charge, and polarity.
Normally, hydrophilic molecules would not be able to cross the phospholipid bilayer due to the difference in polarities. However, it is observed that hydrophilic molecules do cross the membrane protein through a different mechanism than the hydrophobic molecules. While hydrophobic molecules diffuse through the membrane due to their similar polarities, hydrophilic molecules require a molecule called a membrane protein (integral or peripheral), which transfers the molecule in both active and passive transport. A few examples of passive transport are simple diffusion and facilitated diffusion. Simple diffusion is when a solute moves from an area of high concentration to an area of low concentration to establish equilibrium via a channel protein. Facilitated diffusion still moves from an area of higher concentration to lower concentration but instead of a channel protein, it is a carrier protein. This carrier protein, also called permeases, accelerates the rate of transport greatly. Active transport moves the molecules from an area of low concentration to an area of high concentration (the opposite of passive transport). This transport moving molecules up its concentration gradient requires energy, usually from ATP (adenosine triphosphate). A common example used to explain this concept is the sodium-{}potassium pump. In the human cell, there is usually a high concentration of sodium on the outside the cell and a low concentration of sodium inside the cell. The opposite applies to the concentrations of potassium: high on the inside and low on the outside. The mechanism begins by sodium ion binding to the sodium-{}potassium pump protein with its gap close off from the cell\textquotesingle{}s external environment. The binding of sodium ion signals to the cell to use convert ATP to ADP (adenosine triphosphate). This reaction will release energy and add a phosphate group to the protein, enabling the protein to change its conformation and release the bound sodium ions to the external cell environment. After the release of sodium ions, potassium ions from the same area will bind to the protein. The potassium ion binding will signal to the protein to convert the bound phosphate group to unbound inorganic phosphate and change the conformation of the protein to release the potassium ions into the cell. Afterwards, the sodium ions bind again and the cycle repeats.
A few other energy-{}driven processes are endocytosis and exocytosis. Endocytosis are when large molecules are transported into the cell. Exocytosis are when molecules are expelled from the cell. An example of receptor-{}mediated endocytosis occurs in eukaryotes. It is important for the different membranes in the cell to either join or separate in order to perform certain functions such as engulf, transport, or even release molecules essential for the body. This process is facilitated by LDL, a low-{}density lipoprotein. External cellular LDL float first binds to its corresponding receptor, called the LDL receptor. The cell membrane then engulfs the LDL and the LDL receptor into the cell, forming a vesicle to keep it unharmed from the cell hydrophilic environment. The complex then separates to protein and receptor counterparts. The LDL fuses with a lysosome, breaking down the LDL with the release of cholesterol as a by-{}product. A short example of exocytosis would be either the insulin secretion in the blood, or the transport of neurotransmitters at the gap junction during an action potential. A more specific example lies in Golgi\textquotesingle{}s vesicular transport. In eukaryotes, the endoplasmic reticulum (ER) sends transport vesicles to the Golgi apparatus created from proteins. Some of the vesicles fuse with the lysosomes resulting in digestion. Some of the other transport vesicles with essential proteins for the plasma membrane will diffuse in to the membrane due to their similar polarities, releasing the protein content out into the cell\textquotesingle{}s environment.
Different concentrations with regards to internal and external cell environment have different effects on animal cells and plant cells. In a hypertonic solution (concentration of solute is greater on the outside than on the inside), the cell would attempt to create an equilibrium by releasing its water content to the external cell environment. By doing so, the concentrations may be equal if there is enough water in the cell. Also, the cell would end up being shriveled. In the plant cell, the same things occurs. However, because plant cells have cell walls, instead of being shriveled, it is plasmolyzed. On the other extreme, hypotonic solution, when the concentration is solute is lower on the outside than the inside, the cell will become lysed. The attempt to establish equilibrium lies in the water\textquotesingle{}s entrance into the cell to lower the concentration in the cell. In the plant cell, this is called turgid instead of lysed. On a sidenote, this is the normal preference of the plant cell. In an isotonic solution (concentrations are equal on both sides of the cell), the net content of water in and out of the cell remains the cell. This is the eukaryote\textquotesingle{}s preferred state. In the plant cell, it is termed flaccid. Membrance proteins called transporters facilitate the passage of molecules across membrance, there is involved at least three step: dinding, conformational change fo the protein, and release. There are two types of transporter: passive transporters which use no energy, and active transporters that employ ATP to drive transport.
\subsection{Cell Communication}

cell-{}to-{} cell communication is essential for multicellular organisms such as human or an oak creatures in which they must communicate in order for them to develop from fertilized egg and then survive and reproduce in turn. Communication between cells is very important for many unicellular organisms that must find matters and food in order for them to develop and to sexually reproduce. An early example of cell communication is Saccharomyces cerevisiae in which the cells of that yeast use chemical signaling to identify cells of opposite mating and to start the mating process. The study of cell communication could help to answer some of the most important questions and medicine in areas ranging between embryological development to hormone action to the development of cancer and other related diseases.
On a side note, not only is cell-{}to-{}cell communication imperative, but also with other molecules. Different kinds of molecules communicate differently with the internal programming of the cell. For example, synaptic transmitters, such as acetylcholine, bind to a certain G-{}protein and activates intracellular 2nd messengers. Another way for synaptic transmitters to bind is via a protein complex (integral/membrane protein) including an ion channel. The net result of both pathways change the state of ion channel conformation in the membrane. Another example, steroid hormones, diffuse through the cell membrane and eventually changes the protein programming in certain cells. As for the peptide hormone, it binds to a G-{}protein, activates intracellular 2nd messengers, and changes the transcription paradigm. Due to the peptide hormone\textquotesingle{}s hydrophobic character and the cell membrane nonpolarity, it requires secondary messenger interaction whereas the steroid hormone (also nonpolar) can directly communicate and diffuse into the cell. Cell-{}cell communication is essential for multicellular organisms. Cells usually communicate by releasing chemical messenger targeted for cell. Some messengers travel short distances such as molecules are alled local regulators. Animal growth factors which are compounds that stimulate nearby target cells to grow and multiply. Numerous cells can simulaneously receive and respond to the molecules of growth factors produced by single cell in their vicinity.
\subsection{Cell Adhesion}

Cell adhesion is any glandular cells in ctenophores, turbellarian used for adhesion to a substrate and for capture. Cell adhesion occurs when one cell binds to another surface such as another cell or some other inanimate surface. Cell adhesion molecules serve as intermediates that hold the cell to another surface.
\section{Summary}

\chapter{Complex Lipid Metabolism and Cholesterol}
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\section{Introduction}

Dietary fats serve a variety of function in the body. One of the most important function is as a metabolic fuel, per gram, fats yield twice as much energy as carbohydrate. All steroid hormones are derived initially from lipid, and these in turn are responsible for the regulation of body functions such as growth, development and the appearance of sexual characteristics as a result of sex hormones. Essential fatty acids, such as linoleic acid and α-{}linolenic acid are prostaglandin and ecosanoid precursors.
$\text{ }$\newline{}

\section{Lipid Droplets (LDs)}

The LDs takes part of a hydrophobic phase in the cytosol and are composed of an organic phase of neutral lipids. This hydrophobic core stores metabolic energy and membrane components making them the central region for lipid metabolism. They also take part in protein storage, degradation, and viral replication. The formal definition for Lipid Droplets is \symbol{34}the cytoplasmic organelle composed of a hydrophobic core of neutral lipids bounded by a phospholipid monolayer and specific proteins\symbol{34} {$\text{[}$}1{$\text{]}$}
\subsection{How were they Discovered}

These droplets were found in the nineteenth century by the method of light microscopy of cellular organelles. Lipid Droplets were often called liposomes until the in vitro vesicles were generated in 1960\textquotesingle{}s and this new vesicles were named liposomes. Since this moment the Lipid Droplets were referred as lipid bodies, fat bodies, spherosomes, or simply LDs. LDs were mainly ignored on research until a protein that specifically localized to LD surface was identified in 1991 {$\text{[}$}1{$\text{]}$}
\subsection{Where are they found?}

LDs are found in most cells. LDs can be found among bacterias and eukaryote, although their number and size vary greatly in different cell types.
\subsection{What is their functions?}

The LDs provide building blocks for membranes for energy metabolism. LDs have the ability to package hydrophobic lipids, such as TGs, without water, providing a very efficient form of energy storage. It has also been found that there are links between lipid synthesis pathways and LDs. LDs also serve as organizing center for specific lipids and have been linked to protein storage with the possibility of also storing unfolded membrane proteins. LDs have also been found to be involved in the hepatitis C virus assembly.
\section{Digestion and Absorption of Lipids}

Lingual Lipase
$\text{ }$\newline{}

Short Chain Fatty Acids
Long Chain Fatty Acids
\section{Bile}

Primary Bile Acids Bile Salts Secondary Bile Acids
\section{Chylomicron Formation}

Micelles
$\text{ }$\newline{}

\section{Very Low Density Lipoprotein (vLDL)}

\section{Low Density Lipoprotein (LDL)}

Low density lipoprotein (LDL) is known as bad cholesterol. When the level of LDL is high in the blood, it could slowly build up inside the arteries that pump the blood to the brain and the heart. LDL and other substances can cause atherosclerosis. Atherosclerosis is a disease that happened when the arteries became less flexible and narrow due to the plaque that LDL and other substances form.
\section{High Density Lipoprotein (HDL)}

Cholesterol can not dissolved in the blood there for it has to be transported in and out of the cells by carrier called lipoprotein. There are two type of lipoprotein: low-{}density lipoprotein ( LDL) and high-{}density lipoprotein HDL. high density lipoproteins (HDL) are known as good cholesterol because high level of HDL could prevent from heat attacks. Some scientists believe that high-{}density lipoprotein (HDL) slow the build up of plaque in which it removes cholesterol from arteries.
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\section{Introduction}

Enzymes are proteins that act as catalysts in most of the body\textquotesingle{}s biochemical reactions that have catalytic functions indispensable to maintenance and activity of life. A small subset of enzymes are composed of RNA and are known as {\bfseries ribozymes}. The general mechanism by which enzymes work is by reducing the energy required to start the reaction, otherwise known as the activation energy. Enzymes have extremely varied uses: ethanol production, forensic science, and polymerase chain reaction amongst them. And there are all chemical reactions occurring in a living organism which are dependent on the catalytic actions of enzymes. Biologists aren\textquotesingle{}t the only people interested in enzymes, however. These diverse molecules form a huge part of industries such as brewing and pharmaceuticals; the use of enzymes alone in the brewing process of Guinness is worth over a billion euro to the Irish economy.
\section{Structure of Enzymes}

Enzymes are composed of many amino acids, joined in long chains, forming proteins, which are manufactured in the cell(s) of every organism. Furthermore, enzymes are globular proteins, folding conformation creates the active site. These long amino chains fold in specific ways, so as to make the reactions the enzyme catalyses specific to that particular enzyme.The nature and arrangement of amino acids in the active site make it specific for only one type of substrate.
\section{Mechanism of Enzymes}

The mechanism of enzymes work is by lowering the activation energy of the reaction the specific enzyme is to catalyse. Each enzyme is entirely specific to the reactants; it will only work for one specific reaction, this is due to the unique active site of the enzyme. The enzyme\textquotesingle{}s active site is in a unique 3D shape, with a unique pattern of electrostatic charge and hydrophobicity. Here the specific substrates, the substances upon which the enzyme works, are temporarily combined with the enzyme, forming an enzyme substrate complex, or ESC. The reaction then occurs, and the product of the reaction separates from the enzyme, at which point it may be used. The enzyme is then capable of repeating the reaction many thousands of times, although they may have to be replaced every so often.
{\bfseries Activity of Enzymes} Control of Enzyme activity in Cell The production of enzyme can be enhanced or diminished by changing the internal environment of the cell. This is called enzyme induction and inhabitation. The enzyme inhibitor or the enzyme inductor will be bound to the enzyme and either decrease or increase the activity of the enzyme. The inhibitor stops the entre of substrate to the active site. It can be reversible or irreversible. Enzyme activities are compartmentalized that means reduce the activity of one enzyme can lower the productivity of other since they are linked. Some enzymes will be activated by the environmental factor in side your body, for example the lowering of pH changes the activity of hemagglutinin in the influenza. Thus,the lower the potential energy barrier to reaction, the more reactants have sufficient energy and, hence, the faster the reaction will occur. All catalysts, including enzymes, function by forming a transition state, with the reactants, of lower free energy than would be found in the uncatalysed reaction.
$\text{ }$\newline{}


{\bfseries Enzyme Graph}
Enzymes do not modify the equilibrium of a reaction. Enzymes only catalyze or speeds up the rate of reaction by stabilizing the transition state and do not participate in the chemical reaction. The transition state is the highest activation energy (Ea) on a reaction coordinate in which the molecule is only partially reacted. The activation energy is lowered when a catalyst (enzyme) is used. When an enzyme is not used, the activation energy of a reaction is much higher, which will take the reaction much longer to proceed. The enzyme is complementary to the transition state and not the substrate, in order to facilitate the reaction efficiently. A catalyst is present in the reactants and also appears in the end products.
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}
\section{Properties of Enzymes}

1. Enzymes are sensitive to heat, and are denatured by excess heat or (inactivated by excess cold), i.e. their active site becomes permanently warped, thus the enzyme is unable to form an enzyme substrate complex. This is what happens when you fry an egg, the egg white (augmenten, a type of protein, not an enzyme), is denatured. 2. Enzymes are created in cells but are capable of functioning outside of the cell. This allows the enzymes to be immobilised, without {\itshape killing} them. 3. Enzymes are sensitive to pH, the rate at which they can conduct reaction is dependent upon the pH of where the reaction is taking place, e.g. pepsin in the stomach has an optimum pH of about pH2. Whereas salivary amylase has an optimum pH of about 7. 4. Enzymes are reusable, and some enzymes are capable of catalysing many hundreds of thousands of reactions every second, e.g. catalase working on hydrogen peroxide. 5. Enzymes will only catalyse one reaction, e.g. invertase will only produce glucose and fructose, when a glucose solution is passed over beads of enzyme (see Immobilisation). 6. The reaction rate for an enzyme is limited by its saturation point. Saturation is essentially the point at which an enzyme can no longer speed up the reaction to compensate for the increase in substrate concentration (push the equilibrium towards the products). Graphically this is portrayed as a horizontal asymptote and is also called the maximum velocity. Each enzyme has its own maximum velocity for a given substrate. Measuring the rate of product formation with varying concentrations of substrate is one way of determining the maximum velocity of an enzyme. 7. Enzymes are capable of working in reverse, this acts as a cut off point for the amount of product being produced. If there are excess reactants the reaction will keep going and be reversed, so that there is no overload or build up of product. Enzymes are catalysts in the breaking down of substances by bonding with them briefly. Hydrogen peroxide they break it down into water and oxygen much faster than it would naturally occur. Inside the body they are used to break down food and to start off the digestion process. They are proteins they are affected by the pH level of the substance and also the temperature of the substance. The last important note is that obviously the concentration of the enzyme will affect how well it works.They are substrate specific which is illustrated by the lock and key hypothesis.
Enzymes may be immobilised in two ways, firstly by bonding them chemically to some sort of rigid structure, and secondly by physically placing the enzymes on an insolube support structure, e.g. a gel or bead. The second method of enzyme immobilisation is much more common, is cheaper, but it does reduce the enzyme\textquotesingle{}s ability to catalyse reactions.
$\text{ }$\newline{}

{\bfseries Steps in Enzyme immobilization}
1. Make up a 5\% w/v solution of sodium alginate, and leave to stand overnight, to mix properly.
2. Add the enzyme, or in this case, a cell e.g. yeast, to the alginate solution, and mix in well. At this point the mixture will be very thick, and should be left for twenty minutes to eliminate the air bubbles, from the solution; such air bubbles would increase the surface area of the beads, making them less efficient.
3. Take a syringe, and fill it with the alginate/cell matrix.
4. Make a 2\% w/v solution of Calcium Chloride.
5. Hold the syringe about 20 cm perpendicularly above the calcium chloride solution, and drip in the alginate solution, trying to create the smallest possible beads, approx 3-{}4mm in diameter.
6. Remove and discard any alginate strings or floating beads from the chloride solution.
7. Rinse the beads in deionised water.
8. Using a retort stand set up two tap funnels above each other, placing the beads in the bottom funnel, and strong glucose in the top.
9. Allow the glucose to run through the beads, and draw off the product.
The product is a type of alcohol, which should not be ingested as it is impossible to tell whether it is ethanol or methanol, the later being toxic.
\section{Naming Enzymes}

Until quite recently enzymes have been given arbitrary names, for example, ptylin (amylase), this tells us nothing of what the enzyme acts upon, instead biologists have devised a means of naming enzymes, whereby enzymes end -{}ase; e.g. DNA Helicase, they have also included a clue as to what the enzyme acts upon; DNA Helicase working to separate nucleotides in a chain of DNA. Other common enzymes include protease, lipases, pepsin, amylase, and lysomase.
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What is life? What makes life work? Life is not static; it is defined by activity. A cell has to perform certain tasks to stay alive. This activity has to be powered by fuel; the fuel is converted into energy, to keep the cell running, building blocks for new biomolecules, and waste products. This process is called {\bfseries metabolism}.
\section{ATP as an intermediate energy carrier}

We have \myhref{http://en.wikibooks.org/wiki/Biochemistry/Metabolism_and_energy}{ already seen} how ATP is a universal \symbol{34}energy currency\symbol{34} in the cell, and how its high-{}energy phosphate can store and release this energy efficiently. But ATP is only a short-{}term energy storage; a hard-{}working human can use up to one pound of ATP per minute. How can that be?
The answer lies in the medium-{} and long-{}term energy storage molecules, notably {\itshape phosphoenol pyruvate} (PEP), {\itshape acetyl phosphate}, and {\itshape creatine phosphate}. Each of these molecules carries a phosphate group with an ever higher transfer potential than that of ATP. ATP is continuously regenerated by transferring phosphate groups from these molecules to ADP. For example, the reaction of creatine phosphate is

\begin{center}
Creatine phosphate + ADP + H\textsuperscript{+} ⇋ ATP + creatine
\end{center}

a reaction which is catalyzed by the creatine kinase, and highly in favor of the \symbol{34}ATP side\symbol{34} of the equation.
\section{Electron carriers}

Most of the energy of eucaryotic lifeforms derives from oxidating fuel molecules, that is, the transfer of electrons from fuel molecules to oxygen. The fuel molecules are oxidized, while the oxygen is reduced. A rather radical form of oxidation is fire, which oxidizes its fuel directly with oxygen. As spontaneous combustion one ones cells is rather unpleasant, the electrons are carried through several steps from the fuel molecules to the final electron acceptor, oxygen. The flow of electrons causes a proton gradient in the mitochondrial membranes, which in turn is used by the enzyme {\itshape ATPase} (or {\itshape proton pump}) to generate ATP. This process, utilizing an{\itshape \myhref{http://en.wikibooks.org/wiki/Biochemistry/Electron_Transport_Chain}{ electron transport chain}}, is called {\itshape oxidative phosphorylation}.
The electron carrier molecules of choice are {\itshape NADH} and {\itshape FADH\textsubscript{2}}. They are {\itshape pyridine nucleotides} (also called {\itshape flavions}).

\begin{longtable}{>{\RaggedRight}p{0.20067\linewidth}>{\RaggedRight}p{0.33677\linewidth}>{\RaggedRight}p{0.34202\linewidth}} 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Reduced form}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Oxidized form}\\ {\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}NADH}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}NADH&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}NAD\textsuperscript{+}\\ {\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}FADH\textsubscript{2}}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}FADH\textsubscript{2}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}FAD 
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Both molecules are also for biosyntheses that require reducing power. Especially a variant of NADH, {\itshape NAD{\bfseries P}H}, is used for this purpose.
With all these high-{}energy bonds and electron-{}carrying molecules around, one would expect to see wild, uncontrolled chemical reactions occurring in the cell. However, the opposite is the case: {\itshape Without a catalyst}, ATP is quite slow to hydrolize and give its phosphate group to water. Also, all three electron-{}carrying molecules, NADH, NADPH, and FADH\textsubscript{2}, are slow to react with O\textsubscript{2} {\itshape without a catalyst}.
\section{Cancer Cell Metabolism}

{\bfseries Glutamine addiction: a new therapeutic target in cancer}
The Warburg observation that cancer cells use up an unusually high level of glucose and produce more lactic acid has been around since the 1920’s. It wasn’t noted till 1955 by Eagle, that cancer cells also use up a high level of the amino acid glutamine. In the article, Glutamine addiction: a new therapeutic target in cancer, Wise and Thompson highlight the role glutamine plays in cancer cell growth, protein translation, anaplerosis, and macromolecular synthesis.
Glutamine is the chief donor of nitrogen to cancer cells for the cells to multiply. When glutamine gives up its amide, it is converted into glutamic acid, which is the main nitrogen donor for nonessential amino acid synthesis. This amino acid biosynthesis makes glutamine a main ingredient for the cancer cells’ need for protein translation. Stemming off of biosynthesis is Myc, a basic protein that binds 11 of the genes involved in nucleotide biosynthesis. Myc activation is a commonly observed in cancer and is identified as the driving force behind the spread of lymphomas and small cell lung cancer. Myc facilitates glutamine consumption and supports the change of glutamine into glutamic acid, and finally into lactic acid. This satisfies the Warburg observation of the unusual lactic acid production of cancer cells.
The target of rapamycine (TOR) controls many cell functions such as cell growth, reproduction, motility, and protein synthesis. The “master regulator of protein translation, the mammalian target of rapamycin complex (TOR), is responsive to glutamine levels” (Wise and Thompson, 2010). This was initially discovered in yeast, where TOR activation was found to be dependent on glutamine levels.
The article also describes how glutamine adds to macromolecular (DNA, RNA, and proteins) synthesis by producing NADPH (nicotinamide adenide dinucleotide phosphate, a reducing agent in anabolic reactions) and providing the cancer cell with a substrate source which refills the mitochondrial carbon pool (anaplerosis). This refilling of the carbon pool is necessary for the synthesis of proteins, lipids, and nucleotides.
All of these facts relating glutamine importance to cancer cells may be a potential target in altering cancer cell metabolism. However, it is still unknown if this is a viable target for the treatment of cancer. Ideas include suppressing the glutamine uptake, TOR activation, or the anaplerosis of the cancer cells. Using an enzyme to lower blood glutamine levels is another possible method.
$\text{ }$\newline{}
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\section{Glycolysis}
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\section{Pyruvate Dehydrogenase}

\section{Pyruvate Dehydrogenase}

Metabolism, as all other functions in the human body, is not a simple mechanism. Although performed extremely fast, metabolism has many complex steps. For the multiple steps, there are multiple enzymes catalyzing the process. One of the steps of metabolism is taking pyruvate (from glycolysis) and converting it into CO2 and acetyl-{}CoA (used in the krebs cycle). In order to perform this action, so it will not be a lengthy process, an enzyme is necessary. The enzyme that catalyzes this action is pyruvate dehydrogenase. Aside from being an enzyme catalyzing the complex steps of metabolism, pyruvate dehydrogenase too is very complex. The pyruvate dehydrogenase is an extremely complex structure made of several enzymes: E1, E2, and E3. Since it does contain a complex structure, these enzymes are present within the structure multiple times. Overall, pyruvate dyhydrogenase is a dehydrogenase. As most dehydrogenase do, pyruvate dehydrogenase performs it job with the cofactor of NAD+. NAD+ performs its function by converting NAD+ to NADH+H\^{}+.
$\text{ }$\newline{}

\section{Pyruvate Dehydrogenase Deficiency}

As previously stated, pyruvate dehydrogenase is the enzyme in charge of changing pyruvate into acetyl-{}CoA (acetyl coenzyme A), a necessity to start the Krebs’s cycle. The question at hang is can pyruvate dehydrogenase go wrong? The answer is yes, and although uncommon, pyruvate dehydrogenase deficiency is an example of what occurs when pyruvate dehydrogenase cannot perform its job. The question left unanswered is what pyruvate dehydrogenase deficiency is? Pyruvate dehydrogenase deficiency is a buildup of lactic acid, or lactic acidosis, which can be life-{}threatening for many. The most common forms of this lactic acid buildup can cause symptoms such as nausea, abnormal heartbeat, and vomiting. Pyruvate dehydrogenase is also characterized by varies neurological problems. The most common issues occurring with neurological abnormalities are slow mental abilities and motor skills such as sitting. Other neurological problems range from having poor coordination to difficulty walking to being intellectually disabled.
$\text{ }$\newline{}
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\section{Tricarboxylic Acid Cycle}
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\section{Electron Transport Chain}

The {\bfseries electron transport chain} is a system of molecules through which electrons are transferred to generate ATP. It has an important role in both photosynthesis and cellular respiration.
{\bfseries ETS in photosynthesis}
In photosynthesis, when sunlight is absorbed in photosystem 2, electrons are energized. They are transferred to the reaction center. From the reaction center, the electrons enter the electron transport chain and pass the etransport chain molecules. Then the 2 deenergized electrons are reenergized in Photosystem 1 (is second because PSII was discovered first)and they go to the NAPD+ reductase which transfers ther electrons to a coenzyme, converting it to NADPH+ The two electrons used must be replaced, so water is broken down producing 2 protons (H+) which concentrate in the thylakoid membrane, 2 electrons replaced in PSII and oxygen released as O2. Protons go down proton pumps and a concentration gradient forms as protons move from the stroma into the thylakoid space. Protons move down gradient through ATP synthase which forms ATP. Energy is stored.
{\bfseries ETS in respiration} In respiration, an electron transport chain is used to break the fall of electrons to oxygen into several energy-{}releasing steps. It slows down the releasing process of energy. There are a number of molecules that consists an electron transport chain. Most of these molecules are proteins, built into the inner membrane of mitochondria of eukaryotic cells and the plasma membrane of aerobically respiring prokaryotes. On the \symbol{34}top\symbol{34} end of the chain, where the energy is highest, electrons removed from oxidation of glucose are shuttled by NADH. On the \symbol{34}bottom\symbol{34} end, where the energy is lowest, Oxygen molecules pick up the electrons, and together with protons existing in the cellular environment, oxygen molecules form water. The total energy released from the oxidation of glucose by oxygen is huge, about 2880kJ/mol. (The overall oxidation of glucose is shown by reaction C6H12O6 (aq) + 6 O2 (g) → 6 CO2 (g) + 6 H2O). This energy can\textquotesingle{}t be picked up by cells in a short amount of time. Therefore, electron transport chain applies a cascade of reactions to slowly release the energy, maximizing the usage of glucose. In the cascade, each \symbol{34}downhill\symbol{34} carrier is more electronegative than their \symbol{34}uphill\symbol{34} neighbors, so that the electrons can be passed \symbol{34}downhill\symbol{34} by oxidation. Oxygen is the last electron acceptor.$\text{ }$\newline{}



\begin{myquote}
\item{}There are four unique electron carrier complexes in the respiratory chain:

\end{myquote}

\begin{myquote}
\item{}

\end{myquote}
Complex I: NADH dehydrogenase


\begin{myquote}
\item{}

\begin{myitemize}
\item{}Composed of 42 different polypeptide chains.
\item{}Has several Fe-{}S centers.
\item{}NADH + H + FMN {\mbox{$<$}}-{}-{}-{}{\mbox{$>$}} NAD + FMNH2
\item{}Transfers 2 electrons from NADH to Q.
\item{}Pumps 4 protons from matrix to IMS.

\end{myitemize}


\end{myquote}




\begin{myquote}
\item{}Complex II: Succinate Dehydrogense


\end{myquote}


\begin{myitemize}
\item{}Transfers 2 electrons from succinate to coenzyme Q.
\item{}Contains 4 different protein subunits:

\end{myitemize}



\begin{myquote}
\item{}


\end{myquote}
Subunit A: FAD, succinate binding

\begin{myquote}
\item{}Subunit B: 3 Fe-{}S centers
\end{myquote}


\begin{myquote}
\item{}Subunit C: integral membrane protein, Q binding
\end{myquote}


\begin{myquote}
\item{}Subunit D: does not participate in electron transfer to Q, instead reduces the frequency of some leaking electrons form reactive oxygen Species: ROS.
\end{myquote}








\begin{myquote}
\item{}Complex III: Ubiquinone Cytochrome C Oxidoreductase


\end{myquote}


\begin{myitemize}
\item{}Composed of 22 subunits: heme groups and Fe-{}S centers
\item{}Transfers of 2 electrons QH2 to Cytochrome C.
\item{}Pumps 4 protons into IMS.

\end{myitemize}





\begin{myquote}
\item{}Complex IV: Cytochrome C Oxidase


\end{myquote}


\begin{myitemize}
\item{}Contains 13 subunits, prosthetic groups such as cytochromes and Fe-{}S centers.
\item{}Transfers 2 electrons from cytochrome C to oxygen, reducing it to H2O.
\item{}Pumps 2 protons into IMS

\end{myitemize}
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\chapter{DNA and RNA}

\myminitoc

{\bfseries Deoxyribonucleic acid} (DNA) and {\bfseries ribonucleic acid} (RNA) are the information storage molecules and working templates for the construction of proteins. Every living cell and virus encodes its genetic information using either DNA or RNA. It is a true marvel of evolution that the vast amount of information needed to produce a human being can fit inside cells.
Friedrich Miescher first isolated DNA and RNA from used surgical bandages in 1869. A series of experiments done by Oswald Avery, Colin MacLeod, and Maclyn McCarty in 1944 defined DNA as the genetic information. They injected virulent encapsulated bacteria into a mouse. As it a result, it died. On the contrary, nonvirulent nonencapsulated bacteria did not kill the mouse. Also, heating the virulent encapsulated bacteria and injecting did not kill the mouse either. The surprise lied in mixing the heat-{}killed virulent encapsulated bacteria with nonvirulent nonencapsulated bacteria did kill the mouse. Avery\textquotesingle{}s group kept isolating factors until they discovered what killed the mouse, which was the DNA. In conclusion, the nonpathogenic bacteria was made pathogenic by DNA transfer from a pathogenic stain. A.D. Hershey and Martha Chase\textquotesingle{}s work in 1952 reconfirmed that DNA is the carrier of genetic information. Hershey and Chase\textquotesingle{}s group conducted an experiment involving two phages. One of the phages was radioactively labeled with heavy phosphorus to highlight the DNA and heavy sulfur to highlight the protein. The two phages inserted their \symbol{34}genetic material\symbol{34} into the bacterial cell. Afterwards, these cells were \symbol{34}blended\symbol{34} to remove the phage heads. The resulting radioactively-{}labeled heavy phosphorus was found in the cell. This experiment showed that DNA alone was sufficient to make new viruses, and therefore, defined as the genetic information. Rosalind Franklin, Chargaff, and other chemists provided information that led to the discovery of DNA as well. Franklin provided crystallographic data that implied a helical structure. Chargaff\textquotesingle{}s rule said that the adenine content was equal to the thymine content and cytosine was equal to guanine. Also the aromaticity of the electron-{}rich purine and pyrimidine rings allowed for tautomer shifts between the keto and enol form. The keto tautomer (lactam) dominated at physiological pH. Garnering all this information, James Watson and Francis Crick discovered the structure of DNA (double-{}helix) in 1953.
\section{Structure of DNA and RNA}

DNA is a polymer of nucleotides. Nucleotides consist of a pentose sugar (2-{}deoxyribose for DNA and ribose for RNA), a phosphate group ({$H_3PO_4$}), and a nitrogen-{}containing base. There are five nitrogen bases -{} adenine, guanine, thymine, cytosine and uracil. Individual nucleotides are connected by phosphodiester bonds to form polynucleotides.
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\raggedright{}\myfigurewithcaption{42}{DNA}
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DNA exists as a double helix of two (2) strands of polynucleotides. According to the principle of complementarity nucleotides A (adenine) bases are bound with a hydrogen bridge to the T (thymine) or U (uracil in case of RNA) on the other thread and similarly C (cytosine) bind themselves to G (guanine). This principle allows for DNA and RNA replication and for limited possibilities of repairing the genetic information when one of the threads gets damaged.
\section{Difference between DNA and RNA}

DNA is the permanent genetic information storage medium, found in the nucleus of most cells of most living organisms. RNA is, in the case of eukaryotes, the medium that transfers the genetic information from the nucleus to the cytoplasm where proteins are synthesized. The most basic structural difference between a DNA molecule and an RNA molecule is that DNA lacks an hydroxyl group at its 2\textquotesingle{} carbon while RNA has an hydroxyl group at its 2\textquotesingle{} carbon.
There are three major types of RNA:

\begin{myitemize}
\item{}messenger RNA (mRNA) -{} temporarily created RNA used for transferring the information from the DNA in the nucleus to the ribosome in the cytoplasm where it is \symbol{34}read,\symbol{34} or translated, and a protein is synthesized.Each gene produce a separate mRNA molecule when a certain protein is needed in the cell. In addition, the size of an mRNA depends on the number of nucletides in that particular gene.

\end{myitemize}


\begin{myitemize}
\item{}transfer RNA (tRNA) -{} Is the smallest of the RNA molecules and it is associated with the ribosome and delivers an amino acid to be attached to the growing protein. Only the tRna can translate the genetic information into amino acid for proteins.

\end{myitemize}

Each tRNA contains an \symbol{34}anticodon\symbol{34} which is a series of 3 bases that complements 3 bases on mRNA.

\begin{myitemize}
\item{}ribosomal RNA (rRNA) -{} a major constituent of the ribosome with both structural and catalytic properties.

\end{myitemize}

Additionally, by 2005, other types of RNA, such as siRNA (small, interfering RNA) and miRNA have been characterized. DNA structure is typically a double stranded molecule with long chain of nucleotides, while RNA is a single stranded molecule \symbol{34} in most biological roles\symbol{34} and it has shorter chain of nucleotide. Deoxyribose sugar in DNA is less reactive because of the carbon-{} hydrogen bonds. DNA has small grooves to prevent the enzymes to attack DNA. on the other hand, RNA contain ribose sugar which is more reactive because of the carbon-{}hydroxyl bonds. RNA not stable in its alkaline conditions.RNA has larger grooves than that of DNA, which makes RNA easier to be attacked by enzymes. DNA has a unique features because of its helix geometry which is in B-{}form. DNA is protected completely by the body in which the body destroys any enzymes that cleave DNA. In contrast the helix geometry of RNA is in the A-{} form; RNA can be broken down and reused. RNA is more resistance to be damage by Ultra-{} violet rays, while DNA can be damaged if exposed to Ultra-{}violet rays. DNA can be found in nucleus, while RNA can be found in nucleus and cytoplasm. The bases of DNA are A,T,C,and G, DNA is a long polymer with phosphate and deoxyribose backbone. In contrast, RNA bases are A,U, C,and G, RNA backbone contain ribose and phosphate. The job of DNA on the cell is to store and transmit genetic information. RNA job is to transfer the genetic codes that are needed for the creation of proteins from the nucleus to the ribosome, this process prevents the DNA from leaving the nucleus, so DNA stays safe.
\section{Plasmid}

Plasmids are small, circular DNA molecules that replicate separately from the much larger bacterial chromosome can be use in laboratory to manipulate genes. Plasmids can carry almost any gene and they can passed it on from one generation of bacteria to the next generation, therefore plasmids are key tools for “gene cloning” which is the production of multiple identical copies of a gene carrying piece of DNA
\chapter{DNA Replication{\mbox{$~$}};Semi-{}conservative replication}

\myminitoc

In the process of DNA replication, as cells divide, copies of DNA must be produced in order to transfer the genetic information. In DNA replication, the strands in the original DNA separate, and then each of the parent strands make copies by synthesizing complementary strands. Enzyme called helicase will start The process of replication by catalyzing the unwinding of protein of the double helix. This enzyme can break the H bonds between the complementary bases. These single strands now act as templates for the synthesis of new complementary strands. The energy for the reaction can be provided when a nucleoside triphosphate bonds to a sugar (at the end of a growing strand), and 2 phosphate group are cleaved. Then a T in the template forms H bond with an A in ATP, and a G on the template forms H bond with CTP. After the entire double helix of the parent DNA is copied, the new DNA molecule will form . The new DNA molecule is consist of one strand from the parent (original) DNA and one strand from the daughter strand( newly synthesized strand). This process is called \symbol{34}semi-{}conservative replication\symbol{34}.
$\text{ }$\newline{}

\section{Recombination}

Recombination refers to ways in which DNA modification leads to distinct gene expressions and functions. Deletions, insertions and substitutions are the most useful changes implemented for the synthesis of new genes. Recombination techniques and recombinant DNA technologies has made possible the modification and creation of new genes for specific proposes. These techniques helps clone, amplified and introduce new DNA into suitable cells for replication. Restriction enzymes and DNA ligase play a vital role in the in the production of recombinant DNA. Vectors are useful for cloning. Plasmids or viral DNA (lambda Phage) used to introduced a DNA sequence into a cell is refer as vector.
The semi-{}conservative hypothesis was confirmed by both Matthew Meselson and Franklin Stahl in 1958. The parent DNA was labeled with \symbol{34}heavy nitrogen,\symbol{34} the radioisotope of fifteen. This radioactive nitrogen was made through growing E. coli with ammonium chloride (also with \symbol{34}heavy nitrogen\symbol{34}) environment. Directly after the labeling of \symbol{34}heavy nitrogen\symbol{34} to the parent DNA strand, it was transferred to a medium with only regular nitrogen (isotope of fourteen). The proposed question was \symbol{34}What is the distribution between the two nitrogens in the DNA molecules after successive rounds of replication?\symbol{34} Using density-{}gradient equilibrium sedimentation, this question was answered. In this centrifugation, similar densities were grouped together in the tube. Afterwards, an absorbance was applied with ultra-{}violet light to determine the density bands of all the different kinds of DNA in the solution. After one generation, a unique single density band was shown. It was not exactly the band of heavy nitrogen nor the regular band of regular nitrogen, but rather halfway between the two. This proved that DNA was not conservative but semi-{}conservative due to this nitrogen hybrid. One generation after this one, there were two nitrogen-{}14 molecules and two hybrid nitrogen molecules. The probability and statistics of this second generation reassures the semi-{}conservative hypothesis.
As DNA strands can combine and form molecules, it can also be melted, resulting in separation or denaturation. It is important to note that the heat from the melting process does not disrupt the DNA structure, but rather DNA helicase takes energy from the heat, separating the DNA strands. The denaturation process occurs at about ninety-{}four degrees Fahrenheit where the double strands are converted to single stands. Absorbance readings were taken to reconfirm the denaturation process. When the DNA molecule is in its double-{}stranded form, it absorbs less UV light. In its single-{}stranded form, it absorbs more UV light because the single strand is more exposed than its double-{}strand counterpart. This is known as the hypochromic effect. In a PCR, polymerase chain reaction, it utilizes this denaturation capability in its primary step. Afterwards, it is then annealed at fifty to sixty degrees Fahrenheit. In this step, this is where the primers bind to their corresponding flanking DNA base sequence. In the last step, DNA polymerization, it requires a few ingredients: heat-{}resistant DNA polymerase, magnesium ion, buffer, and corresponding nucleotides. The DNA polymerase requires heat resistance because throughout the entire process, it undergoes a constant temperatures changes. The magnesium stabilizes the phosphate backbone. The buffer prevents drastic changes in pH, because if the pH lies near the extremes on the scale, it may denature the DNA so drastically that it will not recombine. This final step of DNA polymerization happens at the \symbol{34}melting temperature.\symbol{34} The melting temperature is the temperature at which half of the DNA is single-{}stranded and the other half is double-{}stranded. At this optimal temperature of seventy-{}two degrees Fahrenheit, the DNA is amplified with its respective primers, replicating at an exponential rate.
\chapter{DNA manipulation: human\textquotesingle{}s effort to desire DNA and \symbol{34}read\symbol{34} DNA}

\myminitoc

\section{Restriction endonucleases}

What\textquotesingle{}s endonuclease?-{}-{}Endonucleases are enzymes that can recognize specific base sequences in double-{}helical DNA and cleave, at specific places, both strands of that duplex. Many prokaryotes contain restriction enzymes. Biologically, they cleave foreign DNA molecules. Because the sites recognized by its own restriction enzymes are metylated, the cells\textquotesingle{} own DNA are not cleaved. One striking properties of endonucleases is that they recognize DNA cleavage sites by \symbol{34}two-{}fold symmetry\symbol{34}. In another word, within the cleavage site domain (usually 4 to 8 base pair), there exists a center, around which the cleavage site rotate 180 degree, the whole cleavage site would be indistinguishable. The following graph shows an example of how endonuclease recognize cleavage site by symmetry.
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.After cleavage from several different endonulcease, a DNA sample would be sliced into many different duplex fragments, which are then separated by electrophoresis. The restriction fragments are then denatured to form single stranded DNA, which are then transferred to a nitrocellulose sheet, where they are exposed to a 32P-{}labeled single-{}stranded DNA probe. The single-{}stranded DNA are then hybridized by the radio active complementary strand. These duplex are then examined by autoradiography, which reveals the sequence of the DNA. This technique is named Southern plot, after Edwin South, who invented the technique. The following image shows the steps for creating a southern plot.
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\section{DNA sequencing}

DNA subunits are dGMP, dAMP, dCMP and dTMP. In a DNA molecule, these subunits are connected in a way that their phosphate on 5 prime carbon are bonded to another subunit\textquotesingle{}s hydroxy group on 3 prime carbon. If there is no hydroxy group on 3 prime carbon, then the DNA polymeration will be terminated. Utilizing this idea, subunit analogies were invented, ddGMP, ddAMP, ddCMP and ddTMP. These analogies have the same structure as their parent molecule except that they have hydrogen on 3 prime carbon instead of hydroxyl group. In practice, target DNA template is put into four polymeration environments, dNTP+ddGMP or ddAMP or ddCMP or ddTMP, respectively.
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. Statically, fragments with different length terminated at base, G, A, C, T will be formed, respectively. Then these fragments will be separated by electrophoresis, which will tell the sequence of the target DNA.
\section{DNA synthesis}

Although nature synthesize DNA from 5 prime carbon to 3 prime carbon, human synthesize DNA from 3 prime carbon to 5 prime carbon. The following monomer is commercially available for each of the base and is used as basic building block for DNA synthesis.
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It starts with the subunit with the first base bonded to resin by the 3 prime hydroxyl group. The second monomer with its own 5 hydroxyl protected by DMT (protecting group) was activated on its 3 prime phosphate, which is attached to the 5 prime hydroxyl group by nucleophilic substitution. Then the phosphite is oxidized by iodine to yield phosphate. Then DMT is removed to make the 5 prime hydroxyl available for the incoming of the third monomer. The graphical representation is shown below.
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\section{Polymerase Chain Reaction (PCR)}

It is used for amplification of DNA. It includes three stages: DNA denaturation, oligonucleotide annealing, and DNA polymerization. In each cycle, the DNA duplex is denatured at first, then the primers for both strands (forward and reverse) bind to the desired sites and at last both strands polymerize to form the desired sequence. What needed in PCR are the DNA containing the desired sequence, primers for both strands, heat resistant DNA polymerase, dNTP and constantly changing temperature. The following image shows the detailed steps in PCR.
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\chapter{RNA Editing}

\myminitoc

\section{Introduction}

Adenosine deaminases (ADAR) are mRNA editing enzymes that alternate a double stranded RNA sequence by tuning it. When tuning the mRNA, ADARs retype the nucleotides of the mRNA at certain, specific points they wish to change. Because ADARs can change the sequence of mRNA, they can create or remove a splice site, delete or alter the meaning of a codon, and finally change the sequence of the RNA altogether. ADAR plays a vital part in editing mRNA and modulating the mRNA translational activity and is mainly found in the nervous system and is important in regulating the nervous systems. Lacking the ADAR gene is very detrimental to health.
\section{Function}

$\text{ }$\newline{}

RNA splicing and RNA editing are very similar to one another. RNA splicing is more of a cut, copy, and past process while RNA editing is an alteration of one or more nucleotides. There are mainly two types of ADAR that alternate the sequence of a single nucleotide. The first type of ADAR retypes cytidine nucleotides into uridine nucleotides while a second type of ADAR retypes adenosine into inosine.$\text{ }$\newline{}


mRNA consisting of many inosine nucleotides in its sequence is known to be very abundant in the nucleus and only mRNAs that leave the nucleus can be translated. In this case, ADAR is modulating the translational activities of mRNAs. In modulating the translational activities of the specified mRNA, it is also modulating the abundance of the certain proteins that are expressed in the edited mRNA. Also, increasing inosine can stabilize the structure of mRNA. Hence, ADAR can function as an mRNA stabilizer too.$\text{ }$\newline{}


ADARs target the coding sequence, introns, and 5’ and 3’ untranslated reigions (UTR). ADAR targets the coding sequence by changing the nucleotide which then changes the geometry of the protein. Change in the geometry of the protein may yield to higher protein-{}protein affinity interaction. This high protein-{}protein affinity can improve biological reactions by facilitating those reactions. Alternation of the non-{}coding sites such as introns, 5’, and 3’ UTR is still unknown. The only thing that is known is that alternating the sequence within these sites can create new splice sites.
\section{Importance of ADAR}

$\text{ }$\newline{}

Adar is mainly found in the nervous system because it plays a very important role in regulating the nervous system. One of Adars’ primary functions is its regulation of the nervous system. Adar regulates the nervous system by editing the glutamate receptors’ mRNA. These glutamate receptors construct the glutamate-{}gated ion channels which are important in transferring electrical signals between neurons. When ADARs edit gluR mRNA, they change the calcium permeability of these glutamate channels. They can either lower the calcium permeability for certain glutamate channel or increase calcium permeability for other glutamate channels. Regulation of calcium permeability is important to proper neurotransmission between neurons.
\section{Disease connecting to ADAR}

$\text{ }$\newline{}

Adenosine deaminase Deficiency (ADD) is caused by the lack of ADAR gene. Hence ADARs editing is important for survival especially for human. Without ADAR, the body can not break down the toxin deoxyadenosine. The accumulation of this toxin destroys the immune cells making its host vulnerable to infection from bacteria and viruses. Seizures can also be caused by ADAR. Unedited version of gluR mRNA strongly causes seizures. When a seizure happens, the body mechanism increases the level of ADAR activity to edit gluR mRNA to prevent future seizures.
$\text{ }$\newline{}

\section{DNA Replication:Initiation}

$\text{ }$\newline{}

There are multiple mechanisms that have been proposed for the melting of the DNA strand and the subsequent unwinding of the double helix during the initiation process of DNA replication.
Two recently proposed models are E1 and LTag. These two models function differently to attain the same overall goal of melting the DNA double helix due to differences in their overall structure.
E1 model: In the E1 hexamer, there are six ß-{}hairpins in the central channel of the protein. They are arranged in a staircase-{}like structure. Two adjacent E1 trimers assemble at the origin point to melt the double-{}stranded DNA. A ring shaped E1 hexamer is then formed around the melted single-{}stranded DNA and the DNA is then pumped through the ring hexamer to from a fork that allows for the replication of the DNA.
Ltag: The channel diameters of these hexamers vary between 13-{}17 angstroms. The hexamer responsible for melting has an assortment of planar ß-{}hairpins in the narrow channel. Two of these hexamers surround the origin point of the double-{}stranded DNA and squeeze the area together. This causes the melting of the dsDNA by forcing the breakage of base pairing. The two single-{}stranded DNA strands are then pumped into a larger channeland finally out through two separate Zn-{}domains. This allows for the replication of the DNA.
The two mechanisms here are built solely on the structural knowledge of the proteins involved in the process and as such more experimental support is needed to confirm.
There are not an excessive amount of helicases. Currently, work is being done in discerning the more simple helicases, and trying to find the different mechanisms that they may have. While there are some similarities, for example helicases all seem to have a hexameric structure, there are also differences as well in their structures that contribute greatly to the differences in their mechanisms.
-{}This article refers to a recently published article in Curr Opin Struct Biol. published 2010, Sep. 24.: \symbol{34}Origin DNA melting and unwinding in DNA replication\symbol{34} by Gai {\itshape et al.}
\chapter{Respiratory Pigments}
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In humans, these pigments include hemoglobin and myoglobin, the latter is present in red muscle fibers. Hemoglobin is a coordination compound of iron. It had attachment sites for gases, namely oxygen and carbon dioxide. Its reactivity depends upon partial pressure of these gases. The presence of heme makes it appear red colored. Myoglobin is present in muscles to make available extra oxygen.
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\chapter{Bioinformatics}
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\section{Homology}

When scientists study the relationship between proteins between different species they must determine whether or not these proteins are homologous to one another. Homologous proteins are proteins that have a common ancestor. There are two classes of homologs. They are ortholog and paralog. Orthologs are homologous proteins that are found among different species but have similar function. Orthologs occurs due to speciation. Paralog are homologous proteins that are found within the same species. They have very similar structure but serve different functions within the organism. Paralogs are due to gene duplication within the specie. Scientists finds out whether the proteins are homologous or not by studying the DNA sequence, amino acid sequence, the tertiary structure of the protein. In other word, they study the sequence alignment and structural alignment of the protein.
\section{Sequence Alignment}

When analyzing the DNA sequence or the amino acid sequence similarity and differences , scientists study the alignment of the DNA sequence or the alignment of the amino acid alignment of the protein. Alignment of DNA sequences is less sensitive to that of the alignment of amino acid. DNA sequence only consists of 4 bases. This means that the chance that both residues are the same is 1 out of 4. For the amino acid sequence, the chance that both residues are the same is 1 out of 21. The scoring of the degree of similarity of the alignment of each case is determined by Matrix.
\section{Matrix}

Matrix is a method used to determine the degree or similarity between the sequences (DNA or Amino Acid). Matrix takes account of two factors which are conservation and frequency.
Conversation determines whether or not a certain residue can substitute for another residue by comparing the residue’s physical factors such as their hydrophobicity, charge, and size. For example if two residues are both hydrophobic they may substitute for each other. If two residues have different charges, chance that they can substitute for one another is very slim.
Frequency states how often a residue occurs. For example, if sequence A has a 20\% of residue A and 30\% of residue B and if sequence B has 21\% of residue A and 35\% of residue B, these residues A and B prevalence may indicate that these sequences are related to one another.
The techniques used by matrix are the sliding between sequences, the gap introduced within the sequence, and the deletion of certain residues within the sequence. This method is used in order to improve the alignment’s similarity. In sliding, one sequence is sided in reference to the other. For example after the sliding the sequence by one residue, the similarity between the sequences may increase because more residues are identical or similar to one another. Gaps are introduces within the sequence in order to increase the residue similarity. For example if a sequence A have this particular range of residues that are not important or critical to its function or structure but have an important residue rang after the non-{}important residue range and the other sequence B lacks the sequence unimportant residue range but does have the same important residue range of sequence A. Then a gap is introduces in sequence B in order to make for the non important residue range. For deletion, certain residues are omitted in the sequence. Unimportant residues are usually deleted in order to increase the similarity between the sequences.
There are two types of matrices. They are identity matrix and substitution matrix. Identity matrix only assign points to residues that are identical where as substitution may assign points to residues that are different yet alike in a conservative perspective. Substitution matrix are more accurate than that of identity matrix because in taking account for conservation substitution, substitution matrix give large positive score to the sequence where frequent substitution occur and large negative score where rare substitution occur . Hence substitution matrix is more sensitive to that of the identity matrix.
\section{Structural Alignment}

Structural alignment is the analysis of the degree of similarity between primary, secondary and tertiary structure. In protein, the tertiary structure is more conserved than that of primary structure because tertiary structure is more closely related to the protein’s function. The purpose of structural alignment is to improve sequence alignment (method discussed before this) by creating a sequence template. Since some regions are more conserved than other, sequence template is template that maps out the conserved amino acid residues that are structurally and functionally important to a particular protein family member. Hence sequence template helps find protein that belongs to certain family member.
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\href{http://en.wikibooks.org/wiki/File:Saccharose2.svg}{24}& 

\myhref{http://en.wikibooks.org/wiki/User\%3ANEUROtiker}{NEUROtiker}
 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Sucrose-rodmodel.png}{25}& 


 & GFDL\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Beta-D-Lactose.svg}{26}& 

\myhref{http://en.wikibooks.org/wiki/User\%3AYikrazuul}{Yikrazuul} (\myhref{http://en.wikibooks.org/wiki/User\%20talk\%3AYikrazuul}{talk})
 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Alpha-lactose-from-xtal-3D-balls.png}{27}& 

\myhref{http://en.wikibooks.org/wiki/User\%3ABenjah-bmm27}{Ben Mills}
 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:CellMembraneDrawing.jpg}{28}& 


 & \\ \hline 
\href{http://en.wikibooks.org/wiki/File:Arachidonate.png}{29}& 


 & GFDL\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Laurate.png}{30}& 


 & GFDL\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Phospholipid.svg}{31}& 


 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Cholinemet.png}{32}& 


 & GFDL\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Inositol_monochrome.svg}{33}& 

\myhref{http://en.wikibooks.org/wiki/User\%3ABryan\%20Derksen}{User:Bryan Derksen}
 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Sphingolipids_general_structures.png}{34}& 

\myhref{http://en.wikibooks.org/wiki/User\%3ALHcheM}{LHcheM}
 & GFDL\\ \hline 
\href{http://en.wikibooks.org/wiki/File:CellMembraneDrawing.jpg}{35}& 


 & \\ \hline 
\href{http://en.wikibooks.org/wiki/File:Laurate.png}{36}& 


 & GFDL\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Phospholipid.svg}{37}& 


 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Cholinemet.png}{38}& 


 & GFDL\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Inositol_monochrome.svg}{39}& 

\myhref{http://en.wikibooks.org/wiki/User\%3ABryan\%20Derksen}{User:Bryan Derksen}
 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:CatalysisScheme.png}{40}& 


 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Mitochondrial_electron_transport_chain\%E2\%80\%94Etc4.svg}{41}& 

\myhref{http://en.wikibooks.org/wiki/User\%3AFvasconcellos}{Fvasconcellos} 22:35, 9 September 2007 (UTC)
 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:DNA-labels.png}{42}& 


 & GFDL\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Endonuclease.jpg}{43}& 


 & \\ \hline 
\href{http://en.wikibooks.org/wiki/File:Southern_plot.jpg}{44}& 


 & \\ \hline 
\href{http://en.wikibooks.org/wiki/File:DdNTP.jpg}{45}& 


 & \\ \hline 
\href{http://en.wikibooks.org/wiki/File:DNA_synthesis_unit.jpg}{46}& 


 & \\ \hline 
\href{http://en.wikibooks.org/wiki/File:DNA_synthesis.jpg}{47}& 

Jeremy M. Berg; John L. Tymoczko; Lubert Stryer
 & \\ \hline 
\href{http://en.wikibooks.org/wiki/File:PCR.jpg}{48}& 

\myhref{http://en.wikibooks.org/wiki/User\%3ATpirojsi}{Tpirojsi}
 & PD\\ \hline 
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\section {GNU GENERAL PUBLIC LICENSE}
\begin{multicols}{4}

Version 3, 29 June 2007

Copyright © 2007 Free Software Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.
Preamble

The GNU General Public License is a free, copyleft license for software and other kinds of works.

The licenses for most software and other practical works are designed to take away your freedom to share and change the works. By contrast, the GNU General Public License is intended to guarantee your freedom to share and change all versions of a program--to make sure it remains free software for all its users. We, the Free Software Foundation, use the GNU General Public License for most of our software; it applies also to any other work released this way by its authors. You can apply it to your programs, too.

When we speak of free software, we are referring to freedom, not price. Our General Public Licenses are designed to make sure that you have the freedom to distribute copies of free software (and charge for them if you wish), that you receive source code or can get it if you want it, that you can change the software or use pieces of it in new free programs, and that you know you can do these things.

To protect your rights, we need to prevent others from denying you these rights or asking you to surrender the rights. Therefore, you have certain responsibilities if you distribute copies of the software, or if you modify it: responsibilities to respect the freedom of others.

For example, if you distribute copies of such a program, whether gratis or for a fee, you must pass on to the recipients the same freedoms that you received. You must make sure that they, too, receive or can get the source code. And you must show them these terms so they know their rights.

Developers that use the GNU GPL protect your rights with two steps: (1) assert copyright on the software, and (2) offer you this License giving you legal permission to copy, distribute and/or modify it.

For the developers' and authors' protection, the GPL clearly explains that there is no warranty for this free software. For both users' and authors' sake, the GPL requires that modified versions be marked as changed, so that their problems will not be attributed erroneously to authors of previous versions.

Some devices are designed to deny users access to install or run modified versions of the software inside them, although the manufacturer can do so. This is fundamentally incompatible with the aim of protecting users' freedom to change the software. The systematic pattern of such abuse occurs in the area of products for individuals to use, which is precisely where it is most unacceptable. Therefore, we have designed this version of the GPL to prohibit the practice for those products. If such problems arise substantially in other domains, we stand ready to extend this provision to those domains in future versions of the GPL, as needed to protect the freedom of users.

Finally, every program is threatened constantly by software patents. States should not allow patents to restrict development and use of software on general-purpose computers, but in those that do, we wish to avoid the special danger that patents applied to a free program could make it effectively proprietary. To prevent this, the GPL assures that patents cannot be used to render the program non-free.

The precise terms and conditions for copying, distribution and modification follow.
TERMS AND CONDITIONS
0. Definitions.

“This License” refers to version 3 of the GNU General Public License.

“Copyright” also means copyright-like laws that apply to other kinds of works, such as semiconductor masks.

“The Program” refers to any copyrightable work licensed under this License. Each licensee is addressed as “you”. “Licensees” and “recipients” may be individuals or organizations.

To “modify” a work means to copy from or adapt all or part of the work in a fashion requiring copyright permission, other than the making of an exact copy. The resulting work is called a “modified version” of the earlier work or a work “based on” the earlier work.

A “covered work” means either the unmodified Program or a work based on the Program.

To “propagate” a work means to do anything with it that, without permission, would make you directly or secondarily liable for infringement under applicable copyright law, except executing it on a computer or modifying a private copy. Propagation includes copying, distribution (with or without modification), making available to the public, and in some countries other activities as well.

To “convey” a work means any kind of propagation that enables other parties to make or receive copies. Mere interaction with a user through a computer network, with no transfer of a copy, is not conveying.

An interactive user interface displays “Appropriate Legal Notices” to the extent that it includes a convenient and prominently visible feature that (1) displays an appropriate copyright notice, and (2) tells the user that there is no warranty for the work (except to the extent that warranties are provided), that licensees may convey the work under this License, and how to view a copy of this License. If the interface presents a list of user commands or options, such as a menu, a prominent item in the list meets this criterion.
1. Source Code.

The “source code” for a work means the preferred form of the work for making modifications to it. “Object code” means any non-source form of a work.

A “Standard Interface” means an interface that either is an official standard defined by a recognized standards body, or, in the case of interfaces specified for a particular programming language, one that is widely used among developers working in that language.

The “System Libraries” of an executable work include anything, other than the work as a whole, that (a) is included in the normal form of packaging a Major Component, but which is not part of that Major Component, and (b) serves only to enable use of the work with that Major Component, or to implement a Standard Interface for which an implementation is available to the public in source code form. A “Major Component”, in this context, means a major essential component (kernel, window system, and so on) of the specific operating system (if any) on which the executable work runs, or a compiler used to produce the work, or an object code interpreter used to run it.

The “Corresponding Source” for a work in object code form means all the source code needed to generate, install, and (for an executable work) run the object code and to modify the work, including scripts to control those activities. However, it does not include the work's System Libraries, or general-purpose tools or generally available free programs which are used unmodified in performing those activities but which are not part of the work. For example, Corresponding Source includes interface definition files associated with source files for the work, and the source code for shared libraries and dynamically linked subprograms that the work is specifically designed to require, such as by intimate data communication or control flow between those subprograms and other parts of the work.

The Corresponding Source need not include anything that users can regenerate automatically from other parts of the Corresponding Source.

The Corresponding Source for a work in source code form is that same work.
2. Basic Permissions.

All rights granted under this License are granted for the term of copyright on the Program, and are irrevocable provided the stated conditions are met. This License explicitly affirms your unlimited permission to run the unmodified Program. The output from running a covered work is covered by this License only if the output, given its content, constitutes a covered work. This License acknowledges your rights of fair use or other equivalent, as provided by copyright law.

You may make, run and propagate covered works that you do not convey, without conditions so long as your license otherwise remains in force. You may convey covered works to others for the sole purpose of having them make modifications exclusively for you, or provide you with facilities for running those works, provided that you comply with the terms of this License in conveying all material for which you do not control copyright. Those thus making or running the covered works for you must do so exclusively on your behalf, under your direction and control, on terms that prohibit them from making any copies of your copyrighted material outside their relationship with you.

Conveying under any other circumstances is permitted solely under the conditions stated below. Sublicensing is not allowed; section 10 makes it unnecessary.
3. Protecting Users' Legal Rights From Anti-Circumvention Law.

No covered work shall be deemed part of an effective technological measure under any applicable law fulfilling obligations under article 11 of the WIPO copyright treaty adopted on 20 December 1996, or similar laws prohibiting or restricting circumvention of such measures.

When you convey a covered work, you waive any legal power to forbid circumvention of technological measures to the extent such circumvention is effected by exercising rights under this License with respect to the covered work, and you disclaim any intention to limit operation or modification of the work as a means of enforcing, against the work's users, your or third parties' legal rights to forbid circumvention of technological measures.
4. Conveying Verbatim Copies.

You may convey verbatim copies of the Program's source code as you receive it, in any medium, provided that you conspicuously and appropriately publish on each copy an appropriate copyright notice; keep intact all notices stating that this License and any non-permissive terms added in accord with section 7 apply to the code; keep intact all notices of the absence of any warranty; and give all recipients a copy of this License along with the Program.

You may charge any price or no price for each copy that you convey, and you may offer support or warranty protection for a fee.
5. Conveying Modified Source Versions.

You may convey a work based on the Program, or the modifications to produce it from the Program, in the form of source code under the terms of section 4, provided that you also meet all of these conditions:

    * a) The work must carry prominent notices stating that you modified it, and giving a relevant date.
    * b) The work must carry prominent notices stating that it is released under this License and any conditions added under section 7. This requirement modifies the requirement in section 4 to “keep intact all notices”.
    * c) You must license the entire work, as a whole, under this License to anyone who comes into possession of a copy. This License will therefore apply, along with any applicable section 7 additional terms, to the whole of the work, and all its parts, regardless of how they are packaged. This License gives no permission to license the work in any other way, but it does not invalidate such permission if you have separately received it.
    * d) If the work has interactive user interfaces, each must display Appropriate Legal Notices; however, if the Program has interactive interfaces that do not display Appropriate Legal Notices, your work need not make them do so.

A compilation of a covered work with other separate and independent works, which are not by their nature extensions of the covered work, and which are not combined with it such as to form a larger program, in or on a volume of a storage or distribution medium, is called an “aggregate” if the compilation and its resulting copyright are not used to limit the access or legal rights of the compilation's users beyond what the individual works permit. Inclusion of a covered work in an aggregate does not cause this License to apply to the other parts of the aggregate.
6. Conveying Non-Source Forms.

You may convey a covered work in object code form under the terms of sections 4 and 5, provided that you also convey the machine-readable Corresponding Source under the terms of this License, in one of these ways:

    * a) Convey the object code in, or embodied in, a physical product (including a physical distribution medium), accompanied by the Corresponding Source fixed on a durable physical medium customarily used for software interchange.
    * b) Convey the object code in, or embodied in, a physical product (including a physical distribution medium), accompanied by a written offer, valid for at least three years and valid for as long as you offer spare parts or customer support for that product model, to give anyone who possesses the object code either (1) a copy of the Corresponding Source for all the software in the product that is covered by this License, on a durable physical medium customarily used for software interchange, for a price no more than your reasonable cost of physically performing this conveying of source, or (2) access to copy the Corresponding Source from a network server at no charge.
    * c) Convey individual copies of the object code with a copy of the written offer to provide the Corresponding Source. This alternative is allowed only occasionally and noncommercially, and only if you received the object code with such an offer, in accord with subsection 6b.
    * d) Convey the object code by offering access from a designated place (gratis or for a charge), and offer equivalent access to the Corresponding Source in the same way through the same place at no further charge. You need not require recipients to copy the Corresponding Source along with the object code. If the place to copy the object code is a network server, the Corresponding Source may be on a different server (operated by you or a third party) that supports equivalent copying facilities, provided you maintain clear directions next to the object code saying where to find the Corresponding Source. Regardless of what server hosts the Corresponding Source, you remain obligated to ensure that it is available for as long as needed to satisfy these requirements.
    * e) Convey the object code using peer-to-peer transmission, provided you inform other peers where the object code and Corresponding Source of the work are being offered to the general public at no charge under subsection 6d.

A separable portion of the object code, whose source code is excluded from the Corresponding Source as a System Library, need not be included in conveying the object code work.

A “User Product” is either (1) a “consumer product”, which means any tangible personal property which is normally used for personal, family, or household purposes, or (2) anything designed or sold for incorporation into a dwelling. In determining whether a product is a consumer product, doubtful cases shall be resolved in favor of coverage. For a particular product received by a particular user, “normally used” refers to a typical or common use of that class of product, regardless of the status of the particular user or of the way in which the particular user actually uses, or expects or is expected to use, the product. A product is a consumer product regardless of whether the product has substantial commercial, industrial or non-consumer uses, unless such uses represent the only significant mode of use of the product.

“Installation Information” for a User Product means any methods, procedures, authorization keys, or other information required to install and execute modified versions of a covered work in that User Product from a modified version of its Corresponding Source. The information must suffice to ensure that the continued functioning of the modified object code is in no case prevented or interfered with solely because modification has been made.

If you convey an object code work under this section in, or with, or specifically for use in, a User Product, and the conveying occurs as part of a transaction in which the right of possession and use of the User Product is transferred to the recipient in perpetuity or for a fixed term (regardless of how the transaction is characterized), the Corresponding Source conveyed under this section must be accompanied by the Installation Information. But this requirement does not apply if neither you nor any third party retains the ability to install modified object code on the User Product (for example, the work has been installed in ROM).

The requirement to provide Installation Information does not include a requirement to continue to provide support service, warranty, or updates for a work that has been modified or installed by the recipient, or for the User Product in which it has been modified or installed. Access to a network may be denied when the modification itself materially and adversely affects the operation of the network or violates the rules and protocols for communication across the network.

Corresponding Source conveyed, and Installation Information provided, in accord with this section must be in a format that is publicly documented (and with an implementation available to the public in source code form), and must require no special password or key for unpacking, reading or copying.
7. Additional Terms.

“Additional permissions” are terms that supplement the terms of this License by making exceptions from one or more of its conditions. Additional permissions that are applicable to the entire Program shall be treated as though they were included in this License, to the extent that they are valid under applicable law. If additional permissions apply only to part of the Program, that part may be used separately under those permissions, but the entire Program remains governed by this License without regard to the additional permissions.

When you convey a copy of a covered work, you may at your option remove any additional permissions from that copy, or from any part of it. (Additional permissions may be written to require their own removal in certain cases when you modify the work.) You may place additional permissions on material, added by you to a covered work, for which you have or can give appropriate copyright permission.

Notwithstanding any other provision of this License, for material you add to a covered work, you may (if authorized by the copyright holders of that material) supplement the terms of this License with terms:

    * a) Disclaiming warranty or limiting liability differently from the terms of sections 15 and 16 of this License; or
    * b) Requiring preservation of specified reasonable legal notices or author attributions in that material or in the Appropriate Legal Notices displayed by works containing it; or
    * c) Prohibiting misrepresentation of the origin of that material, or requiring that modified versions of such material be marked in reasonable ways as different from the original version; or
    * d) Limiting the use for publicity purposes of names of licensors or authors of the material; or
    * e) Declining to grant rights under trademark law for use of some trade names, trademarks, or service marks; or
    * f) Requiring indemnification of licensors and authors of that material by anyone who conveys the material (or modified versions of it) with contractual assumptions of liability to the recipient, for any liability that these contractual assumptions directly impose on those licensors and authors.

All other non-permissive additional terms are considered “further restrictions” within the meaning of section 10. If the Program as you received it, or any part of it, contains a notice stating that it is governed by this License along with a term that is a further restriction, you may remove that term. If a license document contains a further restriction but permits relicensing or conveying under this License, you may add to a covered work material governed by the terms of that license document, provided that the further restriction does not survive such relicensing or conveying.

If you add terms to a covered work in accord with this section, you must place, in the relevant source files, a statement of the additional terms that apply to those files, or a notice indicating where to find the applicable terms.

Additional terms, permissive or non-permissive, may be stated in the form of a separately written license, or stated as exceptions; the above requirements apply either way.
8. Termination.

You may not propagate or modify a covered work except as expressly provided under this License. Any attempt otherwise to propagate or modify it is void, and will automatically terminate your rights under this License (including any patent licenses granted under the third paragraph of section 11).

However, if you cease all violation of this License, then your license from a particular copyright holder is reinstated (a) provisionally, unless and until the copyright holder explicitly and finally terminates your license, and (b) permanently, if the copyright holder fails to notify you of the violation by some reasonable means prior to 60 days after the cessation.

Moreover, your license from a particular copyright holder is reinstated permanently if the copyright holder notifies you of the violation by some reasonable means, this is the first time you have received notice of violation of this License (for any work) from that copyright holder, and you cure the violation prior to 30 days after your receipt of the notice.

Termination of your rights under this section does not terminate the licenses of parties who have received copies or rights from you under this License. If your rights have been terminated and not permanently reinstated, you do not qualify to receive new licenses for the same material under section 10.
9. Acceptance Not Required for Having Copies.

You are not required to accept this License in order to receive or run a copy of the Program. Ancillary propagation of a covered work occurring solely as a consequence of using peer-to-peer transmission to receive a copy likewise does not require acceptance. However, nothing other than this License grants you permission to propagate or modify any covered work. These actions infringe copyright if you do not accept this License. Therefore, by modifying or propagating a covered work, you indicate your acceptance of this License to do so.
10. Automatic Licensing of Downstream Recipients.

Each time you convey a covered work, the recipient automatically receives a license from the original licensors, to run, modify and propagate that work, subject to this License. You are not responsible for enforcing compliance by third parties with this License.

An “entity transaction” is a transaction transferring control of an organization, or substantially all assets of one, or subdividing an organization, or merging organizations. If propagation of a covered work results from an entity transaction, each party to that transaction who receives a copy of the work also receives whatever licenses to the work the party's predecessor in interest had or could give under the previous paragraph, plus a right to possession of the Corresponding Source of the work from the predecessor in interest, if the predecessor has it or can get it with reasonable efforts.

You may not impose any further restrictions on the exercise of the rights granted or affirmed under this License. For example, you may not impose a license fee, royalty, or other charge for exercise of rights granted under this License, and you may not initiate litigation (including a cross-claim or counterclaim in a lawsuit) alleging that any patent claim is infringed by making, using, selling, offering for sale, or importing the Program or any portion of it.
11. Patents.

A “contributor” is a copyright holder who authorizes use under this License of the Program or a work on which the Program is based. The work thus licensed is called the contributor's “contributor version”.

A contributor's “essential patent claims” are all patent claims owned or controlled by the contributor, whether already acquired or hereafter acquired, that would be infringed by some manner, permitted by this License, of making, using, or selling its contributor version, but do not include claims that would be infringed only as a consequence of further modification of the contributor version. For purposes of this definition, “control” includes the right to grant patent sublicenses in a manner consistent with the requirements of this License.

Each contributor grants you a non-exclusive, worldwide, royalty-free patent license under the contributor's essential patent claims, to make, use, sell, offer for sale, import and otherwise run, modify and propagate the contents of its contributor version.

In the following three paragraphs, a “patent license” is any express agreement or commitment, however denominated, not to enforce a patent (such as an express permission to practice a patent or covenant not to sue for patent infringement). To “grant” such a patent license to a party means to make such an agreement or commitment not to enforce a patent against the party.

If you convey a covered work, knowingly relying on a patent license, and the Corresponding Source of the work is not available for anyone to copy, free of charge and under the terms of this License, through a publicly available network server or other readily accessible means, then you must either (1) cause the Corresponding Source to be so available, or (2) arrange to deprive yourself of the benefit of the patent license for this particular work, or (3) arrange, in a manner consistent with the requirements of this License, to extend the patent license to downstream recipients. “Knowingly relying” means you have actual knowledge that, but for the patent license, your conveying the covered work in a country, or your recipient's use of the covered work in a country, would infringe one or more identifiable patents in that country that you have reason to believe are valid.

If, pursuant to or in connection with a single transaction or arrangement, you convey, or propagate by procuring conveyance of, a covered work, and grant a patent license to some of the parties receiving the covered work authorizing them to use, propagate, modify or convey a specific copy of the covered work, then the patent license you grant is automatically extended to all recipients of the covered work and works based on it.

A patent license is “discriminatory” if it does not include within the scope of its coverage, prohibits the exercise of, or is conditioned on the non-exercise of one or more of the rights that are specifically granted under this License. You may not convey a covered work if you are a party to an arrangement with a third party that is in the business of distributing software, under which you make payment to the third party based on the extent of your activity of conveying the work, and under which the third party grants, to any of the parties who would receive the covered work from you, a discriminatory patent license (a) in connection with copies of the covered work conveyed by you (or copies made from those copies), or (b) primarily for and in connection with specific products or compilations that contain the covered work, unless you entered into that arrangement, or that patent license was granted, prior to 28 March 2007.

Nothing in this License shall be construed as excluding or limiting any implied license or other defenses to infringement that may otherwise be available to you under applicable patent law.
12. No Surrender of Others' Freedom.

If conditions are imposed on you (whether by court order, agreement or otherwise) that contradict the conditions of this License, they do not excuse you from the conditions of this License. If you cannot convey a covered work so as to satisfy simultaneously your obligations under this License and any other pertinent obligations, then as a consequence you may not convey it at all. For example, if you agree to terms that obligate you to collect a royalty for further conveying from those to whom you convey the Program, the only way you could satisfy both those terms and this License would be to refrain entirely from conveying the Program.
13. Use with the GNU Affero General Public License.

Notwithstanding any other provision of this License, you have permission to link or combine any covered work with a work licensed under version 3 of the GNU Affero General Public License into a single combined work, and to convey the resulting work. The terms of this License will continue to apply to the part which is the covered work, but the special requirements of the GNU Affero General Public License, section 13, concerning interaction through a network will apply to the combination as such.
14. Revised Versions of this License.

The Free Software Foundation may publish revised and/or new versions of the GNU General Public License from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems or concerns.

Each version is given a distinguishing version number. If the Program specifies that a certain numbered version of the GNU General Public License “or any later version” applies to it, you have the option of following the terms and conditions either of that numbered version or of any later version published by the Free Software Foundation. If the Program does not specify a version number of the GNU General Public License, you may choose any version ever published by the Free Software Foundation.

If the Program specifies that a proxy can decide which future versions of the GNU General Public License can be used, that proxy's public statement of acceptance of a version permanently authorizes you to choose that version for the Program.

Later license versions may give you additional or different permissions. However, no additional obligations are imposed on any author or copyright holder as a result of your choosing to follow a later version.
15. Disclaimer of Warranty.

THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM “AS IS” WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM IS WITH YOU. SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY SERVICING, REPAIR OR CORRECTION.
16. Limitation of Liability.

IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MODIFIES AND/OR CONVEYS THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY OTHER PROGRAMS), EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.
17. Interpretation of Sections 15 and 16.

If the disclaimer of warranty and limitation of liability provided above cannot be given local legal effect according to their terms, reviewing courts shall apply local law that most closely approximates an absolute waiver of all civil liability in connection with the Program, unless a warranty or assumption of liability accompanies a copy of the Program in return for a fee.

END OF TERMS AND CONDITIONS
How to Apply These Terms to Your New Programs

If you develop a new program, and you want it to be of the greatest possible use to the public, the best way to achieve this is to make it free software which everyone can redistribute and change under these terms.

To do so, attach the following notices to the program. It is safest to attach them to the start of each source file to most effectively state the exclusion of warranty; and each file should have at least the “copyright” line and a pointer to where the full notice is found.

    <one line to give the program's name and a brief idea of what it does.>
    Copyright (C) <year>  <name of author>

    This program is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    This program is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with this program.  If not, see <http://www.gnu.org/licenses/>.

Also add information on how to contact you by electronic and paper mail.

If the program does terminal interaction, make it output a short notice like this when it starts in an interactive mode:

    <program>  Copyright (C) <year>  <name of author>
    This program comes with ABSOLUTELY NO WARRANTY; for details type `show w'.
    This is free software, and you are welcome to redistribute it
    under certain conditions; type `show c' for details.

The hypothetical commands `show w' and `show c' should show the appropriate parts of the General Public License. Of course, your program's commands might be different; for a GUI interface, you would use an “about box”.

You should also get your employer (if you work as a programmer) or school, if any, to sign a “copyright disclaimer” for the program, if necessary. For more information on this, and how to apply and follow the GNU GPL, see <http://www.gnu.org/licenses/>.

The GNU General Public License does not permit incorporating your program into proprietary programs. If your program is a subroutine library, you may consider it more useful to permit linking proprietary applications with the library. If this is what you want to do, use the GNU Lesser General Public License instead of this License. But first, please read <http://www.gnu.org/philosophy/why-not-lgpl.html>.
\end{multicols}

\section{GNU Free Documentation License}
\begin{multicols}{4}

Version 1.3, 3 November 2008

Copyright © 2000, 2001, 2002, 2007, 2008 Free Software Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.
0. PREAMBLE

The purpose of this License is to make a manual, textbook, or other functional and useful document "free" in the sense of freedom: to assure everyone the effective freedom to copy and redistribute it, with or without modifying it, either commercially or noncommercially. Secondarily, this License preserves for the author and publisher a way to get credit for their work, while not being considered responsible for modifications made by others.

This License is a kind of "copyleft", which means that derivative works of the document must themselves be free in the same sense. It complements the GNU General Public License, which is a copyleft license designed for free software.

We have designed this License in order to use it for manuals for free software, because free software needs free documentation: a free program should come with manuals providing the same freedoms that the software does. But this License is not limited to software manuals; it can be used for any textual work, regardless of subject matter or whether it is published as a printed book. We recommend this License principally for works whose purpose is instruction or reference.
1. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains a notice placed by the copyright holder saying it can be distributed under the terms of this License. Such a notice grants a world-wide, royalty-free license, unlimited in duration, to use that work under the conditions stated herein. The "Document", below, refers to any such manual or work. Any member of the public is a licensee, and is addressed as "you". You accept the license if you copy, modify or distribute the work in a way requiring permission under copyright law.

A "Modified Version" of the Document means any work containing the Document or a portion of it, either copied verbatim, or with modifications and/or translated into another language.

A "Secondary Section" is a named appendix or a front-matter section of the Document that deals exclusively with the relationship of the publishers or authors of the Document to the Document's overall subject (or to related matters) and contains nothing that could fall directly within that overall subject. (Thus, if the Document is in part a textbook of mathematics, a Secondary Section may not explain any mathematics.) The relationship could be a matter of historical connection with the subject or with related matters, or of legal, commercial, philosophical, ethical or political position regarding them.

The "Invariant Sections" are certain Secondary Sections whose titles are designated, as being those of Invariant Sections, in the notice that says that the Document is released under this License. If a section does not fit the above definition of Secondary then it is not allowed to be designated as Invariant. The Document may contain zero Invariant Sections. If the Document does not identify any Invariant Sections then there are none.

The "Cover Texts" are certain short passages of text that are listed, as Front-Cover Texts or Back-Cover Texts, in the notice that says that the Document is released under this License. A Front-Cover Text may be at most 5 words, and a Back-Cover Text may be at most 25 words.

A "Transparent" copy of the Document means a machine-readable copy, represented in a format whose specification is available to the general public, that is suitable for revising the document straightforwardly with generic text editors or (for images composed of pixels) generic paint programs or (for drawings) some widely available drawing editor, and that is suitable for input to text formatters or for automatic translation to a variety of formats suitable for input to text formatters. A copy made in an otherwise Transparent file format whose markup, or absence of markup, has been arranged to thwart or discourage subsequent modification by readers is not Transparent. An image format is not Transparent if used for any substantial amount of text. A copy that is not "Transparent" is called "Opaque".

Examples of suitable formats for Transparent copies include plain ASCII without markup, Texinfo input format, LaTeX input format, SGML or XML using a publicly available DTD, and standard-conforming simple HTML, PostScript or PDF designed for human modification. Examples of transparent image formats include PNG, XCF and JPG. Opaque formats include proprietary formats that can be read and edited only by proprietary word processors, SGML or XML for which the DTD and/or processing tools are not generally available, and the machine-generated HTML, PostScript or PDF produced by some word processors for output purposes only.

The "Title Page" means, for a printed book, the title page itself, plus such following pages as are needed to hold, legibly, the material this License requires to appear in the title page. For works in formats which do not have any title page as such, "Title Page" means the text near the most prominent appearance of the work's title, preceding the beginning of the body of the text.

The "publisher" means any person or entity that distributes copies of the Document to the public.

A section "Entitled XYZ" means a named subunit of the Document whose title either is precisely XYZ or contains XYZ in parentheses following text that translates XYZ in another language. (Here XYZ stands for a specific section name mentioned below, such as "Acknowledgements", "Dedications", "Endorsements", or "History".) To "Preserve the Title" of such a section when you modify the Document means that it remains a section "Entitled XYZ" according to this definition.

The Document may include Warranty Disclaimers next to the notice which states that this License applies to the Document. These Warranty Disclaimers are considered to be included by reference in this License, but only as regards disclaiming warranties: any other implication that these Warranty Disclaimers may have is void and has no effect on the meaning of this License.
2. VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially or noncommercially, provided that this License, the copyright notices, and the license notice saying this License applies to the Document are reproduced in all copies, and that you add no other conditions whatsoever to those of this License. You may not use technical measures to obstruct or control the reading or further copying of the copies you make or distribute. However, you may accept compensation in exchange for copies. If you distribute a large enough number of copies you must also follow the conditions in section 3.

You may also lend copies, under the same conditions stated above, and you may publicly display copies.
3. COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed covers) of the Document, numbering more than 100, and the Document's license notice requires Cover Texts, you must enclose the copies in covers that carry, clearly and legibly, all these Cover Texts: Front-Cover Texts on the front cover, and Back-Cover Texts on the back cover. Both covers must also clearly and legibly identify you as the publisher of these copies. The front cover must present the full title with all words of the title equally prominent and visible. You may add other material on the covers in addition. Copying with changes limited to the covers, as long as they preserve the title of the Document and satisfy these conditions, can be treated as verbatim copying in other respects.

If the required texts for either cover are too voluminous to fit legibly, you should put the first ones listed (as many as fit reasonably) on the actual cover, and continue the rest onto adjacent pages.

If you publish or distribute Opaque copies of the Document numbering more than 100, you must either include a machine-readable Transparent copy along with each Opaque copy, or state in or with each Opaque copy a computer-network location from which the general network-using public has access to download using public-standard network protocols a complete Transparent copy of the Document, free of added material. If you use the latter option, you must take reasonably prudent steps, when you begin distribution of Opaque copies in quantity, to ensure that this Transparent copy will remain thus accessible at the stated location until at least one year after the last time you distribute an Opaque copy (directly or through your agents or retailers) of that edition to the public.

It is requested, but not required, that you contact the authors of the Document well before redistributing any large number of copies, to give them a chance to provide you with an updated version of the Document.
4. MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the conditions of sections 2 and 3 above, provided that you release the Modified Version under precisely this License, with the Modified Version filling the role of the Document, thus licensing distribution and modification of the Modified Version to whoever possesses a copy of it. In addition, you must do these things in the Modified Version:

    * A. Use in the Title Page (and on the covers, if any) a title distinct from that of the Document, and from those of previous versions (which should, if there were any, be listed in the History section of the Document). You may use the same title as a previous version if the original publisher of that version gives permission.
    * B. List on the Title Page, as authors, one or more persons or entities responsible for authorship of the modifications in the Modified Version, together with at least five of the principal authors of the Document (all of its principal authors, if it has fewer than five), unless they release you from this requirement.
    * C. State on the Title page the name of the publisher of the Modified Version, as the publisher.
    * D. Preserve all the copyright notices of the Document.
    * E. Add an appropriate copyright notice for your modifications adjacent to the other copyright notices.
    * F. Include, immediately after the copyright notices, a license notice giving the public permission to use the Modified Version under the terms of this License, in the form shown in the Addendum below.
    * G. Preserve in that license notice the full lists of Invariant Sections and required Cover Texts given in the Document's license notice.
    * H. Include an unaltered copy of this License.
    * I. Preserve the section Entitled "History", Preserve its Title, and add to it an item stating at least the title, year, new authors, and publisher of the Modified Version as given on the Title Page. If there is no section Entitled "History" in the Document, create one stating the title, year, authors, and publisher of the Document as given on its Title Page, then add an item describing the Modified Version as stated in the previous sentence.
    * J. Preserve the network location, if any, given in the Document for public access to a Transparent copy of the Document, and likewise the network locations given in the Document for previous versions it was based on. These may be placed in the "History" section. You may omit a network location for a work that was published at least four years before the Document itself, or if the original publisher of the version it refers to gives permission.
    * K. For any section Entitled "Acknowledgements" or "Dedications", Preserve the Title of the section, and preserve in the section all the substance and tone of each of the contributor acknowledgements and/or dedications given therein.
    * L. Preserve all the Invariant Sections of the Document, unaltered in their text and in their titles. Section numbers or the equivalent are not considered part of the section titles.
    * M. Delete any section Entitled "Endorsements". Such a section may not be included in the Modified Version.
    * N. Do not retitle any existing section to be Entitled "Endorsements" or to conflict in title with any Invariant Section.
    * O. Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices that qualify as Secondary Sections and contain no material copied from the Document, you may at your option designate some or all of these sections as invariant. To do this, add their titles to the list of Invariant Sections in the Modified Version's license notice. These titles must be distinct from any other section titles.

You may add a section Entitled "Endorsements", provided it contains nothing but endorsements of your Modified Version by various parties—for example, statements of peer review or that the text has been approved by an organization as the authoritative definition of a standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage of up to 25 words as a Back-Cover Text, to the end of the list of Cover Texts in the Modified Version. Only one passage of Front-Cover Text and one of Back-Cover Text may be added by (or through arrangements made by) any one entity. If the Document already includes a cover text for the same cover, previously added by you or by arrangement made by the same entity you are acting on behalf of, you may not add another; but you may replace the old one, on explicit permission from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give permission to use their names for publicity for or to assert or imply endorsement of any Modified Version.
5. COMBINING DOCUMENTS

You may combine the Document with other documents released under this License, under the terms defined in section 4 above for modified versions, provided that you include in the combination all of the Invariant Sections of all of the original documents, unmodified, and list them all as Invariant Sections of your combined work in its license notice, and that you preserve all their Warranty Disclaimers.

The combined work need only contain one copy of this License, and multiple identical Invariant Sections may be replaced with a single copy. If there are multiple Invariant Sections with the same name but different contents, make the title of each such section unique by adding at the end of it, in parentheses, the name of the original author or publisher of that section if known, or else a unique number. Make the same adjustment to the section titles in the list of Invariant Sections in the license notice of the combined work.

In the combination, you must combine any sections Entitled "History" in the various original documents, forming one section Entitled "History"; likewise combine any sections Entitled "Acknowledgements", and any sections Entitled "Dedications". You must delete all sections Entitled "Endorsements".
6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents released under this License, and replace the individual copies of this License in the various documents with a single copy that is included in the collection, provided that you follow the rules of this License for verbatim copying of each of the documents in all other respects.

You may extract a single document from such a collection, and distribute it individually under this License, provided you insert a copy of this License into the extracted document, and follow this License in all other respects regarding verbatim copying of that document.
7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and independent documents or works, in or on a volume of a storage or distribution medium, is called an "aggregate" if the copyright resulting from the compilation is not used to limit the legal rights of the compilation's users beyond what the individual works permit. When the Document is included in an aggregate, this License does not apply to the other works in the aggregate which are not themselves derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the Document, then if the Document is less than one half of the entire aggregate, the Document's Cover Texts may be placed on covers that bracket the Document within the aggregate, or the electronic equivalent of covers if the Document is in electronic form. Otherwise they must appear on printed covers that bracket the whole aggregate.
8. TRANSLATION

Translation is considered a kind of modification, so you may distribute translations of the Document under the terms of section 4. Replacing Invariant Sections with translations requires special permission from their copyright holders, but you may include translations of some or all Invariant Sections in addition to the original versions of these Invariant Sections. You may include a translation of this License, and all the license notices in the Document, and any Warranty Disclaimers, provided that you also include the original English version of this License and the original versions of those notices and disclaimers. In case of a disagreement between the translation and the original version of this License or a notice or disclaimer, the original version will prevail.

If a section in the Document is Entitled "Acknowledgements", "Dedications", or "History", the requirement (section 4) to Preserve its Title (section 1) will typically require changing the actual title.
9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as expressly provided under this License. Any attempt otherwise to copy, modify, sublicense, or distribute it is void, and will automatically terminate your rights under this License.

However, if you cease all violation of this License, then your license from a particular copyright holder is reinstated (a) provisionally, unless and until the copyright holder explicitly and finally terminates your license, and (b) permanently, if the copyright holder fails to notify you of the violation by some reasonable means prior to 60 days after the cessation.

Moreover, your license from a particular copyright holder is reinstated permanently if the copyright holder notifies you of the violation by some reasonable means, this is the first time you have received notice of violation of this License (for any work) from that copyright holder, and you cure the violation prior to 30 days after your receipt of the notice.

Termination of your rights under this section does not terminate the licenses of parties who have received copies or rights from you under this License. If your rights have been terminated and not permanently reinstated, receipt of a copy of some or all of the same material does not give you any rights to use it.
10. FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free Documentation License from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems or concerns. See http://www.gnu.org/copyleft/.

Each version of the License is given a distinguishing version number. If the Document specifies that a particular numbered version of this License "or any later version" applies to it, you have the option of following the terms and conditions either of that specified version or of any later version that has been published (not as a draft) by the Free Software Foundation. If the Document does not specify a version number of this License, you may choose any version ever published (not as a draft) by the Free Software Foundation. If the Document specifies that a proxy can decide which future versions of this License can be used, that proxy's public statement of acceptance of a version permanently authorizes you to choose that version for the Document.
11. RELICENSING

"Massive Multiauthor Collaboration Site" (or "MMC Site") means any World Wide Web server that publishes copyrightable works and also provides prominent facilities for anybody to edit those works. A public wiki that anybody can edit is an example of such a server. A "Massive Multiauthor Collaboration" (or "MMC") contained in the site means any set of copyrightable works thus published on the MMC site.

"CC-BY-SA" means the Creative Commons Attribution-Share Alike 3.0 license published by Creative Commons Corporation, a not-for-profit corporation with a principal place of business in San Francisco, California, as well as future copyleft versions of that license published by that same organization.

"Incorporate" means to publish or republish a Document, in whole or in part, as part of another Document.

An MMC is "eligible for relicensing" if it is licensed under this License, and if all works that were first published under this License somewhere other than this MMC, and subsequently incorporated in whole or in part into the MMC, (1) had no cover texts or invariant sections, and (2) were thus incorporated prior to November 1, 2008.

The operator of an MMC Site may republish an MMC contained in the site under CC-BY-SA on the same site at any time before August 1, 2009, provided the MMC is eligible for relicensing.
ADDENDUM: How to use this License for your documents

To use this License in a document you have written, include a copy of the License in the document and put the following copyright and license notices just after the title page:

    Copyright (C)  YEAR  YOUR NAME.
    Permission is granted to copy, distribute and/or modify this document
    under the terms of the GNU Free Documentation License, Version 1.3
    or any later version published by the Free Software Foundation;
    with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts.
    A copy of the license is included in the section entitled "GNU
    Free Documentation License".

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace the "with … Texts." line with this:

    with the Invariant Sections being LIST THEIR TITLES, with the
    Front-Cover Texts being LIST, and with the Back-Cover Texts being LIST.

If you have Invariant Sections without Cover Texts, or some other combination of the three, merge those two alternatives to suit the situation.

If your document contains nontrivial examples of program code, we recommend releasing these examples in parallel under your choice of free software license, such as the GNU General Public License, to permit their use in free software.
\end{multicols}

\section{GNU Lesser General Public License}
\begin{multicols}{4}


GNU LESSER GENERAL PUBLIC LICENSE

Version 3, 29 June 2007

Copyright © 2007 Free Software Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.

This version of the GNU Lesser General Public License incorporates the terms and conditions of version 3 of the GNU General Public License, supplemented by the additional permissions listed below.
0. Additional Definitions.

As used herein, “this License” refers to version 3 of the GNU Lesser General Public License, and the “GNU GPL” refers to version 3 of the GNU General Public License.

“The Library” refers to a covered work governed by this License, other than an Application or a Combined Work as defined below.

An “Application” is any work that makes use of an interface provided by the Library, but which is not otherwise based on the Library. Defining a subclass of a class defined by the Library is deemed a mode of using an interface provided by the Library.

A “Combined Work” is a work produced by combining or linking an Application with the Library. The particular version of the Library with which the Combined Work was made is also called the “Linked Version”.

The “Minimal Corresponding Source” for a Combined Work means the Corresponding Source for the Combined Work, excluding any source code for portions of the Combined Work that, considered in isolation, are based on the Application, and not on the Linked Version.

The “Corresponding Application Code” for a Combined Work means the object code and/or source code for the Application, including any data and utility programs needed for reproducing the Combined Work from the Application, but excluding the System Libraries of the Combined Work.
1. Exception to Section 3 of the GNU GPL.

You may convey a covered work under sections 3 and 4 of this License without being bound by section 3 of the GNU GPL.
2. Conveying Modified Versions.

If you modify a copy of the Library, and, in your modifications, a facility refers to a function or data to be supplied by an Application that uses the facility (other than as an argument passed when the facility is invoked), then you may convey a copy of the modified version:

    * a) under this License, provided that you make a good faith effort to ensure that, in the event an Application does not supply the function or data, the facility still operates, and performs whatever part of its purpose remains meaningful, or
    * b) under the GNU GPL, with none of the additional permissions of this License applicable to that copy.

3. Object Code Incorporating Material from Library Header Files.

The object code form of an Application may incorporate material from a header file that is part of the Library. You may convey such object code under terms of your choice, provided that, if the incorporated material is not limited to numerical parameters, data structure layouts and accessors, or small macros, inline functions and templates (ten or fewer lines in length), you do both of the following:

    * a) Give prominent notice with each copy of the object code that the Library is used in it and that the Library and its use are covered by this License.
    * b) Accompany the object code with a copy of the GNU GPL and this license document.

4. Combined Works.

You may convey a Combined Work under terms of your choice that, taken together, effectively do not restrict modification of the portions of the Library contained in the Combined Work and reverse engineering for debugging such modifications, if you also do each of the following:

    * a) Give prominent notice with each copy of the Combined Work that the Library is used in it and that the Library and its use are covered by this License.
    * b) Accompany the Combined Work with a copy of the GNU GPL and this license document.
    * c) For a Combined Work that displays copyright notices during execution, include the copyright notice for the Library among these notices, as well as a reference directing the user to the copies of the GNU GPL and this license document.
    * d) Do one of the following:
          o 0) Convey the Minimal Corresponding Source under the terms of this License, and the Corresponding Application Code in a form suitable for, and under terms that permit, the user to recombine or relink the Application with a modified version of the Linked Version to produce a modified Combined Work, in the manner specified by section 6 of the GNU GPL for conveying Corresponding Source.
          o 1) Use a suitable shared library mechanism for linking with the Library. A suitable mechanism is one that (a) uses at run time a copy of the Library already present on the user's computer system, and (b) will operate properly with a modified version of the Library that is interface-compatible with the Linked Version.
    * e) Provide Installation Information, but only if you would otherwise be required to provide such information under section 6 of the GNU GPL, and only to the extent that such information is necessary to install and execute a modified version of the Combined Work produced by recombining or relinking the Application with a modified version of the Linked Version. (If you use option 4d0, the Installation Information must accompany the Minimal Corresponding Source and Corresponding Application Code. If you use option 4d1, you must provide the Installation Information in the manner specified by section 6 of the GNU GPL for conveying Corresponding Source.)

5. Combined Libraries.

You may place library facilities that are a work based on the Library side by side in a single library together with other library facilities that are not Applications and are not covered by this License, and convey such a combined library under terms of your choice, if you do both of the following:

    * a) Accompany the combined library with a copy of the same work based on the Library, uncombined with any other library facilities, conveyed under the terms of this License.
    * b) Give prominent notice with the combined library that part of it is a work based on the Library, and explaining where to find the accompanying uncombined form of the same work.

6. Revised Versions of the GNU Lesser General Public License.

The Free Software Foundation may publish revised and/or new versions of the GNU Lesser General Public License from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems or concerns.

Each version is given a distinguishing version number. If the Library as you received it specifies that a certain numbered version of the GNU Lesser General Public License “or any later version” applies to it, you have the option of following the terms and conditions either of that published version or of any later version published by the Free Software Foundation. If the Library as you received it does not specify a version number of the GNU Lesser General Public License, you may choose any version of the GNU Lesser General Public License ever published by the Free Software Foundation.

If the Library as you received it specifies that a proxy can decide whether future versions of the GNU Lesser General Public License shall apply, that proxy's public statement of acceptance of any version is permanent authorization for you to choose that version for the Library.
\end{multicols}
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headers/options.tex

% Festlegungen für minitoc
% \renewcommand{\myminitoc}{\minitoc}
% \renewcommand{\mtctitle}{Überblick}
% \setcounter{minitocdepth}{1}
% \dominitoc   % diese Zeile aktiviert das Erstellen der minitocs, sie muss vor \tableofcontents kommen

% Seitenformat
% ------------
%\KOMAoption{paper}{A5}          % zulässig: letter, legal, executive; A-, B-, C-, D-Reihen
\KOMAoption{open}{right}			% zulässig: right (jedes Kapitel beginnt rechts), left, any
\KOMAoption{numbers}{auto}
% Satzspiegel jetzt neu berechnen, damit er bei Kopf- und Fußzeilen beachtet wird
\KOMAoptions{DIV=13}

% Kopf- und Fusszeilen
% --------------------
% Breite und Trennlinie
%\setheadwidth[-6mm]{textwithmarginpar}
%\setheadsepline[textwithmarginpar]{0.4pt}
\setheadwidth{text}
\setheadsepline[text]{0.4pt}

% Variante 1: Kopf: links Kapitel, rechts Abschnitt (ohne Nummer); Fuß: außen die Seitenzahl
\ohead{\headmark}
\renewcommand{\chaptermark}[1]{\markleft{#1}{}}
\renewcommand{\sectionmark}[1]{\markright{#1}{}}
\ofoot[\pagemark]{\pagemark}

% Variante 2: Kopf außen die Seitenzahl, Fuß nichts
%\ohead{\pagemark}
%\ofoot{}

% Standardschriften
% -----------------
%\KOMAoption{fontsize}{18pt}
\addtokomafont{disposition}{\rmfamily}
\addtokomafont{title}{\rmfamily} 
\setkomafont{pageheadfoot}{\normalfont\rmfamily\mdseries}

% vertikaler Ausgleich
% -------------------- 
% nein -> \raggedbottom
% ja   -> \flushbottom    aber ungeeignet bei Fußnoten
%\raggedbottom
\flushbottom

% Tiefe des Inhaltsverzeichnisses bestimmen
% -----------------------------------------
% -1   nur \part{}
%  0   bis \chapter{}
%  1   bis \section{}
%  2   bis \subsection{} usw.
\newcommand{\mytocdepth}{1}

% mypart - Teile des Buches und Inhaltsverzeichnis
% ------------------------------------------------
% Standard: nur im Inhaltsverzeichnis, zusätzlicher Eintrag ohne Seitenzahl
% Variante: nur im Inhaltsverzeichnis, zusätzlicher Eintrag mit Seitenzahl 
%\renewcommand{\mypart}[1]{\addcontentsline{toc}{part}{#1}}
% Variante: mit eigener Seite vor dem ersten Kapitel, mit Eintrag und Seitenzahl im Inhaltsverzeichnis
\renewcommand{\mypart}[1]{\part{#1}}


% maketitle
% -----------------------------------------------
% Bestandteile des Innentitels
%\title{Einführung in SQL}
%\author{Jürgen Thomas}
%\subtitle{Datenbanken bearbeiten}
\date{}
% Bestandteile von Impressum und CR
% Bestandteile von Impressum und CR

\uppertitleback{
%Detaillierte Daten zu dieser Publikation sind bei Wikibooks zu erhalten:\newline{} \url{http://de.wikibooks.org/}
%Diese Publikation ist bei der Deutschen Nationalbibliothek registriert. Detaillierte Daten sind im Internet  zu erhalten: \newline{}\url{https://portal.d-nb.de/opac.htm?method=showSearchForm#top}
%Diese Publikation ist bei der Deutschen Nationalbibliothek registriert. Detaillierte Daten sind im Internet unter der Katalog-Nr. 1008575860 zu erhalten: \newline{}\url{http://d-nb.info/1008575860}

%Namen von Programmen und Produkten sowie sonstige Angaben sind häufig geschützt. Da es auch freie Bezeichnungen gibt, wird das Symbol \textregistered{} nicht verwendet.
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\renewcommand{\mysubtitle}[1]{}
\renewcommand{\mymaintitle}[1]{}
\renewcommand{\myauthor}[1]{}

\newenvironment{myshaded}{%
  \def\FrameCommand{ \hskip-2pt \fboxsep=\FrameSep \colorbox{shadecolor}}%
  \MakeFramed {\advance\hsize-\width \FrameRestore}}%
 {\endMakeFramed}








headers/packages1.tex

% Standard für Formatierung
%\usepackage[utf8]{inputenc} % use \usepackage[utf8]{inputenc} for tex4ht
\usepackage[usenames]{color}
\usepackage{textcomp} 
\usepackage{alltt} 
\usepackage{syntax}
\usepackage{parskip} 
\usepackage[normalem]{ulem}
\usepackage[pdftex,unicode=true]{hyperref}
\usepackage{tocstyle}
\usepackage[defblank]{paralist}
\usepackage{trace}
\usepackage{bigstrut}
% Minitoc
%\usepackage{minitoc}

% Keystroke
\usepackage{keystroke}
\usepackage{supertabular}

\usepackage{wrapfig}
\newcommand{\bigs}{\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut{}}







headers/packages2.tex

% für Zeichensätze


%replacemnt for pslatex
\usepackage{mathptmx}
\usepackage[scaled=.92]{helvet}
\usepackage{courier}


\usepackage[T1]{fontenc} % disable this line for tex4ht

% für Tabellen
\usepackage{multirow}
\usepackage{multicol}
\usepackage{array,ragged2e}
\usepackage{longtable}

% für Kopf- und Fußzeilen, Fußnoten
\usepackage{scrpage2}
\usepackage{footnote}

% für Rahmen
\usepackage{verbatim}
\usepackage{framed}
\usepackage{mdframed}
\usepackage{listings}
\usepackage{lineno}

% für Symbole
\usepackage{amsmath}
\usepackage{amssymb}
\usepackage{amsfonts}

\usepackage{pifont}
\usepackage{marvosym}
\let\Cross\undefined 
\usepackage{fourier-orns}  % disable this line for tex4ht   % für weitere Logos, z.B. \danger

% für Grafik-Einbindung
\usepackage[pdftex]{graphicx}
\usepackage{wasysym}
\let\Square\undefined 

% unklare Verwendung
\usepackage{bbm}
\usepackage{skull}

%arabtex
\usepackage[T1]{tipa}  % disable this line for tex4ht

\usepackage{fancyvrb}
\usepackage{bbding} 
\usepackage{textcomp}
\usepackage[table]{xcolor}
\usepackage{microtype}
\usepackage{lscape}
\usepackage{amsthm}
\usepackage{tocstyle}








headers/paper.tex

\KOMAoption{paper}{A4}






headers/svg.tex

\newcommand{\SVGExtension}{png}






headers/templates-chemie.tex

\newcommand{\TemplateEnergieerhaltung}[1]{
\begin{longtable}{|>{\RaggedRight}p{\linewidth}|} \hline
{\bfseries Gesetz von der Erhaltung der Energie}\\ \hline
{\bfseries Albert Einstein (14.3. 1879 - 18.4.1955)}: Umwandlung von Energie in Masse und von Masse in Energie ist möglich.\\ 
$E = m \cdot c^2$ (c = Lichtgeschwindigkeit = 300.000 km/s)\\ \hline
{\bfseries 
Bei einer chemischen Reaktion ist die Summe aus Masse und Energie der Ausgangsstoffe gleich der Summe aus Masse und Energie der Endstoffe.
}\\\hline
Wird Energie frei, tritt ein unwägbar kleiner Massenverlust auf. Wird Energie investiert, tritt Massenzunahme auf. Dieses kann allerdings mit herkömmlichen Waagen nicht gemessen werden. \\ \hline
\end{longtable}
}

\newcommand{\TemplatePeriodensystem}[1]{
Hier sollte das Periodensystem stehen. Ein solches wird sehr wahrscheinlich von Orlando Camargo Rodriguez frei zur Verfügung gestellt werden. Dateiname: tabela_periodica.tex ist bereits online. Lizenz aber noch nicht genau genug definiert.
}

\newcommand{\TemplateMassenerhaltung}[1]{
\begin{longtable}{|>{\RaggedRight}p{\linewidth}|} \hline
{\bfseries Gesetz von der Erhaltung der Masse}\\ \hline
{\bfseries Antoine Lavoisier (1743 - 1794)}: Rien ne se perd, rien ne se crée\\ 
Die Gesamtmasse ändert sich bei chemischen Reaktionen (im Rahmen der Messgenauigkeiten) nicht.\\ \hline
Masse der Ausgangsstoffe=Masse der Produkte \\ \hline
\end{longtable}
}

\newcommand{\TemplateDaltonsAtomhyposthese}[1]{
\begin{longtable}{|>{\RaggedRight}p{\linewidth}|} \hline
\begin{enumerate}
\item Materie besteht aus extrem kleinen, bei Reaktion ungeteilt bleibenden Teilchen, den Atomen.
\item Die Masse der Atome eines bestimmten Elements sind gleich (alle Atome eines Elements sind gleich). Die Atome verschiedener Elemente unterscheiden sich in ihren Eigenschaften (zum Beispiel in Größe, Masse, usw.).
\item Es existieren so viele Atomsorten wie Elemente.
\item Bei chemischen Reaktionen werden Atome in neuer Kombination vereinigt oder voneinander getrennt.
\item Eine bestimmte Verbindung wird von den Atomen der betreffenden Elemente in einem bestimmten, einfachen Zahlenverhältnis gebildet.
\end{enumerate}
\\ \hline
\end{longtable}
}

\newcommand{\TemplateUnveraenderlicheMassenverhaeltnisse}[1]{
\begin{longtable}{|>{\RaggedRight}p{\linewidth}|} \hline
{\bfseries Gesetz der unveränderlichen Massenverhältnisse}\\ \hline
Louis Proust (1799) \\ \hline
Bei chemischen Reaktionen, also Vereinigung beziehungsweise Zersetzung, reagieren die Reinstoffe immer in einem von der Natur vorgegebenen festen Verhältnis miteinander.
\\ \hline
\end{longtable}
}







headers/templates-dirk.tex

\newenvironment{TemplateCodeInside}[6]
{
\def\leftbox{#5}
\def\rightbox{}
\def\framecolor{shadecolor}
\ifstr{#4}{e}{ \def\framecolor{red} 
               \def\rightbox{Falsch} } {}
\ifstr{#4}{v}{ \def\framecolor{mydarkgreen} 
               \def\rightbox{Richtig} } {}

\begin{scriptsize}
\begin{mdframed} [ 
backgroundcolor=shadecolor, linewidth=0pt, 
skipabove=#2, skipbelow=#3,
innertopmargin=0.5ex, innerbottommargin=0 ]
\ttfamily

\ifstr{\leftbox} {} {
  % Ausgabe nur, wenn rechte Box Inhalt hat, dann links mit Standardtext
  \ifstr{\rightbox}{}{}
  { \fbox{Quelltext} \hfill \textbf{\color{\framecolor} \fcolorbox{black}{white}{\rightbox} }
  }
} {
\fbox{\leftbox}
% und bei Bedarf zusätzlich rechts die zweite Box
  \ifstr{\rightbox}{}{}
  { \hfill \textbf{\color{\framecolor} \fcolorbox{black}{white}{\rightbox} }
  } 
}

\begin{flushleft}
}  % Ende der begin-Anweisungen, es folgen die end-Anweisungen
{\end{flushleft}\end{mdframed}\end{scriptsize} }

\newcommand{\TemplateCode}[9]
% **************************************************
{

\ifstr{#1}{}{~}{
\minisec{\normalfont \scriptsize \centering \textbf{\textit{#1}} \medskip } }

\begin{scriptsize}

% Code-Abschnitt mit #4
\begin{TemplateCodeInside} {} {0pt} {0pt} {#3} {#5} {}
#6
\end{TemplateCodeInside}

% Ausgabetext mit #4
#4
 
% #2   Fußzeile ausgeben, sofern vorgesehen
\ifstr{#2} {} {} { \centering \textit{#2} \medskip \\ } 

\end{scriptsize}
}








headers/templates-juetho.tex

\newcommand{\wbtempcolora}{white}
\newcommand{\wbtempcolorb}{white}
\newcommand{\wbtempcolorc}{white}
\newcommand{\wbtemptexta}{}
\newcommand{\wbtemptextb}{}
\newcommand{\wbtemptextc}{}
\newlength{\wbtemplengtha}
\setlength{\wbtemplengtha}{0pt}
\newlength{\wbtemplengthb}
\setlength{\wbtemplengthb}{0pt}
\newlength{\wbtemplengthc}
\setlength{\wbtemplengthc}{0pt}
\newlength{\wbtemplengthd}
\setlength{\wbtemplengthd}{0pt}
\newlength{\wbtemplengthe}
\setlength{\wbtemplengthe}{0pt}
\newcount\wbtempcounta
\wbtempcounta=0
\newcount\wbtempcountb
\wbtempcountb=0
\newcount\wbtempcountc
\wbtempcountc=0

\newenvironment{TemplateCodeInside}[6]
% no more parameters
% **************************************************
% Template Code Inside
% Darstellung eines Code-Teils oder der Code-Ausgabe
% wird für folgende Wiki-Vorlagen benutzt:
%     Vorlage:Syntax
%     <source>...</source>
%     Regal:Programmierung: Vorlage:CodeIntern
% außerdem mehrfache Verwendung durch das Makro "Template Code"
%
% #1  leer   Anzeige als Code:    grauer Hintergrund, ohne Rahmen
%     sonst  Anzeige als Ausgabe: weißer Hintergrund, mit  Rahmen
% #2  Abstand vor dem Rahmen
%     0pt    als Standardwert
%     \baselineskip nur dann, wenn es der erste Teil innerhalb der Umgebung ist
%            und keine Kopfzeile vorgesehen ist
% #3  Abstand nach dem Rahmen
%     0pt    als Standardwert
%     \baselineskip nur dann, wenn es der letzte Teil innerhalb der Umgebung ist
%            und keine Fußzeile vorgesehen ist
% #4  spezieller Hinweis, verwendet für die Zusatzbox rechts
%     leer   als Standardwert
%     e      steht für error, also Zusatz 'Falsch' in rot
%     v      steht für valid, also Zusatz 'Richtig' in grün (genauer: jeder beliebige andere Inhalt)
% #5  spezieller Text für die Zusatzbox links
%     leer   als Standardwert
%     spezieller Hinweis: Wenn dieser Text leer ist, aber 'e' oder 'v' vorgesehen ist,
%            dann wird 'Quelltext' eingetragen
% #6  Zeilennummerierung *** funktioniert noch nicht, wird vorerst ignoriert ***
%     leer   als Standardwert -> ausschalten
%     true   als Spezialwert  -> einschalten
% **************************************************
% auch wenn die Variablen am Anfang dieser Datei nur lokal überschrieben werden,
% muss zwischen den Variablen von TemplateCode und TemplateCodeInside unterschieden werden.
% In TemplateCode werden die folgenden Variablen benutzt:
%      \wbtemplengthb für skipabove
%      \wbtemplengthc für skipbelow
%      \wbtempcounta  als Zwischenspeicher
%      \wbtemptexta   als Ausgabetext, der automatisch erzeugt wird
%
% In TemplateCodeInside werden die folgenden Variablen benutzt:
%      \wbtemplengtha für framelinewidth
%      \wbtemplengthd für innertopmargin
%      \wbtempcolorb  für die Schriftfarbe der rechten Box
% **************************************************
{
% Argumente für Hintergrund und Rahmen definieren
%      \wbtemplengtha für framelinewidth
\definecolor{framebackground}{gray}{0.9}
% Argumente mit Inhalt versehen
% #1 - Standard leer: als Code anzeigen
%        mit Inhalt: als Ausgabe anzeigen
\ifstr{#1}{}{\setlength{\wbtemplengtha}{0pt}}
{ \definecolor{framebackground}{rgb}{1.0,1.0,1.0}   
\setlength{\wbtemplengtha}{1pt}  }

% 2./3.Parameter in Variable übernehmen
%     es gelingt mir nicht, unten #2 und #3 direkt zuzuweisen
%\setlength{\wbtemplengthb}{#2}
%\setlength{\wbtemplengthc}{#3}

% 4./5.Parameter in Variable übernehmen
% der Box für den rechten Rahmen wird der richtige Text und die richtige Farbe zugewiesen
% Standard:     grün, 'Richtig'
% im Fall 'e':  rot,  'Falsch'
\renewcommand{\wbtempcolorb}{mydarkgreen}
\renewcommand{\wbtemptextb}{Richtig}
\ifstr{#4} {e} { \renewcommand{\wbtempcolorb}{red} \renewcommand{\wbtemptextb}{Falsch} } {} 

% Festlegen des oberen inneren Rands:
%    Standard als normaler Zeilenabstand
%    wenn es keine obere Box gibt, dann genügt der Standardabstand
\setlength{\wbtemplengthd}{0pt}
\ifstr{#4}{}{}{\setlength{\wbtemplengthd}{\baselineskip}}
\ifstr{#5}{}{}{\setlength{\wbtemplengthd}{\baselineskip}}

% Aufruf von mdframed mit den festgelegten Parametern
\begin{scriptsize}
%\begin{mdframed} [ backgroundcolor=framebackground, 
%linewidth=\wbtemplengtha, %skipabove=\wbtemplengthb, skipbelow=\wbtemplengthc, 
%splittopskip=5\baselineskip, splitbottomskip=5\baselineskip,
%skipabove=#2, skipbelow=#3, 
%innertopmargin=\wbtemplengthd, innerbottommargin=1ex ]
\begin{shaded}
\ttfamily 
% Anzeige der kleinen Boxen nur dann, wenn eine davon nicht leer ist
\ifstr{#5}{}
% wenn die rechte Box vorgesehen ist und die linke nicht, kommt links der Standardtext
{ \ifstr{#4}{}{}
   {\fbox{Quelltext} \hfill \textbf{\color{\wbtempcolorb} \fcolorbox{black}{white}{\wbtemptextb}} } 
}
% andernfalls kommt links auf jeden Fall die vorgesehene Box
{  \fbox{#5}
% und bei Bedarf zusätzlich rechts die zweite Box
   \ifstr{#4}{}{}{\hfill \textbf{\color{\wbtempcolorb} \fcolorbox{black}{white}{\wbtemptextb}}}
}

%\ifstr{#6}{true}{\linenumbers[1]}{}
%\begin{lstlisting}
\begin{flushleft}
}  % Ende der begin-Anweisungen, es folgen die end-Anweisungen
{\end{flushleft}
%\end{lstlisting}
%\end{mdframed}
\end{shaded}
\end{scriptsize}}


\newcommand{\TemplateCode}[9]
% no more parameters
% **************************************************
% Template Code
% Darstellung von Code (einzeln oder mehrfach, Kopf- und Fußzeile,
%      mit oder ohne Ausgabe)
% wird für folgende Wiki-Vorlagen benutzt:
%      Regal:Programmierung: Vorlage:Code
%      Regal:Programmierung: Vorlage:NETCode
%      Regal:Programmierung: Vorlage:MultiCode
%
% #1   Inhalt der Kopfzeile
%      kann auch leer sein
% #2   Inhalt der Fußzeile
%      kann auch leer sein
% #3   spezieller Hinweis, verwendet für die Zusatzbox rechts
%      leer   als Standardwert
%      e      steht für error, also Zusatz 'Falsch' in rot
%      v      steht für valid, also Zusatz 'Richtig' in grün (genauer: jeder beliebige andere Inhalt)
% #4   spezieller Text für die Zusatzbox links
%      leer   als Standardwert
%      spezieller Hinweis: Wenn dieser Text leer ist, aber 'e' oder 'v' vorgesehen ist,
%            dann wird 'Quelltext' eingetragen
%      spezieller Hinweis: Wenn der Text #6 vorgesehen ist und außerdem mindestens 
%                 einer der Texte #7/#8/#9, dann muss sinnvollerweise der Parameter #4 
%                 für den Text #6 verwendet werden
% #5   Inhalt für den Ausgabe-Teil
%      kann auch leer sein
% #6   Inhalt für den Quelltext 1
%      kann auch leer sein
%      bei NETCode und MultiCode der Text für C++
%      bei DualCode der Text für lang1
% #7   Inhalt für den Quelltext 2
%      kann auch leer sein
%      bei NETCode und MultiCode der Text für C#
%      bei DualCode der Text für lang2
% #8   Inhalt für den Quelltext 3
%      kann auch leer sein
%      bei NETCode und MultiCode der Text für VB.NET
% #9   Inhalt für den Quelltext 4
%      kann auch leer sein
%      bei MultiCode der Text für Delphi Prism
% **************************************************
% Hier werden die folgenden Variablen von wiki-templates.tex benutzt; 
% diese dürfen in TemplateCodeInside nicht benutzt werden, weil sie unter Umständen
% überschrieben werden könnten.
%      \wbtemplengthb für skipabove
%      \wbtemplengthc für skipbelow
%      \wbtempcounta  als Zwischenspeicher
%      \wbtemptexta   als Ausgabetext, der automatisch erzeugt wird
%
% **************************************************
{
% Die Umgebung Template Code Inside setzt die Schriftgröße ebenfalls fest,
% dies soll aber auch für Kopf- und Fußzeile gelten.
\begin{scriptsize}

% #1   Kopfzeile ausgeben, sofern vorgesehen
%      wenn sie nicht vorgesehen ist, muss der obere Abstand definiert werden
%      \wbtemplengthb für skipabove
\ifstr{#1}{}
{ \setlength{\wbtemplengthb}{\baselineskip} }
{ \minisec{\normalfont \scriptsize \centering \textbf{#1} \\[-0.5\baselineskip]}
  \setlength{\wbtemplengthb}{0pt} }

% #2   unterer Abstand ist standardmäßig 0 pt, aber beim letzten Abschnitt 
%      ohne Fußzeile ist der Abstand festzusetzen
\setlength{\wbtemplengthc}{0pt}
%      \wbtemplengthc für skipbelow
% \wbtempcounta als temp-Variable verwenden, welcher Abschnitt der letzte ist
\wbtempcounta=0
% prüfe zunächst, bei welcher Ausgabe der "Abstand nachher" auf \baselineskip gesetzt werden muss;
% in allen anderen Fällen bleibt es beim Standardwert 0pt
% * nur erforderlich, wenn keine Fußzeile vorgesehen ist
% * wenn Ausgabe   #4 vorgesehen ist, dann dort
% * wenn Quellcode #9 vorgesehen ist, dann dort
% * wenn Quellcode #8 vorgesehen ist, dann dort
% * wenn Quellcode #7 vorgesehen ist, dann dort
% * wenn Quellcode #6 vorgesehen ist, dann dort
% das einfachste Verfahren ist, dies vorwärts zu prüfen
\ifstr{#2}{}{}{
  \ifstr{#6}{}{}{\wbtempcounta=6 }
  \ifstr{#7}{}{}{\wbtempcounta=7 }
  \ifstr{#8}{}{}{\wbtempcounta=8 }
  \ifstr{#9}{}{}{\wbtempcounta=9 }
  \ifstr{#4}{}{}{\wbtempcounta=10 }
}
  
% nach der ersten Ausgabe wird der "Abstand vorher" immer auf 0 gesetzt
% Quelltext 1 mit #6
\ifstr{#6}{}{}{
  % Abstand dahinter anpassen, sofern bei diesem Abstand vorgemerkt
  \ifnum\wbtempcounta=6 \setlength{\wbtemplengthc}{\baselineskip} 
     \else \setlength{\wbtemplengthc}{0pt} \fi
  \begin{TemplateCodeInside} {} {\wbtemplengthb} {\wbtemplengthc} {#3} {#5} {}
#6
  \end{TemplateCodeInside}
  \setlength{\wbtemplengthb}{0pt}
}  

% in gleicher Weise werden die weiteren Teile ausgegeben, bei #7 #8 #9 gibt es Standardtexte
% Quelltext 2 mit #7
\ifstr{#7}{}{}{
  % Abstand dahinter anpassen, sofern bei diesem Abstand vorgemerkt
  \ifnum\wbtempcounta=7 \setlength{\wbtemplengthc}{\baselineskip} 
     \else \setlength{\wbtemplengthc}{0pt} \fi
  \ifstr{#5}{}{\renewcommand{\wbtemptexta}{}}{\renewcommand{\wbtemptexta}{C\#-Quelltext}}
  \begin{TemplateCodeInside} {} {\wbtemplengthb} {\wbtemplengthc} {#3} {\wbtemptexta} {}
#7
  \end{TemplateCodeInside}
  \setlength{\wbtemplengthb}{0pt}
}  

% Quelltext 3 mit #8
\ifstr{#8}{}{}{
  % Abstand dahinter anpassen, sofern bei diesem Abstand vorgemerkt
  \ifnum\wbtempcounta=8 \setlength{\wbtemplengthc}{\baselineskip} 
     \else \setlength{\wbtemplengthc}{0pt} \fi
  \ifstr{#5}{}{\renewcommand{\wbtemptexta}{}}{\renewcommand{\wbtemptexta}{VB.NET-Quelltext}}
  \begin{TemplateCodeInside} {} {\wbtemplengthb} {\wbtemplengthc} {#3} {\wbtemptexta} {}
#8
  \end{TemplateCodeInside}
  \setlength{\wbtemplengthb}{0pt}
}  

% Quelltext 4 mit #9
\ifstr{#9}{}{}{
  % Abstand dahinter anpassen, sofern bei diesem Abstand vorgemerkt
  \ifnum\wbtempcounta=9 \setlength{\wbtemplengthc}{\baselineskip} 
     \else \setlength{\wbtemplengthc}{0pt} \fi
  \ifstr{#5}{}{\renewcommand{\wbtemptexta}{}}{\renewcommand{\wbtemptexta}{C\#-Quelltext}}
  \begin{TemplateCodeInside} {} {\wbtemplengthb} {\wbtemplengthc} {#3} {\wbtemptexta} {}
#9
  \end{TemplateCodeInside}
  \setlength{\wbtemplengthb}{0pt}
}  

% Ausgabetext mit #4
\ifstr{#4}{}{}{
  % Abstand dahinter anpassen, sofern bei diesem Abstand vorgemerkt
  \ifnum\wbtempcounta=10 \setlength{\wbtemplengthc}{\baselineskip} 
     \else \setlength{\wbtemplengthc}{0pt} \fi
  \ifstr{#5}{}{\renewcommand{\wbtemptexta}{}}{\renewcommand{\wbtemptexta}{Ausgabe}}
  \begin{TemplateCodeInside} {x} {\wbtemplengthb} {\wbtemplengthc} {} {\wbtemptexta} {}
#4
  \end{TemplateCodeInside}
  \setlength{\wbtemplengthb}{0pt}
}  
 
% #2   Fußzeile ausgeben, sofern vorgesehen
%      wenn sie nicht vorgesehen ist, muss der obere Abstand definiert werden
\ifstr{#2}{}{}
{ \centering \textbf{#2} \medskip \\ }

\end{scriptsize}
}

\begin{comment}
\newcommand{\TemplatePreformat}[1]
{\begin{TemplateCodeInside}{x}{\baselineskip}{\baselineskip}{}{}{}
#1
\end{TemplateCodeInside}
}

\newcommand{\TemplateSpaceIndent}[1]
{\begin{TemplateCodeInside}{x}{\baselineskip}{\baselineskip}{}{}{}
#1
\end{TemplateCodeInside}
}
\end{comment}

\newcommand{\ubung}{\ding{228} \textbf{Aufgabe:}~}







headers/templates.tex

\newcommand{\wbtempcolora}{white}
\newcommand{\wbtempcolorb}{white}
\newcommand{\wbtempcolorc}{white}
\newcommand{\wbtemptexta}{}
\newcommand{\wbtemptextb}{}
\newcommand{\wbtemptextc}{}
\newlength{\wbtemplengtha}
\setlength{\wbtemplengtha}{0pt}
\newlength{\wbtemplengthb}
\setlength{\wbtemplengthb}{0pt}
\newlength{\wbtemplengthc}
\setlength{\wbtemplengthc}{0pt}
\newlength{\wbtemplengthd}
\setlength{\wbtemplengthd}{0pt}
\newlength{\wbtemplengthe}
\setlength{\wbtemplengthe}{0pt}
\newcount\wbtempcounta
\wbtempcounta=0
\newcount\wbtempcountb
\wbtempcountb=0
\newcount\wbtempcountc
\wbtempcountc=0

\newcommand{\CPPAuthorsTemplate}[4]{
\LaTeXZeroBoxTemplate{
The following people are authors to this book:

#3

You can verify who has contributed to this book by examining the history logs at Wikibooks (http://en.wikibooks.org/).

Acknowledgment is given for using some contents from other works like #1, as from the authors #2.

The above authors release their work under the following license:

This work is licensed under the Creative Commons Attribution-Share Alike 3.0 Unported license. In short: you are free to share and to make derivatives of this work under the conditions that you appropriately attribute it, and that you only distribute it under the same, similar or a compatible license. Any of the above conditions can be waived if you get permission from the copyright holder.
Unless otherwise noted, #4 used in this book have their own copyright, may use different licenses than the one used here, and were not created by the above authors. The authors, contributors, and licenses used should be acknowledged separately.}
}


\newcommand{\tlTemplate}[1]{{\{\{{\ttfamily #1}\}\}}}

\newcommand{\matrixdimTemplate}[1]{
\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
{\bfseries Matrix Dimensions: }\\
A: $p \times p$ \\
B:  $p \times q$\\
C:  $r \times p$\\
D:  $r \times q$\\
\end{myshaded}
}

\newcommand{\matlabTemplate}[1]{
\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
This operation can be performed using this MATLAB command:
{\ttfamily #1}
\end{myshaded}}

\newcommand{\PrintUnitPage}[3]{\pagebreak
\begin{flushleft}
{\bfseries \Large #1}
\end{flushleft}

\begin{longtable}{>{\RaggedRight}p{0.5\linewidth}>{\RaggedRight}p{0.5\linewidth}}
& #2
\end{longtable}}

\newcommand{\LaTeXCodeTipTemplate}[3]{

\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
#1 \\
#2 \\
#3
\end{myshaded}
}

\newcommand{\DisassemblySyntax}[1]{

\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
This code example uses #1 Syntax
\end{myshaded}}


\newcommand{\LaTeXDeutschTemplate}[1]{ {\bfseries deutsch:} #1 }



\newcommand{\LaTeXNullTemplate}[1]{}
\newcommand{\LatexSymbol}[1]{\LaTeX}

\newcommand{\LaTeXDoubleBoxTemplate}[2]{

\begin{minipage}{\linewidth}\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries #1} \\
#2
\end{myshaded}
\end{minipage}

}


\newcommand{\LaTeXSimpleBoxTemplate}[2]{
{\bfseries #1} \\
#2
}

\newcommand{\SolutionBoxTemplate}[2]{
#2
}


\newcommand{\LaTeXDoubleBoxOpenTemplate}[2]{

\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries #1} \\
#2
\end{myshaded}

}


\newcommand{\LaTeXLatinExcerciseTemplate}[3]{

\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries Excercise: #1} \\
#2 \\
{\bfseries Solution}
#3
\end{myshaded}

}


\newcommand{\LaTeXShadedColorBoxTemplate}[2]{
{\linewidth}#1\begin{myshaded}
#2
\end{myshaded}
}

\newcommand{\PGP}[1]{PGP:#1}


\newcommand{\DETAILS}[1]{For more details on this topic, see #1}

\newcommand{\ADAFile}[1]{\LaTeXZeroBoxTemplate{File: #1}}
\newcommand{\ADASample}[1]{\LaTeXZeroBoxTemplate{This code sample is also available in #1}}


\newcommand{\LaTeXZeroBoxTemplate}[1]{
\begin{minipage}{\linewidth}\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}
#1
\end{myshaded}
\end{minipage}
}

\newcommand{\LaTeXZeroBoxOpenTemplate}[1]{
\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}
#1
\end{myshaded}
}

\newcommand{\PDFLink}[1]{
\textbf{PDF} #1
}

\newcommand{\Lysippos}[1]{Lysippos}


\newcommand{\SonnensystemFakten}[3]{
#1 \\
\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries #2}  \\
#3 \\
\end{myshaded}
}


\newcommand{\VorlageReferenzenEintrag}[3]{
\begin{longtable}{p{0.2\linewidth}p{0.8\linewidth}}

{[\bfseries #1]} & {\itshape #2} #3 \\
\end{longtable}

}

\newcommand{\MBOX}[2]{\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
\begin{longtable}{p{0.2\linewidth}p{0.7\linewidth}}
#1 & #2 \\
\end{longtable}
\end{myshaded}}



\newcommand{\LaTeXIdentityTemplate}[1]{#1
}

\newcommand{\AdaRM}[3]{\myfnhref{http://www.adaic.org/resources/add_content/standards/05rm/html/RM-#1-#2.html}{#1.#2 #3}}

\newcommand{\AdaEightThreeRM}[2]{\myfnhref{http://archive.adaic.com/standards/83lrm/html/lrm-#1.html}{Annex #1: #2}}

\newcommand{\AdaRMThree}[4]{\myfnhref{http://www.adaic.org/resources/add_content/standards/05rm/html/RM-#1-#2-#3.html}{#1.#2.#3 #4}}

\newcommand{\AdaRMAThree}[4]{\myfnhref{http://www.adaic.org/resources/add_content/standards/05rm/html/RM-#1-#2-#3.html}{Annex #1.#2.#3 #4}}

\newcommand{\AdaRMATwo}[3]{\myfnhref{http://www.adaic.org/resources/add_content/standards/05rm/html/RM-#1-#2.html}{Annex #1.#2 #3}}





\newcommand{\AdaNiveFiveRMThree}[4]{\myfnhref{http://www.adaic.org/resources/add_content/standards/95lrm/ARM_HTML/RM-#1-#2-#3.html}{#1.#2.#3 #4}}


\newcommand{\AdaSGThree}[4]{\myfnhref{http://www.adaic.org/resources/add_content/docs/95style/html/sec_#1/#1-#2-#3.html}{#1.#2.#3 #4}}

\newcommand{\AdaSGTwo}[3]{\myfnhref{http://www.adaic.org/resources/add_content/docs/95style/html/sec_#1/#1-#2.html}{#1.#2 #3}}


\newcommand{\AdaSGOne}[2]{\myfnhref{http://www.adaic.org/resources/add_content/docs/95style/html/sec_#1/}{Chapter #1: #2}}

\newcommand{\AdaSGOne}[2]{\myfnhref{_#1/}{Chapter #1: #2}}


\newcommand{\AdaRMNineFive}[3]{\myfnhref{http://www.adaic.org/resources/add_content/standards/95lrm/ARM_HTML/RM-#1-#2.html}{#1.#2 #3}}


\newcommand{\AdaRMCiteFive}[7]{\myfnhref{http://www.adaic.org/resources/add_content/standards/05rm/html/RM-#1-#2-#3.html}{ISO/IEC 8652:2007. #1.#2.#3 #4 (#5). Ada 2005 Reference Manual. #7 }}


\newcommand{\AdaTwentyZeroFive}[1]{{\itshape This language feature is only available in Ada 2005}}

\newcommand{\ADANFAI}[2]{\myfnhref{http://www.ada-auth.org/cgi-bin/cvsweb.cgi/AIs/AI-00#1.TXT}{AI95-00#1-01 #2}}

\newcommand{\ADARMAONE}[2]{\myfnhref{http://www.adaic.org/resources/add_content/standards/05rm/html/RM-#1.html}{Annex #1 #2}}

\newcommand{\ADARMONE}[2]{\myfnhref{http://www.adaic.org/resources/add_content/standards/05rm/html/RM-#1.html}{Section #1: #2}}
\newcommand{\ADANiveFiveRMONE}[2]{\myfnhref{http://www.adaic.org/resources/add_content/standards/95lrm/ARM_HTML/RM-#1.html}{Section #1: #2}}

\newcommand{\AdaNiveFiveRMAThree}[4]{\myfnhref{http://www.adaic.org/resources/add_content/standards/95lrm/ARM_HTML/RM-#1-#2-#3.html}{Annex #1.#2-#3 #4}}

\newcommand{\AdaNiveFiveRMATwo}[4]{\myfnhref{http://www.adaic.org/resources/add_content/standards/95lrm/ARM_HTML/RM-#1-#2.html}{Annex #1.#2 #3}}

\newcommand{\AdaNiveFiveR}[3]{\myfnhref{http://www.adaic.org/resources/add_content/standards/95rat/rat95html/rat95-p#3-#1.html}{#1 #2}}

\newcommand{\AdaNiveFiveRTwo}[4]{\myfnhref{http://www.adaic.org/resources/add_content/standards/95rat/rat95html/rat95-p#4-#1.html}{#1.#2 #3}}



\newcommand{\AdaPragma}[1]{\LaTeXTTBF{pragma} }



\newcommand{\TychoBrahe}[1]{Tycho Brahe}

\newcommand{\LaTeXPlainBoxTemplate}[1]{
\begin{minipage}{\linewidth}\definecolor{shadecolor}{gray}{0.9}\begin{myshaded} 
#1
\end{myshaded}
\end{minipage}
}


\newcommand{\Hinweis}[1]{
\begin{TemplateInfo}{{\Huge \textcircled{\LARGE !}}}{Hinweis}
#1
\end{TemplateInfo}}



\newcommand{\LaTexInfoTemplateOne}[1]{
\begin{TemplateInfo}{\Info}{Information}
#1
\end{TemplateInfo}}

\newcommand{\EqnTemplate}[1]{
\begin{flushright}
\textbf{[#1]}
\end{flushright}}

\newcommand{\RefTemplate}[1]{[#1]}


\newcommand{\LaTeXGCCTakeTemplate}[1]{
\LaTeXDoubleBoxTemplate{Take home:}{#1}
}

\newcommand{\LaTeXEditorNote}[1]{\LaTeXDoubleBoxTemplate{Editor's note}{#1}}

\newcommand{\BNPForVersion}[1]{
\LaTeXInfoTemplateOne{Applicable Blender version: #1}
}

\newcommand{\LaTeXInfoTemplateOne}[1]{
\begin{TemplateInfo}{\Info}{Information}
#1
\end{TemplateInfo}
}


\newcommand{\LaTexHelpFulHintTemplate}[1]{
\LaTeXDoubleBoxTemplate{Helpful Hint:}{#1}
}

\newcommand{\MyLaTeXTemplate}[3]{
\LaTeXDoubleBoxTemplate{MyLaTeXTemplate1:}{#1 \\ #2 \\ #3}
}

\newcommand{\TemplatePreformat}[1]{
\par
\begin{scriptsize}
%\setlength{\baselineskip}{0.9\baselineskip}
\ttfamily
#1
\par
\end{scriptsize}
}

\newcommand{\TemplateSpaceIndent}[1]{
\begin{scriptsize}
\begin{framed}
\ttfamily
#1
\end{framed}
\end{scriptsize}
}

\newcommand{\GenericColorBox}[2]
{
\newline
\begin{tabular}[t]{p{0.6cm}p{4cm}}
#1&#2\\  
\end{tabular}
}

\newcommand{\legendNamedColorBox}[2]
{
  \GenericColorBox{
    \parbox[t]{0.5\linewidth}{
      \textsuperscript{
        \fcolorbox{black}{#1}{
          \Huge{\,\,}
        }
      }
    }
  }{
    #2
  } 
}

\newcommand{\legendColorBox}[2]
{
  \GenericColorBox{
    \definecolor{tempColor}{rgb}{#1}
    \parbox[t]{0.5\linewidth}{
      \textsuperscript{
        \fcolorbox{black}{tempColor}{
           \Huge{\,\,}
        }
      }
    }
  }{
    #2
  } 
}



%\newcommand{\ubung} {{\LARGE $\triangleright$}}
\newcommand{\ubung}{\ding{228} \textbf{Aufgabe:}\,}

\newcommand{\TemplateSource}[1]
{
%\begin{TemplateCodeInside}{}{\baselineskip}{\baselineskip}{}{}{true}
\begin{scriptsize}
\begin{myshaded}\ttfamily
#1
\end{myshaded}
\end{scriptsize}
%\end{TemplateCodeInside}
}


\newenvironment{TemplateInfo}[2]
% no more parameters
%****************************************************
% Template Info
% Kasten mit Logo, Titelzeile, Text
% kann für folgende Wiki-Vorlagen benutzt werden:
%          Vorlage:merke, Vorlage:Achtung u.ä.
%
% #1 Logo  (optional) default: \Info
% #2 Titel (optional) default: Information; könnte theoretisch auch leer sein,
%                     das ist aber wegen des Logos nicht sinnvoll
%****************************************************
{
% Definition des Kastens mit Standardwerten
% u.U. ist linewidth=1pt erorderlich
\begin{mdframed}[ skipabove=\baselineskip, skipbelow=\baselineskip,
linewidth=1pt,
innertopmargin=0, innerbottommargin=0 ]
% linksbündig ist besser, weil es in der Regel wenige Zeilen sind, die teilweise kurz sind
\begin{flushleft}
% Überschrift größer darstellen
\begin{Large}
% #1 wird als Logo verwendet, Vorgabe ist \Info aus marvosym
%    für andere Logos muss ggf. das Package eingebunden werden
%    das Logo kann auch mit einer Größe verbunden werden, z.B. \LARGE\danger als #1
{#1 } \
% #2 wird als Titelzeile verwendet, Vorgabe ist 'Information'
{\bfseries #2}
\medskip \end{Large} \\
} % Ende der begin-Anweisungen, es folgenden die end-Anweisungen
{ \end{flushleft}\end{mdframed} }


\newcommand{\TemplateHeaderExercise}[3]
% no more parameters
%****************************************************
% Template Header Exercise
% Rahmen als minisec mit Nummer der Aufgabe und Titel und grauem Hintergrund
% ist gedacht für folgende Wiki-Vorlage:
%          Vorlage:Übung4
% kann genauso für den Aufgaben-Teil folgender Vorlagen verwendet werden:
%          Vorlage:Übung    (wird zz. nur einmal benutzt)
%          Vorlage:Übung2   (wird zz. gar nicht benutzt)
%          Vorlage:Übung3   (wird zz. in 2 Büchern häufig benutzt)
%          C++-Programmierung/ Vorlage:Aufgabe  (wird zz. nur selten benutzt,
%                            ist in LatexRenderer.hs schon erledigt)
%
% #1 Text   (optional) 'Aufgabe' oder 'Übung', kann auch leer sein
% #2 Nummer (Pflicht)  könnte theoretisch auch leer sein, aber dann sieht die Zeile
%                      seltsam aus; oder die if-Abfragen wären unnötig komplex
% #3 Titel  (optional) Inhaltsangabe der Aufgabe, kann auch leer sein
%****************************************************
{
\minisec{\normalfont \fcolorbox{black}{shadecolor}{\large \, #1 #2 \ifx{#3}{}{}\else{-- #3}\fi \,} \medskip }
}
 
\newcommand{\TemplateHeaderSolution}[3]
% no more parameters
%****************************************************
% Template Header Solution
% Rahmen als minisec mit Nummer der Aufgabe und Titel und grauem Hintergrund
%
% ist gedacht für den Lösungen-Teil der Vorlagen und wird genauso
% verwendet wie \TemplateHeaderExercise
%****************************************************
{
\minisec{\normalfont \fcolorbox{black}{shadecolor}{\large \, Lösung zu #1 #2 \ifx{#3}{}{}\else{-- #3}\fi \,} \medskip }
}

\newcommand{\TemplateUbungDrei}[4]
{
\TemplateHeaderExercise{Übung}{#1}{#2}
#3
\TemplateHeaderSolution{Übung}{#1}{#2}
#4
}

\newcommand{\Mywrapfigure}[2]
{
\begin{wrapfigure}{r}{#1\textwidth}
\begin{center}
#2
\end{center}
\end{wrapfigure}
}



\newcommand{\Mymakebox}[2]
{
\begin{minipage}{#1\textwidth}
#2
\end{minipage}
}

\newcommand{\MyBlau}[1]{
\textcolor{darkblue}{#1}
} 
\newcommand{\MyRot}[1]{
\textcolor{red}{#1}
} 
\newcommand{\MyGrun}[1]{
\textcolor{mydarkgreen}{#1}
} 
\newcommand{\MyBg}[2]{
\fcolorbox{#1}{#1}{#2} 
} 

\newcommand{\BNPModule}[1]{
the "#1" module
} 


\newcommand{\LaTeXMerkeZweiTemplate}[1]{\LaTeXDoubleBoxTemplate{Merke}{#1}}

\newcommand{\LaTeXDefinitionTemplate}[1]{\LaTeXDoubleBoxTemplate{Definition}{#1}}

\newcommand{\LaTeXAnorganischeChemieFuerSchuelerVorlageMerksatzTemplate}[1]{\LaTeXDoubleBoxTemplate{Merksatz}{#1}}

\newcommand{\LaTeXTextTemplate}[1]{\LaTeXDoubleBoxTemplate{}{#1}}

\newcommand{\LaTeXExampleTemplate}[1]{\LaTeXDoubleBoxTemplate{Example:}{#1}}

\newcommand{\LaTeXexampleTemplate}[1]{\LaTeXDoubleBoxTemplate{Example:}{#1}}

\newcommand{\LaTeXPTPBoxTemplate}[1]{\LaTeXDoubleBoxTemplate{Points to ponder:}{#1}}

\newcommand{\LaTeXNOTETemplate}[2]{\LaTeXDoubleBoxTemplate{Note:}{#1 #2}}

\newcommand{\LaTeXNotizTemplate}[1]{\LaTeXDoubleBoxTemplate{Notiz:}{#1}}

\newcommand{\LaTeXbodynoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Note:}{#1}}

\newcommand{\LaTeXcquoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Quote:}{#1}}

\newcommand{\LaTeXCquoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Quote:}{#1}}

\newcommand{\LaTeXSideNoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Note:}{#1}}

\newcommand{\LaTeXsideNoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Note:}{#1}}

\newcommand{\LaTeXExercisesTemplate}[1]{\LaTeXDoubleBoxTemplate{Exercises:}{#1}}

\newcommand{\LaTeXCppProgrammierungVorlageTippTemplate}[1]{\LaTeXDoubleBoxTemplate{Tip}{#1}}

\newcommand{\LaTeXTipTemplate}[1]{\LaTeXDoubleBoxTemplate{Tip}{#1}}
\newcommand{\LaTeXUnknownTemplate}[1]{unknown}

\newcommand{\LaTeXCppProgrammierungVorlageHinweisTemplate}[1]{\LaTeXDoubleBoxTemplate{Hinweis}{#1}}

\newcommand{\LaTeXCppProgrammierungVorlageSpaeterImBuchTemplate}[1]{\LaTeXDoubleBoxTemplate{Thema wird später näher erläutert...}{#1}}

\newcommand{\SGreen}[1]{This page uses material from Dr. Sheldon Green's Hypertext Help with LaTeX.}
\newcommand{\ARoberts}[1]{This page uses material from Andy Roberts' Getting to grips with LaTeX with permission from the author.}

\newcommand{\LaTeXCppProgrammierungVorlageAnderesBuchTemplate}[1]{\LaTeXDoubleBoxTemplate{Buchempfehlung}{#1}}

\newcommand{\LaTeXCppProgrammierungVorlageNichtNaeherBeschriebenTemplate}[1]{\LaTeXDoubleBoxTemplate{Nicht Thema dieses Buches...}{#1}}

\newcommand{\LaTeXPythonUnterLinuxVorlagenVorlageDetailsTemplate}[1]{\LaTeXDoubleBoxTemplate{Details}{#1}}

\newcommand{\LaTeXChapterTemplate}[1]{\chapter{#1}
\myminitoc
}

\newcommand{\Sample}[2]{
\begin{longtable}{|p{\linewidth}|}
\hline
#1 \\ \hline
#2 \\ \hline
\end{longtable}
}

\newcommand{\Syntax}[1]{
\LaTeXDoubleBoxTemplate{Syntax}{#1}}


\newcommand{\LaTeXTT}[1]{{\ttfamily #1}}
\newcommand{\LaTeXBF}[1]{{\bfseries #1}}
\newcommand{\ADAPK}[3]{{#1.#2}}
\newcommand{\LaTeXTTBF}[1]{{\bfseries \ttfamily #1}}
\newcommand{\LaTeXIT}[1]{{\itshape #1}}
\newcommand{\ADACOM}[1]{{\itshape -{}-#1}}

\newcommand{\LaTeXCenter}[1]{
\begin{center}
#1
\end{center}}


\newcommand{\BNPManual}[2]{The Blender Manual page on #1 at \url{http://wiki.blender.org/index.php/Doc:Manual/#1}}
\newcommand{\BNPWeb}[2]{#1 at \url{#2}}

\newcommand{\Noframecenter}[2]{
\begin{tablular}{p{\linewidth}}
#2\\ 
#1 
\end{tabluar}
}


\newcommand{\LaTeXTTUlineTemplate}[1]{{\ttfamily \uline{#1}}
}



\newcommand{\PythonUnterLinuxDenulltails}[1]{
\begin{tabular}{|p{\linewidth}|}\hline
\textbf{Denulltails} \\ \hline
#1 \\ \hline 
\end{tabular}}

\newcommand{\GNURTip}[1]{
\begin{longtable}{|p{\linewidth}|}\hline
\textbf{Tip} \\ \hline
#1 \\ \hline 
\end{longtable}}

\newcommand{\PerlUebung}[1]{
\begin{longtable}{|p{\linewidth}|}\hline
#1 \\ \hline 
\end{longtable}}

\newcommand{\PerlNotiz}[1]{
\begin{table}{|p{\linewidth}|}\hline
#1 \\ \hline 
\end{table}}

\newcommand{\ACFSZusatz}[1]{\textbf{ Zusatzinformation }}
\newcommand{\ACFSVorlageB}[1]{\textbf{ Beobachtung }}
\newcommand{\ACFSVorlageV}[1]{\textbf{ Versuchsbeschreibung }}
\newcommand{\TemplateHeaderSolutionUebung}[2]{\TemplateHeaderSolution{Übung}{#1}{#2}}
\newcommand{\TemplateHeaderExerciseUebung}[2]{\TemplateHeaderExercise{Übung}{#1}{#2}}

\newcommand{\ChemTemplate}[9]{\texttt{     
#1#2#3#4#5#6#7#8#9}}


\newcommand{\WaningTemplate}[1]{     
\begin{TemplateInfo}{\danger}{Warning}
#1
\end{TemplateInfo}}


\newcommand{\WarnungTemplate}[1]{     
\begin{TemplateInfo}{\danger}{Warnung}
#1
\end{TemplateInfo}}


\newcommand{\BlenderAlignedToViewIssue}[1]{     
\begin{TemplateInfo}{\danger}{Blender3d Aligned to view issue}
This tutorial relies on objects being created so that they are aligned to the view that you’re looking through. Versions 2.48 and above have changed the way this works. Visit Aligned (\url{http://en.wikibooks.org/wiki/Blender_3D:_Noob_to_Pro/Aligned_to_view_issue}) to view issue to understand the settings that need to be changed.
\end{TemplateInfo}}


\newcommand{\BlenderVersion}[1]{     
{\itshape Diese Seite bezieht sich auf }{\bfseries \quad Blender Version #1}}

\newcommand{\Literal}[1]{{\itshape #1}}

\newcommand{\JavaIllustration}[3]{
\begin{tablular}
{Figure #1: #2}
\\
#3
\end{ltablular}
}

\newcommand{\PDFLink}[1]{#1 PDF}

\newcommand{\Ja}[1]{\Checkmark {\bfseries Ja}}
\newcommand{\Nein}[1]{\XSolidBrush {\bfseries Nein}}

\newcommand{\SVGVersions}[8]{
{\scriptsize
\begin{tabular}{|p{0.45\linewidth}|p{0.13\linewidth}|}\hline
Squiggle (Batik) & #1 \\ \hline
Opera (Presto) & #2 \\ \hline
Firefox (Gecko; auch SeaMonkey, Iceape, Iceweasel etc) & #3 \\ \hline
Konqueror (KSVG) & #4 \\ \hline
Safari (Webkit) & #5 \\ \hline
Chrome (Webkit) & #6 \\ \hline
Microsoft Internet Explorer (Trident) & #7 \\ \hline
librsvg & #8 \\\hline
\end{tabular}}

}


\theoremstyle{plain}
\newtheorem{satz}{Satz}
\newtheorem{beweis}{Beweis}
\newtheorem{beispiel}{Beispiel}

\theoremstyle{definition}
\newtheorem{mydef}{Definition}

\newcommand{\NFSatz}[2]{\begin{satz}#1\end{satz}#2}

\newcommand{\NFDef}[2]{\begin{mydef}#1\end{mydef}#2}

\newcommand{\NFBeweis}[2]{\begin{beweis}#1\end{beweis}#2}

\newcommand{\NFBeispiel}[2]{\begin{beweis}#1\end{beweis}#2}

\newcommand{\NFFrage}[3]{

\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\itshape \uline{#1}: #2} \\
#3
\end{myshaded}

}

\newcommand{\NFFrageB}[2]{

\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\itshape \uline{Frage}: #1} \\
#2
\end{myshaded}

}


\newcommand{\NFVertiefung}[1]{
{\bfseries Vertiefung:} \\
Der Inhalt des folgenden Abschnitts ist eine Vertiefung des Stoffes. Für die nächsten Kapitel ist es nicht notwendig, dass du dieses Kapitel gelesen hast.

}
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\newcommand{\R}{\ensuremath{\mathbb{R}}}
\newcommand{\N}{\ensuremath{\mathbb{N}}}
\newcommand{\Z}{\ensuremath{\mathbb{Z}}}
\newcommand{\Q}{\ensuremath{\mathbb{Q}}}
\renewcommand{\C}{\ensuremath{\mathbb{C}}}
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\DeclareUnicodeCharacter{015E}{\c S}
\DeclareUnicodeCharacter{015F}{\c s}
\DeclareUnicodeCharacter{0160}{\v S}
\DeclareUnicodeCharacter{0161}{\v s}
\DeclareUnicodeCharacter{0162}{\c T}
\DeclareUnicodeCharacter{0163}{\c t}
\DeclareUnicodeCharacter{0164}{\v T}
\DeclareUnicodeCharacter{0165}{\v t}
\DeclareUnicodeCharacter{016E}{\r U}
\DeclareUnicodeCharacter{016F}{\r u}
\DeclareUnicodeCharacter{0170}{\H U}
\DeclareUnicodeCharacter{0171}{\H u}
\DeclareUnicodeCharacter{0178}{\"Y}
\DeclareUnicodeCharacter{0179}{\@tabacckludge'Z}
\DeclareUnicodeCharacter{017A}{\@tabacckludge'z}
\DeclareUnicodeCharacter{017B}{\.Z}
\DeclareUnicodeCharacter{017C}{\.z}
\DeclareUnicodeCharacter{017D}{\v Z}
\DeclareUnicodeCharacter{017E}{\v z}
\DeclareUnicodeCharacter{0192}{\textflorin}
\DeclareUnicodeCharacter{02C6}{\textasciicircum}
\DeclareUnicodeCharacter{02C7}{\textasciicaron}
\DeclareUnicodeCharacter{02DC}{\textasciitilde}
\DeclareUnicodeCharacter{02D8}{\textasciibreve}
\DeclareUnicodeCharacter{02DD}{\textacutedbl}
\DeclareUnicodeCharacter{0E3F}{\textbaht}
\DeclareUnicodeCharacter{200C}{\textcompwordmark}
\DeclareUnicodeCharacter{2013}{\textendash}
\DeclareUnicodeCharacter{2014}{\textemdash}
\DeclareUnicodeCharacter{2016}{\textbardbl}
\DeclareUnicodeCharacter{2018}{\textquoteleft}
\DeclareUnicodeCharacter{2019}{\textquoteright}
\DeclareUnicodeCharacter{201A}{\quotesinglbase}
\DeclareUnicodeCharacter{201C}{\textquotedblleft}
\DeclareUnicodeCharacter{201D}{\textquotedblright}
\DeclareUnicodeCharacter{201E}{\quotedblbase}
\DeclareUnicodeCharacter{2020}{\textdagger}
\DeclareUnicodeCharacter{2021}{\textdaggerdbl}
\DeclareUnicodeCharacter{2022}{\textbullet}
\DeclareUnicodeCharacter{2026}{\textellipsis}
\DeclareUnicodeCharacter{2030}{\textperthousand}
\DeclareUnicodeCharacter{2031}{\textpertenthousand}
\DeclareUnicodeCharacter{2039}{\guilsinglleft}
\DeclareUnicodeCharacter{203A}{\guilsinglright}
\DeclareUnicodeCharacter{203B}{\textreferencemark}
\DeclareUnicodeCharacter{203D}{\textinterrobang}
\DeclareUnicodeCharacter{2044}{\textfractionsolidus}
\DeclareUnicodeCharacter{204E}{\textasteriskcentered} % LOW ASTERISK
\DeclareUnicodeCharacter{2052}{\textdiscount}
\DeclareUnicodeCharacter{20A1}{\textcolonmonetary}
\DeclareUnicodeCharacter{20A4}{\textlira}
\DeclareUnicodeCharacter{20A6}{\textnaira}
\DeclareUnicodeCharacter{20A9}{\textwon}
\DeclareUnicodeCharacter{20AB}{\textdong}
\DeclareUnicodeCharacter{20AC}{\texteuro}
\DeclareUnicodeCharacter{20B1}{\textpeso}
\DeclareUnicodeCharacter{2103}{\textcelsius}
\DeclareUnicodeCharacter{2116}{\textnumero}
\DeclareUnicodeCharacter{2117}{\textcircledP}
\DeclareUnicodeCharacter{211E}{\textrecipe}
\DeclareUnicodeCharacter{2120}{\textservicemark}
\DeclareUnicodeCharacter{2122}{\texttrademark}
\DeclareUnicodeCharacter{2126}{\textohm}
\DeclareUnicodeCharacter{2127}{\textmho}
\DeclareUnicodeCharacter{212E}{\textestimated}
\DeclareUnicodeCharacter{2190}{\textleftarrow}
\DeclareUnicodeCharacter{2191}{\textuparrow}
\DeclareUnicodeCharacter{2192}{\textrightarrow}
\DeclareUnicodeCharacter{2193}{\textdownarrow}
\DeclareUnicodeCharacter{2329}{\textlangle}
\DeclareUnicodeCharacter{232A}{\textrangle}
\DeclareUnicodeCharacter{2422}{\textblank}
\DeclareUnicodeCharacter{2423}{\textvisiblespace}
\DeclareUnicodeCharacter{25E6}{\textopenbullet}
\DeclareUnicodeCharacter{25EF}{\textbigcircle}
\DeclareUnicodeCharacter{266A}{\textmusicalnote}

\endinput
%%
%% End of file `utf8enc.dfu'.
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main/main.log

This is pdfTeX, Version 3.1415926-2.4-1.40.13 (TeX Live 2012/Debian) (format=pdflatex 2012.10.25)  28 MAR 2013 12:40
entering extended mode
 restricted \write18 enabled.
 %&-line parsing enabled.
**main.tex
(./main.tex
LaTeX2e <2011/06/27>
Babel <v3.8m> and hyphenation patterns for english, dumylang, nohyphenation, et
hiopic, farsi, arabic, pinyin, croatian, bulgarian, ukrainian, russian, slovak,
 czech, danish, dutch, usenglishmax, ukenglish, finnish, french, basque, ngerma
n, german, swissgerman, ngerman-x-2012-05-30, german-x-2012-05-30, monogreek, g
reek, ibycus, ancientgreek, hungarian, bengali, tamil, hindi, telugu, gujarati,
 sanskrit, malayalam, kannada, assamese, marathi, oriya, panjabi, italian, lati
n, latvian, lithuanian, mongolian, mongolianlmc, nynorsk, bokmal, indonesian, e
speranto, coptic, welsh, irish, interlingua, serbian, serbianc, slovenian, friu
lan, romansh, estonian, romanian, armenian, uppersorbian, turkish, afrikaans, i
celandic, kurmanji, polish, portuguese, galician, catalan, spanish, swedish, th
ai, loaded.
(/usr/share/texlive/texmf-dist/tex/generic/oberdiek/hyphsubst.sty
Package: hyphsubst 2008/06/09 v0.2 Substitute hyphenation patterns (HO)

(/usr/share/texlive/texmf-dist/tex/generic/oberdiek/infwarerr.sty
Package: infwarerr 2010/04/08 v1.3 Providing info/warning/error messages (HO)
))
(/usr/share/texlive/texmf-dist/tex/latex/koma-script/scrbook.cls
Document Class: scrbook 2012/05/15 v3.11 KOMA-Script document class (book)
(/usr/share/texlive/texmf-dist/tex/latex/koma-script/scrkbase.sty
Package: scrkbase 2012/05/15 v3.11 KOMA-Script package (KOMA-Script-dependent b
asics and keyval usage)

(/usr/share/texlive/texmf-dist/tex/latex/koma-script/scrbase.sty
Package: scrbase 2012/05/15 v3.11 KOMA-Script package (KOMA-Script-independent 
basics and keyval usage)

(/usr/share/texlive/texmf-dist/tex/latex/graphics/keyval.sty
Package: keyval 1999/03/16 v1.13 key=value parser (DPC)
\KV@toks@=\toks14
)
(/usr/share/texlive/texmf-dist/tex/latex/koma-script/scrlfile.sty
Package: scrlfile 2011/03/09 v3.09 KOMA-Script package (loading files)

Package scrlfile, 2011/03/09 v3.09 KOMA-Script package (loading files)
                  Copyright (C) Markus Kohm

))) (/usr/share/texlive/texmf-dist/tex/latex/koma-script/tocbasic.sty
Package: tocbasic 2012/04/04 v3.10b KOMA-Script package (handling toc-files)
)
Package tocbasic Info: omitting babel extension for `toc'
(tocbasic)             because of feature `nobabel' available
(tocbasic)             for `toc' on input line 117.
Package tocbasic Info: omitting babel extension for `lof'
(tocbasic)             because of feature `nobabel' available
(tocbasic)             for `lof' on input line 118.
Package tocbasic Info: omitting babel extension for `lot'
(tocbasic)             because of feature `nobabel' available
(tocbasic)             for `lot' on input line 119.
Class scrbook Info: File `scrsize11pt.clo' used to setup font sizes on input li
ne 1366.

(/usr/share/texlive/texmf-dist/tex/latex/koma-script/scrsize11pt.clo
File: scrsize11pt.clo 2012/05/15 v3.11 KOMA-Script font size class option (11pt
)
)
(/usr/share/texlive/texmf-dist/tex/latex/koma-script/typearea.sty
Package: typearea 2012/05/15 v3.11 KOMA-Script package (type area)

Package typearea, 2012/05/15 v3.11 KOMA-Script package (type area)
                  Copyright (C) Frank Neukam, 1992-1994
                  Copyright (C) Markus Kohm, 1994-

\ta@bcor=\skip41
\ta@div=\count79
\ta@hblk=\skip42
\ta@vblk=\skip43
\ta@temp=\skip44
Package typearea Info: These are the values describing the layout:
(typearea)             DIV  = 13
(typearea)             BCOR = 34.1433pt
(typearea)             \paperwidth      = 597.50793pt
(typearea)              \textwidth      = 433.35742pt
(typearea)              DIV departure   = -10%
(typearea)              \evensidemargin = 14.40149pt
(typearea)              \oddsidemargin  = 5.20905pt
(typearea)             \paperheight     = 845.04694pt
(typearea)              \textheight     = 650.20029pt
(typearea)              \topmargin      = -44.6664pt
(typearea)              \headheight     = 17.0pt
(typearea)              \headsep        = 20.40001pt
(typearea)              \topskip        = 11.0pt
(typearea)              \footskip       = 47.60002pt
(typearea)              \baselineskip   = 13.6pt
(typearea)              on input line 1211.
)
\c@part=\count80
\c@chapter=\count81
\c@section=\count82
\c@subsection=\count83
\c@subsubsection=\count84
\c@paragraph=\count85
\c@subparagraph=\count86
\abovecaptionskip=\skip45
\belowcaptionskip=\skip46
\c@pti@nb@sid@b@x=\box26
\c@figure=\count87
\c@table=\count88
\bibindent=\dimen102
) (../headers/paper.tex) (../headers/packages1.tex
(/usr/share/texlive/texmf-dist/tex/latex/graphics/color.sty
Package: color 2005/11/14 v1.0j Standard LaTeX Color (DPC)

(/usr/share/texlive/texmf-dist/tex/latex/latexconfig/color.cfg
File: color.cfg 2007/01/18 v1.5 color configuration of teTeX/TeXLive
)
Package color Info: Driver file: pdftex.def on input line 130.

(/usr/share/texlive/texmf-dist/tex/latex/pdftex-def/pdftex.def
File: pdftex.def 2011/05/27 v0.06d Graphics/color for pdfTeX

(/usr/share/texlive/texmf-dist/tex/generic/oberdiek/ltxcmds.sty
Package: ltxcmds 2011/11/09 v1.22 LaTeX kernel commands for general use (HO)
)
\Gread@gobject=\count89
))
(/usr/share/texlive/texmf-dist/tex/latex/base/textcomp.sty
Package: textcomp 2005/09/27 v1.99g Standard LaTeX package
Package textcomp Info: Sub-encoding information:
(textcomp)               5 = only ISO-Adobe without \textcurrency
(textcomp)               4 = 5 + \texteuro
(textcomp)               3 = 4 + \textohm
(textcomp)               2 = 3 + \textestimated + \textcurrency
(textcomp)               1 = TS1 - \textcircled - \t
(textcomp)               0 = TS1 (full)
(textcomp)             Font families with sub-encoding setting implement
(textcomp)             only a restricted character set as indicated.
(textcomp)             Family '?' is the default used for unknown fonts.
(textcomp)             See the documentation for details.
Package textcomp Info: Setting ? sub-encoding to TS1/1 on input line 71.

(/usr/share/texlive/texmf-dist/tex/latex/base/ts1enc.def
File: ts1enc.def 2001/06/05 v3.0e (jk/car/fm) Standard LaTeX file
)
LaTeX Info: Redefining \oldstylenums on input line 266.
Package textcomp Info: Setting cmr sub-encoding to TS1/0 on input line 281.
Package textcomp Info: Setting cmss sub-encoding to TS1/0 on input line 282.
Package textcomp Info: Setting cmtt sub-encoding to TS1/0 on input line 283.
Package textcomp Info: Setting cmvtt sub-encoding to TS1/0 on input line 284.
Package textcomp Info: Setting cmbr sub-encoding to TS1/0 on input line 285.
Package textcomp Info: Setting cmtl sub-encoding to TS1/0 on input line 286.
Package textcomp Info: Setting ccr sub-encoding to TS1/0 on input line 287.
Package textcomp Info: Setting ptm sub-encoding to TS1/4 on input line 288.
Package textcomp Info: Setting pcr sub-encoding to TS1/4 on input line 289.
Package textcomp Info: Setting phv sub-encoding to TS1/4 on input line 290.
Package textcomp Info: Setting ppl sub-encoding to TS1/3 on input line 291.
Package textcomp Info: Setting pag sub-encoding to TS1/4 on input line 292.
Package textcomp Info: Setting pbk sub-encoding to TS1/4 on input line 293.
Package textcomp Info: Setting pnc sub-encoding to TS1/4 on input line 294.
Package textcomp Info: Setting pzc sub-encoding to TS1/4 on input line 295.
Package textcomp Info: Setting bch sub-encoding to TS1/4 on input line 296.
Package textcomp Info: Setting put sub-encoding to TS1/5 on input line 297.
Package textcomp Info: Setting uag sub-encoding to TS1/5 on input line 298.
Package textcomp Info: Setting ugq sub-encoding to TS1/5 on input line 299.
Package textcomp Info: Setting ul8 sub-encoding to TS1/4 on input line 300.
Package textcomp Info: Setting ul9 sub-encoding to TS1/4 on input line 301.
Package textcomp Info: Setting augie sub-encoding to TS1/5 on input line 302.
Package textcomp Info: Setting dayrom sub-encoding to TS1/3 on input line 303.
Package textcomp Info: Setting dayroms sub-encoding to TS1/3 on input line 304.

Package textcomp Info: Setting pxr sub-encoding to TS1/0 on input line 305.
Package textcomp Info: Setting pxss sub-encoding to TS1/0 on input line 306.
Package textcomp Info: Setting pxtt sub-encoding to TS1/0 on input line 307.
Package textcomp Info: Setting txr sub-encoding to TS1/0 on input line 308.
Package textcomp Info: Setting txss sub-encoding to TS1/0 on input line 309.
Package textcomp Info: Setting txtt sub-encoding to TS1/0 on input line 310.
Package textcomp Info: Setting lmr sub-encoding to TS1/0 on input line 311.
Package textcomp Info: Setting lmdh sub-encoding to TS1/0 on input line 312.
Package textcomp Info: Setting lmss sub-encoding to TS1/0 on input line 313.
Package textcomp Info: Setting lmssq sub-encoding to TS1/0 on input line 314.
Package textcomp Info: Setting lmvtt sub-encoding to TS1/0 on input line 315.
Package textcomp Info: Setting qhv sub-encoding to TS1/0 on input line 316.
Package textcomp Info: Setting qag sub-encoding to TS1/0 on input line 317.
Package textcomp Info: Setting qbk sub-encoding to TS1/0 on input line 318.
Package textcomp Info: Setting qcr sub-encoding to TS1/0 on input line 319.
Package textcomp Info: Setting qcs sub-encoding to TS1/0 on input line 320.
Package textcomp Info: Setting qpl sub-encoding to TS1/0 on input line 321.
Package textcomp Info: Setting qtm sub-encoding to TS1/0 on input line 322.
Package textcomp Info: Setting qzc sub-encoding to TS1/0 on input line 323.
Package textcomp Info: Setting qhvc sub-encoding to TS1/0 on input line 324.
Package textcomp Info: Setting futs sub-encoding to TS1/4 on input line 325.
Package textcomp Info: Setting futx sub-encoding to TS1/4 on input line 326.
Package textcomp Info: Setting futj sub-encoding to TS1/4 on input line 327.
Package textcomp Info: Setting hlh sub-encoding to TS1/3 on input line 328.
Package textcomp Info: Setting hls sub-encoding to TS1/3 on input line 329.
Package textcomp Info: Setting hlst sub-encoding to TS1/3 on input line 330.
Package textcomp Info: Setting hlct sub-encoding to TS1/5 on input line 331.
Package textcomp Info: Setting hlx sub-encoding to TS1/5 on input line 332.
Package textcomp Info: Setting hlce sub-encoding to TS1/5 on input line 333.
Package textcomp Info: Setting hlcn sub-encoding to TS1/5 on input line 334.
Package textcomp Info: Setting hlcw sub-encoding to TS1/5 on input line 335.
Package textcomp Info: Setting hlcf sub-encoding to TS1/5 on input line 336.
Package textcomp Info: Setting pplx sub-encoding to TS1/3 on input line 337.
Package textcomp Info: Setting pplj sub-encoding to TS1/3 on input line 338.
Package textcomp Info: Setting ptmx sub-encoding to TS1/4 on input line 339.
Package textcomp Info: Setting ptmj sub-encoding to TS1/4 on input line 340.
)
(/usr/share/texlive/texmf-dist/tex/latex/base/alltt.sty
Package: alltt 1997/06/16 v2.0g defines alltt environment
)
(/usr/share/texlive/texmf-dist/tex/latex/mdwtools/syntax.sty
Package: syntax 1996/05/17 1.07 Syntax typesetting (MDW)
\grammarparsep=\skip47
\grammarindent=\dimen103
\sdstartspace=\skip48
\sdendspace=\skip49
\sdmidskip=\skip50
\sdtokskip=\skip51
\sdfinalskip=\skip52
\sdrulewidth=\dimen104
\sdcirclediam=\dimen105
\sdindent=\dimen106
)
(/usr/share/texlive/texmf-dist/tex/latex/parskip/parskip.sty
Package: parskip 2001/04/09 non-zero parskip adjustments
)
(/usr/share/texlive/texmf-dist/tex/generic/ulem/ulem.sty
\UL@box=\box27
\UL@hyphenbox=\box28
\UL@skip=\skip53
\UL@hook=\toks15
\UL@height=\dimen107
\UL@pe=\count90
\UL@pixel=\dimen108
\ULC@box=\box29
Package: ulem 2012/05/18
\ULdepth=\dimen109
)
(/usr/share/texlive/texmf-dist/tex/latex/hyperref/hyperref.sty
Package: hyperref 2012/05/13 v6.82q Hypertext links for LaTeX

(/usr/share/texlive/texmf-dist/tex/generic/oberdiek/hobsub-hyperref.sty
Package: hobsub-hyperref 2012/05/28 v1.13 Bundle oberdiek, subset hyperref (HO)


(/usr/share/texlive/texmf-dist/tex/generic/oberdiek/hobsub-generic.sty
Package: hobsub-generic 2012/05/28 v1.13 Bundle oberdiek, subset generic (HO)
Package: hobsub 2012/05/28 v1.13 Construct package bundles (HO)
Package hobsub Info: Skipping package `infwarerr' (already loaded).
Package hobsub Info: Skipping package `ltxcmds' (already loaded).
Package: ifluatex 2010/03/01 v1.3 Provides the ifluatex switch (HO)
Package ifluatex Info: LuaTeX not detected.
Package: ifvtex 2010/03/01 v1.5 Detect VTeX and its facilities (HO)
Package ifvtex Info: VTeX not detected.
Package: intcalc 2007/09/27 v1.1 Expandable calculations with integers (HO)
Package: ifpdf 2011/01/30 v2.3 Provides the ifpdf switch (HO)
Package ifpdf Info: pdfTeX in PDF mode is detected.
Package: etexcmds 2011/02/16 v1.5 Avoid name clashes with e-TeX commands (HO)
Package etexcmds Info: Could not find \expanded.
(etexcmds)             That can mean that you are not using pdfTeX 1.50 or
(etexcmds)             that some package has redefined \expanded.
(etexcmds)             In the latter case, load this package earlier.
Package: kvsetkeys 2012/04/25 v1.16 Key value parser (HO)
Package: kvdefinekeys 2011/04/07 v1.3 Define keys (HO)
Package: pdftexcmds 2011/11/29 v0.20 Utility functions of pdfTeX for LuaTeX (HO
)
Package pdftexcmds Info: LuaTeX not detected.
Package pdftexcmds Info: \pdf@primitive is available.
Package pdftexcmds Info: \pdf@ifprimitive is available.
Package pdftexcmds Info: \pdfdraftmode found.
Package: pdfescape 2011/11/25 v1.13 Implements pdfTeX's escape features (HO)
Package: bigintcalc 2012/04/08 v1.3 Expandable calculations on big integers (HO
)
Package: bitset 2011/01/30 v1.1 Handle bit-vector datatype (HO)
Package: uniquecounter 2011/01/30 v1.2 Provide unlimited unique counter (HO)
)
Package hobsub Info: Skipping package `hobsub' (already loaded).
Package: letltxmacro 2010/09/02 v1.4 Let assignment for LaTeX macros (HO)
Package: hopatch 2012/05/28 v1.2 Wrapper for package hooks (HO)
Package: xcolor-patch 2011/01/30 xcolor patch
Package: atveryend 2011/06/30 v1.8 Hooks at the very end of document (HO)
Package atveryend Info: \enddocument detected (standard20110627).
Package: atbegshi 2011/10/05 v1.16 At begin shipout hook (HO)
Package: refcount 2011/10/16 v3.4 Data extraction from label references (HO)
Package: hycolor 2011/01/30 v1.7 Color options for hyperref/bookmark (HO)
)
(/usr/share/texlive/texmf-dist/tex/generic/ifxetex/ifxetex.sty
Package: ifxetex 2010/09/12 v0.6 Provides ifxetex conditional
)
(/usr/share/texlive/texmf-dist/tex/latex/oberdiek/kvoptions.sty
Package: kvoptions 2011/06/30 v3.11 Key value format for package options (HO)
)
\@linkdim=\dimen110
\Hy@linkcounter=\count91
\Hy@pagecounter=\count92

(/usr/share/texlive/texmf-dist/tex/latex/hyperref/pd1enc.def
File: pd1enc.def 2012/05/13 v6.82q Hyperref: PDFDocEncoding definition (HO)
)
\Hy@SavedSpaceFactor=\count93

(/usr/share/texlive/texmf-dist/tex/latex/latexconfig/hyperref.cfg
File: hyperref.cfg 2002/06/06 v1.2 hyperref configuration of TeXLive
)
Package hyperref Info: Option `unicode' set `true' on input line 3941.

(/usr/share/texlive/texmf-dist/tex/latex/hyperref/puenc.def
File: puenc.def 2012/05/13 v6.82q Hyperref: PDF Unicode definition (HO)
)
Package hyperref Info: Hyper figures OFF on input line 4062.
Package hyperref Info: Link nesting OFF on input line 4067.
Package hyperref Info: Hyper index ON on input line 4070.
Package hyperref Info: Plain pages OFF on input line 4077.
Package hyperref Info: Backreferencing OFF on input line 4082.
Package hyperref Info: Implicit mode ON; LaTeX internals redefined.
Package hyperref Info: Bookmarks ON on input line 4300.
\c@Hy@tempcnt=\count94

(/usr/share/texlive/texmf-dist/tex/latex/url/url.sty
\Urlmuskip=\muskip10
Package: url 2006/04/12  ver 3.3  Verb mode for urls, etc.
)
LaTeX Info: Redefining \url on input line 4653.
\Fld@menulength=\count95
\Field@Width=\dimen111
\Fld@charsize=\dimen112
Package hyperref Info: Hyper figures OFF on input line 5773.
Package hyperref Info: Link nesting OFF on input line 5778.
Package hyperref Info: Hyper index ON on input line 5781.
Package hyperref Info: backreferencing OFF on input line 5788.
Package hyperref Info: Link coloring OFF on input line 5793.
Package hyperref Info: Link coloring with OCG OFF on input line 5798.
Package hyperref Info: PDF/A mode OFF on input line 5803.
LaTeX Info: Redefining \ref on input line 5843.
LaTeX Info: Redefining \pageref on input line 5847.
\Hy@abspage=\count96
\c@Item=\count97
\c@Hfootnote=\count98
)

Package hyperref Message: Driver: hpdftex.

(/usr/share/texlive/texmf-dist/tex/latex/hyperref/hpdftex.def
File: hpdftex.def 2012/05/13 v6.82q Hyperref driver for pdfTeX
\Fld@listcount=\count99
\c@bookmark@seq@number=\count100

(/usr/share/texlive/texmf-dist/tex/latex/oberdiek/rerunfilecheck.sty
Package: rerunfilecheck 2011/04/15 v1.7 Rerun checks for auxiliary files (HO)
Package uniquecounter Info: New unique counter `rerunfilecheck' on input line 2
82.
)
\Hy@SectionHShift=\skip54
)
(/usr/share/texlive/texmf-dist/tex/latex/koma-script/tocstyle.sty
Package: tocstyle 2009/11/09 v0.2d-alpha LaTeX2e KOMA-Script package (versatile
 toc styles)


Package tocstyle Warning: THIS IS AN ALPHA VERSION!
(tocstyle)                USAGE OF THIS VERSION IS ON YOUR OWN RISK!
(tocstyle)                EVERYTHING MAY HAPPEN!
(tocstyle)                EVERYTHING MAY CHANGE IN FUTURE!
(tocstyle)                THERE IS NO SUPPORT, IF YOU USE THIS PACKAGE!
(tocstyle)                Maybe it would be better, not to load this package.

\tocstyle@indentstyle=\count101
Package tocstyle Info: no tocstyle.cfg found on input line 838.
) (/usr/share/texlive/texmf-dist/tex/latex/paralist/paralist.sty
Package: paralist 2002/03/18 v2.3b Extended list environments (BS)
\pltopsep=\skip55
\plpartopsep=\skip56
\plitemsep=\skip57
\plparsep=\skip58
\pl@lab=\toks16
)
(/usr/share/texlive/texmf-dist/tex/latex/tools/trace.sty
Package: trace 2003/04/30 v1.1c trace LaTeX code
)
(/usr/share/texlive/texmf-dist/tex/latex/multirow/bigstrut.sty
\bigstrutjot=\dimen113
)
(/usr/share/texlive/texmf-dist/tex/latex/keystroke/keystroke.sty
Package: keystroke 2010/04/23 v1.6 3D keystrokes (SuSE GmbH/RN)

(/usr/share/texlive/texmf-dist/tex/latex/graphics/graphics.sty
Package: graphics 2009/02/05 v1.0o Standard LaTeX Graphics (DPC,SPQR)

(/usr/share/texlive/texmf-dist/tex/latex/graphics/trig.sty
Package: trig 1999/03/16 v1.09 sin cos tan (DPC)
)
(/usr/share/texlive/texmf-dist/tex/latex/latexconfig/graphics.cfg
File: graphics.cfg 2010/04/23 v1.9 graphics configuration of TeX Live
)
Package graphics Info: Driver file: pdftex.def on input line 91.
)
\suse@key=\box30
\keystroke@left=\box31
\keystroke@right=\box32
\keystroke@middle=\box33

<keystroke_left.pdf, id=1, 42.1575pt x 195.73125pt>
File: keystroke_left.pdf Graphic file (type pdf)
 <use keystroke_left.pdf>
Package pdftex.def Info: keystroke_left.pdf used on input line 171.
(pdftex.def)             Requested size: 42.15738pt x 195.73076pt.

<keystroke_middle.pdf, id=2, 116.435pt x 195.73125pt>
File: keystroke_middle.pdf Graphic file (type pdf)

<use keystroke_middle.pdf>
Package pdftex.def Info: keystroke_middle.pdf used on input line 172.
(pdftex.def)             Requested size: 116.43471pt x 195.73076pt.

<keystroke_right.pdf, id=3, 42.1575pt x 195.73125pt>
File: keystroke_right.pdf Graphic file (type pdf)
 <use keystroke_right.pdf>
Package pdftex.def Info: keystroke_right.pdf used on input line 173.
(pdftex.def)             Requested size: 42.15738pt x 195.73076pt.
) (/usr/share/texlive/texmf-dist/tex/latex/supertabular/supertabular.sty
Package: supertabular 2004/02/20 v4.1e the supertabular environment
\c@tracingst=\count102
\ST@wd=\dimen114
\ST@rightskip=\skip59
\ST@leftskip=\skip60
\ST@parfillskip=\skip61
\ST@pageleft=\dimen115
\ST@headht=\dimen116
\ST@tailht=\dimen117
\ST@pagesofar=\dimen118
\ST@pboxht=\dimen119
\ST@lineht=\dimen120
\ST@stretchht=\dimen121
\ST@prevht=\dimen122
\ST@toadd=\dimen123
\ST@dimen=\dimen124
\ST@pbox=\box34
)
(/usr/share/texlive/texmf-dist/tex/latex/wrapfig/wrapfig.sty
\wrapoverhang=\dimen125
\WF@size=\dimen126
\c@WF@wrappedlines=\count103
\WF@box=\box35
\WF@everypar=\toks17
Package: wrapfig 2003/01/31  v 3.6
))
(../headers/babel.tex (/var/lib/texmf/tex/generic/babel/babel.sty
Package: babel 2008/07/08 v3.8m The Babel package

(/usr/share/texlive/texmf-dist/tex/generic/babel/english.ldf
Language: english 2005/03/30 v3.3o English support from the babel system

(/usr/share/texlive/texmf-dist/tex/generic/babel/babel.def
File: babel.def 2008/07/08 v3.8m Babel common definitions
\babel@savecnt=\count104
\U@D=\dimen127
)
\l@canadian = a dialect from \language\l@american 
\l@australian = a dialect from \language\l@british 
\l@newzealand = a dialect from \language\l@british 
)))
(../headers/svg.tex) (../headers/packages2.tex
(/usr/share/texlive/texmf-dist/tex/latex/psnfss/mathptmx.sty
Package: mathptmx 2005/04/12 PSNFSS-v9.2a Times w/ Math, improved (SPQR, WaS) 
LaTeX Font Info:    Redeclaring symbol font `operators' on input line 28.
LaTeX Font Info:    Overwriting symbol font `operators' in version `normal'
(Font)                  OT1/cmr/m/n --> OT1/ztmcm/m/n on input line 28.
LaTeX Font Info:    Overwriting symbol font `operators' in version `bold'
(Font)                  OT1/cmr/bx/n --> OT1/ztmcm/m/n on input line 28.
LaTeX Font Info:    Redeclaring symbol font `letters' on input line 29.
LaTeX Font Info:    Overwriting symbol font `letters' in version `normal'
(Font)                  OML/cmm/m/it --> OML/ztmcm/m/it on input line 29.
LaTeX Font Info:    Overwriting symbol font `letters' in version `bold'
(Font)                  OML/cmm/b/it --> OML/ztmcm/m/it on input line 29.
LaTeX Font Info:    Redeclaring symbol font `symbols' on input line 30.
LaTeX Font Info:    Overwriting symbol font `symbols' in version `normal'
(Font)                  OMS/cmsy/m/n --> OMS/ztmcm/m/n on input line 30.
LaTeX Font Info:    Overwriting symbol font `symbols' in version `bold'
(Font)                  OMS/cmsy/b/n --> OMS/ztmcm/m/n on input line 30.
LaTeX Font Info:    Redeclaring symbol font `largesymbols' on input line 31.
LaTeX Font Info:    Overwriting symbol font `largesymbols' in version `normal'
(Font)                  OMX/cmex/m/n --> OMX/ztmcm/m/n on input line 31.
LaTeX Font Info:    Overwriting symbol font `largesymbols' in version `bold'
(Font)                  OMX/cmex/m/n --> OMX/ztmcm/m/n on input line 31.
\symbold=\mathgroup4
\symitalic=\mathgroup5
LaTeX Font Info:    Redeclaring math alphabet \mathbf on input line 34.
LaTeX Font Info:    Overwriting math alphabet `\mathbf' in version `normal'
(Font)                  OT1/cmr/bx/n --> OT1/ptm/bx/n on input line 34.
LaTeX Font Info:    Overwriting math alphabet `\mathbf' in version `bold'
(Font)                  OT1/cmr/bx/n --> OT1/ptm/bx/n on input line 34.
LaTeX Font Info:    Redeclaring math alphabet \mathit on input line 35.
LaTeX Font Info:    Overwriting math alphabet `\mathit' in version `normal'
(Font)                  OT1/cmr/m/it --> OT1/ptm/m/it on input line 35.
LaTeX Font Info:    Overwriting math alphabet `\mathit' in version `bold'
(Font)                  OT1/cmr/bx/it --> OT1/ptm/m/it on input line 35.
LaTeX Info: Redefining \hbar on input line 50.
)
(/usr/share/texlive/texmf-dist/tex/latex/psnfss/helvet.sty
Package: helvet 2005/04/12 PSNFSS-v9.2a (WaS) 
)
(/usr/share/texlive/texmf-dist/tex/latex/psnfss/courier.sty
Package: courier 2005/04/12 PSNFSS-v9.2a (WaS) 
)
(/usr/share/texlive/texmf-dist/tex/latex/base/fontenc.sty
Package: fontenc 2005/09/27 v1.99g Standard LaTeX package

(/usr/share/texlive/texmf-dist/tex/latex/base/t1enc.def
File: t1enc.def 2005/09/27 v1.99g Standard LaTeX file
LaTeX Font Info:    Redeclaring font encoding T1 on input line 43.
))
(/usr/share/texlive/texmf-dist/tex/latex/multirow/multirow.sty)
(/usr/share/texlive/texmf-dist/tex/latex/tools/multicol.sty
Package: multicol 2011/06/27 v1.7a multicolumn formatting (FMi)
\c@tracingmulticols=\count105
\mult@box=\box36
\multicol@leftmargin=\dimen128
\c@unbalance=\count106
\c@collectmore=\count107
\doublecol@number=\count108
\multicoltolerance=\count109
\multicolpretolerance=\count110
\full@width=\dimen129
\page@free=\dimen130
\premulticols=\dimen131
\postmulticols=\dimen132
\multicolsep=\skip62
\multicolbaselineskip=\skip63
\partial@page=\box37
\last@line=\box38
\mult@rightbox=\box39
\mult@grightbox=\box40
\mult@gfirstbox=\box41
\mult@firstbox=\box42
\@tempa=\box43
\@tempa=\box44
\@tempa=\box45
\@tempa=\box46
\@tempa=\box47
\@tempa=\box48
\@tempa=\box49
\@tempa=\box50
\@tempa=\box51
\@tempa=\box52
\@tempa=\box53
\@tempa=\box54
\@tempa=\box55
\@tempa=\box56
\@tempa=\box57
\@tempa=\box58
\@tempa=\box59
\c@columnbadness=\count111
\c@finalcolumnbadness=\count112
\last@try=\dimen133
\multicolovershoot=\dimen134
\multicolundershoot=\dimen135
\mult@nat@firstbox=\box60
\colbreak@box=\box61
\multicol@sort@counter=\count113
)
(/usr/share/texlive/texmf-dist/tex/latex/tools/array.sty
Package: array 2008/09/09 v2.4c Tabular extension package (FMi)
\col@sep=\dimen136
\extrarowheight=\dimen137
\NC@list=\toks18
\extratabsurround=\skip64
\backup@length=\skip65
)
(/usr/share/texlive/texmf-dist/tex/latex/ms/ragged2e.sty
Package: ragged2e 2009/05/21 v2.1 ragged2e Package (MS)

(/usr/share/texlive/texmf-dist/tex/latex/ms/everysel.sty
Package: everysel 2011/10/28 v1.2 EverySelectfont Package (MS)
)
\CenteringLeftskip=\skip66
\RaggedLeftLeftskip=\skip67
\RaggedRightLeftskip=\skip68
\CenteringRightskip=\skip69
\RaggedLeftRightskip=\skip70
\RaggedRightRightskip=\skip71
\CenteringParfillskip=\skip72
\RaggedLeftParfillskip=\skip73
\RaggedRightParfillskip=\skip74
\JustifyingParfillskip=\skip75
\CenteringParindent=\skip76
\RaggedLeftParindent=\skip77
\RaggedRightParindent=\skip78
\JustifyingParindent=\skip79
)
(/usr/share/texlive/texmf-dist/tex/latex/tools/longtable.sty
Package: longtable 2004/02/01 v4.11 Multi-page Table package (DPC)
\LTleft=\skip80
\LTright=\skip81
\LTpre=\skip82
\LTpost=\skip83
\LTchunksize=\count114
\LTcapwidth=\dimen138
\LT@head=\box62
\LT@firsthead=\box63
\LT@foot=\box64
\LT@lastfoot=\box65
\LT@cols=\count115
\LT@rows=\count116
\c@LT@tables=\count117
\c@LT@chunks=\count118
\LT@p@ftn=\toks19
)
Class scrbook Info: longtable captions redefined on input line 17.

(/usr/share/texlive/texmf-dist/tex/latex/koma-script/scrpage2.sty
Package: scrpage2 2010/04/22 v2.5 LaTeX2e KOMA-Script package
LaTeX Info: Redefining \pagemark on input line 176.
)
(/usr/share/texlive/texmf-dist/tex/latex/mdwtools/footnote.sty
Package: footnote 1997/01/28 1.13 Save footnotes around boxes
\fn@notes=\box66
\fn@width=\dimen139
)
(/usr/share/texlive/texmf-dist/tex/latex/tools/verbatim.sty
Package: verbatim 2003/08/22 v1.5q LaTeX2e package for verbatim enhancements
\every@verbatim=\toks20
\verbatim@line=\toks21
\verbatim@in@stream=\read1
)
(/usr/share/texlive/texmf-dist/tex/latex/framed/framed.sty
Package: framed 2011/10/22 v 0.96: framed or shaded text with page breaks
\OuterFrameSep=\skip84
\fb@frw=\dimen140
\fb@frh=\dimen141
\FrameRule=\dimen142
\FrameSep=\dimen143
) (./mdframed.sty
Package: mdframed 2010/12/22  v0.6a: mdframed

(/usr/share/texlive/texmf-dist/tex/latex/etex-pkg/etex.sty
Package: etex 1998/03/26 v2.0 eTeX basic definition package (PEB)
\et@xins=\count119
)
(/usr/share/texlive/texmf-dist/tex/latex/tools/calc.sty
Package: calc 2007/08/22 v4.3 Infix arithmetic (KKT,FJ)
\calc@Acount=\count120
\calc@Bcount=\count121
\calc@Adimen=\dimen144
\calc@Bdimen=\dimen145
\calc@Askip=\skip85
\calc@Bskip=\skip86
LaTeX Info: Redefining \setlength on input line 76.
LaTeX Info: Redefining \addtolength on input line 77.
\calc@Ccount=\count122
\calc@Cskip=\skip87
) (./etoolbox.sty
Package: etoolbox 2011/01/03 v2.1 e-TeX tools for LaTeX
\etb@tempcnta=\count123
)
\md@templength=\skip88
\mdf@skipabove@length=\skip89
\mdf@skipbelow@length=\skip90
\mdf@leftmargin@length=\skip91
\mdf@rightmargin@length=\skip92
\mdf@margin@length=\skip93
\mdf@innerleftmargin@length=\skip94
\mdf@innerrightmargin@length=\skip95
\mdf@innertopmargin@length=\skip96
\mdf@innerbottommargin@length=\skip97
\mdf@splittopskip@length=\skip98
\mdf@splitbottomskip@length=\skip99
\mdf@linewidth@length=\skip100
\mdf@innerlinewidth@length=\skip101
\mdf@middlelinewidth@length=\skip102
\mdf@outerlinewidth@length=\skip103
\mdf@roundcorner@length=\skip104

(./md-frame-0.mdf
File: md-frame-3.mdf 2010/12/22  v0.6a: md-frame-0
)
\md@temp@skip@a=\skip105
\md@verticalmarginwhole@length=\skip106
\mdf@xmargin@length=\skip107
\mdf@ymargin@length=\skip108
\mdfboxheight=\skip109
\mdfboxwidth=\skip110
\mdfboundingboxheight=\skip111
\mdfboundingboxwidth=\skip112
\mdfpositionx=\skip113
\mdfpositiony=\skip114
\md@freevspace@length=\skip115
\md@horizontalspaceofbox=\skip116
\md@temp@frame@hsize=\skip117
\md@temp@frame@vsize=\skip118
)
(/usr/share/texlive/texmf-dist/tex/latex/listings/listings.sty
\lst@mode=\count124
\lst@gtempboxa=\box67
\lst@token=\toks22
\lst@length=\count125
\lst@currlwidth=\dimen146
\lst@column=\count126
\lst@pos=\count127
\lst@lostspace=\dimen147
\lst@width=\dimen148
\lst@newlines=\count128
\lst@lineno=\count129
\lst@maxwidth=\dimen149

(/usr/share/texlive/texmf-dist/tex/latex/listings/lstmisc.sty
File: lstmisc.sty 2007/02/22 1.4 (Carsten Heinz)
\c@lstnumber=\count130
\lst@skipnumbers=\count131
\lst@framebox=\box68
)
(/usr/share/texlive/texmf-dist/tex/latex/listings/listings.cfg
File: listings.cfg 2007/02/22 1.4 listings configuration
))
Package: listings 2007/02/22 1.4 (Carsten Heinz)

(/usr/share/texlive/texmf-dist/tex/latex/lineno/lineno.sty
Package: lineno 2005/11/02 line numbers on paragraphs v4.41
\linenopenalty=\count132
\output=\toks23
\linenoprevgraf=\count133
\linenumbersep=\dimen150
\linenumberwidth=\dimen151
\c@linenumber=\count134
\c@pagewiselinenumber=\count135
\c@LN@truepage=\count136
\c@internallinenumber=\count137
\c@internallinenumbers=\count138
\quotelinenumbersep=\dimen152
\bframerule=\dimen153
\bframesep=\dimen154
\bframebox=\box69
LaTeX Info: Redefining \\ on input line 3056.
)
(/usr/share/texlive/texmf-dist/tex/latex/amsmath/amsmath.sty
Package: amsmath 2000/07/18 v2.13 AMS math features
\@mathmargin=\skip119

For additional information on amsmath, use the `?' option.
(/usr/share/texlive/texmf-dist/tex/latex/amsmath/amstext.sty
Package: amstext 2000/06/29 v2.01

(/usr/share/texlive/texmf-dist/tex/latex/amsmath/amsgen.sty
File: amsgen.sty 1999/11/30 v2.0
\@emptytoks=\toks24
\ex@=\dimen155
))
(/usr/share/texlive/texmf-dist/tex/latex/amsmath/amsbsy.sty
Package: amsbsy 1999/11/29 v1.2d
\pmbraise@=\dimen156
)
(/usr/share/texlive/texmf-dist/tex/latex/amsmath/amsopn.sty
Package: amsopn 1999/12/14 v2.01 operator names
)
\inf@bad=\count139
LaTeX Info: Redefining \frac on input line 211.
\uproot@=\count140
\leftroot@=\count141
LaTeX Info: Redefining \overline on input line 307.
\classnum@=\count142
\DOTSCASE@=\count143
LaTeX Info: Redefining \ldots on input line 379.
LaTeX Info: Redefining \dots on input line 382.
LaTeX Info: Redefining \cdots on input line 467.
\Mathstrutbox@=\box70
\strutbox@=\box71
\big@size=\dimen157
LaTeX Font Info:    Redeclaring font encoding OML on input line 567.
LaTeX Font Info:    Redeclaring font encoding OMS on input line 568.
\macc@depth=\count144
\c@MaxMatrixCols=\count145
\dotsspace@=\muskip11
\c@parentequation=\count146
\dspbrk@lvl=\count147
\tag@help=\toks25
\row@=\count148
\column@=\count149
\maxfields@=\count150
\andhelp@=\toks26
\eqnshift@=\dimen158
\alignsep@=\dimen159
\tagshift@=\dimen160
\tagwidth@=\dimen161
\totwidth@=\dimen162
\lineht@=\dimen163
\@envbody=\toks27
\multlinegap=\skip120
\multlinetaggap=\skip121
\mathdisplay@stack=\toks28
LaTeX Info: Redefining \[ on input line 2666.
LaTeX Info: Redefining \] on input line 2667.
)
(/usr/share/texlive/texmf-dist/tex/latex/amsfonts/amssymb.sty
Package: amssymb 2009/06/22 v3.00

(/usr/share/texlive/texmf-dist/tex/latex/amsfonts/amsfonts.sty
Package: amsfonts 2009/06/22 v3.00 Basic AMSFonts support
\symAMSa=\mathgroup6
\symAMSb=\mathgroup7
LaTeX Font Info:    Overwriting math alphabet `\mathfrak' in version `bold'
(Font)                  U/euf/m/n --> U/euf/b/n on input line 96.
))
(/usr/share/texlive/texmf-dist/tex/latex/psnfss/pifont.sty
Package: pifont 2005/04/12 PSNFSS-v9.2a Pi font support (SPQR) 
LaTeX Font Info:    Try loading font information for U+pzd on input line 63.

(/usr/share/texlive/texmf-dist/tex/latex/psnfss/upzd.fd
File: upzd.fd 2001/06/04 font definitions for U/pzd.
)
LaTeX Font Info:    Try loading font information for U+psy on input line 64.

(/usr/share/texlive/texmf-dist/tex/latex/psnfss/upsy.fd
File: upsy.fd 2001/06/04 font definitions for U/psy.
))
(/usr/share/texlive/texmf-dist/tex/latex/marvosym/marvosym.sty
Package: marvosym 2011/07/20 v2.2 Martin Vogel's Symbols font definitions
)
(/usr/share/texlive/texmf-dist/tex/latex/fourier/fourier-orns.sty
Package: fourier-orns 2004/01/30 1.1 fourier-ornaments package
)
(/usr/share/texlive/texmf-dist/tex/latex/graphics/graphicx.sty
Package: graphicx 1999/02/16 v1.0f Enhanced LaTeX Graphics (DPC,SPQR)
\Gin@req@height=\dimen164
\Gin@req@width=\dimen165
)
(/usr/share/texlive/texmf-dist/tex/latex/wasysym/wasysym.sty
Package: wasysym 2003/10/30 v2.0 Wasy-2 symbol support package
\symwasy=\mathgroup8
LaTeX Font Info:    Overwriting symbol font `wasy' in version `bold'
(Font)                  U/wasy/m/n --> U/wasy/b/n on input line 90.
)
(/usr/share/texlive/texmf-dist/tex/latex/bbm-macros/bbm.sty
Package: bbm 1999/03/15 V 1.2 provides fonts for set symbols - TH
LaTeX Font Info:    Overwriting math alphabet `\mathbbm' in version `bold'
(Font)                  U/bbm/m/n --> U/bbm/bx/n on input line 33.
LaTeX Font Info:    Overwriting math alphabet `\mathbbmss' in version `bold'
(Font)                  U/bbmss/m/n --> U/bbmss/bx/n on input line 35.
)
(/usr/share/texlive/texmf-dist/tex/latex/skull/skull.sty
Package: skull 2002/01/23 v0.1 (c) Henrik Christian Grove <grove@math.ku.dk>
\symSKULL=\mathgroup9
)
(/usr/share/texmf/tex/latex/tipa/tipa.sty
Package: tipa 2002/08/08 TIPA version 1.1

(/usr/share/texlive/texmf-dist/tex/latex/base/fontenc.sty
Package: fontenc 2005/09/27 v1.99g Standard LaTeX package

(/usr/share/texmf/tex/latex/tipa/t3enc.def
File: t3enc.def 2001/12/31 T3 encoding
LaTeX Font Info:    Try loading font information for T1+phv on input line 357.

(/usr/share/texlive/texmf-dist/tex/latex/psnfss/t1phv.fd
File: t1phv.fd 2001/06/04 scalable font definitions for T1/phv.
)
LaTeX Font Info:    Font shape `T1/phv/m/n' will be
(Font)              scaled to size 10.07397pt on input line 357.
)
(/usr/share/texlive/texmf-dist/tex/latex/base/t1enc.def
File: t1enc.def 2005/09/27 v1.99g Standard LaTeX file
LaTeX Font Info:    Redeclaring font encoding T1 on input line 43.
)))
(/usr/share/texlive/texmf-dist/tex/latex/fancyvrb/fancyvrb.sty
Package: fancyvrb 2008/02/07

Style option: `fancyvrb' v2.7a, with DG/SPQR fixes, and firstline=lastline fix 
<2008/02/07> (tvz)
\FV@CodeLineNo=\count151
\FV@InFile=\read2
\FV@TabBox=\box72
\c@FancyVerbLine=\count152
\FV@StepNumber=\count153
\FV@OutFile=\write3
) (/usr/share/texlive/texmf-dist/tex/latex/bbding/bbding.sty
Package: bbding 1999/04/15 v1.01 Dingbats symbols
) (/usr/share/texmf/tex/latex/xcolor/xcolor.sty
Package: xcolor 2007/01/21 v2.11 LaTeX color extensions (UK)

(/usr/share/texlive/texmf-dist/tex/latex/latexconfig/color.cfg
File: color.cfg 2007/01/18 v1.5 color configuration of teTeX/TeXLive
)
Package xcolor Info: Driver file: pdftex.def on input line 225.

(/usr/share/texlive/texmf-dist/tex/latex/colortbl/colortbl.sty
Package: colortbl 2012/02/13 v1.0a Color table columns (DPC)
\everycr=\toks29
\minrowclearance=\skip122
)
LaTeX Info: Redefining \color on input line 702.
\rownum=\count154
Package xcolor Info: Model `cmy' substituted by `cmy0' on input line 1337.
Package xcolor Info: Model `hsb' substituted by `rgb' on input line 1341.
Package xcolor Info: Model `RGB' extended on input line 1353.
Package xcolor Info: Model `HTML' substituted by `rgb' on input line 1355.
Package xcolor Info: Model `Hsb' substituted by `hsb' on input line 1356.
Package xcolor Info: Model `tHsb' substituted by `hsb' on input line 1357.
Package xcolor Info: Model `HSB' substituted by `hsb' on input line 1358.
Package xcolor Info: Model `Gray' substituted by `gray' on input line 1359.
Package xcolor Info: Model `wave' substituted by `hsb' on input line 1360.
)
(/usr/share/texlive/texmf-dist/tex/latex/microtype/microtype.sty
Package: microtype 2010/01/10 v2.4 Micro-typography with pdfTeX (RS)
\MT@toks=\toks30
\MT@count=\count155
LaTeX Info: Redefining \lsstyle on input line 1597.
LaTeX Info: Redefining \lslig on input line 1597.
\MT@outer@space=\skip123
LaTeX Info: Redefining \textls on input line 1605.
\MT@outer@kern=\dimen166
LaTeX Info: Redefining \textmicrotypecontext on input line 2156.
Package microtype Info: Loading configuration file microtype.cfg.

(/usr/share/texlive/texmf-dist/tex/latex/microtype/microtype.cfg
File: microtype.cfg 2010/01/10 v2.4 microtype main configuration file (RS)
))
(/usr/share/texlive/texmf-dist/tex/latex/graphics/lscape.sty
Package: lscape 2000/10/22 v3.01 Landscape Pages (DPC)
)
(/usr/share/texlive/texmf-dist/tex/latex/amscls/amsthm.sty
Package: amsthm 2009/07/02 v2.20.1
\thm@style=\toks31
\thm@bodyfont=\toks32
\thm@headfont=\toks33
\thm@notefont=\toks34
\thm@headpunct=\toks35
\thm@preskip=\skip124
\thm@postskip=\skip125
\thm@headsep=\skip126
\dth@everypar=\toks36
))
(../headers/defaultcolors.tex) (../headers/hyphenation.tex)
(../headers/commands.tex
\fnwidth=\skip127
\mylength=\skip128
\myhight=\skip129
\myshadingheight=\skip130
) (/usr/share/texmf/tex/latex/cm-super/type1ec.sty
Package: type1ec 2002/09/07 v1.1 Type1 EC font definitions (for CM-Super fonts)


(/usr/share/texlive/texmf-dist/tex/latex/base/t1cmr.fd
File: t1cmr.fd 1999/05/25 v2.5h Standard LaTeX font definitions
))
(/usr/share/texmf/tex/latex/CJK/CJKutf8.sty
Package: CJKutf8 2012/05/07 4.8.3

(/usr/share/texlive/texmf-dist/tex/latex/base/inputenc.sty
Package: inputenc 2008/03/30 v1.1d Input encoding file
\inpenc@prehook=\toks37
\inpenc@posthook=\toks38

(/usr/share/texlive/texmf-dist/tex/latex/base/utf8.def
File: utf8.def 2008/04/05 v1.1m UTF-8 support for inputenc
Now handling font encoding OML ...
... no UTF-8 mapping file for font encoding OML
Now handling font encoding T1 ...
... processing UTF-8 mapping file for font encoding T1

(/usr/share/texlive/texmf-dist/tex/latex/base/t1enc.dfu
File: t1enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+2423 (decimal 9251)
)
Now handling font encoding OT1 ...
... processing UTF-8 mapping file for font encoding OT1

(/usr/share/texlive/texmf-dist/tex/latex/base/ot1enc.dfu
File: ot1enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
)
Now handling font encoding OMS ...
... processing UTF-8 mapping file for font encoding OMS

(/usr/share/texlive/texmf-dist/tex/latex/base/omsenc.dfu
File: omsenc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
)
Now handling font encoding OMX ...
... no UTF-8 mapping file for font encoding OMX
Now handling font encoding U ...
... no UTF-8 mapping file for font encoding U
Now handling font encoding TS1 ...
... processing UTF-8 mapping file for font encoding TS1

(/usr/share/texlive/texmf-dist/tex/latex/base/ts1enc.dfu
File: ts1enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
)
Now handling font encoding PD1 ...
... no UTF-8 mapping file for font encoding PD1
Now handling font encoding PU ...
... no UTF-8 mapping file for font encoding PU
Now handling font encoding T3 ...
... no UTF-8 mapping file for font encoding T3
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2423 (decimal 9251)
))
(/usr/share/texmf/tex/latex/CJK/CJK.sty
Package: CJK 2012/05/07 4.8.3

(/usr/share/texmf/tex/latex/CJK/mule/MULEenc.sty
Package: MULEenc 2012/05/07 4.8.3
)
(/usr/share/texmf/tex/latex/CJK/CJK.enc
File: CJK.enc 2012/05/07 4.8.3
Now handling font encoding C00 ...
... no UTF-8 mapping file for font encoding C00
Now handling font encoding C05 ...
... no UTF-8 mapping file for font encoding C05
Now handling font encoding C09 ...
... no UTF-8 mapping file for font encoding C09
Now handling font encoding C10 ...
... no UTF-8 mapping file for font encoding C10
Now handling font encoding C20 ...
... no UTF-8 mapping file for font encoding C20
Now handling font encoding C19 ...
... no UTF-8 mapping file for font encoding C19
Now handling font encoding C40 ...
... no UTF-8 mapping file for font encoding C40
Now handling font encoding C42 ...
... no UTF-8 mapping file for font encoding C42
Now handling font encoding C43 ...
... no UTF-8 mapping file for font encoding C43
Now handling font encoding C50 ...
... no UTF-8 mapping file for font encoding C50
Now handling font encoding C52 ...
... no UTF-8 mapping file for font encoding C52
Now handling font encoding C49 ...
... no UTF-8 mapping file for font encoding C49
Now handling font encoding C60 ...
... no UTF-8 mapping file for font encoding C60
Now handling font encoding C61 ...
... no UTF-8 mapping file for font encoding C61
Now handling font encoding C63 ...
... no UTF-8 mapping file for font encoding C63
Now handling font encoding C64 ...
... no UTF-8 mapping file for font encoding C64
Now handling font encoding C65 ...
... no UTF-8 mapping file for font encoding C65
Now handling font encoding C70 ...
... no UTF-8 mapping file for font encoding C70
Now handling font encoding C31 ...
... no UTF-8 mapping file for font encoding C31
Now handling font encoding C32 ...
... no UTF-8 mapping file for font encoding C32
Now handling font encoding C33 ...
... no UTF-8 mapping file for font encoding C33
Now handling font encoding C34 ...
... no UTF-8 mapping file for font encoding C34
Now handling font encoding C35 ...
... no UTF-8 mapping file for font encoding C35
Now handling font encoding C36 ...
... no UTF-8 mapping file for font encoding C36
Now handling font encoding C37 ...
... no UTF-8 mapping file for font encoding C37
Now handling font encoding C80 ...
... no UTF-8 mapping file for font encoding C80
Now handling font encoding C81 ...
... no UTF-8 mapping file for font encoding C81
Now handling font encoding C01 ...
... no UTF-8 mapping file for font encoding C01
Now handling font encoding C11 ...
... no UTF-8 mapping file for font encoding C11
Now handling font encoding C21 ...
... no UTF-8 mapping file for font encoding C21
Now handling font encoding C41 ...
... no UTF-8 mapping file for font encoding C41
Now handling font encoding C62 ...
... no UTF-8 mapping file for font encoding C62
)
LaTeX Info: Redefining \selectfont on input line 755.
\CJK@indent=\box73
)
(/usr/share/texlive/texmf-dist/tex/latex/base/fontenc.sty
Package: fontenc 2005/09/27 v1.99g Standard LaTeX package
))
(/usr/share/texmf/tex/latex/CJK/ruby.sty
Package: ruby 2012/05/07 4.8.3
\ruby@width=\dimen167
)
(/usr/share/texmf/tex/latex/CJK/CJKulem.sty
Package: CJKulem 2012/05/07 4.8.3
\UL@lastkern=\dimen168
\CJK@skip=\skip131
) (../headers/title.tex)
(../headers/options.tex
LaTeX Font Info:    Try loading font information for T1+ptm on input line 13.

(/usr/share/texlive/texmf-dist/tex/latex/psnfss/t1ptm.fd
File: t1ptm.fd 2001/06/04 font definitions for T1/ptm.
)

Package typearea Warning: Bad type area settings!
(typearea)                The detected line width is about 18%
(typearea)                larger than the heuristically detected line width.
(typearea)                You should e.g. decrease DIV, increase fontsize
(typearea)                or change papersize.

Package typearea Info: These are the values describing the layout:
(typearea)             DIV  = 13
(typearea)             BCOR = 34.1433pt
(typearea)             \paperwidth      = 597.50793pt
(typearea)              \textwidth      = 433.35742pt
(typearea)              DIV departure   = -18%
(typearea)              \evensidemargin = 14.40149pt
(typearea)              \oddsidemargin  = 5.20905pt
(typearea)             \paperheight     = 845.04694pt
(typearea)              \textheight     = 650.20029pt
(typearea)              \topmargin      = -44.6664pt
(typearea)              \headheight     = 17.0pt
(typearea)              \headsep        = 20.40001pt
(typearea)              \topskip        = 11.0pt
(typearea)              \footskip       = 47.60002pt
(typearea)              \baselineskip   = 13.6pt
(typearea)              on input line 13.
) (../headers/formattings.tex
Package hyperref Info: Option `breaklinks' set `true' on input line 17.
Package hyperref Info: Option `colorlinks' set `false' on input line 17.
Package hyperref Info: Option `bookmarksopen' set `true' on input line 17.
Package hyperref Info: Option `bookmarksnumbered' set `true' on input line 17.
Package hyperref Info: Option `frenchlinks' set `false' on input line 17.
) (../headers/unicodes.tex)
(../headers/templates.tex
\wbtemplengtha=\skip132
\wbtemplengthb=\skip133
\wbtemplengthc=\skip134
\wbtemplengthd=\skip135
\wbtemplengthe=\skip136
\wbtempcounta=\count156
\wbtempcountb=\count157
\wbtempcountc=\count158


! LaTeX Error: Command \AdaSGOne already defined.
               Or name \end... illegal, see p.192 of the manual.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.222 ...GOne}[2]{\myfnhref{_#1/}{Chapter #1: #2}}
                                                  
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


! LaTeX Error: Command \PDFLink already defined.
               Or name \end... illegal, see p.192 of the manual.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.653 \newcommand{\PDFLink}[1]{#1 PDF}
                                      
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.

\c@satz=\count159
\c@beweis=\count160
\c@beispiel=\count161
\c@mydef=\count162
) (../headers/templates-dirk.tex) (../headers/templates-chemie.tex)
(/usr/share/texmf/tex/latex/lm/lmodern.sty
Package: lmodern 2009/10/30 v1.6 Latin Modern Fonts
LaTeX Font Info:    Overwriting symbol font `operators' in version `normal'
(Font)                  OT1/ztmcm/m/n --> OT1/lmr/m/n on input line 22.
LaTeX Font Info:    Overwriting symbol font `letters' in version `normal'
(Font)                  OML/ztmcm/m/it --> OML/lmm/m/it on input line 23.
LaTeX Font Info:    Overwriting symbol font `symbols' in version `normal'
(Font)                  OMS/ztmcm/m/n --> OMS/lmsy/m/n on input line 24.
LaTeX Font Info:    Overwriting symbol font `largesymbols' in version `normal'
(Font)                  OMX/ztmcm/m/n --> OMX/lmex/m/n on input line 25.
LaTeX Font Info:    Overwriting symbol font `operators' in version `bold'
(Font)                  OT1/ztmcm/m/n --> OT1/lmr/bx/n on input line 26.
LaTeX Font Info:    Overwriting symbol font `letters' in version `bold'
(Font)                  OML/ztmcm/m/it --> OML/lmm/b/it on input line 27.
LaTeX Font Info:    Overwriting symbol font `symbols' in version `bold'
(Font)                  OMS/ztmcm/m/n --> OMS/lmsy/b/n on input line 28.
LaTeX Font Info:    Overwriting symbol font `largesymbols' in version `bold'
(Font)                  OMX/ztmcm/m/n --> OMX/lmex/m/n on input line 29.
LaTeX Font Info:    Overwriting math alphabet `\mathbf' in version `normal'
(Font)                  OT1/ptm/bx/n --> OT1/lmr/bx/n on input line 31.
LaTeX Font Info:    Overwriting math alphabet `\mathsf' in version `normal'
(Font)                  OT1/cmss/m/n --> OT1/lmss/m/n on input line 32.
LaTeX Font Info:    Overwriting math alphabet `\mathit' in version `normal'
(Font)                  OT1/ptm/m/it --> OT1/lmr/m/it on input line 33.
LaTeX Font Info:    Overwriting math alphabet `\mathtt' in version `normal'
(Font)                  OT1/cmtt/m/n --> OT1/lmtt/m/n on input line 34.
LaTeX Font Info:    Overwriting math alphabet `\mathbf' in version `bold'
(Font)                  OT1/ptm/bx/n --> OT1/lmr/bx/n on input line 35.
LaTeX Font Info:    Overwriting math alphabet `\mathsf' in version `bold'
(Font)                  OT1/cmss/bx/n --> OT1/lmss/bx/n on input line 36.
LaTeX Font Info:    Overwriting math alphabet `\mathit' in version `bold'
(Font)                  OT1/ptm/m/it --> OT1/lmr/bx/it on input line 37.
LaTeX Font Info:    Overwriting math alphabet `\mathtt' in version `bold'
(Font)                  OT1/cmtt/m/n --> OT1/lmtt/m/n on input line 38.
) (./main.aux)
\openout1 = `main.aux'.

LaTeX Font Info:    Checking defaults for OML/cmm/m/it on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for T1/cmr/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for OT1/cmr/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for OMS/cmsy/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for OMX/cmex/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for U/cmr/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for TS1/cmr/m/n on input line 23.
LaTeX Font Info:    Try loading font information for TS1+cmr on input line 23.

(/usr/share/texlive/texmf-dist/tex/latex/base/ts1cmr.fd
File: ts1cmr.fd 1999/05/25 v2.5h Standard LaTeX font definitions
)
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for PD1/pdf/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for PU/pdf/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for T3/cmr/m/n on input line 23.
LaTeX Font Info:    Try loading font information for T3+cmr on input line 23.

(/usr/share/texmf/tex/latex/tipa/t3cmr.fd
File: t3cmr.fd 2001/12/31 TIPA font definitions
)
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C00/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C05/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C09/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C10/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C20/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C19/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C40/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C42/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C43/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C50/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C52/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C49/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C60/mj/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C61/mj/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C63/mj/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C64/mj/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C65/mj/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C70/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C31/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C32/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C33/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C34/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C35/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C36/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C37/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C80/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C81/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C01/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C11/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C21/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C41/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C62/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Try loading font information for T1+lmr on input line 23.

(/usr/share/texmf/tex/latex/lm/t1lmr.fd
File: t1lmr.fd 2009/10/30 v1.6 Font defs for Latin Modern
)
(/usr/share/texlive/texmf-dist/tex/context/base/supp-pdf.mkii
[Loading MPS to PDF converter (version 2006.09.02).]
\scratchcounter=\count163
\scratchdimen=\dimen169
\scratchbox=\box74
\nofMPsegments=\count164
\nofMParguments=\count165
\everyMPshowfont=\toks39
\MPscratchCnt=\count166
\MPscratchDim=\dimen170
\MPnumerator=\count167
\makeMPintoPDFobject=\count168
\everyMPtoPDFconversion=\toks40
)
\AtBeginShipoutBox=\box75
Package hyperref Info: Link coloring OFF on input line 23.
 (/usr/share/texlive/texmf-dist/tex/latex/hyperref/nameref.sty
Package: nameref 2010/04/30 v2.40 Cross-referencing by name of section

(/usr/share/texlive/texmf-dist/tex/generic/oberdiek/gettitlestring.sty
Package: gettitlestring 2010/12/03 v1.4 Cleanup title references (HO)
)
\c@section@level=\count169
)
LaTeX Info: Redefining \ref on input line 23.
LaTeX Info: Redefining \pageref on input line 23.
LaTeX Info: Redefining \nameref on input line 23.

(./main.out) (./main.out)
\@outlinefile=\write4
\openout4 = `main.out'.

LaTeX Font Info:    Try loading font information for T1+lmss on input line 23.
 (/usr/share/texmf/tex/latex/lm/t1lmss.fd
File: t1lmss.fd 2009/10/30 v1.6 Font defs for Latin Modern
)
Package tocstyle Info: prepare \l@part for redefinition on input line 23.
Package tocstyle Info: prepare \l@chapter for redefinition on input line 23.
Package tocstyle Info: prepare \l@section for redefinition on input line 23.
LaTeX Font Info:    Try loading font information for OT1+lmr on input line 23.

(/usr/share/texmf/tex/latex/lm/ot1lmr.fd
File: ot1lmr.fd 2009/10/30 v1.6 Font defs for Latin Modern
)
LaTeX Font Info:    Try loading font information for OML+lmm on input line 23.

(/usr/share/texmf/tex/latex/lm/omllmm.fd
File: omllmm.fd 2009/10/30 v1.6 Font defs for Latin Modern
)
LaTeX Font Info:    Try loading font information for OMS+lmsy on input line 23.


(/usr/share/texmf/tex/latex/lm/omslmsy.fd
File: omslmsy.fd 2009/10/30 v1.6 Font defs for Latin Modern
)
LaTeX Font Info:    Try loading font information for OMX+lmex on input line 23.


(/usr/share/texmf/tex/latex/lm/omxlmex.fd
File: omxlmex.fd 2009/10/30 v1.6 Font defs for Latin Modern
)
LaTeX Font Info:    External font `lmex10' loaded for size
(Font)              <10.95> on input line 23.
LaTeX Font Info:    External font `lmex10' loaded for size
(Font)              <8> on input line 23.
LaTeX Font Info:    External font `lmex10' loaded for size
(Font)              <6> on input line 23.
LaTeX Font Info:    Try loading font information for OT1+ptm on input line 23.

(/usr/share/texlive/texmf-dist/tex/latex/psnfss/ot1ptm.fd
File: ot1ptm.fd 2001/06/04 font definitions for OT1/ptm.
)
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <10.95> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 23.
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <8> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 23.
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <6> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 23.
LaTeX Font Info:    Try loading font information for U+msa on input line 23.

(/usr/share/texlive/texmf-dist/tex/latex/amsfonts/umsa.fd
File: umsa.fd 2009/06/22 v3.00 AMS symbols A
)
LaTeX Font Info:    Try loading font information for U+msb on input line 23.

(/usr/share/texlive/texmf-dist/tex/latex/amsfonts/umsb.fd
File: umsb.fd 2009/06/22 v3.00 AMS symbols B
)
LaTeX Font Info:    Try loading font information for U+wasy on input line 23.

(/usr/share/texlive/texmf-dist/tex/latex/wasysym/uwasy.fd
File: uwasy.fd 2003/10/30 v2.0 Wasy-2 symbol font definitions
)
Package tocstyle Info: prepare \l@subsection for redefinition on input line 23.

Package tocstyle Info: prepare \l@table for redefinition on input line 23.
Package tocstyle Info: prepare \l@figure for redefinition on input line 23.

(/usr/share/texlive/texmf-dist/tex/latex/oberdiek/epstopdf-base.sty
Package: epstopdf-base 2010/02/09 v2.5 Base part for package epstopdf

(/usr/share/texlive/texmf-dist/tex/latex/oberdiek/grfext.sty
Package: grfext 2010/08/19 v1.1 Manage graphics extensions (HO)
)
Package grfext Info: Graphics extension search list:
(grfext)             [.png,.pdf,.jpg,.mps,.jpeg,.jbig2,.jb2,.PNG,.PDF,.JPG,.JPE
G,.JBIG2,.JB2,.eps]
(grfext)             \AppendGraphicsExtensions on input line 452.

(/usr/share/texlive/texmf-dist/tex/latex/latexconfig/epstopdf-sys.cfg
File: epstopdf-sys.cfg 2010/07/13 v1.3 Configuration of (r)epstopdf for TeX Liv
e
))

Class scrbook Warning: discard change of \selectfont.

ABD: EverySelectfont initializing macros

LaTeX Warning: Command \selectfont   has changed.
               Check if current package is valid.

LaTeX Info: Redefining \selectfont on input line 23.
\c@lstlisting=\count170
LaTeX Info: Redefining \microtypecontext on input line 23.
Package microtype Info: Generating PDF output.
Package microtype Info: Character protrusion enabled (level 2).
Package microtype Info: Using default protrusion set `alltext'.
Package microtype Info: Automatic font expansion enabled (level 2),
(microtype)             stretch: 20, shrink: 20, step: 1, non-selected.
Package microtype Info: Using default expansion set `basictext'.
Package microtype Info: No tracking.
Package microtype Info: No adjustment of interword spacing.
Package microtype Info: No adjustment of character kerning.
(/usr/share/texlive/texmf-dist/tex/latex/microtype/mt-cmr.cfg
File: mt-cmr.cfg 2009/11/09 v2.0 microtype config. file: Computer Modern Roman 
(RS)
)
(/usr/share/texmf/tex/latex/CJK/UTF8/UTF8.bdg
File: UTF8.bdg 2012/05/07 4.8.3
)
(/usr/share/texmf/tex/latex/CJK/UTF8/UTF8.enc
File: UTF8.enc 2012/05/07 4.8.3
)
(/usr/share/texmf/tex/latex/CJK/UTF8/UTF8.chr
File: UTF8.chr 2012/05/07 4.8.3
)
exclude: 
exclude: 
exclude: 
exclude: 
exclude: 
exclude: 
exclude: 
LaTeX Font Info:    External font `lmex10' loaded for size
(Font)              <14.4> on input line 34.
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <14.4> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 34.
(/usr/share/texlive/texmf-dist/tex/latex/microtype/mt-ptm.cfg
File: mt-ptm.cfg 2006/04/20 v1.7 microtype config. file: Times (RS)
)
(/usr/share/texlive/texmf-dist/tex/latex/microtype/mt-msa.cfg
File: mt-msa.cfg 2006/02/04 v1.1 microtype config. file: AMS symbols (a) (RS)
)
(/usr/share/texlive/texmf-dist/tex/latex/microtype/mt-msb.cfg
File: mt-msb.cfg 2005/06/01 v1.0 microtype config. file: AMS symbols (b) (RS)
)

LaTeX Warning: No \author given.
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{/var/lib/texmf/fonts/map/pdftex/updmap/pdftex.map}]
LaTeX Font Info:    External font `lmex10' loaded for size
(Font)              <10> on input line 34.
LaTeX Font Info:    External font `lmex10' loaded for size
(Font)              <7.4> on input line 34.
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <10> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 34.
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <7.4> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 34.
LaTeX Font Info:    Try loading font information for T1+lmtt on input line 34.

(/usr/share/texmf/tex/latex/lm/t1lmtt.fd
File: t1lmtt.fd 2009/10/30 v1.6 Font defs for Latin Modern
) [2

]
Package tocbasic Info: character protrusion at toc deactivated on input line 37
.
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 []
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File: ../images/18.png Graphic file (type png)
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Underfull \hbox (badness 10000) in paragraph at lines 988--990

 []

[45]
Underfull \hbox (badness 10000) in paragraph at lines 1005--1005

 []
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<../images/20.png, id=1193, 881.2925pt x 913.4125pt>
File: ../images/20.png Graphic file (type png)
 <use ../images/20.png>
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 <../images/20.png>] <../images/21.png, id=1199, 612.2875pt x 423.5825pt>
File: ../images/21.png Graphic file (type png)

<use ../images/21.png>
Package pdftex.def Info: ../images/21.png used on input line 1039.
(pdftex.def)             Requested size: 433.35379pt x 299.79556pt.
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Underfull \hbox (badness 10000) in paragraph at lines 1081--1081
[][]$\T1/lmtt/m/n/9 http : / / en . wikibooks . org / w / index . php ? title =
 Biochemistry / Proteins / Types _ of _ protein&amp ;
 []
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]
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Underfull \hbox (badness 10000) in paragraph at lines 1102--1102

 []


Underfull \hbox (badness 10000) in paragraph at lines 1106--1108

 []

[55]
Underfull \hbox (badness 10000) in paragraph at lines 1118--1118

 []


Underfull \hbox (badness 10000) in paragraph at lines 1121--1121

 []


Underfull \hbox (badness 10000) in paragraph at lines 1124--1124

 []


Underfull \hbox (badness 10000) in paragraph at lines 1127--1127

 []


Underfull \hbox (badness 10000) in paragraph at lines 1133--1133

 []


Underfull \hbox (badness 10000) in paragraph at lines 1136--1136

 []


Underfull \hbox (badness 10000) in paragraph at lines 1139--1139

 []


Underfull \hbox (badness 10000) in paragraph at lines 1142--1142

 []

[56]
Underfull \hbox (badness 10000) in paragraph at lines 1145--1145

 []


Underfull \hbox (badness 10000) in paragraph at lines 1148--1148

 []


Underfull \hbox (badness 10000) in paragraph at lines 1154--1154

 []

[57]
Underfull \hbox (badness 10000) in paragraph at lines 1167--1167

 []


Underfull \hbox (badness 10000) in paragraph at lines 1168--1169

 []


Underfull \hbox (badness 10000) in paragraph at lines 1173--1173

 []


Underfull \hbox (badness 10000) in paragraph at lines 1185--1185

 []


! LaTeX Error: Something's wrong--perhaps a missing \item.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.1207 \begin{center}
                     
Try typing  <return>  to proceed.
If that doesn't work, type  X <return>  to quit.
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File: ../images/22.png Graphic file (type png)
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[58] <../images/23.png, id=1263, 1244.65pt x 555.07375pt>
File: ../images/23.png Graphic file (type png)

<use ../images/23.png>
Package pdftex.def Info: ../images/23.png used on input line 1220.
(pdftex.def)             Requested size: 419.35805pt x 187.02016pt.
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! LaTeX Error: Something's wrong--perhaps a missing \item.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.1239 \begin{center}
                     
Try typing  <return>  to proceed.
If that doesn't work, type  X <return>  to quit.

<../images/24.png, id=1271, 1244.65pt x 642.4pt>
File: ../images/24.png Graphic file (type png)
 <use ../images/24.png>
Package pdftex.def Info: ../images/24.png used on input line 1240.
(pdftex.def)             Requested size: 419.35805pt x 216.44286pt.

<../images/25.png, id=1272, 917.4275pt x 770.88pt>
File: ../images/25.png Graphic file (type png)
 <use ../images/25.png>
Package pdftex.def Info: ../images/25.png used on input line 1250.
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! LaTeX Error: Something's wrong--perhaps a missing \item.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.1267 \begin{center}
                     
Try typing  <return>  to proceed.
If that doesn't work, type  X <return>  to quit.
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File: ../images/26.png Graphic file (type png)
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Package pdftex.def Info: ../images/26.png used on input line 1268.
(pdftex.def)             Requested size: 419.35805pt x 145.42255pt.
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Underfull \hbox (badness 10000) in paragraph at lines 1306--1306

 []
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]
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<../images/28.jpg, id=1305, 528.47438pt x 279.29344pt>
File: ../images/28.jpg Graphic file (type jpg)
 <use ../images/28.jpg>
Package pdftex.def Info: ../images/28.jpg used on input line 1328.
(pdftex.def)             Requested size: 433.35985pt x 229.02635pt.

Underfull \hbox (badness 10000) in paragraph at lines 1334--1335

 []


Underfull \hbox (badness 10000) in paragraph at lines 1341--1344

 []

[65 <../images/28.jpg>] <../images/29.png, id=1311, 207.77625pt x 63.23625pt>
File: ../images/29.png Graphic file (type png)

<use ../images/29.png>
Package pdftex.def Info: ../images/29.png used on input line 1352.
(pdftex.def)             Requested size: 224.27135pt x 68.25648pt.
 <../images/30.png, id=1312, 224.84pt x 22.0825pt>
File: ../images/30.png Graphic file (type png)

<use ../images/30.png>
Package pdftex.def Info: ../images/30.png used on input line 1361.
(pdftex.def)             Requested size: 242.68977pt x 23.83557pt.

Underfull \hbox (badness 10000) in paragraph at lines 1366--1369

 []

[66 <../images/29.png> <../images/30.png>]
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File: ../images/31.png Graphic file (type png)
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Package pdftex.def Info: ../images/31.png used on input line 1386.
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File: ../images/32.png Graphic file (type png)
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Package pdftex.def Info: ../images/32.png used on input line 1395.
(pdftex.def)             Requested size: 433.3623pt x 79.9041pt.

[67 <../images/31.png>] <../images/33.png, id=1326, 1244.65pt x 1168.365pt>
File: ../images/33.png Graphic file (type png)

<use ../images/33.png>
Package pdftex.def Info: ../images/33.png used on input line 1404.
(pdftex.def)             Requested size: 297.92444pt x 279.66457pt.

Underfull \hbox (badness 10000) in paragraph at lines 1422--1424

 []

[68 <../images/32.png> <../images/33.png>]

! LaTeX Error: Something's wrong--perhaps a missing \item.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.1431 \begin{center}
                     
Try typing  <return>  to proceed.
If that doesn't work, type  X <return>  to quit.
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File: ../images/34.png Graphic file (type png)
 <use ../images/34.png>
Package pdftex.def Info: ../images/34.png used on input line 1432.
(pdftex.def)             Requested size: 419.40285pt x 183.99608pt.
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<../images/35.jpg, id=1361, 528.47438pt x 279.29344pt>
File: ../images/35.jpg Graphic file (type jpg)
 <use ../images/35.jpg>
Package pdftex.def Info: ../images/35.jpg used on input line 1495.
(pdftex.def)             Requested size: 433.35985pt x 229.02635pt.

[73 <../images/35.jpg>] <../images/36.png, id=1366, 224.84pt x 22.0825pt>
File: ../images/36.png Graphic file (type png)

<use ../images/36.png>
Package pdftex.def Info: ../images/36.png used on input line 1514.
(pdftex.def)             Requested size: 242.68977pt x 23.83557pt.

Underfull \hbox (badness 10000) in paragraph at lines 1519--1522

 []

[74 <../images/36.png>] <../images/37.png, id=1374, 1244.65pt x 755.82375pt>
File: ../images/37.png Graphic file (type png)

<use ../images/37.png>
Package pdftex.def Info: ../images/37.png used on input line 1539.
(pdftex.def)             Requested size: 314.18143pt x 190.7892pt.
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Package pdftex.def Info: ../images/38.png used on input line 1548.
(pdftex.def)             Requested size: 433.3623pt x 79.9041pt.
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Package pdftex.def Info: ../images/39.png used on input line 1557.
(pdftex.def)             Requested size: 297.92444pt x 279.66457pt.
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Underfull \hbox (badness 10000) in paragraph at lines 1623--1625

 []
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]
Underfull \hbox (badness 10000) in paragraph at lines 1640--1642

 []


Underfull \hbox (badness 10000) in paragraph at lines 1650--1652

 []
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]
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Underfull \hbox (badness 10000) in paragraph at lines 1678--1681

 []

[87] <../images/40.png, id=1448, 418.80466pt x 246.07935pt>
File: ../images/40.png Graphic file (type png)

<use ../images/40.png>
Package pdftex.def Info: ../images/40.png used on input line 1689.
(pdftex.def)             Requested size: 433.3802pt x 254.64357pt.

Underfull \hbox (badness 10000) in paragraph at lines 1697--1700

 []
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]
Underfull \hbox (badness 10000) in paragraph at lines 1749--1756

 []
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Underfull \hbox (badness 10000) in paragraph at lines 1761--1761
[][]$\T1/lmtt/m/n/9 http : / / en . wikibooks . org / w / index . php ? title =
 Biochemistry / Glycholysis&amp ; action =
 []


Underfull \hbox (badness 10000) in paragraph at lines 1766--1768

 []


Underfull \hbox (badness 10000) in paragraph at lines 1771--1773

 []

[93]
Underfull \hbox (badness 10000) in paragraph at lines 1781--1781
[][]$\T1/lmtt/m/n/9 http : / / en . wikibooks . org / w / index . php ? title =
 Biochemistry / Tricarboxylic _ Acid _ Cycle&amp ;
 []


Underfull \hbox (badness 10000) in paragraph at lines 1784--1788

 []

[94] <../images/41.png, id=1513, 1244.65pt x 1128.215pt>
File: ../images/41.png Graphic file (type png)

<use ../images/41.png>
Package pdftex.def Info: ../images/41.png used on input line 1908.
(pdftex.def)             Requested size: 433.35501pt x 392.81535pt.
 [95]
Underfull \hbox (badness 10000) in paragraph at lines 1916--1916
[][]$\T1/lmtt/m/n/9 http : / / en . wikipedia . org / wiki / File : Mitochondri
al _ electron _ transport _ chain % E2 % 80 % 94Etc4 .
 []
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<../images/42.png, id=1527, 1244.65pt x 1196.47pt>
File: ../images/42.png Graphic file (type png)
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Package pdftex.def Info: ../images/42.png used on input line 1931.
(pdftex.def)             Requested size: 433.35501pt x 416.57997pt.
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Package hyperref Warning: Token not allowed in a PDF string (Unicode):
(hyperref)                removing `math shift' on input line 1966.


Package hyperref Warning: Token not allowed in a PDF string (Unicode):
(hyperref)                removing `math shift' on input line 1966.

LaTeX Font Info:    External font `lmex10' loaded for size
(Font)              <20.74> on input line 1966.
LaTeX Font Info:    External font `lmex10' loaded for size
(Font)              <12> on input line 1966.
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <20.74> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 1966.
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <12> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 1966.

Underfull \hbox (badness 10000) in paragraph at lines 1970--1972

 []

[101] [102]
Chapter 18.

Package hyperref Warning: Token not allowed in a PDF string (Unicode):
(hyperref)                removing `\char' on input line 1978.


Package hyperref Warning: Token not allowed in a PDF string (Unicode):
(hyperref)                removing `\char' on input line 1978.
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File: ../images/44.jpg Graphic file (type jpg)
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Package pdftex.def Info: ../images/44.jpg used on input line 2006.
(pdftex.def)             Requested size: 433.36868pt x 264.91408pt.
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Package pdftex.def Info: ../images/47.jpg used on input line 2056.
(pdftex.def)             Requested size: 433.36868pt x 241.1487pt.
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Underfull \hbox (badness 10000) in paragraph at lines 2090--2091

 []


Underfull \hbox (badness 10000) in paragraph at lines 2092--2093

 []


Underfull \hbox (badness 10000) in paragraph at lines 2095--2096

 []


Underfull \hbox (badness 10000) in paragraph at lines 2101--2102

 []

[109


]
Underfull \hbox (badness 10000) in paragraph at lines 2106--2107

 []


Underfull \hbox (badness 10000) in paragraph at lines 2108--2110

 []


Underfull \hbox (badness 10000) in paragraph at lines 2113--2114

 []

[110] [111] [112


]
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[113] [114


]
Chapter 21.

Underfull \hbox (badness 10000) in paragraph at lines 2131--2131
[][]$\T1/lmtt/m/n/9 http : / / en . wikibooks . org / w / index . php ? title =
 Biochemistry / Cell _ Signaling _ Pathways&amp ;
 []
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]
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[117] [118]
Chapter 23.
[119


] [120] [121] [122] [123] [124


]
Package tocbasic Info: character protrusion at lof deactivated on input line 23
07.
 (./main.lof)
\tf@lof=\write6
\openout6 = `main.lof'.

 [125] [126]
Underfull \hbox (badness 7397) in paragraph at lines 2381--2382
[]\T1/lmr/m/n/10 (+20) Source file: b:File:Feedback_-inhibition.png[][][] []
 []


Underfull \vbox (badness 10000) detected at line 2436
 []

[127] [128]

Class scrbook Warning: Using fallback calculation to setup font sizes
(scrbook)              for basic size `9pt' on input line 2552.


Package typearea Warning: \typearea used at group level 2.
(typearea)                Using \typearea inside any group, e.g.
(typearea)                environments, math mode, boxes, etc. may result in
(typearea)                many type setting problems.
(typearea)                You should move the command \typearea
(typearea)                outside all groups on input line 2552.


Package typearea Warning: Bad type area settings!
(typearea)                The detected line width is about 66%
(typearea)                larger than the heuristically detected line width.
(typearea)                You should e.g. decrease DIV, increase fontsize
(typearea)                or change papersize.

Package typearea Info: These are the values describing the layout:
(typearea)             DIV  = 90
(typearea)             BCOR = 34.1433pt
(typearea)             \paperwidth      = 597.50793pt
(typearea)              \textwidth      = 544.58585pt
(typearea)              DIV departure   = -66%
(typearea)              \evensidemargin = -59.7508pt
(typearea)              \oddsidemargin  = -31.8671pt
(typearea)             \paperheight     = 845.04694pt
(typearea)              \textheight     = 818.99794pt
(typearea)              \topmargin      = -92.58049pt
(typearea)              \headheight     = 13.49995pt
(typearea)              \headsep        = 16.19995pt
(typearea)              \topskip        = 9.0pt
(typearea)              \footskip       = 37.7999pt
(typearea)              \baselineskip   = 10.79997pt
(typearea)              on input line 2552.

Package typearea Warning: Typearea changed!
(typearea)                You should do this only at preamble, because only
(typearea)                \begin{document} calculates output dimensions!
(typearea)                Trying to calculate new output dimensions, but
(typearea)                this is only a dirty hack on input line 2552.


Package typearea Warning: \typearea used at group level 2.
(typearea)                Using \typearea inside any group, e.g.
(typearea)                environments, math mode, boxes, etc. may result in
(typearea)                many type setting problems.
(typearea)                You should move the command \typearea
(typearea)                outside all groups on input line 2552.


Package typearea Warning: Bad type area settings!
(typearea)                The detected line width is about 76%
(typearea)                larger than the heuristically detected line width.
(typearea)                You should e.g. decrease DIV, increase fontsize
(typearea)                or change papersize.

Package typearea Info: These are the values describing the layout:
(typearea)             DIV  = 90
(typearea)             BCOR = 0.0pt
(typearea)             \paperwidth      = 597.50793pt
(typearea)              \textwidth      = 577.591pt
(typearea)              DIV departure   = -76%
(typearea)              \evensidemargin = -58.99203pt
(typearea)              \oddsidemargin  = -65.63101pt
(typearea)             \paperheight     = 845.04694pt
(typearea)              \textheight     = 818.99794pt
(typearea)              \topmargin      = -92.58049pt
(typearea)              \headheight     = 13.49995pt
(typearea)              \headsep        = 16.19995pt
(typearea)              \topskip        = 9.0pt
(typearea)              \footskip       = 37.7999pt
(typearea)              \baselineskip   = 10.79997pt
(typearea)              on input line 2552.

Package typearea Warning: Typearea changed!
(typearea)                You should do this only at preamble, because only
(typearea)                \begin{document} calculates output dimensions!
(typearea)                Trying to calculate new output dimensions, but
(typearea)                this is only a dirty hack on input line 2552.

Chapter 24.
[129


] [130]
Underfull \hbox (badness 7433) in paragraph at lines 2902--2903
[]\T1/lmr/m/n/4.5 "Massive Mul-ti-au-thor Col-lab-o-ra-tion Site" (or
 []


Underfull \hbox (badness 10000) in paragraph at lines 2904--2905
[]\T1/lmr/m/n/4.5 "CC-BY-SA" means the Cre-ative Com-mons
 []

[131]
Package atveryend Info: Empty hook `BeforeClearDocument' on input line 3006.
Package atveryend Info: Empty hook `AfterLastShipout' on input line 3006.
 (./main.aux)
Package atveryend Info: Executing hook `AtVeryEndDocument' on input line 3006.
Package atveryend Info: Executing hook `AtEndAfterFileList' on input line 3006.

Package rerunfilecheck Info: File `main.out' has not changed.
(rerunfilecheck)             Checksum: FCCFFC5AE3B708BA0DB7DE50B043188F;25702.
Package atveryend Info: Empty hook `AtVeryVeryEnd' on input line 3006.
 ) 
Here is how much of TeX's memory you used:
 20876 strings out of 493485
 303393 string characters out of 3143525
 577012 words of memory out of 3000000
 22797 multiletter control sequences out of 15000+200000
 191890 words of font info for 266 fonts, out of 3000000 for 9000
 990 hyphenation exceptions out of 8191
 48i,12n,47p,2513b,1454s stack positions out of 5000i,500n,10000p,200000b,50000s
pdfTeX warning (dest): name{Hfootnote.205} has been referenced but does not e
xist, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.204} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.203} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.202} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.201} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.200} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.199} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.198} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.197} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.196} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.195} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.194} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.193} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.192} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.191} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.190} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.189} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.188} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.187} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.186} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.184} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.183} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.182} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.181} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.180} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.179} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.178} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.177} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.176} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.175} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.174} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.173} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.172} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.171} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.170} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.169} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.168} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.167} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.166} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.165} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.164} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.163} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.162} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.161} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.160} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.159} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.158} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.157} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.156} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.155} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.154} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.153} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.152} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.151} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.150} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.149} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.148} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.147} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.146} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.145} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.144} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.143} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.142} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.141} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.140} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.139} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.138} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.137} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.136} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.135} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.134} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.133} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.132} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.131} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.130} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.129} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.128} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.127} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.126} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.125} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.124} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.123} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.122} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.121} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.120} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.119} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.118} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.117} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.116} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.115} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.114} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.113} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.112} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.111} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.110} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.109} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.108} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.107} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.106} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.105} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.104} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.103} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.102} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.101} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.100} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.99} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.98} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.97} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.96} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.95} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.94} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.93} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.92} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.91} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.90} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.89} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.88} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.87} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.86} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.85} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.84} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.83} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.82} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.81} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.80} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.79} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.78} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.77} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.76} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.75} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.74} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.3} has been referenced but does not exist
, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.2} has been referenced but does not exist
, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.1} has been referenced but does not exist
, replaced by a fixed one
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main/etoolbox.sty

% $Id: etoolbox.sty,v 2.1 2011/01/03 19:14:10 lehman stable $

% Copyright (c) 2007-2011 Philipp Lehman.
%
% Permission is granted to copy, distribute and/or modify this
% software under the terms of the LaTeX Project Public License
% (LPPL), version 1.3.
%
% The LPPL maintenance status of this software is
% 'author-maintained'.
%
% This software is provided 'as is', without warranty of any kind,
% either expressed or implied, including, but not limited to, the
% implied warranties of merchantability and fitness for a
% particular purpose.

\def\etb@rcsid$#1: #2 #3 #4 #5${#4 v#3}

\NeedsTeXFormat{LaTeX2e}
\ProvidesPackage{etoolbox}
[\etb@rcsid $Id: etoolbox.sty,v 2.1 2011/01/03 19:14:10 lehman stable $
 e-TeX tools for LaTeX]

\begingroup
\@ifundefined{eTeXversion}
  {\PackageError{etoolbox}
     {Not running under e-TeX}
     {This package requires e-TeX. Try compiling the document
      with\MessageBreak 'elatex' instead of 'latex'. When using
      pdfTeX, try 'pdfelatex'\MessageBreak instead of 'pdflatex'.
      This is a fatal error. I'm aborting now.}%
   \aftergroup\endinput}
  {}
\endgroup

\RequirePackage{etex}

\def\etb@catcodes{\do\&\do\|\do\:\do\-\do\=\do\<\do\>}
\def\do#1{\catcode\number`#1=\the\catcode`#1\relax}
\edef\etb@catcodes{\etb@catcodes}
\let\do\noexpand
\AtEndOfPackage{\etb@catcodes\undef\etb@catcodes}

\catcode`\&=3
\catcode`\|=3
\@makeother\:
\@makeother\-
\@makeother\=
\@makeother\<
\@makeother\>

\protected\def\etb@error{\PackageError{etoolbox}}
\protected\def\etb@warning{\PackageWarning{etoolbox}}
\protected\def\etb@info{\PackageInfo{etoolbox}}
\newcount\etb@tempcnta

% {<cstoken>}[<arguments>][<optarg default>]{<definition>}

\newcommand*{\newrobustcmd}{}
\protected\def\newrobustcmd{\@star@or@long\etb@new@command}

\def\etb@new@command#1{\@testopt{\etb@newcommand#1}0}

\def\etb@newcommand#1[#2]{%
  \@ifnextchar[%]
    {\etb@xargdef#1[#2]}
    {\ifx\l@ngrel@x\relax
       \let\l@ngrel@x\protected
     \else
       \protected\def\l@ngrel@x{\protected\long}%
     \fi
     \@argdef#1[#2]}}

\long\def\etb@xargdef#1[#2][#3]#4{%
  \@ifdefinable#1{%
    \expandafter\protected
    \expandafter\def
    \expandafter#1%
    \expandafter{%
      \expandafter\@testopt
      \csname\string#1\endcsname{#3}}%
    \expandafter\@yargdef\csname\string#1\endcsname\tw@{#2}{#4}}}

% {<cstoken>}[<arguments>][<optarg default>]{<definition>}

\newrobustcmd*{\renewrobustcmd}{\@star@or@long\etb@renew@command}

\def\etb@renew@command#1{%
  \ifundef{#1}
     {\etb@error{\string#1 undefined}\@ehc}
     {}%
  \let\@ifdefinable\@rc@ifdefinable
  \etb@new@command#1}

% {<cstoken>}[<arguments>][<optarg default>]{<definition>}

\newrobustcmd*{\providerobustcmd}{\@star@or@long\etb@provide@command}

\def\etb@provide@command#1{%
  \ifundef{#1}
    {\def\reserved@a{\etb@new@command#1}}
    {\def\reserved@a{\etb@renew@command\reserved@a}}%
  \reserved@a}

% {<csname>}

\newrobustcmd*{\csshow}[1]{%
  \begingroup\expandafter\endgroup
  \expandafter\show\csname#1\endcsname}

% {<cstoken>}{<true>}{<false>}

\newcommand{\ifdef}[1]{%
  \ifdefined#1%
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<cstoken>}{<true>}{<false>}

\newcommand{\ifundef}[1]{%
  \ifdefined#1%
    \ifx#1\relax
      \expandafter\expandafter
      \expandafter\@firstoftwo
    \else
      \expandafter\expandafter
      \expandafter\@secondoftwo
    \fi
  \else
    \expandafter\@firstoftwo
  \fi}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsdef}[1]{%
  \ifcsname#1\endcsname
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsundef}[1]{%
  \ifcsname#1\endcsname
    \expandafter\ifx\csname#1\endcsname\relax
      \expandafter\expandafter
      \expandafter\@firstoftwo
    \else
      \expandafter\expandafter
      \expandafter\@secondoftwo
    \fi
  \else
    \expandafter\@firstoftwo
  \fi}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefmacro}{}
\long\edef\ifdefmacro#1{%
  \noexpand\expandafter\noexpand\etb@ifdefmacro
  \noexpand\meaning#1\detokenize{macro}:&}
\edef\etb@ifdefmacro{%
  \def\noexpand\etb@ifdefmacro##1\detokenize{macro}:##2&}
\etb@ifdefmacro{\notblank{#2}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsmacro}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefmacro\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefprefix}[1]{%
  \ifdefmacro{#1}
    {\etb@ifdefprefix{#1}}
    {\@secondoftwo}}
\long\edef\etb@ifdefprefix#1{%
  \noexpand\expandafter\noexpand\etb@ifdefprefix@i
  \noexpand\meaning#1\detokenize{macro}:&}
\edef\etb@ifdefprefix@i{%
  \def\noexpand\etb@ifdefprefix@i##1\detokenize{macro}:##2&}
\etb@ifdefprefix@i{\notblank{#1}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsprefix}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefprefix\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefparam}{}
\long\edef\ifdefparam#1{%
  \noexpand\expandafter\noexpand\etb@ifdefparam
  \noexpand\meaning#1\detokenize{macro}:->&}
\edef\etb@ifdefparam{%
  \def\noexpand\etb@ifdefparam##1\detokenize{macro}:##2->##3&}
\etb@ifdefparam{\notblank{#2}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsparam}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefparam\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefprotected}{}
\long\edef\ifdefprotected#1{%
  \noexpand\expandafter\noexpand\etb@ifdefprotected
  \noexpand\meaning#1\string\protected&}
\edef\etb@ifdefprotected{%
  \def\noexpand\etb@ifdefprotected##1\string\protected##2&}
\etb@ifdefprotected{\notblank{#2}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsprotected}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefprotected\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newrobustcmd{\ifdefltxprotect}[1]{%
  \begingroup
  \edef\etb@resrvda{%
    \noexpand\protect\expandafter\noexpand
    \csname\expandafter\@gobble\string#1 \endcsname}%
  \expandafter\endgroup\ifx#1\etb@resrvda
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<csname>}{<true>}{<false>}

\newrobustcmd*{\ifcsltxprotect}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefltxprotect\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true>}{<false>}

\newcommand{\ifdefempty}[1]{%
  \ifundef{#1}
    {\@secondoftwo}
    {\ifdefmacro{#1}
       {\ifdefparam{#1}
	  {\@secondoftwo}
	  {\etb@ifdefempty{#1}}}
       {\@secondoftwo}}}

\def\etb@ifdefempty#1{%
  \expandafter\expandafter
  \expandafter\ifblank
  \expandafter\expandafter
  \expandafter{%
  \expandafter\strip@prefix\meaning#1}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsempty}[1]{%
  \ifcsundef{#1}
    {\@secondoftwo}
    {\expandafter\ifdefparam\csname#1\endcsname
       {\@secondoftwo}
       {\expandafter\etb@ifdefempty\csname#1\endcsname}}}

% {<cstoken>}{<true>}{<false>}

\newcommand{\ifdefvoid}[1]{%
  \ifundef{#1}
    {\@firstoftwo}
    {\ifdefmacro{#1}
       {\ifdefparam{#1}
	  {\@secondoftwo}
	  {\etb@ifdefempty{#1}}}
       {\@secondoftwo}}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsvoid}[1]{%
  \ifcsundef{#1}
    {\@firstoftwo}
    {\expandafter\ifdefparam\csname#1\endcsname
       {\@secondoftwo}
       {\expandafter\etb@ifdefempty\csname#1\endcsname}}}

% {<cstoken1>}{<cstoken2>}{<true>}{<false>}

\newcommand{\ifdefequal}[2]{%
  \ifundef{#1}
    {\@secondoftwo}
    {\ifundef{#2}
       {\@secondoftwo}
       {\ifx#1#2%
          \expandafter\@firstoftwo
        \else
          \expandafter\@secondoftwo
        \fi}}}

% {<csname1>}{<csname2>}{<true>}{<false>}

\newcommand*{\ifcsequal}[2]{%
  \ifcsundef{#1}
    {\@secondoftwo}
    {\ifcsundef{#2}
       {\@secondoftwo}
       {\expandafter\ifx
        \csname#1\expandafter\endcsname
        \csname#2\endcsname
          \expandafter\@firstoftwo
        \else
          \expandafter\@secondoftwo
        \fi}}}

% {<cstoken1>}{<cstoken2>}{<true>}{<false>}

\newrobustcmd{\ifdefstrequal}[2]{%
  \ifdefmacro{#1}
    {\ifdefmacro{#2}
       {\begingroup
	\edef\etb@tempa{\expandafter\strip@prefix\meaning#1}%
	\edef\etb@tempb{\expandafter\strip@prefix\meaning#2}%
	\ifx\etb@tempa\etb@tempb
	  \aftergroup\@firstoftwo
	\else
	  \aftergroup\@secondoftwo
	\fi
	\endgroup}
       {\@secondoftwo}}
    {\@secondoftwo}}

% {<csname1>}{<csname2>}{<true>}{<false>}

\newcommand*{\ifcsstrequal}[2]{%
  \ifcsundef{#1}
    {\@secondoftwo}
    {\ifcsundef{#2}
       {\@secondoftwo}
       {\expandafter\ifdefstrequal
        \csname#1\expandafter\endcsname
	\csname#2\endcsname}}}

% {<cstoken>}{<string>}{<true>}{<false>}

\newrobustcmd{\ifdefstring}[2]{%
  \ifdefmacro{#1}
    {\begingroup
     \edef\etb@tempa{\expandafter\strip@prefix\meaning#1}%
     \edef\etb@tempb{\detokenize{#2}}%
     \ifx\etb@tempa\etb@tempb
       \aftergroup\@firstoftwo
     \else
       \aftergroup\@secondoftwo
     \fi
     \endgroup}
    {\@secondoftwo}}

% {<csname>}{<string>}{<true>}{<false>}

\newrobustcmd{\ifcsstring}[2]{%
  \ifcsundef{#1}
    {\@secondoftwo}
    {\expandafter\ifdefstring\csname#1\endcsname{#2}}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefcounter}[1]{\etb@ifcounter#1&}
\long\def\etb@ifcounter#1#2&{%
  \ifx\count#1%
    \expandafter\@secondoftwo
  \else
    \expandafter\etb@ifcounter@i\meaning#1:%
  \fi}
\edef\etb@ifcounter@i#1:#2\fi{\noexpand\fi
  \noexpand\etb@ifcounter@ii#1\string\count&}
\edef\etb@ifcounter@ii{%
  \def\noexpand\etb@ifcounter@ii##1\string\count##2&}
\etb@ifcounter@ii{\ifblank{#1}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcscounter}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefcounter\csname#1\endcsname}
    {\@secondoftwo}}

% {<name>}{<true>}{<false>}

\newcommand*{\ifltxcounter}[1]{%
  \ifcsdef{c@#1}
    {\expandafter\ifdefcounter\csname c@#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdeflength}[1]{\etb@iflength#1&}
\long\def\etb@iflength#1#2&{%
  \ifx\skip#1%
    \expandafter\@secondoftwo
  \else
    \expandafter\etb@iflength@i\meaning#1:%
  \fi}
\edef\etb@iflength@i#1:#2\fi{\noexpand\fi
  \noexpand\etb@iflength@ii#1\string\skip&}
\edef\etb@iflength@ii{%
  \def\noexpand\etb@iflength@ii##1\string\skip##2&}
\etb@iflength@ii{\ifblank{#1}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcslength}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdeflength\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefdimen}[1]{\etb@ifdimen#1&}
\long\def\etb@ifdimen#1#2&{%
  \ifx\dimen#1%
    \expandafter\@secondoftwo
  \else
    \expandafter\etb@ifdimen@i\meaning#1:%
  \fi}
\edef\etb@ifdimen@i#1:#2\fi{\noexpand\fi
  \noexpand\etb@ifdimen@ii#1\string\dimen&}
\edef\etb@ifdimen@ii{%
  \def\noexpand\etb@ifdimen@ii##1\string\dimen##2&}
\etb@ifdimen@ii{\ifblank{#1}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsdimen}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefdimen\csname#1\endcsname}
    {\@secondoftwo}}

% {<string1>}{<string2>}{<true>}{<false>}

\newrobustcmd{\ifstrequal}[2]{%
  \begingroup
  \edef\etb@tempa{\detokenize{#1}}%
  \edef\etb@tempb{\detokenize{#2}}%
  \ifx\etb@tempa\etb@tempb
    \aftergroup\@firstoftwo
  \else
    \aftergroup\@secondoftwo
  \fi
  \endgroup}

% {<string>}{<true>}{<false>}

\newcommand{\ifstrempty}[1]{%
  \expandafter\ifx\expandafter&\detokenize{#1}&%
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<string>}{<true>}{<false>}

\newcommand{\ifblank}[1]{% from url.sty
  \etb@ifblank@i#1&&\@secondoftwo\@firstoftwo:}
\long\def\etb@ifblank@i#1#2&#3#4#5:{#4}

\newcommand{\notblank}[1]{%
  \etb@ifblank@i#1&&\@firstoftwo\@secondoftwo:}

% {<numexpr>}{<comp>}{<numexpr>}{<true>}{<false>}

\newcommand*{\ifnumcomp}[3]{%
  \ifnum\numexpr#1\relax#2\numexpr#3\relax
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<numexpr>}{<numexpr>}{<true>}{<false>}

\newcommand*{\ifnumequal}[1]{%
  \ifnumcomp{#1}=}

\newcommand*{\ifnumgreater}[1]{%
  \ifnumcomp{#1}>}

\newcommand*{\ifnumless}[1]{%
  \ifnumcomp{#1}<}

% {<numexpr>}{<true>}{<false>}

\newcommand*{\ifnumodd}[1]{%
  \ifodd\numexpr#1\relax
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<dimexpr>}{<comp>}{<dimexpr>}{<true>}{<false>}

\newcommand*{\ifdimcomp}[3]{%
  \ifdim\dimexpr#1\relax#2\dimexpr#3\relax
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<dimexpr>}{<dimexpr>}{<true>}{<false>}

\newcommand*{\ifdimequal}[1]{%
  \ifdimcomp{#1}=}

\newcommand*{\ifdimgreater}[1]{%
  \ifdimcomp{#1}>}

\newcommand*{\ifdimless}[1]{%
  \ifdimcomp{#1}<}

% {<expr>}{<true>}{<false>}

\newcommand{\ifboolexpe}[1]{%
  \etb@be@beg\etb@be@bgroup#1(&\etb@be@end}

\let\etb@be@true\@empty
\def\etb@be@false{-\@ne}

\def\etb@be@beg{%
  \ifnum\numexpr\z@\ifnum\numexpr\z@}

\def\etb@be@end{%
  <\z@
    \expandafter\etb@be@false
  \fi
  <\z@
    \expandafter\@secondoftwo
  \else
    \expandafter\@firstoftwo
  \fi}

\long\def\etb@be@bgroup#1(#2&{%
  \etb@be@egroup#1)&%
  \ifblank{#2}
    {}
    {\etb@be@beg
     \etb@be@bgroup#2&}}

\long\def\etb@be@egroup#1)#2&{%
  \etb@be@and#1and&%
  \ifblank{#2}
    {}
    {\etb@be@end\etb@be@true\etb@be@false
     \etb@be@egroup#2&}}

\long\def\etb@be@and#1and#2&{%
  \etb@be@or#1or&%
  \ifblank{#2}
    {}
    {<\z@
       \expandafter\@firstofone
     \else
       \expandafter\@gobble
     \fi
     {=\z@\fi\ifnum\numexpr\m@ne}%
     \ifnum\numexpr\z@
     \etb@be@and#2&}}

\long\def\etb@be@or#1or#2&{%
  \etb@be@not#1not&%
  \ifblank{#2}
    {}
    {<\z@
       \expandafter\@secondoftwo
     \else
       \expandafter\@firstoftwo
     \fi
     {=\z@\fi\ifnum\numexpr\z@
      \ifnum\numexpr\@ne}
     {=\z@\fi\ifnum\numexpr\z@
      \ifnum\numexpr\z@}%
     \etb@be@or#2&}}

\long\def\etb@be@not#1not#2&{%
  \etb@be@togl#1togl&%
  \ifblank{#2}
    {}
    {>\z@
       \expandafter\@firstoftwo
     \else
       \expandafter\@secondoftwo
     \fi
     {\unless\ifnum\numexpr\m@ne}
     {\unless\ifnum\numexpr\z@}%
     \etb@be@not#2&}}

\long\def\etb@be@togl#1togl#2&{%
  \etb@be@bool#1bool&%
  \ifblank{#2}
    {}
    {\etb@be@togl@i#2&}}

\long\def\etb@be@togl@i#1#2&{%
  \ifcsdef{etb@tgl@#1}
    {\csname etb@tgl@#1\endcsname\etb@be@true\etb@be@false}
    {\etb@be@err{Toggle '#1' undefined}{}}%
  \etb@be@togl#2&}

\long\def\etb@be@bool#1bool#2&{%
  \etb@be@test#1test&%
  \ifblank{#2}
    {}
    {\etb@be@bool@i#2&}}

\long\def\etb@be@bool@i#1#2&{%
  \ifcsundef{if#1}
    {\etb@be@err{Boolean '#1' undefined}{}}
    {\csname if#1\endcsname
     \else
       \etb@be@false
     \fi}%
  \etb@be@bool#2&}

\long\def\etb@be@test#1test#2&{%
  \ifblank{#1}
    {}
    {\etb@be@err{The invalid part is: '\detokenize{#1}'}{}}%
  \ifblank{#2}
    {}
    {\etb@be@test@i#2&}}

\long\def\etb@be@test@i#1#2&{%
  #1\etb@be@true\etb@be@false
  \etb@be@test#2&}

\long\def\etb@be@err#1#2{%
  \expandafter\ifnum\the\numexpr
    \expandafter\ifnum\the\currentiftype=-3
      \expandafter\thr@@
    \else
      \expandafter\currentiftype
    \fi
  =\thr@@
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi
  {=\z@\fi
   \etb@be@err{#1}{#2\ifnum\numexpr\m@ne}}
  {\etb@err@expr{#1}#2}}

% {<expr>}{<true>}{<false>}

\newrobustcmd{\ifboolexpr}[1]{\etb@boolexpr{#1}}

\long\def\etb@boolexpr#1{%
  \begingroup
  \let\etb@br@neg\@firstoftwo
  \etb@tempcnta\z@
  \etb@br@beg
  \etb@br@bgroup#1(&%
  \etb@br@end
  \etb@br@eval}

\def\etb@br@beg{%
  \begingroup
  \let\etb@br@neg\@firstoftwo
  \etb@tempcnta\z@}

\def\etb@br@end{%
  \etb@br@eval\etb@br@true\etb@br@false}

\def\etb@br@eval{%
  \ifnum\etb@tempcnta<\z@
    \aftergroup\@secondoftwo
  \else
    \aftergroup\@firstoftwo
  \fi
  \endgroup}

\def\etb@br@true{%
  \advance\etb@tempcnta\etb@br@neg\z@\m@ne
  \let\etb@br@neg\@firstoftwo}

\def\etb@br@false{%
  \advance\etb@tempcnta\etb@br@neg\m@ne\z@
  \let\etb@br@neg\@firstoftwo}

\long\def\etb@br@bgroup#1(#2&{%
  \etb@br@egroup#1)&%
  \ifblank{#2}
    {}
    {\etb@br@beg
     \etb@br@bgroup#2&}}

\long\def\etb@br@egroup#1)#2&{%
  \etb@br@and#1and&%
  \ifblank{#2}
    {}
    {\etb@br@end
     \etb@br@egroup#2&}}

\long\def\etb@br@and#1and#2&{%
  \etb@br@or#1or&%
  \ifblank{#2}
    {}
    {\ifnum\etb@tempcnta<\z@
       \etb@tempcnta\m@ne
     \else
       \etb@tempcnta\z@
     \fi
     \etb@br@and#2&}}

\long\def\etb@br@or#1or#2&{%
  \etb@br@not#1not&%
  \ifblank{#2}
    {}
    {\ifnum\etb@tempcnta<\z@
       \etb@tempcnta\z@
     \else
       \etb@tempcnta\@ne
     \fi
     \etb@br@or#2&}}

\long\def\etb@br@not#1not#2&{%
  \etb@br@togl#1togl&%
  \ifblank{#2}
    {}
    {\let\etb@br@neg\@secondoftwo
     \etb@br@not#2&}}

\long\def\etb@br@togl#1togl#2&{%
  \etb@br@bool#1bool&%
  \ifblank{#2}
    {}
    {\etb@br@togl@i#2&}}

\long\def\etb@br@togl@i#1#2&{%
  \ifcsdef{etb@tgl@#1}
    {\csname etb@tgl@#1\endcsname\etb@br@true\etb@br@false}
    {\etb@err@expr{Toggle '#1' undefined}\etb@br@false}%
  \etb@br@togl#2&}

\long\def\etb@br@bool#1bool#2&{%
  \etb@br@test#1test&%
  \ifblank{#2}
    {}
    {\etb@br@bool@i#2&}}

\long\def\etb@br@bool@i#1#2&{%
  \ifcsundef{if#1}
    {\etb@err@expr{Boolean '#1' undefined}\etb@br@false}
    {\csname if#1\endcsname
       \etb@br@true
     \else
       \etb@br@false
     \fi}%
  \etb@br@bool#2&}

\long\def\etb@br@test#1test#2&{%
  \ifblank{#1}
    {}
    {\etb@err@expr{The invalid part is: '\detokenize{#1}'}}%
  \ifblank{#2}
    {}
    {\etb@br@test@i#2&}}

\long\def\etb@br@test@i#1#2&{%
  \ignorespaces#1\etb@br@true\etb@br@false
  \etb@br@test#2&}

\long\def\etb@err@expr#1{%
  \etb@error
    {Invalid boolean expression}
    {#1.}}

% {<expr>}{<code>}

\newrobustcmd{\whileboolexpr}[2]{%
  \etb@boolexpr{#1}{#2\whileboolexpr{#1}{#2}}{}}

% {<expr>}{<code>}

\newrobustcmd{\unlessboolexpr}[2]{%
  \etb@boolexpr{#1}{}{#2\unlessboolexpr{#1}{#2}}}

% {<cstoken>}

\newcommand{\expandonce}[1]{%
  \unexpanded\expandafter{#1}}

% {<csname>}

\newcommand*{\csexpandonce}[1]{%
  \expandafter\expandonce\csname#1\endcsname}

% {<code>}

\newcommand*{\protecting}{}
\def\protecting#{%
  \ifx\protect\@typeset@protect
    \etb@protecting\@firstofone
  \fi
  \ifx\protect\@unexpandable@protect
    \etb@protecting\etb@unexpandable
  \fi
  \ifx\protect\noexpand
    \etb@protecting\unexpanded
  \fi
  \ifx\protect\string
    \etb@protecting\detokenize
  \fi
  \relax\@firstofone}

\def\etb@protecting#1#2\relax\@firstofone{\fi#1}
\long\def\etb@unexpandable#1{\unexpanded{\protecting{#1}}}

% {<csname>}

\newrobustcmd*{\csdef}[1]{\expandafter\def\csname#1\endcsname}
\newrobustcmd*{\csedef}[1]{\expandafter\edef\csname#1\endcsname}
\newrobustcmd*{\csgdef}[1]{\expandafter\gdef\csname#1\endcsname}
\newrobustcmd*{\csxdef}[1]{\expandafter\xdef\csname#1\endcsname}
\newrobustcmd*{\protected@csedef}{\etb@protected\csedef}
\newrobustcmd*{\protected@csxdef}{\etb@protected\csxdef}

\def\etb@protected{%
  \let\@@protect\protect
  \let\protect\@unexpandable@protect
  \afterassignment\restore@protect}

% {<csname>}{<cstoken>}

\newrobustcmd{\cslet}[2]{%
  \expandafter\let\csname#1\endcsname#2}

% {<cstoken>}{<csname>}

\newrobustcmd{\letcs}[2]{%
  \ifcsdef{#2}
    {\expandafter\let\expandafter#1\csname#2\endcsname}
    {\undef#1}}

% {<csname>}{<csname>}

\newrobustcmd*{\csletcs}[2]{%
  \ifcsdef{#2}
    {\expandafter\let
     \csname#1\expandafter\endcsname
     \csname#2\endcsname}
    {\csundef{#1}}}

% {<csname>}

\newcommand*{\csuse}[1]{%
  \ifcsname#1\endcsname
    \csname#1\expandafter\endcsname
  \fi}

% {<cstoken>}

\newrobustcmd{\undef}[1]{\let#1\etb@undefined}

% {<csname>}

\newrobustcmd*{\csundef}[1]{\cslet{#1}\etb@undefined}

% {<cstoken>}{<code>}

\newrobustcmd{\appto}[2]{%
  \ifundef{#1}
    {\edef#1{\unexpanded{#2}}}
    {\edef#1{\expandonce#1\unexpanded{#2}}}}
\newrobustcmd{\eappto}[2]{%
  \ifundef{#1}
    {\edef#1{#2}}
    {\edef#1{\expandonce#1#2}}}
\newrobustcmd{\gappto}[2]{%
  \ifundef{#1}
    {\xdef#1{\unexpanded{#2}}}
    {\xdef#1{\expandonce#1\unexpanded{#2}}}}
\newrobustcmd{\xappto}[2]{%
  \ifundef{#1}
    {\xdef#1{#2}}
    {\xdef#1{\expandonce#1#2}}}

\newrobustcmd*{\protected@eappto}{\etb@protected\eappto}
\newrobustcmd*{\protected@xappto}{\etb@protected\xappto}

% {<cstoken>}{<code>}

\newrobustcmd{\preto}[2]{%
  \ifundef{#1}
    {\edef#1{\unexpanded{#2}}}
    {\edef#1{\unexpanded{#2}\expandonce#1}}}
\newrobustcmd{\epreto}[2]{%
  \ifundef{#1}
    {\edef#1{#2}}
    {\edef#1{#2\expandonce#1}}}
\newrobustcmd{\gpreto}[2]{%
  \ifundef{#1}
    {\xdef#1{\unexpanded{#2}}}
    {\xdef#1{\unexpanded{#2}\expandonce#1}}}
\newrobustcmd{\xpreto}[2]{%
  \ifundef{#1}
    {\xdef#1{#2}}
    {\xdef#1{#2\expandonce#1}}}

\newrobustcmd*{\protected@epreto}{\etb@protected\epreto}
\newrobustcmd*{\protected@xpreto}{\etb@protected\xpreto}

% {<csname>}{<code>}

\newrobustcmd*{\csappto}[1]{\expandafter\appto\csname#1\endcsname}
\newrobustcmd*{\cseappto}[1]{\expandafter\eappto\csname#1\endcsname}
\newrobustcmd*{\csgappto}[1]{\expandafter\gappto\csname#1\endcsname}
\newrobustcmd*{\csxappto}[1]{\expandafter\xappto\csname#1\endcsname}
\newrobustcmd*{\protected@cseappto}{\etb@protected\cseappto}
\newrobustcmd*{\protected@csxappto}{\etb@protected\csxappto}

% {<csname>}{<code>}

\newrobustcmd*{\cspreto}[1]{\expandafter\preto\csname#1\endcsname}
\newrobustcmd*{\csepreto}[1]{\expandafter\epreto\csname#1\endcsname}
\newrobustcmd*{\csgpreto}[1]{\expandafter\gpreto\csname#1\endcsname}
\newrobustcmd*{\csxpreto}[1]{\expandafter\xpreto\csname#1\endcsname}
\newrobustcmd*{\protected@csepreto}{\etb@protected\csepreto}
\newrobustcmd*{\protected@csxpreto}{\etb@protected\csxpreto}

% {<cstoken>}{<numexpr>}

\newrobustcmd*{\numdef}[2]{%
  \ifundef#1{\let#1\z@}{}%
  \edef#1{\the\numexpr#2}}
\newrobustcmd*{\numgdef}[2]{%
  \ifundef#1{\let#1\z@}{}%
  \xdef#1{\the\numexpr#2}}

% {<csname>}{<numexpr>}

\newrobustcmd*{\csnumdef}[1]{%
  \expandafter\numdef\csname#1\endcsname}
\newrobustcmd*{\csnumgdef}[1]{%
  \expandafter\numgdef\csname#1\endcsname}

% {<cstoken>}{<dimexpr>}

\newrobustcmd*{\dimdef}[2]{%
  \ifundef#1{\let#1\z@}{}%
  \edef#1{\the\dimexpr#2}}
\newrobustcmd*{\dimgdef}[2]{%
  \ifundef#1{\let#1\z@}{}%
  \xdef#1{\the\dimexpr#2}}

% {<csname>}{<dimexpr>}

\newrobustcmd*{\csdimdef}[1]{%
  \expandafter\dimdef\csname#1\endcsname}
\newrobustcmd*{\csdimgdef}[1]{%
  \expandafter\dimgdef\csname#1\endcsname}

% {<cstoken>}{<glueexpr>}

\newrobustcmd*{\gluedef}[2]{%
  \ifundef#1{\let#1\z@skip}{}%
  \edef#1{\the\glueexpr#2}}
\newrobustcmd*{\gluegdef}[2]{%
  \ifundef#1{\let#1\z@skip}{}%
  \xdef#1{\the\glueexpr#2}}

% {<csname>}{<glueexpr>}

\newrobustcmd*{\csgluedef}[1]{%
  \expandafter\gluedef\csname#1\endcsname}
\newrobustcmd*{\csgluegdef}[1]{%
  \expandafter\gluegdef\csname#1\endcsname}

% {<cstoken>}{<muexpr>}

\newrobustcmd*{\mudef}[2]{%
  \ifundef#1{\def#1{0mu}}{}%
  \edef#1{\the\muexpr#2}}
\newrobustcmd*{\mugdef}[2]{%
  \ifundef#1{\let#1\z@}{}%
  \xdef#1{\the\muexpr#2}}

% {<csname>}{<muexpr>}

\newrobustcmd*{\csmudef}[1]{%
  \expandafter\mudef\csname#1\endcsname}
\newrobustcmd*{\csmugdef}[1]{%
  \expandafter\mugdef\csname#1\endcsname}

% {<counter>}{<numexpr>}

\newrobustcmd*{\defcounter}[2]{%
  \ifcsundef{c@#1}
    {\etb@noglobal\@nocounterr{#1}}%
    {\csname c@#1\endcsname\numexpr#2\relax}}

% {<length>}{<glueexpr>}

\newrobustcmd*{\deflength}[2]{%
  \ifundef{#1}
    {\etb@noglobal\etb@err@nolen{#1}}%
    {#1\glueexpr#2\relax}}

\protected\def\etb@err@nolen#1{%
  \etb@error{Length '\string#1' undefined}\@eha}

% {<name>}

\newrobustcmd*{\newbool}[1]{%
  \expandafter\@ifdefinable\csname if#1\endcsname{%
    \expandafter\newif\csname if#1\endcsname}}

% {<name>}

\newrobustcmd*{\providebool}[1]{%
  \ifcsundef{if#1}
    {\expandafter\newif\csname if#1\endcsname}
    {\begingroup
     \edef\@tempa{\expandafter\meaning\csname if#1\endcsname}%
     \ifx\@tempa\etb@isfalse
     \else
       \ifx\@tempa\etb@istrue
       \else
         \etb@error{\@backslashchar if#1 not a boolean}\@eha
       \fi
     \fi
     \endgroup}}

% {<name>}{<true>|<false>}

\newrobustcmd*{\setbool}[2]{%
  \ifcsundef{if#1}
    {\etb@noglobal\etb@err@nobool{#1}}
    {\ifcsundef{#1#2}
       {\etb@noglobal\etb@err@boolval{#2}}
       {\csname#1#2\endcsname}}}

% {<name>}

\newrobustcmd*{\booltrue}[1]{%
  \ifcsundef{if#1}
    {\etb@noglobal\etb@err@nobool{#1}}
    {\csname#1true\endcsname}}

% {<name>}

\newrobustcmd*{\boolfalse}[1]{%
  \ifcsundef{if#1}
    {\etb@noglobal\etb@err@nobool{#1}}
    {\csname#1false\endcsname}}

\edef\etb@istrue{\meaning\iftrue}
\edef\etb@isfalse{\meaning\iffalse}
\protected\def\etb@noglobal{\let\relax\relax}

% {<name>}{<true}{<false>}

\newcommand*{\ifbool}[1]{%
  \ifcsundef{if#1}
    {\etb@err@nobool{#1}\@gobbletwo}
    {\csname if#1\endcsname
       \expandafter\@firstoftwo
     \else
       \expandafter\@secondoftwo
     \fi}}

% {<name>}{<not true}{<not false>}

\newcommand*{\notbool}[1]{%
  \ifcsundef{if#1}
    {\etb@err@nobool{#1}\@gobbletwo}
    {\csname if#1\endcsname
       \expandafter\@secondoftwo
     \else
       \expandafter\@firstoftwo
     \fi}}

\protected\def\etb@err@nobool#1{%
  \etb@error{Boolean '\@backslashchar if#1' undefined}\@eha}

\def\etb@err@boolval#1{%
  \etb@error
    {Invalid boolean value '#1'}
    {Valid boolean values are 'true' and 'false'.}}

% {<name>}

\newrobustcmd*{\newtoggle}[1]{%
  \ifcsdef{etb@tgl@#1}
    {\etb@error{Toggle '#1' already defined}\@eha}
    {\cslet{etb@tgl@#1}\@secondoftwo}}

% {<name>}

\newrobustcmd*{\providetoggle}[1]{%
  \ifcsdef{etb@tgl@#1}
    {}
    {\cslet{etb@tgl@#1}\@secondoftwo}}

% {<name>}{<true>|<false>}

\newrobustcmd*{\settoggle}[2]{%
  \ifcsdef{etb@tgl@#1}
    {\ifcsdef{etb@toggle#2}
       {\csletcs{etb@tgl@#1}{etb@toggle#2}}
       {\etb@noglobal\etb@err@boolval{#2}}}
    {\etb@noglobal\etb@err@notoggle{#1}}}

% {<name>}

\newrobustcmd*{\toggletrue}[1]{%
  \ifcsdef{etb@tgl@#1}
    {\cslet{etb@tgl@#1}\etb@toggletrue}
    {\etb@noglobal\etb@err@notoggle{#1}}}

% {<name>}

\newrobustcmd*{\togglefalse}[1]{%
  \ifcsdef{etb@tgl@#1}
    {\cslet{etb@tgl@#1}\etb@togglefalse}
    {\etb@noglobal\etb@err@notoggle{#1}}}

\let\etb@toggletrue\@firstoftwo
\let\etb@togglefalse\@secondoftwo

% {<name>}{<true}{<false>}

\newcommand*{\iftoggle}[1]{%
  \ifcsdef{etb@tgl@#1}
    {\csname etb@tgl@#1\endcsname}
    {\etb@err@notoggle{#1}\@gobbletwo}}

% {<name>}{<not true}{<not false>}

\newcommand*{\nottoggle}[1]{%
  \ifcsdef{etb@tgl@#1}
    {\csname etb@tgl@#1\endcsname\@secondoftwo\@firstoftwo}
    {\etb@err@notoggle{#1}\@gobbletwo}}

\protected\def\etb@err@notoggle#1{%
  \etb@error{Toggle '#1' undefined}\@eha}

% {<cstoken>}{<true}{<false>}

\protected\def\etb@ifscanable#1{%
  \begingroup
  \edef\etb@resrvda{%
    \def\noexpand\etb@resrvda####1\detokenize{macro}:####2->####3&{%
      ####1\def\string\etb@resrvda####2{####3}}%
    \edef\noexpand\etb@resrvda{\noexpand\etb@resrvda\meaning#1&}}%
  \etb@resrvda
  \makeatletter
  \scantokens\expandafter{\etb@resrvda}%
  \expandafter\endgroup\ifx#1\etb@resrvda
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<cstoken>}{<search>}{<true}{<false>}

\protected\long\def\etb@ifpattern#1#2{%
  \begingroup
  \edef\etb@resrvda{%
    \def\noexpand\etb@resrvda####1\detokenize{#2}####2&{%
      \endgroup\noexpand\noexpand\noexpand\ifblank{####2}}%
    \edef\noexpand\etb@resrvda{\noexpand\etb@resrvda
      \expandafter\strip@prefix\meaning#1\detokenize{#2}&}%
    \noexpand\etb@resrvda}
  \etb@resrvda\@secondoftwo\@firstoftwo}

% {<string>}{<true}{<false>}

\protected\long\def\etb@ifhashcheck#1{%
  \begingroup
  \edef\etb@resrvda{\detokenize{#1}}%
  \expandafter\endgroup
  \expandafter\etb@ifhashcheck@i\meaning\etb@resrvda&}

\edef\etb@ifhashcheck@i#1&{%
  \noexpand\expandafter
  \noexpand\etb@ifhashcheck@ii
  \noexpand\strip@prefix#1\string#\string#&}

\edef\etb@ifhashcheck@ii{%
  \def\noexpand\etb@ifhashcheck@ii##1\string#\string###2&}
\etb@ifhashcheck@ii{\ifblank{#2}}

% {<cstoken>}

\newrobustcmd*{\robustify}[1]{%
  \ifundef{#1}
    {\etb@error{\string#1 undefined}\@eha}
    {\ifdefmacro{#1}
       {\ifdefltxprotect{#1}
          {\letcs\etb@resrvda{\expandafter\@gobble\string#1 }%
           \@tempswatrue}
          {\let\etb@resrvda#1%
           \@tempswafalse}%
        \ifdefparam\etb@resrvda
          {\etb@ifscanable\etb@resrvda
             {\etb@robustify\etb@resrvda
              \let#1\etb@resrvda}
             {\etb@error{Failed to robustify \string#1}
                {The command is special and cannot be
                 handled by \string\robustify.}%
              \@tempswafalse}}
          {\protected\edef#1{\expandonce\etb@resrvda}}
        \if@tempswa
          \ifcsdef{\string#1 }
            {}
            {\csundef{\expandafter\@gobble\string#1 }}%
        \fi
        \undef\etb@resrvda}
       {\etb@error{\string#1 not a macro}\@eha}}}

\def\etb@robustify#1{%
  \begingroup
  \edef\etb@resrvdb{%
    \def\noexpand\etb@resrvdb####1\detokenize{macro}:####2->####3&{%
      \protected####1\def\string#1\space####2{####3}}%
    \edef\noexpand\etb@resrvdb{%
      \noexpand\etb@resrvdb\meaning#1&}}%
  \etb@resrvdb
  \etb@patchcmd@scantoks\etb@resrvdb}

%  {<cstoken>}{<search>}{<true}{<false>}
% *{<cstoken>}{<true}{<false>}

\newrobustcmd{\ifpatchable}{%
  \etb@dbg@trce\ifpatchable
  \begingroup
  \@makeother\#%
  \@ifstar\etb@ifpatchable@i\etb@ifpatchable}

\long\def\etb@ifpatchable#1#2{%
  \endgroup
  \etb@dbg@init#1%
  \ifundef{#1}
    {\etb@dbg@fail{def}\@secondoftwo}
    {\etb@dbg@info{def}%
     \ifdefmacro{#1}
       {\etb@dbg@info{mac}%
        \etb@ifscanable{#1}
          {\etb@ifhashcheck{#2}
             {\etb@dbg@info{tok}%
              \etb@ifpattern#1{#2}
                 {\etb@dbg@info{pat}%
                  \etb@dbg@info{pos}\@firstoftwo}
                 {\etb@dbg@fail{pat}\@secondoftwo}}
             {\etb@dbg@fail{hsh}\@secondoftwo}}
          {\etb@dbg@fail{tok}\@secondoftwo}}
       {\etb@dbg@fail{mac}\@secondoftwo}}}

\long\def\etb@ifpatchable@i#1{%
  \endgroup
  \etb@dbg@init#1%
  \ifundef{#1}
    {\etb@dbg@fail{def}\@secondoftwo}
    {\etb@dbg@info{def}%
     \ifdefmacro{#1}
       {\etb@dbg@info{mac}%
        \ifdefparam{#1}
          {\etb@dbg@info{prm}%
           \etb@ifscanable{#1}
             {\etb@dbg@info{tok}%
              \etb@dbg@info{pos}\@firstoftwo}
             {\etb@dbg@fail{tok}\@secondoftwo}}
          {\etb@dbg@info{prl}%
           \ifdefprotected{#1}
             {\etb@dbg@info{pro}}
             {}%
           \etb@dbg@info{pos}\@firstoftwo}}
       {\etb@dbg@fail{mac}\@secondoftwo}}}

% [<prefix>]{<cstoken>}{<search>}{<replace>}{<success>}{<failure>}

\newrobustcmd*{\patchcmd}{%
  \etb@dbg@trce\patchcmd
  \begingroup
  \@makeother\#%
  \etb@patchcmd}

\newcommand{\etb@patchcmd}[4][########1]{%
  \etb@ifpatchable#2{#3}
    {\etb@dbg@succ{ret}%
     \begingroup
     \edef\etb@resrvda{%
       \def\noexpand\etb@resrvda####1\detokenize{macro:}####2->####3&{%
         #1\def\string\etb@resrvda\space####2{\noexpand\etb@resrvdb####3&}}%
       \def\noexpand\etb@resrvdb####1\detokenize{#3}####2&{%
         ####1\detokenize{#4}####2}%
       \edef\noexpand\etb@resrvda{%
         \noexpand\etb@resrvda\meaning#2&}}%
     \etb@resrvda
     \etb@patchcmd@scantoks\etb@resrvda
     \let#2\etb@resrvda
     \undef\etb@resrvda
     \@firstoftwo}
    {\@secondoftwo}}

\def\etb@patchcmd@scantoks#1{%
  \edef\etb@resrvda{\endgroup
    \unexpanded{\makeatletter\scantokens}{#1}%
    \catcode\number`\@=\the\catcode`\@\relax}%
  \etb@resrvda}

% {<cstoken>}{<code>}{<success>}{<failure>}

\newrobustcmd*{\apptocmd}{%
  \etb@dbg@trce\apptocmd
  \begingroup
  \@makeother\#%
  \etb@hooktocmd\etb@append}

\newrobustcmd*{\pretocmd}{%
  \etb@dbg@trce\pretocmd
  \begingroup
  \@makeother\#%
  \etb@hooktocmd\etb@prepend}

\long\def\etb@hooktocmd#1#2#3{%
  \endgroup
  \etb@dbg@init#2%
  \ifundef{#2}
    {\etb@dbg@fail{def}\@secondoftwo}
    {\etb@dbg@info{def}%
     \ifdefmacro{#2}
       {\etb@dbg@info{mac}%
        \ifdefparam{#2}
          {\etb@dbg@info{prm}%
           \etb@ifscanable{#2}
             {\etb@ifhashcheck{#3}
                {\etb@dbg@info{tok}%
                 \etb@dbg@succ{ret}%
                 \etb@hooktocmd@i#1#2{#3}%
                 \@firstoftwo}
                {\etb@dbg@fail{hsh}\@secondoftwo}}
             {\etb@dbg@fail{tok}\@secondoftwo}}
          {\etb@dbg@info{prl}%
           \ifdefprotected{#2}
             {\etb@dbg@info{pro}%
              \etb@dbg@succ{red}%
              \protected}
             {\etb@dbg@succ{red}}%
           \edef#2{#1{\expandonce#2}{\unexpanded{#3}}}%
           \@firstoftwo}}
       {\etb@dbg@fail{mac}\@secondoftwo}}}

\long\def\etb@hooktocmd@i#1#2#3{%
  \begingroup
  \edef\etb@resrvda{%
    \def\noexpand\etb@resrvda####1\detokenize{macro}:####2->####3&{%
      ####1\def\string\etb@resrvda\space####2{#1{####3}{\detokenize{#3}}}}%
    \edef\noexpand\etb@resrvda{%
      \noexpand\etb@resrvda\meaning#2&}}%
  \etb@resrvda
  \etb@patchcmd@scantoks\etb@resrvda
  \let#2\etb@resrvda
  \undef\etb@resrvda}

\long\def\etb@append#1#2{#1#2}
\long\def\etb@prepend#1#2{#2#1}

\newrobustcmd*{\tracingpatches}{%
  \etb@info{Enabling tracing}%
  \input{etoolbox.def}%
  \global\let\tracingpatches\relax}
\@onlypreamble\tracingpatches

\let\etb@dbg@trce\@gobble
\let\etb@dbg@init\@gobble
\let\etb@dbg@info\@gobble
\let\etb@dbg@succ\@gobble
\let\etb@dbg@fail\@gobble

% {<numeral>}

\newcommand{\rmntonum}[1]{%
  \ifblank{#1}
    {}
    {\expandafter\etb@rti@end\number\numexpr
     \expandafter\etb@rti@prs\detokenize{#1}&\relax}}

\def\etb@rti@prs#1#2{%
  \ifx&#1%
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi
  {#1#2}
  {\ifx&#2%
     \expandafter\@firstoftwo
   \else
     \expandafter\@secondoftwo
   \fi
   {\etb@rti@chk#1+\etb@rti@num#1#2}
   {\etb@rti@chk#1\etb@rti@chk#2%
    \ifnum\etb@rti@num#1<\etb@rti@num#2 %
      \expandafter\@firstoftwo
    \else
      \expandafter\@secondoftwo
    \fi
    {+\etb@rti@num#2-\etb@rti@num#1\etb@rti@prs}
    {+\etb@rti@num#1\etb@rti@prs#2}}}}

\def\etb@rti@chk#1{%
  \ifcsname etb@rmn@#1\endcsname
  \else
    \expandafter\etb@rti@brk
  \fi}

\def\etb@rti@brk#1&{+\z@&-1}
\def\etb@rti@end#1&#2\relax{\ifblank{#2}{#1}{#2}}
\def\etb@rti@num#1{\csname etb@rmn@#1\endcsname}

\chardef\etb@rmn@i=1
\chardef\etb@rmn@I=1
\chardef\etb@rmn@v=5
\chardef\etb@rmn@V=5
\chardef\etb@rmn@x=10
\chardef\etb@rmn@X=10
\chardef\etb@rmn@l=50
\chardef\etb@rmn@L=50
\chardef\etb@rmn@c=100
\chardef\etb@rmn@C=100
\mathchardef\etb@rmn@d=500
\mathchardef\etb@rmn@D=500
\mathchardef\etb@rmn@m=1000
\mathchardef\etb@rmn@M=1000

% {<numeral>}{<true>}{<false>}

\newcommand{\ifrmnum}[1]{%
  \ifblank{#1}
    {\@secondoftwo}
    {\expandafter\etb@ifr@prs\detokenize{#1}\relax}}

\def\etb@ifr@prs#1{%
  \ifx\relax#1%
    \expandafter\@firstoftwo
  \else
    \ifcsname etb@rmn@#1\endcsname
      \expandafter\expandafter
      \expandafter\etb@ifr@prs
    \else
      \expandafter\expandafter
      \expandafter\etb@ifr@brk
    \fi
  \fi}

\def\etb@ifr@brk#1\relax{\@secondoftwo}

% <*>{<command>}{<separator>}

\newrobustcmd*{\DeclareListParser}{%
  \@ifstar
    {\etb@defparser\etb@defparser@arg}
    {\etb@defparser\etb@defparser@do}}

\def\etb@defparser#1#2#3{%
  \@ifdefinable#2{#1{#2}{#3}}}

\def\etb@defparser@do#1#2{%
  \begingroup
  \edef\@tempa{\endgroup
    \long\def\noexpand#1####1{%
      \expandafter\noexpand
      \csname etb@lst@\expandafter\@gobble\string#1\endcsname
      \space####1\noexpand#2&}%
    \long\csdef{etb@lst@\expandafter\@gobble\string#1}####1\noexpand#2####2&{%
      \noexpand\etb@listitem\noexpand\do{####1}%
      \noexpand\ifblank{####2}
        {\noexpand\listbreak}
        {\expandafter\noexpand
         \csname etb@lst@\expandafter\@gobble\string#1\endcsname
	 \space####2}&}}%
  \@tempa}

\def\etb@defparser@arg#1#2{%
  \begingroup
  \edef\@tempa{\endgroup
    \long\def\noexpand#1####1####2{%
      \expandafter\noexpand
      \csname etb@lst@\expandafter\@gobble\string#1\endcsname
      {####1}\space####2\noexpand#2&}%
    \long\csdef{etb@lst@\expandafter\@gobble\string#1}####1####2\noexpand#2####3&{%
      \noexpand\etb@listitem{####1}{####2}%
      \noexpand\ifblank{####3}
        {\noexpand\listbreak}
        {\expandafter\noexpand
         \csname etb@lst@\expandafter\@gobble\string#1\endcsname
	 {####1}\space####3}&}}%
  \@tempa}

\long\def\etb@listitem#1#2{%
  \ifblank{#2}
    {}
    {\expandafter\etb@listitem@i
     \expandafter{\@firstofone#2}{#1}}}
\long\def\etb@listitem@i#1#2{#2{#1}}

\newcommand*{\listbreak}{}
\long\def\listbreak#1&{}

% {<item1>,<item2>,...} => \do{<item1>}\do{<item2>}...

\DeclareListParser{\docsvlist}{,}

% {<handler>}{<item1>,<item2>,...} => <handler>{<item1>}<handler>{<item2>}...

\DeclareListParser*{\forcsvlist}{,}

% {<listmacro>}{<string>}

\newrobustcmd{\listadd}[2]{%
  \ifblank{#2}{}{\appto#1{#2|}}}
\newrobustcmd{\listeadd}[2]{%
  \begingroup
  \edef\etb@tempa{\endgroup\noexpand\ifblank{#2}}%
  \etb@tempa{}{\eappto#1{#2|}}}
\newrobustcmd{\listgadd}[2]{%
  \ifblank{#2}{}{\gappto#1{#2|}}}
\newrobustcmd{\listxadd}[2]{%
  \begingroup
  \edef\etb@tempa{\endgroup\noexpand\ifblank{#2}}%
  \etb@tempa{}{\xappto#1{#2|}}}

% {<listcsname>}{<string>}

\newrobustcmd{\listcsadd}[1]{%
  \expandafter\listadd\csname#1\endcsname}
\newrobustcmd{\listcseadd}[1]{%
  \expandafter\listeadd\csname#1\endcsname}
\newrobustcmd{\listcsgadd}[1]{%
  \expandafter\listgadd\csname#1\endcsname}
\newrobustcmd{\listcsxadd}[1]{%
  \expandafter\listxadd\csname#1\endcsname}

% {<string>}{<listmacro>}{<true>}{<false>}

\newrobustcmd{\ifinlist}[2]{%
  \begingroup
  \def\etb@tempa##1|#1|##2&{\endgroup
    \ifblank{##2}\@secondoftwo\@firstoftwo}%
  \expandafter\etb@tempa\expandafter|#2|#1|&}

\newrobustcmd{\xifinlist}[1]{%
  \begingroup
  \edef\etb@tempa{\endgroup\ifinlist{#1}}%
  \etb@tempa}

% {<string>}{<listcsname>}{<true>}{<false>}

\newrobustcmd{\ifinlistcs}[2]{%
  \expandafter\etb@ifinlistcs@i\csname #2\endcsname{#1}}
\long\def\etb@ifinlistcs@i#1#2{\ifinlist{#2}{#1}}

\newrobustcmd{\xifinlistcs}[1]{%
  \begingroup
  \edef\etb@tempa{\endgroup\ifinlistcs{#1}}%
  \etb@tempa}

% {<handler>}{<listmacro>} => <handler>{<item1>}<handler>{<item2>}...

\newcommand*{\forlistloop}[2]{%
  \expandafter\etb@forlistloop\expandafter{#2}{#1}}

\long\def\etb@forlistloop#1#2{\etb@forlistloop@i{#2}#1|&}

\long\def\etb@forlistloop@i#1#2|#3&{%
  \ifblank{#2}
    {}
    {#1{#2}}%
  \ifblank{#3}
    {\listbreak}
    {\etb@forlistloop@i{#1}#3}%
  &}

% {<handler>}{<listcsname>} => <handler>{<item1>}<handler>{<item2>}...

\newcommand*{\forlistcsloop}[2]{%
  \expandafter\expandafter\expandafter\etb@forlistloop
  \expandafter\expandafter\expandafter{\csname#2\endcsname}{#1}}

% {<listmacro>} => \do{<item1>}\do{<item2>}...

\newcommand*{\dolistloop}{\forlistloop\do}

% {<listcsname>} => \do{<item1>}\do{<item2>}...

\newcommand*{\dolistcsloop}{\forlistcsloop\do}

% {<code>}

\newrobustcmd*{\AtEndPreamble}{\gappto\@endpreamblehook}
\newcommand*{\@endpreamblehook}{}

\preto\document{%
  \endgroup
  \let\AtEndPreamble\@firstofone
  \@endpreamblehook
  \protected\def\AtEndPreamble{\@notprerr\@gobble}%
  \undef\@endpreamblehook
  \begingroup}

% {<code>}

\newrobustcmd*{\AfterPreamble}{\AtBeginDocument}
\AtEndPreamble{\let\AfterPreamble\@firstofone}

% {<code>}

\newrobustcmd*{\AfterEndPreamble}{\gappto\@afterendpreamblehook}
\newcommand*{\@afterendpreamblehook}{}

\appto\document{%
  \let\AfterEndPreamble\@firstofone
  \@afterendpreamblehook
  \protected\def\AfterEndPreamble{\@notprerr\@gobble}%
  \undef\@afterendpreamblehook
  \ignorespaces}

\AtEndDocument{\let\AfterEndPreamble\@gobble}

% {<code>}

\newrobustcmd*{\AfterEndDocument}{\gappto\@afterenddocumenthook}
\newcommand*{\@afterenddocumenthook}{}

\patchcmd\enddocument
  {\deadcycles}
  {\let\AfterEndDocument\@firstofone
   \@afterenddocumenthook
   \deadcycles}
  {}
  {\let\etb@@end\@@end
   \def\@@end{%
     \let\AfterEndDocument\@firstofone
     \@afterenddocumenthook
     \etb@@end}}

% {<environment>}{<code>}

\newrobustcmd{\AtBeginEnvironment}[1]{%
  \csgappto{@begin@#1@hook}}

\patchcmd\begin
  {\csname #1\endcsname}
  {\csuse{@begin@#1@hook}%
   \csname #1\endcsname}
  {}
  {\etb@warning{%
     Patching '\string\begin' failed!\MessageBreak
     '\string\AtBeginEnvironment' will not work\@gobble}}

% {<environment>}{<code>}

\newrobustcmd{\AtEndEnvironment}[1]{%
  \csgappto{@end@#1@hook}}

\patchcmd\end
  {\csname end#1\endcsname}
  {\csuse{@end@#1@hook}%
   \csname end#1\endcsname}
  {}
  {\etb@warning{%
     Patching '\string\end' failed!\MessageBreak
     '\string\AtEndEnvironment' will not work\@gobble}}

% {<environment>}{<code>}

\newrobustcmd{\BeforeBeginEnvironment}[1]{%
  \csgappto{@beforebegin@#1@hook}}

\pretocmd\begin
  {\csuse{@beforebegin@#1@hook}}
  {}
  {\etb@warning{%
     Patching '\string\begin' failed!\MessageBreak
     '\string\BeforeBeginEnvironment' will not work\@gobble}}

% {<environment>}{<code>}

\newrobustcmd{\AfterEndEnvironment}[1]{%
  \csgappto{@afterend@#1@hook}}

\patchcmd\end
  {\if@ignore}
  {\csuse{@afterend@#1@hook}%
   \if@ignore}
  {}
  {\etb@warning{%
     Patching '\string\end' failed!\MessageBreak
     '\string\AfterEndEnvironment' will not work\@gobble}}

\endinput
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%%$Id: mdframed.sty 103 2010-12-22 16:46:10Z marco $
%%$Rev: 103 $
%%$Author: marco $
%%$Date: 2010-12-22 17:46:10 +0100 (Mi, 22. Dez 2010) $

%% Allgemeine Angaben
\def\mdversion{v0.6a}
\def\mdframedpackagename{mdframed}
\def\md@maindate@svn$#1: #2 #3 #4-#5-#6 #7 #8${#4/#5/#6\space }
\NeedsTeXFormat{LaTeX2e}
\ProvidesPackage{mdframed}[\md@maindate@svn$Id: mdframed.sty 103 2010-12-22 16:46:10Z marco $ \mdversion: \mdframedpackagename]

%%==================================================%%
%%=============== Benoetigte Pakete ================%%
%%==================================================%%

\newcommand*\md@PackageWarning[1]{\PackageWarning{\mdframedpackagename}{#1}}
\newcommand*\md@PackageInfo[1]{\PackageInfo{\mdframedpackagename}{#1}}
\newcommand*\md@LoadFile@IfExist[1]{%
 \IfFileExists{#1.sty}{%
          \RequirePackage{#1}%
        }{%
        \md@PackageWarning{The package #1 does not exist\MessageBreak
                           but it is required by \mdframedpackagename}%
       }
}
\md@LoadFile@IfExist{kvoptions}

\md@LoadFile@IfExist{etex}

\md@LoadFile@IfExist{calc}

\md@LoadFile@IfExist{color}


%Eingearbeitet in Optionen
%\md@LoadFile@IfExist{pstricks}
%\md@LoadFile@IfExist{pstricks}

\md@LoadFile@IfExist{etoolbox}

\SetupKeyvalOptions{family=mdf,prefix=mdf@}

%%==================================================%%
%%========Hilfsmakro zur Bestimmung ob Laenge=======%%
%%============= IDEE: Martin Scharrer ==============%%
%%==================================================%%

%%%\md@iflength{<EINGABE>}{<IST LAENGE>}{<IST KEINE LAENGE>}
\newlength{\md@templength}
\def\md@iflength#1{%
  \afterassignment\md@iflength@check%
  \md@templength=#1\mdf@defaultunit\relax\relax
  \expandafter\endgroup\next
}
\def\md@iflength@check#1{%
  \begingroup
  \ifx\relax#1\@empty
    \def\next{\@secondoftwo}
  \else
    \def\next{\@firstoftwo}
    \expandafter\md@iflength@cleanup
  \fi
}
\def\md@iflength@cleanup#1\relax{}

%%\def\md@@iflength#1{
%%       \begingroup
%%       \def\@tempa{#1}
%%       \md@iflength{\@tempa}{%
%%             \expandafter\global\expandafter%
%%             \edef\csname #1\endcsname{\the\md@templength}%
%%            }{%
%%             \expandafter\global\expandafter%
%%             \edef\csname #1\endcsname{\the\md@templength}%
%%            }%
%%       \endgroup%
%%}

%%==================================================%%
%%==================== Optionen ====================%%
%%==================================================%%


%Festlegung welcher Stildatei
%% 0 := tex-Kommandos -- rule
%% 1 := tikz
%% 2 := tikz-erweitert
%% 3 := pstricks-einfach
%% 4 := pstricks-erweitert

\DeclareStringOption[0]{style}

\define@key{mdf}{globalstyle}[\mdf@style]{%
      \renewcommand*{\do}[1]{%
          \def\@tempa{##1}
          \ifcase\number\@tempa\relax
             %0 <- kein Grafikpaket
          \or
             \md@LoadFile@IfExist{tikz}
             %1 <- tikz wird benoetigt
          \or
             \md@LoadFile@IfExist{tikz}
             %2 <- tikz wird benoetigt
          \or
             \md@LoadFile@IfExist{pstricks-add}
             %3 <- pstricks wird benoetigt
          \or
             \md@LoadFile@IfExist{pstricks-add}
             %4 <- pstricks wird benoetigt
          \else
            \md@PackageWarning{Unknown global style \@tempa}
          \fi
      }%
      \docsvlist{\mdf@style,#1}%
 }

%%%%Optionen mit Laengen

\newcommand*\mdf@skipabove{\z@}
\newcommand*\mdfl@skipabove{}
\newlength\mdf@skipabove@length
\deflength\mdf@skipabove@length{\z@}
\define@key{mdf}{skipabove}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@skipabove{\the\md@templength}}%
            {\global\edef\mdfl@skipabove{\the\md@templength}}
\let\mdf@skipabove\mdfl@skipabove
\setlength\mdf@skipabove@length{\mdf@skipabove}
}

\newcommand*\mdf@skipbelow{\z@}
\newcommand*\mdfl@skipbelow{}
\newlength\mdf@skipbelow@length
\deflength\mdf@skipbelow@length{\z@}
\define@key{mdf}{skipbelow}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@skipbelow{\the\md@templength}}%
            {\global\edef\mdfl@skipbelow{\the\md@templength}}
\let\mdf@skipbelow\mdfl@skipbelow
\setlength\mdf@skipbelow@length{\mdf@skipbelow}
}

\newcommand*\mdf@leftmargin{\z@}
\newcommand*\mdfl@leftmargin{}
\newlength\mdf@leftmargin@length
\deflength\mdf@leftmargin@length{\z@}
\define@key{mdf}{leftmargin}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@leftmargin{\the\md@templength}}%
            {\global\edef\mdfl@leftmargin{\the\md@templength}}
\let\mdf@leftmargin\mdfl@leftmargin
\setlength\mdf@leftmargin@length{\mdf@leftmargin}
}

\newcommand*\mdf@rightmargin{\z@}
\newcommand*\mdfl@rightmargin{}
\newlength\mdf@rightmargin@length
\deflength\mdf@rightmargin@length{\z@}
\define@key{mdf}{rightmargin}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@rightmargin{\the\md@templength}}%
            {\global\edef\mdfl@rightmargin{\the\md@templength}}
\let\mdf@rightmargin\mdfl@rightmargin
\setlength\mdf@rightmargin@length{\mdf@rightmargin}
}

\newcommand*\mdf@margin{20pt}
\newcommand*\mdfl@margin{}
\newlength\mdf@margin@length
\deflength\mdf@margin@length{20pt}
\define@key{mdf}{margin}[20pt]{%
     \md@PackageWarning{The option margin is obsolote and no longer used\MessageBreak
                        use instead innerleftmargin and innerrightmargin\MessageBreak
                        For more details look at the documentation \mdframedpackagename}%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@margin{\the\md@templength}}%
            {\global\edef\mdfl@margin{\the\md@templength}}
\let\mdf@margin\mdfl@margin
\setlength\mdf@margin@length{\mdf@margin}
}

\newcommand*\mdf@innerleftmargin{10pt}
\newcommand*\mdfl@innerleftmargin{}
\newlength\mdf@innerleftmargin@length
\deflength\mdf@innerleftmargin@length{10pt}
\define@key{mdf}{innerleftmargin}[10pt]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@innerleftmargin{\the\md@templength}}%
            {\global\edef\mdfl@innerleftmargin{\the\md@templength}}
\let\mdf@innerleftmargin\mdfl@innerleftmargin
\setlength\mdf@innerleftmargin@length{\mdf@innerleftmargin}
}

\newcommand*\mdf@innerrightmargin{10pt}
\newcommand*\mdfl@innerrightmargin{}
\newlength\mdf@innerrightmargin@length
\deflength\mdf@innerrightmargin@length{10pt}
\define@key{mdf}{innerrightmargin}[10pt]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@innerrightmargin{\the\md@templength}}%
            {\global\edef\mdfl@innerrightmargin{\the\md@templength}}
\let\mdf@innerrightmargin\mdfl@innerrightmargin
\setlength\mdf@innerrightmargin@length{\mdf@innerrightmargin}
}



\newcommand*\mdf@innertopmargin{0.4\baselineskip}
\newcommand*\mdfl@innertopmargin{}
\newlength\mdf@innertopmargin@length
\deflength\mdf@innertopmargin@length{0.4\baselineskip}
\define@key{mdf}{innertopmargin}[0.4\baselineskip]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@innertopmargin{\the\md@templength}}%
            {\global\edef\mdfl@innertopmargin{\the\md@templength}}
\let\mdf@innertopmargin\mdfl@innertopmargin
\setlength\mdf@innertopmargin@length{\mdf@innertopmargin}
}

\newcommand*\mdf@innerbottommargin{0.4\baselineskip}
\newcommand*\mdfl@innerbottommargin{}
\newlength\mdf@innerbottommargin@length
\deflength\mdf@innerbottommargin@length{0.4\baselineskip}
\define@key{mdf}{innerbottommargin}[0.4\baselineskip]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@innerbottommargin{\the\md@templength}}%
            {\global\edef\mdfl@innerbottommargin{\the\md@templength}}
\let\mdf@innerbottommargin\mdfl@innerbottommargin
\setlength\mdf@innerbottommargin@length{\mdf@innerbottommargin}
}


\newcommand*\mdf@splittopskip{\z@}
\newcommand*\mdfl@splittopskip{}
\newlength\mdf@splittopskip@length
\deflength\mdf@splittopskip@length{\z@}
\define@key{mdf}{splittopskip}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@splittopskip{\the\md@templength}}%
            {\global\edef\mdfl@splittopskip{\the\md@templength}}
\let\mdf@splittopskip\mdfl@splittopskip
\setlength\mdf@splittopskip@length{\mdf@splittopskip}
}



\newcommand*\mdf@splitbottomskip{\z@}
\newcommand*\mdfl@splitbottomskip{}
\newlength\mdf@splitbottomskip@length
\deflength\mdf@splitbottomskip@length{\z@}
\define@key{mdf}{splitbottomskip}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@splitbottomskip{\the\md@templength}}%
            {\global\edef\mdfl@splitbottomskip{\the\md@templength}}
\let\mdf@splitbottomskip\mdfl@splitbottomskip
\setlength\mdf@splitbottomskip@length{\mdf@splitbottomskip}
}


%% Linienstaerken
\newcommand*\mdf@linewidth{0.4pt}
\newcommand*\mdfl@linewidth{}
\newlength\mdf@linewidth@length
\deflength\mdf@linewidth@length{0.4pt}
\define@key{mdf}{linewidth}[0.4pt]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@linewidth{\the\md@templength}}%
            {\global\edef\mdfl@linewidth{\the\md@templength}}
\let\mdf@linewidth\mdfl@linewidth
\setlength\mdf@linewidth@length{\mdf@linewidth}%
\ifnumequal{\mdf@style}{1}{%
\deflength\mdf@middlelinewidth@length{\mdf@linewidth@length}%
}{}%
}

\newcommand*\mdf@innerlinewidth{\z@}
\newcommand*\mdfl@innerlinewidth{}
\newlength\mdf@innerlinewidth@length
\deflength\mdf@innerlinewidth@length{\z@}
\define@key{mdf}{innerlinewidth}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@innerlinewidth{\the\md@templength}}%
            {\global\edef\mdfl@innerlinewidth{\the\md@templength}}
\let\mdf@innerlinewidth\mdfl@innerlinewidth
\setlength\mdf@innerlinewidth@length{\mdf@innerlinewidth}
}

\newcommand*\mdf@middlelinewidth{\mdf@linewidth}
\newcommand*\mdfl@middlelinewidth{}
\newlength\mdf@middlelinewidth@length
\deflength\mdf@middlelinewidth@length{\mdf@linewidth@length}
\define@key{mdf}{middlelinewidth}[\mdf@linewidth]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@middlelinewidth{\the\md@templength}}%
            {\global\edef\mdfl@middlelinewidth{\the\md@templength}}
\let\mdf@middlelinewidth\mdfl@middlelinewidth
\setlength\mdf@middlelinewidth@length{\mdf@middlelinewidth}
}

\newcommand*\mdf@outerlinewidth{\z@}
\newcommand*\mdfl@outerlinewidth{}
\newlength\mdf@outerlinewidth@length
\deflength\mdf@outerlinewidth@length{\z@}
\define@key{mdf}{outerlinewidth}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@outerlinewidth{\the\md@templength}}%
            {\global\edef\mdfl@outerlinewidth{\the\md@templength}}
\let\mdf@outerlinewidth\mdfl@outerlinewidth
\setlength\mdf@outerlinewidth@length{\mdf@outerlinewidth}
}

\newcommand*\mdf@roundcorner{\z@}
\newcommand*\mdfl@roundcorner{}
\newlength\mdf@roundcorner@length
\deflength\mdf@roundcorner@length{\z@}
\define@key{mdf}{roundcorner}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@roundcorner{\the\md@templength}}%
            {\global\edef\mdfl@roundcorner{\the\md@templength}}
\let\mdf@roundcorner\mdfl@roundcorner
\setlength\mdf@roundcorner@length{\mdf@roundcorner}
}

%Unterstuetzung der Optionen fuer pstricks
\def\mdf@psset@local{}
\define@key{mdf}{pstrickssetting}{%
  \def\mdf@psset@local{#1}
}


%%Defaulunit
\DeclareStringOption[pt]{defaultunit}

%%mdframed umfasst ntheorem-Umgebung ja/nein
\DeclareBoolOption{ntheorem}

\DeclareBoolOption[true]{topline}
\DeclareBoolOption[true]{leftline}
\DeclareBoolOption[true]{bottomline}
\DeclareBoolOption[true]{rightline}


%%FARBEN
\DeclareStringOption[none]{xcolor}
\DeclareStringOption[black]{linecolor}
\DeclareStringOption[white]{backgroundcolor}
\DeclareStringOption[black]{fontcolor}
\DeclareStringOption[\mdf@linecolor]{innerlinecolor}
\DeclareStringOption[\mdf@linecolor]{outerlinecolor}
\DeclareStringOption[\mdf@backgroundcolor]{middlelinecolor}


\DeclareDefaultOption{%
   \md@PackageWarning{Unknown Option '\CurrentOption' for mdframed}}


%%==================================================%%
%%========== ENDE DER OPTIONENDEKLARATION ==========%%
%%==================================================%%

\ProcessKeyvalOptions*
\newcommand*{\mdfsetup}{\setkeys{mdf}}
\mdfsetup{globalstyle=0}

%%==================================================%%
%%========Sicherstellen der key-value-Syntax========%%
%%==================================================%%
\AtBeginDocument{
 \@ifpackageloaded{xcolor}{%
    \let\mdf@xcolor\@empty %ignoriere die Eingabe der Optionen
    }{%
     \def\@tempa{none}
    \ifx\mdf@xcolor\@tempa
    \else
     \PassOptionsToPackage{\mdf@xcolor}{xcolor}
     \RequirePackage{xcolor}
   \fi
 }
}



%%Farbabkuerzungen:
\newcommand*\mdf@@linecolor{\color{\mdf@linecolor}}
\newcommand*\mdf@@backgroundcolor{
    \ifx\mdf@backgroundcolor\@empty
    \else
         \color{\mdf@backgroundcolor}
    \fi}
\newcommand*\mdf@@fontcolor{\color{\mdf@fontcolor}}
\newcommand*\mdf@@innerlinecolor{\color{\mdf@innerlinecolor}}
\newcommand*\mdf@@outerlinecolor{\color{\mdf@outerlinecolor}}
\newcommand*\mdf@@middlelinecolor{\color{\mdf@middlelinecolor}}

%%==================================================%%
%%======= Laden der gewuenschten Style-Datei =======%%
%%==================================================%%
\ifcase\mdf@style\relax%
        \input{md-frame-0.mdf}%
      \or%
        \input{md-frame-1.mdf}%
      \or%        
        \md@PackageWarning{The style number\mdf@style does not exist\MessageBreak
                           mdframed ues instead style=0 \mdframedpackagename}%
        \input{md-frame-1.mdf}%
      \or% 
        \input{md-frame-3.mdf}%
      \else%
       \IfFileExists{md-frame-\mdf@style.mdf}{%
             \input{md-frame-\mdf@style.mdf}%
           }{%
            \input{md-frame-1.mdf}%
            \md@PackageWarning{The style number \mdf@style does not exist\MessageBreak
                           mdframed ues instead style=0 \mdframedpackagename}%
          }%
\fi%


%%==================================================%%
%%===Globale Umgebung -- noch keine Modifikation ===%%
%%==================================================%%
\def\md@margin@startenv{% latex.ltx -> \@startsection
    \if@noskipsec \leavevmode  \fi
    \par%\kern-\lastskip%
    \@tempskipa -\mdf@skipabove@length\relax
    \@afterindenttrue
    \ifdim \@tempskipa < \z@
      \@tempskipa -\@tempskipa \@afterindentfalse%
    \fi
    \if@nobreak
      \everypar{}%
    \else
      \addpenalty\@secpenalty\addvspace\@tempskipa%
      \par\kern-\ht\strutbox
    \fi%
}%


\def\mdframed{%
   \@ifnextchar[%]
       \mdframed@i\mdframed@ii}%

\def\mdframed@ii{\mdframed@i[]}%
\def\mdframed@i[#1]{% default-Umgebung
   \mdfsetup{#1}%%
   \md@margin@startenv%
   \ifmdf@ntheorem%       %%% Pruefen ob ntheorem gesetzt ist
   \ifundef{\theorempreskipamount}%
          {\md@PackageWarning{You have not loaded ntheorem yet}}%
          {\setlength{\theorempreskipamount}{0pt}%
           \setlength{\theorempostskipamount}{0pt}}%
   \fi%
   \ifnumequal{\mdf@style}{0}% 
   {\deflength{\mdf@innerlinewidth@length}{\z@}%
    \deflength{\mdf@middlelinewidth@length}{\mdf@linewidth@length}%
    \deflength{\mdf@outerlinewidth@length}{\z@}%
    \let\mdf@innerlinecolor\mdf@linecolor%
    \let\mdf@middlelinecolor\mdf@linecolor%
    \let\mdf@outerlinecolor\mdf@linecolor%
   }{}%
   \ifnumequal{\mdf@style}{3}% 
   {\deflength{\mdf@innerlinewidth@length}{\z@}%
   \deflength{\mdf@middlelinewidth@length}{\mdf@linewidth}%
    \deflength{\mdf@outerlinewidth@length}{\z@}%
    \let\mdf@innerlinecolor\mdf@linecolor%
   }{}%
   \mdframed@global@env%
   }%

\def\endmdframed{\endmdframed@global@env\endtrivlist%
\vspace{\mdf@skipbelow@length}}%

%%==================================================%%
%%==Deklaration diverser Eingabe und Hilfsparameter=%%
%%==================================================%%

\newskip\md@temp@skip@a      \md@temp@skip@a\z@    %% Hilfslaenge

\newlength\md@verticalmarginwhole@length

\newlength\mdf@xmargin@length%
\newlength\mdf@ymargin@length%
\newlength\mdfboxheight%                            %% Berechnungsvariable tikz
\newlength\mdfboxwidth%                             %% Berechnungsvariable tikz


\newlength\mdfboundingboxheight
\newlength\mdfboundingboxwidth
\newlength\mdfpositionx
\newlength\mdfpositiony



\providecommand*\ptTps{}


%%==================================================%%
%%=================== Kommentare ===================%%
%%==================================================%%

\chardef\md@arrayparboxrestore=\catcode`\|   % for debug
\catcode`\|=\catcode`\%                      % (debug: insert space after backslash)
%% Kommentare werden im Code mit | gekennzeichnet


%%==================================================%%
%%================= Platz auf Seite ================%%
%%==================================================%%
\newlength\md@freevspace@length
\def\md@freepagevspace{%
     \ifdimequal{\pagegoal}{\maxdimen}%
          {%
            \setlength{\md@freevspace@length}{\vsize}%
          }{
            \setlength{\md@freevspace@length}{\pagegoal}%
            \addtolength{\md@freevspace@length}{-\pagetotal}%
          }%
}

%%==================================================%%
%================= Breite der BOX =================%%
%%==================================================%%

% edge-leftmargin-outerlinewith-middlelinewidth-innerlinewidth-innerleftmargin-TEXTBREITE-
% innerrightmargin-innerlinewidth-middlelinewidth-outelinewith-edge
\newlength\md@horizontalspaceofbox
\def\md@horizontalmargin@equation{%
    \setlength{\md@horizontalspaceofbox}{\hsize}
    \addtolength{\md@horizontalspaceofbox}{%
                         -\mdf@leftmargin@length%
                         -\mdf@outerlinewidth@length%
                         -\mdf@middlelinewidth@length%
                         -\mdf@innerlinewidth@length%
                         -\mdf@innerleftmargin@length%
                         -\mdf@innerrightmargin@length%
                         -\mdf@innerlinewidth@length%
                         -\mdf@middlelinewidth@length%      
                         -\mdf@outerlinewidth@length%
                         -\mdf@rightmargin@length%
                        }%
  \ifboolexpr{ test {\ifnumequal{\mdf@style}{0}} or test {\ifnumequal{\mdf@style}{3}}}%
           {
           \notbool{mdf@leftline}{\addtolength{\md@horizontalspaceofbox}{%
                                    \mdf@innerlinewidth@length%
                                    +\mdf@middlelinewidth@length%      
                                    +\mdf@outerlinewidth@length%
                                 }}{}%
           \notbool{mdf@rightline}{\addtolength{\md@horizontalspaceofbox}{%
                                    \mdf@innerlinewidth@length%
                                    +\mdf@middlelinewidth@length%      
                                    +\mdf@outerlinewidth@length%
                                  }}{}%
    }{}%
    \advance\md@horizontalspaceofbox by - \width\md@arrayparboxrestore%
    %%% Beruecksichtigung, dass Auszaehlung bzw. list-Umgebung enthalten
    \ifdimless{\md@horizontalspaceofbox}{3cm}{\md@PackageWarning{You have only a width of 3cm}}{}
    \hsize=\md@horizontalspaceofbox%
}




%%==================================================%%
%%========= Seitenparameter und Strafpunkte ========%%
%%==================================================%%
\def\md@penalty@startenv{%
 \begingroup%
   \skip@\lastskip%                             %%% lastskip nur ungleich null nach section, list, figure, usw.
   \if@nobreak%
   \else 
      \penalty9999 % updates \page parameters <-pruefen
      \ifdim\pagefilstretch=\z@                 %%% pagefilstretch ist ein internes Register fuer den
                                                %%% Seitenumbruch. Es entaehlt den akkumulierten (gespeicherten) fil-Anteil
                                                %%% auf der aktuellen Seite
         \ifdim\pagefillstretch=\z@             %%% pagefillstretch ist ein internes Register fuer den
                                                %%% Seitenumbruch. Es entaehlt den akkumulierten (gespeicherten) fill-Anteil
                                                %%% auf der aktuellen Seite
            %%% nicht unendlich dehnbar, so hier foerdern eines Seitenumbruches
            \edef\@tempa{\the\skip@}%
            \edef\@tempb{\the\z@skip}%
            \ifx\@tempa\@tempb                  %%% ???????
                  \penalty-30%
            \else
                  \vskip-\skip@%
                  \penalty-30%
                  \vskip\skip@%
            \fi
         \fi
      \fi
    \penalty\z@%
    % Give a stretchy breakpoint that will always be taken in preference
    % to the \penalty 9999 used to update page parameters.  The cube root
    % of 10000/100 indicates a multiplier of 0.21545, but the maximum 
    % calculated badness is really 8192, not 10000, so the multiplier
    % is 0.2301. 
    \advance\skip@ \z@ plus-.5\baselineskip%
    \advance\skip@ \z@ plus-.231\height%
    \advance\skip@ \z@ plus-.231\skip@%
    \advance\skip@ \z@ plus-.231\topsep%
    \vskip-\skip@ \penalty 1800 \vskip\skip@%
  \fi
 \addvspace{\topsep}%
 \endgroup%
 % clear out pending page break
 \nobreak \vskip 2\baselineskip \vskip\height%     %%%\@M=10000
 \penalty9999 \vskip -2\baselineskip \vskip-\height%
 \penalty9999 % updates \pagetotal
}%


%%==================================================%%
%%============Start der globalen Umgebung===========%%
%%==================================================%%
\newskip\md@temp@frame@hsize \md@temp@frame@hsize=0pt%
\newskip\md@temp@frame@vsize \md@temp@frame@vsize=0pt%

\def\mdframed@global@env{\relax%
   \let\width\z@%
   \let\height\z@%
   \md@penalty@startenv%
   \def\@doendpe{\@endpetrue%                      %%% SIEHE LATEX.ltx -- ersten Absatz ignorieren
                 \def\par{\@restorepar\par\@endpefalse}%
                 \everypar{{\setbox\z@\lastbox}\everypar{}\@endpefalse}%
                }%
   \md@horizontalmargin@equation%
   \setbox\@tempboxa%
       \vbox\bgroup\@doendpe%
                 \begingroup%                %%% zweites begingroup noetig, dass fontcolor gesetzt werden kann
                 \mdf@@fontcolor%            %%% Setzen der Schriftfarbe
                 \textwidth\md@horizontalspaceofbox \columnwidth\md@horizontalspaceofbox%
}%

\def\endmdframed@global@env{\par%
     \kern\z@%
     \hrule\@width\md@horizontalspaceofbox\@height\z@%   
     \penalty-100 % put depth into height
   \endgroup%
 \egroup%
 \begingroup%
  \mdf@@fontcolor%
  \setbox\@tempboxa\vbox{\unvbox\@tempboxa}
  \md@put@frame%
 \endgroup%
}

%%==================================================%%
%%===========Ausgaberoutine -> Berechnung===========%%
%%==================================================%%

%% \md@put@frame nimmt den Inhalt der \@tempboxa und packt alles oder nur einen Teil
%% auf die Seite mit dem Rahmen.
%% Es ist rekursiv, solange alles von der \@tempboxa aufgebraucht ist (\@tempboxa muss die Tiefe 0 haben.)
%% Erste Iteration: Versuche alles in einen Rahmen zu bekommen. Falls es nicht passt, 
%% splitte es fuer die erste Rahmenumgebung
%% Spaetere Iteration: Versuche alles in den letzten Rahmen zu bekommen. Falls es nicht passt,
%% splitte es erneut. (Versuchsstadium -- Da bisher nur Anfang und Ende enthalten)



\def\md@put@frame{\relax%
   \md@freepagevspace
   \ifdimless{\md@freevspace@length}{1.999\baselineskip}
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\section{Preface}

This \myhref{http://en.wikibooks.org//en.wikipedia.org/wiki/Programming_style}{ style guide} is an update to the {\itshape \myhref{http://www.adaic.org/docs/95style/html/cover.html}{ Ada 95 Quality and Style Guide}} to reflect the latest update to the \myhref{http://en.wikibooks.org//en.wikipedia.org/wiki/Ada_(programming_language)}{ Ada language}, commonly called \myhref{http://en.wikibooks.org/wiki/Ada_Programming/Ada_2005}{ Ada 2005}. The purpose of this guide is to help computer professionals produce better Ada programs by identifying a set of stylistic guidelines that will directly impact the quality of their Ada programs. This style guide is not intended to replace the {\itshape \myhref{http://www.adaic.org/standards/05rm/html/RM-TTL.html}{ Ada Reference Manual}}, or the {\itshape \myhref{http://www.adaic.com/standards/05rat/html/Rat-TTL.html}{ Rationale}}, or to serve as a tutorial for the \myhref{http://en.wikibooks.org/wiki/Ada_Programming}{ Ada programming language}.
The style guide is divided into chapters that map to the major decisions that each programmer addresses when creating high-{}quality, reliable, reusable, and portable Ada software. Some overlap exists in the chapters because not all programming decisions can be made independently. Individual chapters address source code presentation, readability, program structure, programming practice, concurrency, portability, reusability, performance, and a new chapter on object-{}oriented features.
Each chapter is divided into guidelines, using a format that supports wide usage because its content is both prescriptive and tailorable. Each guideline consists of a concise statement of the principles that should be followed and a rationale explaining why the guideline is important. The guidelines also provide usage examples, in addition to possible exceptions to applying the guidelines. Many of the guidelines are specific enough to be adopted as corporate or project programming standards. Others require a managerial decision on a particular instantiation before they can be used as standards. In such cases, a sample instantiation is presented and used throughout the examples.
\subsection{Background}

The Ada Joint Program Office (AJPO) funded the Ada 95 style guide, which was created by merging a set of guidelines for using \myhref{http://en.wikibooks.org/wiki/Ada_Programming/Ada_95}{ Ada 95} with modifications to the original {\itshape \myhref{http://archive.adaic.com/docs/style-guide/83style/html/}{ Ada Quality and Style: Guidelines for Professional Programmers}}, version 02.01.01 (AQ{\mbox{$\&$}}S 83) (Software Productivity Consortium 1992), developed to support \myhref{http://en.wikibooks.org/wiki/Ada_Programming/Ada_83}{ Ada 83}. The Ada 95 guidelines are based on the wealth of data available from the Ada 9X Project, the AJPO library, and the Ada community at large. The Software Productivity Consortium\textquotesingle{}s (Consortium\textquotesingle{}s) technical staff authored the update and the \myhref{http://en.wikibooks.org//en.wikipedia.org/wiki/Advanced_Research_Projects_Agency}{ Advanced Research Projects Agency} (ARPA) participated in the update effort.
The preexisting AQ{\mbox{$\&$}}S 83 presented a set of guidelines to help the programmer make disciplined use of Ada\textquotesingle{}s features. In 1992, the Consortium completed the version 2.1 update to the style guide under contract to the AJPO. The AJPO referred to that style guide as \symbol{34}the suggested style guide for all DoD programs.\symbol{34}
As yet, there is no formal update of the style guide for the Ada 2005 language revision. During an extended discussion at the \myhref{http://www.sigada.org/conf/sigada2008/}{ SIGAda 2008} conference of the style guide via-{}a-{}vis the Ada 2005 update and its continuing relevance, several attendees volunteered to bring the guide to \myhref{http://en.wikibooks.org/wiki/Main_Page}{ wikibooks} to encourage collaborative updating of the guide by putting the update in the hands of practitioners of the language. This is in part made possible under the terms of the DoD Ada Joint Program Office\textquotesingle{}s royalty-{}free, worldwide, non-{}exclusive, irrevocable license for unlimited use of the material in the Ada 83 and 95 style guides.
$\text{ }$\newline{}
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\section{Introduction}

Style is an often overlooked but very critical attribute of writing. The style of writing directly impacts the readability and understandability of the end product. The style of programming, as the writing of source code in a computer language, also suffers from this neglect. Programs need to be readable and understandable by humans, not just comparable by machines. This requirement is important in the creation of quality products that not only meet user needs but also can be developed on schedule and within estimated cost. This book is intended to help the computer professional produce better Ada programs. It presents a set of specific stylistic guidelines for using the powerful features of Ada 95 (Ada Reference Manual 1995) in a disciplined manner.
Each guideline consists of a concise statement of the principles that should be followed and a rationale for following the guideline. In most cases, an example of the use of the guideline is provided, and, in some cases, a further example is included to show the consequences of violating the guideline. Possible exceptions to the application of the guideline are explicitly noted, and further explanatory notes are provided, where appropriate. In some cases, an instantiation is provided to show more specific guidance that could be enforced as a standard. In selected cases, automation notes discuss how one could automate enforcement of the guideline.
Ada was designed to support the development of high-{}quality, reliable, reusable, and portable software. For a number of reasons, no programming language can ensure the achievement of these desirable objectives on its own. For example, programming must be embedded in a disciplined development process that addresses requirements analysis, design, implementation, verification, validation, and maintenance in an organized way. The use of the language must conform to good programming practices based on well-{}established software engineering principles. This book is intended to help bridge the gap between these principles and the actual practice of programming in Ada.
Many of the guidelines in this book are designed to promote clear source text. The goal of these guidelines is to improve the ease of program evolution, adaptation, and maintenance. Understandable source text is more likely to be correct and reliable. Easy adaptation requires a thorough understanding of the software; this is considerably facilitated by clarity. Effective code adaptation is a prerequisite to code reuse, a technique that has the potential for drastic reductions in system development cost. Finally, because maintenance (really evolution) is a costly process that continues throughout the life of a system, clarity plays a major role in keeping maintenance costs down. Over the entire life cycle, code has to be read and understood far more often than it is written; thus, the investment in writing readable, understandable code is worthwhile.
The remaining sections of this introduction discuss the organization of this book and how the material presented can be used by people in different roles, including new Ada programmers, experienced Ada programmers, object-{}oriented programmers, software project managers, contracting agencies, standards setting organizations, and planners of the transition to Ada 95 from existing Ada 83 (Ada Reference Manual 1983) programs.
\section{Organization of this Book}

The format of this book follows the well-{}received guideline format of the Ada Quality and Style: Guidelines for Professional Programmer\textquotesingle{}s, version 02.01.01 (AQ{\mbox{$\&$}}S 83) (Software Productivity Consortium 1992). The style guide is divided into sections that map to the major decisions that each programmer must make when creating high-{}quality, reliable, reusable, and portable Ada software. Some overlap exists in the sections because not all programming decisions can be made independently.
Individual chapters address source code presentation, readability, program structure, programming practices, concurrency, portability, reusability, and performance, and a new chapter addresses object-{}oriented features. Each chapter ends with a summary of the guidelines it contains. The last chapter shows a complete implementation of the Dining Philosophers example, provided by Dr. Michael B. Feldman and Mr. Bjorn Kallberg. Many of the guidelines in this book were used to create this example. An appendix provides a cross-{}reference matrix between the Ada Reference Manual (1995) sections and the guidelines in this style guide.
This book is written using the general software engineering vocabulary developed over the last 20 years. Software engineering is a rapidly evolving discipline with relatively new concepts and terminology. However, to establish a common frame of reference, needed definitions are extracted from the Ada Reference Manual (1995) and Rationale (1995).
Throughout the book, references are made to other sources of information about Ada style and other Ada issues. The references are listed at the end of the book. A bibliography is also provided.
In this book, the term \symbol{34}Ada\symbol{34} refers to the latest Ada standard, released in February 1995 (sometimes also known as Ada 95). References to the earlier Ada standard are clearly denoted as \symbol{34}Ada 83.\symbol{34}
\subsection{Source Code Presentation and Readability}

Chapters 2 and 3 directly address the issues of creating clear, readable, and understandable source text. Chapter 2 focuses on code formatting, and Chapter 3 addresses issues of use of comments, naming conventions, and types.
There are two main aspects of code clarity: (1) careful and consistent layout of the source text on the page or the screen, covered by Chapter 2, that can enhance readability dramatically; (2) careful attention to the structure of code, covered by Chapter 3, that can make the code easier to understand. This is true both on the small scale (e.g., by careful choice of identifier names or by disciplined use of loops) and on the large scale (e.g., by proper use of packages). These guidelines treat both layout and structure.
Code formatting and naming convention preferences tend to be very personal. You must balance your personal likes and dislikes with those of other engineers on the project so that you can agree to a consistent set of conventions that the whole project team will follow. Automatic code formatters can help in enforcing this kind of consistency.
\subsection{Program Structure}

Chapter 4 addresses overall program structure. Proper structure improves program clarity. This is analogous to readability on lower levels and includes issues of high-{}level structure, in particular the use of packages and child packages, visibility, and exceptions. The majority of the guidelines in this chapter are concerned with the application of sound software engineering principles, such as information hiding, abstraction, encapsulation, and separation of concerns.
\subsection{Programming Practices}

Chapter 5 presents guidelines that define consistent and logical language feature usage. These guidelines address optional parts of the syntax, types, data structures, expressions, statements, visibility, exceptions, and erroneous execution.
\subsection{Concurrency}

Chapter 6 defines the correct use of concurrency to develop predictable, reliable, reusable, and portable software. The topics include tasking, protected units, communication, and termination. One major area of enhancement of the Ada language has been better support for shared data. The task mechanism had been the only available approach to protecting shared data. The guidelines in this chapter support the use of protected types to encapsulate and synchronize access to shared data.
\subsection{Portability and Reusability}

Chapters 7 and 8 address issues of designing for change from slightly different perspectives. Chapter 7 addresses the fundamentals of portability, the ease of changing software from one computer system or environment to another, and the impact of specific feature usage on portability. Chapter 8 addresses code reusability, the extent to which code can be used in different applications with minimal change.
The portability guidelines discussed in Chapter 7 need careful attention. Adherence to them is important even if the need to port the resulting software is not currently foreseen. Following the guidelines improves the potential reusability of the resulting code in projects that use different Ada implementations. You should insist that when particular project needs force the relaxation of some of the portability guidelines, nonportable features of the source text are prominently indicated.
The reusability guidelines given in Chapter 8 are based on the principles of encapsulation and design for change. These guidelines stress that understanding and clarity, robustness, adaptability, and independence are useful and desirable, even when reuse is not expected, because the resulting code is more resistant to both planned and unplanned change.
\subsection{Object-{}Oriented Features}

Chapter 9 defines a set of guidelines in common objected-{}oriented terms that exploit some of the features of Ada 95 that are not in Ada 83. The guidelines discuss the use of the new Ada features of type extension (tagged types), abstract tagged types, and abstract subprograms to implement single inheritance, multiple inheritance, and polymorphism.
\subsection{Performance}

Chapter 10 defines a set of guidelines intended to enhance performance. It is recognized that some approaches to performance are at odds with maintainability and portability. Most of the guidelines in this chapter read \symbol{34}. . . when measured performance indicates.\symbol{34} \symbol{34}Indicates\symbol{34} means that you have determined that the benefit in increased performance to your application in your environment outweighs the negative side effects on understandability, maintainability, and portability of the resulting code.
\section{How To Use This Book}

This book is intended for those involved in the actual development of software systems written in Ada. The following sections discuss how to make the most effective use of the material presented. Readers with different levels of Ada experience or different roles in a software project will need to use the book in different ways.
There are a number of ways in which this book can be used: as a guide to good Ada style; as a comprehensive list of guidelines that will contribute to better Ada programs; or as a reference work to consult for usage examples of and design-{}tradeoff discussion on specific features of the language. The book contains many guidelines, some of which are quite complex. Learning them all at the same time should not be necessary; it is unlikely that you will be using all the features of the language at once. However, it is recommended that all programmers (and, where possible, other Ada project staff) make an effort to read and understand Chapters 2, 3, 4, and Chapter 5 up to Section 5.7. Some of the material is quite difficult (e.g., Section 4.2, which discusses visibility), but it covers issues that are fundamental to the effective use of Ada and is important for any software professional involved in building Ada systems.
This book is not intended as an introductory text on Ada or as a complete manual of the Ada language. It is assumed that you already know the syntax of Ada and have a rudimentary understanding of the semantics. With such a background, you should find the guidelines useful, informative, and often enlightening.
If you are learning Ada, you should equip yourself with a comprehensive introduction to the language. Two good introductory texts on Ada 83 are Barnes (1989) and Cohen (1986). Both authors have published new books that cover Ada 95 (Barnes 1996, Cohen 1996). Once you become familiar with these texts, you are encouraged to use them in conjunction with Rationale (1995). The Ada Reference Manual (1995) should be regarded as a companion to these books. The majority of guidelines reference the sections of the Ada Reference Manual (1995) that define the language features being discussed. Appendix A cross references sections of the Ada Language Reference Manual to the guidelines.
\subsection{To The New Ada Programmer}

At first sight, Ada offers a bewildering variety of features. It is a powerful tool intended to solve difficult problems, and almost every feature has a legitimate application in some context. This makes it especially important to use Ada\textquotesingle{}s features in a disciplined and organized way. Following the guidelines can make learning Ada easier and help you to master its apparent complexity. From the beginning, you can write programs that exploit the best features of the language in the way that the designers intended.
Programmers experienced in using other programming languages are often tempted to use Ada as if it were their familiar language but with irritating syntactic differences. This pitfall should be avoided at all costs; it can lead to convoluted code that subverts exactly those aspects of Ada that make it so suitable for building high-{}quality systems. You must learn to \symbol{34}think Ada.\symbol{34} Following the guidelines in this book and reading the examples of their use will help you to do this as quickly and painlessly as possible.
To some degree, novice programmers learning Ada have an advantage. Following the guidelines from the beginning helps in developing a clear programming style that effectively exploits the language. If you are in this category, it is recommended that you adopt the guidelines for those exercises you perform as part of learning Ada. Initially, developing sound programming habits by concentrating on the guidelines themselves and their supporting examples is more important than understanding the rationale for each guideline.
The rationale for many of the guidelines helps experienced programmers understand and accept the suggestions presented in the guideline. Some of the guidelines themselves are also written for the experienced programmer who must make engineering tradeoffs. This is especially true in the areas of portability, reusability, and performance. These more difficult guidelines and rationale will make you aware of the issues affecting each programming decision. You can then use that awareness to recognize the engineering tradeoffs that you will eventually be asked to make when you are the experienced Ada programmer.
\subsection{To The Experienced Ada Programmer}

As an experienced Ada programmer, you are already writing code that conforms to many of the guidelines in this book. In some areas, however, you may have adopted a personal programming style that differs from that presented here, and you might be reluctant to change. Carefully review those guidelines that are inconsistent with your current style, make sure that you understand their rationale, and consider adopting them. The overall set of guidelines in this book embodies a consistent approach to producing high-{}quality programs that would be weakened by too many exceptions.
Consistency is another important reason for general adoption of common guidelines. If all the staff of a project write source text in the same style, many critical project activities are easier. Consistent code simplifies formal and informal code reviews, system integration, code reuse within a project, and the provision and application of supporting tools. In practice, corporate or project standards may require deviations from the guidelines to be explicitly commented, so adopting a nonstandard approach may require extra work.
Some of the guidelines in this book, particularly in the chapters on concurrency, portability, reusability, object-{}oriented features, and performance, focus on design tradeoffs. These guidelines ask you to consider whether using an Ada feature is an appropriate design decision for your application. There are often several ways to implement a particular design decision, and these guidelines discuss the tradeoffs you should consider in making your decision.
\subsection{To Experienced Object-{}Oriented Programmers}

As an experienced object-{}oriented programmer, you will appreciate the effort that has gone into elegantly extending the Ada language to include powerful object-{}oriented features. These new features are integrated tightly with the existing language features and vocabulary. This book is intentionally written to provide a view from the perspective of style; therefore, Ada object-{}oriented features are used throughout the book. Disciplined use of these features will promote programs that are easier to read and modify. These features also give you flexibility in building reusable components. Chapter 9 addresses object-{}oriented programming and the issues of inheritance and polymorphism. Earlier chapters cross reference the Chapter 9 guidelines.
You will find it easier to take advantage of many of the concepts in Chapter 9 if you have done an object-{}oriented design. The results of an object-{}oriented design would include a set of meaningful abstractions and hierarchy of classes. The abstractions need to include the definition of the design objects, including structure and state, the operations on the objects, and the intended encapsulation for each object. The details on designing these abstractions and the hierarchy of classes are beyond the scope of this book. A number of good sources exist for this detail, including Rumbaugh et al. (1991), Jacobson et al. (1992), the ADARTS Guidebook (Software Productivity Consortium 1993), and Booch (1994).
\subsection{To The Software Project Manager}

Technical management plays a key role in ensuring that the software produced in the course of a project is correct, reliable, maintainable, and portable. Management must create a project-{}wide commitment to the production of high-{}quality code; define project-{}specific coding standards and guidelines; foster an understanding of why uniform adherence to the chosen coding standards is critical to product quality; and establish policies and procedures to check and enforce that adherence. The guidelines contained in this book can aid such an effort.
An important activity for managers is the definition of coding standards for a project or organization. These guidelines do not, in themselves, constitute a complete set of standards; however, they can serve as a basis for standards. Several guidelines indicate a range of decisions, but they do not prescribe a particular decision. For example, the second guideline in the book (Guideline 2.1.2) advocates using a consistent number of spaces for indentation and indicates in the rationale that two to four spaces would be reasonable. With your senior technical staff, you should review each such guideline and arrive at a decision about its instantiation that will constitute your project or organizational standard.
Two other areas require managerial decisions about standardization. Guideline 3.1.4 advises you to avoid arbitrary abbreviations in object or unit names. You should prepare a glossary of acceptable abbreviations for a project that allows the use of shorter versions of application-{}specific terms (e.g., FFT for Fast Fourier Transform or SPN for Stochastic Petri Net). You should keep this glossary short and restrict it to terms that need to be used frequently as part of names. Having to refer continually to an extensive glossary to understand source text makes it hard to read.
The portability guidelines given in Chapter 7 need careful attention. Adherence to them is important even if the need to port the resulting software is not currently foreseen. Following the guidelines improves the potential reusability of the resulting code in projects that use different Ada implementations. You should insist that when particular project needs force the relaxation of some of the portability guidelines, nonportable features of the source text are prominently indicated. Observing the Chapter 7 guidelines requires definition and standardization of project-{} or organization-{}specific numeric types to be used in place of the (potentially nonportable) predefined numeric types.
Your decisions on standardization issues should be incorporated in a project or organization coding standards document. With coding standards in place, you need to ensure adherence to them. Gaining the wholehearted commitment of your programming staff to use the standards is critical. Given this commitment and the example of high-{}quality Ada being produced by your programmers, it will be far easier to conduct effective formal code reviews that check compliance to project standards.
Some general issues concerning the management of Ada projects are discussed by Hefley, et al. (1992).
\subsection{To Contracting Agencies And Standards Organizations}

Many of the guidelines presented here are specific enough to be adopted as corporate or project programming standards. Others require a managerial decision on a particular instantiation before they can be used as standards. In such cases, a sample instantiation is presented and used throughout the examples. Such instantiations should be recognized as weaker recommendations than the guidelines themselves. In some cases, where the examples are extracted from a published work, the author\textquotesingle{}s style is used unchanged.
Other guidelines presented in this book are intentionally phrased in terms of design choices to consider. These guidelines cannot be instantiated as hard-{}and-{}fast rules that a project must follow. For example, you should not interpret Guidelines 6.1.1 and 6.1.2 to mean that a project is forbidden to use tasks. Rather, these guidelines are intended to help the designer make the tradeoffs between using protected objects and tasks, thus leading the designer to make a more informed choice between these features.
The guidelines in this document are not intended to stand alone as a standard. In some cases, it is not clear that a guideline could be enforced because it is only intended to make the engineer aware of tradeoffs. In other cases, a choice still remains about a guideline, such as how many spaces to use for each level of indentation.
When a guideline is too general to show an example, the \symbol{34}instantiation\symbol{34} section of each guideline contains more specific guidelines. These instantiations can be considered a standard and are more likely to be enforceable. Any organization that attempts to extract standards from this document needs to evaluate the complete context. Each guideline works best when related guidelines are practiced. In isolation, a guideline may have little or no benefit.
\subsection{To Ada 83 To Ada 95 Transition Planners}

Transitioning issues fall into two major categories: the incompatibilities between the languages, in particular, upward compatibility, and exploitation of new language features.
Upward compatibility of Ada 95 was a major design goal of the language. The small number of incompatibilities between Ada 83 and Ada 95 that are likely to occur in practice are easily overcome (see Ada 95 Rationale {$\text{[}$}1995{$\text{]}$} Appendix X entitled Upward Compatibility). Detailed information on compatibility issues can be found in Taylor (1995) and Intermetrics (1995).
The transition planner can gain insight from this book into the exploitation of language features in two ways. First, Table 1 shows the impact of new Ada 95 language features on style guide chapters. Second, Appendix A maps Ada Reference Manual (1995) sections to specific style guidelines.
\section{Typographic Conventions}

This style guide uses the following typographic conventions:

\begin{myitemize}
\item{}Serif font General presentation of information.
\item{}{\itshape Italicized serif font} Publication titles and emphasis.
\item{}{\bfseries Boldfaced serif font} Section headings.
\item{}{\bfseries Boldfaced sans serif font} Subheadings for guideline, instantiation, example, rationale, notes, exceptions, automation notes, caution, and subheadings in Summary sections.
\item{}{\ttfamily Typewriter font}:

\end{myitemize}

\TemplatePreformat{$\text{ }$\newline{}
Syntax$\text{ }${}of$\text{ }${}code.$\text{ }$\newline{}
}
$\text{ }$\newline{}



\chapter{Source Code Presentation}

\myminitoc




\section{Introduction}

The physical layout of source text on the page or screen has a strong effect on its readability. This chapter contains source code presentation guidelines intended to make the code more readable.
In addition to the general purpose guidelines, specific recommendations are made in the \symbol{34}instantiation\symbol{34} sections. If you disagree with the specific recommendations, you may want to adopt your own set of conventions that still follow the general purpose guidelines. Above all, be consistent across your entire project.
An entirely consistent layout is hard to achieve or check manually. Therefore, you may prefer to automate layout with a tool for parameterized code formatting or incorporate the guidelines into an automatic coding template. Some of the guidelines and specific recommendations presented in this chapter cannot be enforced by a formatting tool because they are based on the semantics, not the syntax, of the Ada code. More details are given in the \symbol{34}automation notes\symbol{34} sections.
\section{Code Formatting}

The \symbol{34}code formatting\symbol{34} of Ada source code affects how the code looks, not what the code does. Topics included here are horizontal spacing, indentation, alignment, pagination, and line length. The most important guideline is to be consistent throughout the compilation unit as well as the project.
\subsection{Horizontal Spacing}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use consistent spacing around delimiters.
\item{}Use the same spacing as you would in regular prose.

\end{myitemize}

\subsubsection{instantiation}

Specifically, leave at least one blank space in the following places, as shown in the examples throughout this book. More spaces may be required for the vertical alignment recommended in subsequent guidelines.

\begin{myitemize}
\item{}Before and after the following delimiters and binary operators:

\end{myitemize}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{\ensuremath{\text{ }}\ensuremath{\text{ }}+\ensuremath{\text{ }}-\ensuremath{\text{ }}*\ensuremath{\text{ }}/\ensuremath{\text{ }}}\newline
\NormalTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}\ensuremath{\text{ }}/=\ensuremath{\text{ }}=\ensuremath{\text{ }}=}\newline
\NormalTok{\ensuremath{\text{ }}\ensuremath{\text{ }}:=\ensuremath{\text{ }}=\ensuremath{\text{ }}\textbar{}\ensuremath{\text{ }}..}\newline
\NormalTok{\ensuremath{\text{ }}\ensuremath{\text{ }}:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\end{Highlighting}
\end{Shaded}



\begin{myitemize}
\item{}Outside of the quotes for string (\symbol{34}) and character (\textquotesingle{} ) literals, except where prohibited.
\item{}Outside, but not inside, parentheses.
\item{}After commas (,) and semicolons (;).

\end{myitemize}

Do not leave any blank spaces in the following places, even if this conflicts with the above recommendations.

\begin{myitemize}
\item{}After the plus (+) and minus (-{}) signs when used as unary operators.
\item{}After a function call.
\item{}Inside of label delimiters ({\mbox{$<$}}{\mbox{$<$}} {\mbox{$>$}}{\mbox{$>$}}).
\item{}Before and after the exponentiation operator (**), apostrophe (\textquotesingle{}), and period (.)
\item{}Between multiple consecutive opening or closing parentheses.
\item{}Before commas (,) and semicolons (;).

\end{myitemize}

When superfluous parentheses are omitted because of operator precedence rules, spaces may optionally be removed around the highest precedence operators in that expression.
\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{Default_String\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\DataTypeTok{String}\ensuremath{\text{ }}\NormalTok{:=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"This\ensuremath{\text{ }}is\ensuremath{\text{ }}the\ensuremath{\text{ }}long\ensuremath{\text{ }}string\ensuremath{\text{ }}returned\ensuremath{\text{ }}by"}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"\ensuremath{\text{ }}default.\ensuremath{\text{ }}It\ensuremath{\text{ }}is\ensuremath{\text{ }}broken\ensuremath{\text{ }}into\ensuremath{\text{ }}multiple"}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"\ensuremath{\text{ }}Ada\ensuremath{\text{ }}source\ensuremath{\text{ }}lines\ensuremath{\text{ }}for\ensuremath{\text{ }}convenience."}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Signed_Whole_16\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\NormalTok{-}\DecValTok{2}\NormalTok{**}\DecValTok{15}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{**}\DecValTok{15}\ensuremath{\text{ }}\NormalTok{-\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Address_Area\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{array}\ensuremath{\text{ }}\NormalTok{(Natural\ensuremath{\text{ }}}\KeywordTok{range}\ensuremath{\text{ }}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{of}\ensuremath{\text{ }}\NormalTok{Signed_Whole_16;}\newline
\ensuremath{\text{ }}\newline
\NormalTok{Register\ensuremath{\text{ }}:\ensuremath{\text{ }}Address_Area\ensuremath{\text{ }}(}\DecValTok{16}\NormalTok{#7FF0#\ensuremath{\text{ }}..\ensuremath{\text{ }}}\DecValTok{16}\NormalTok{#7FFF#);}\newline
\NormalTok{Memory\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Address_Area\ensuremath{\text{ }}(\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\DecValTok{0}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}}\DecValTok{16}\NormalTok{#7FEC#);}\newline
\ensuremath{\text{ }}\newline
\NormalTok{Register\ensuremath{\text{ }}(Pc)\ensuremath{\text{ }}:=\ensuremath{\text{ }}Register\ensuremath{\text{ }}(A);}\newline
\ensuremath{\text{ }}\newline
\NormalTok{X\ensuremath{\text{ }}:=\ensuremath{\text{ }}Signed_Whole_16\ensuremath{\text{ }}(Radius\ensuremath{\text{ }}*\ensuremath{\text{ }}Sin(Angle)\ensuremath{\text{ }});}\newline
\ensuremath{\text{ }}\newline
\NormalTok{Register\ensuremath{\text{ }}(Index)\ensuremath{\text{ }}:=\ensuremath{\text{ }}Memory\ensuremath{\text{ }}(Base_Address\ensuremath{\text{ }}+\ensuremath{\text{ }}Index\ensuremath{\text{ }}*\ensuremath{\text{ }}Element_Length);}\newline
\ensuremath{\text{ }}\newline
\NormalTok{Get\ensuremath{\text{ }}(Value\ensuremath{\text{ }}=\ensuremath{\text{ }}Sensor);}\newline
\ensuremath{\text{ }}\newline
\NormalTok{Error_Term\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\FloatTok{1.0}\ensuremath{\text{ }}\NormalTok{-\ensuremath{\text{ }}(Cos(Theta)**}\DecValTok{2}\ensuremath{\text{ }}\NormalTok{+\ensuremath{\text{ }}Sin(Theta)**}\DecValTok{2}\NormalTok{);}\newline
\ensuremath{\text{ }}\newline
\NormalTok{Z\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:=\ensuremath{\text{ }}X**}\DecValTok{3}\NormalTok{;}\newline
\NormalTok{Y\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:=\ensuremath{\text{ }}C\ensuremath{\text{ }}*\ensuremath{\text{ }}X\ensuremath{\text{ }}+\ensuremath{\text{ }}B;}\newline
\NormalTok{Volume\ensuremath{\text{ }}:=\ensuremath{\text{ }}Length\ensuremath{\text{ }}*\ensuremath{\text{ }}Width\ensuremath{\text{ }}*\ensuremath{\text{ }}Height;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

It is a good idea to use white space around delimiters and operators because they are typically short sequences (one or two characters) that can easily get lost among the longer keywords and identifiers. Putting white space around them makes them stand out. Consistency in spacing also helps make the source code easier to scan visually.
However, many of the delimiters (commas, semicolons, parentheses, etc.) are familiar as normal punctuation marks. It is distracting to see them spaced differently in a computer program than in normal text. Therefore, use the same spacing as in text (no spaces before commas and semicolons, no spaces inside parentheses, etc.).
\subsubsection{exceptions}

The one notable exception is the colon (:). In Ada, it is useful to use the colon as a tabulator or a column separator (see Guideline 2.1.4). In this context, it makes sense to put spaces before and after the colon rather than only after it as in normal text.
\subsubsection{automation notes}

The guidelines in this section are easily enforced with an automatic code formatter.
\subsection{Indentation}

\subsubsection{guideline}


\begin{myitemize}
\item{}Indent and align nested control structures, continuation lines, and embedded units consistently.
\item{}Distinguish between indentation for nested control structures and for continuation lines.
\item{}Use spaces for indentation, not the tab character (Nissen and Wallis 1984, Â§2.2).

\end{myitemize}

\subsubsection{instantiation}

Specifically, the following indentation conventions are recommended, as shown in the examples throughout this book. Note that the minimum indentation is described. More spaces may be required for the vertical alignment recommended in subsequent guidelines.

\begin{myitemize}
\item{}Use the recommended paragraphing shown in the Ada Reference Manual (1995).
\item{}Use three spaces as the basic unit of indentation for nesting.
\item{}Use two spaces as the basic unit of indentation for continuation lines.

\end{myitemize}

A label is outdented three spaces:

\begin{longtable}{>{\RaggedRight}p{0.75285\linewidth}>{\RaggedRight}p{0.16679\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\TemplateSource{\newline{}$\text{ }${}\newline{}begin\newline{}label\newline{}$\text{ }${}$\text{ }${}$\text{ }${}statement\newline{}end;}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\TemplateSource{\newline{}$\text{ }${}\newline{}long$\text{ }${}statement$\text{ }${}with$\text{ }${}line$\text{ }${}break\newline{}$\text{ }${}$\text{ }${}trailing$\text{ }${}part$\text{ }${}of$\text{ }${}same$\text{ }${}statement} 
\end{longtable}

The if statement and the plain loop:

\begin{longtable}{>{\RaggedRight}p{0.45982\linewidth}>{\RaggedRight}p{0.45982\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\TemplateSource{\newline{}$\text{ }${}\newline{}if$\text{ }${}condition$\text{ }${}then\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}elsif$\text{ }${}condition$\text{ }${}then\newline{}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}else\newline{}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}end$\text{ }${}if;}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\TemplateSource{\newline{}$\text{ }${}\newline{}name:\newline{}loop\newline{}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}$\text{ }${}$\text{ }${}$\text{ }${}exit$\text{ }${}when$\text{ }${}condition;\newline{}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}end$\text{ }${}loop$\text{ }${}name;} 
\end{longtable}

Loops with the for and while iteration schemes:

\begin{longtable}{>{\RaggedRight}p{0.45982\linewidth}>{\RaggedRight}p{0.45982\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\TemplateSource{\newline{}$\text{ }${}\newline{}name:\newline{}$\text{ }${}$\text{ }${}$\text{ }${}for$\text{ }${}scheme$\text{ }${}loop\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}loop$\text{ }${}name;}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\TemplateSource{\newline{}$\text{ }${}\newline{}name:\newline{}$\text{ }${}$\text{ }${}$\text{ }${}while$\text{ }${}condition$\text{ }${}loop\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}loop$\text{ }${}name;} 
\end{longtable}

The block and the case statement as recommended in the Ada Reference Manual (1995):

\begin{longtable}{>{\RaggedRight}p{0.63993\linewidth}>{\RaggedRight}p{0.27971\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\TemplateSource{\newline{}$\text{ }${}\newline{}name:\newline{}$\text{ }${}$\text{ }${}$\text{ }${}declare\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}declarations\newline{}$\text{ }${}$\text{ }${}$\text{ }${}begin\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}$\text{ }${}$\text{ }${}$\text{ }${}exception\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}when$\text{ }${}choice$\text{ }${}=\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}when$\text{ }${}others$\text{ }${}=\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}name;}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\TemplateSource{\newline{}$\text{ }${}\newline{}case$\text{ }${}expression$\text{ }${}is\newline{}$\text{ }${}$\text{ }${}$\text{ }${}when$\text{ }${}choice$\text{ }${}=\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}$\text{ }${}$\text{ }${}$\text{ }${}when$\text{ }${}choice$\text{ }${}=\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}$\text{ }${}$\text{ }${}$\text{ }${}when$\text{ }${}others$\text{ }${}=\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}end$\text{ }${}case;$\text{ }${}$\text{ }${}-{}-{}comment} 
\end{longtable}

These case statements save space over the Ada Reference Manual (1995) recommendation and depend on very short statement lists, respectively. Whichever you choose, be consistent:

\begin{longtable}{>{\RaggedRight}p{0.61031\linewidth}>{\RaggedRight}p{0.30934\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\TemplateSource{\newline{}$\text{ }${}\newline{}case$\text{ }${}expression$\text{ }${}is\newline{}when$\text{ }${}choice$\text{ }${}=\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}when$\text{ }${}choice$\text{ }${}=\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}when$\text{ }${}others$\text{ }${}=\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}end$\text{ }${}case;}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\TemplateSource{\newline{}$\text{ }${}\newline{}case$\text{ }${}expression$\text{ }${}is\newline{}$\text{ }${}$\text{ }${}$\text{ }${}when$\text{ }${}choice$\text{ }${}=$\text{ }${}statements\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}$\text{ }${}$\text{ }${}$\text{ }${}when$\text{ }${}choice$\text{ }${}=$\text{ }${}statements\newline{}$\text{ }${}$\text{ }${}$\text{ }${}when$\text{ }${}others$\text{ }${}$\text{ }${}$\text{ }${}=$\text{ }${}statements\newline{}end$\text{ }${}case;} 
\end{longtable}

The various forms of selective accept and the timed and conditional entry calls:

\begin{longtable}{>{\RaggedRight}p{0.86622\linewidth}>{\RaggedRight}p{0.05343\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\TemplateSource{\newline{}$\text{ }${}\newline{}select\newline{}$\text{ }${}$\text{ }${}$\text{ }${}when$\text{ }${}guard$\text{ }${}=\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}accept$\text{ }${}statement\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}or\newline{}$\text{ }${}$\text{ }${}$\text{ }${}accept$\text{ }${}statement\newline{}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}or\newline{}$\text{ }${}$\text{ }${}$\text{ }${}when$\text{ }${}guard$\text{ }${}=\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}delay$\text{ }${}interval;\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}or\newline{}$\text{ }${}$\text{ }${}$\text{ }${}when$\text{ }${}guard$\text{ }${}=\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}terminate;\newline{}else\newline{}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}end$\text{ }${}select;}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\TemplateSource{\newline{}$\text{ }${}\newline{}select\newline{}$\text{ }${}$\text{ }${}$\text{ }${}entry$\text{ }${}call;\newline{}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}or\newline{}$\text{ }${}$\text{ }${}$\text{ }${}delay$\text{ }${}interval;\newline{}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}end$\text{ }${}select;\newline{}$\text{ }${}\newline{}select\newline{}$\text{ }${}$\text{ }${}$\text{ }${}entry$\text{ }${}call;\newline{}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}else\newline{}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}end$\text{ }${}select;\newline{}$\text{ }${}\newline{}select\newline{}$\text{ }${}$\text{ }${}$\text{ }${}triggering$\text{ }${}alternative\newline{}then$\text{ }${}abort\newline{}$\text{ }${}$\text{ }${}$\text{ }${}abortable$\text{ }${}part\newline{}end$\text{ }${}select;} 
\end{longtable}

The accept statement:

\begin{longtable}{>{\RaggedRight}p{0.61031\linewidth}>{\RaggedRight}p{0.30934\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\TemplateSource{\newline{}$\text{ }${}\newline{}accept$\text{ }${}specification$\text{ }${}do\newline{}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}end$\text{ }${}name;}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\TemplateSource{\newline{}$\text{ }${}\newline{}separate$\text{ }${}(parent$\text{ }${}unit)\newline{}proper$\text{ }${}body} 
\end{longtable}

A subunit:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{separate}\ensuremath{\text{ }}\NormalTok{(parent\ensuremath{\text{ }}unit)}\newline
\NormalTok{proper\ensuremath{\text{ }}}\KeywordTok{body}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{name;}\newline
\end{Highlighting}
\end{Shaded}


Proper bodies of program units:

\begin{longtable}{>{\RaggedRight}p{0.16679\linewidth}>{\RaggedRight}p{0.75285\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\TemplateSource{\newline{}$\text{ }${}\newline{}procedure$\text{ }${}specification$\text{ }${}is\newline{}$\text{ }${}$\text{ }${}$\text{ }${}declarations\newline{}begin\newline{}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}exception\newline{}$\text{ }${}$\text{ }${}$\text{ }${}when$\text{ }${}choice$\text{ }${}=\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}end$\text{ }${}name;\newline{}$\text{ }${}\newline{}function$\text{ }${}specification\newline{}$\text{ }${}$\text{ }${}return$\text{ }${}type$\text{ }${}name$\text{ }${}is\newline{}$\text{ }${}$\text{ }${}$\text{ }${}declarations\newline{}begin\newline{}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}exception\newline{}$\text{ }${}$\text{ }${}$\text{ }${}when$\text{ }${}choice$\text{ }${}=\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}end$\text{ }${}name;}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\TemplateSource{\newline{}$\text{ }${}\newline{}package$\text{ }${}body$\text{ }${}name$\text{ }${}is\newline{}$\text{ }${}$\text{ }${}$\text{ }${}declarations\newline{}begin\newline{}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}exception\newline{}$\text{ }${}$\text{ }${}$\text{ }${}when$\text{ }${}choice=\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}end$\text{ }${}name;\newline{}$\text{ }${}\newline{}task$\text{ }${}body$\text{ }${}name$\text{ }${}is\newline{}$\text{ }${}$\text{ }${}$\text{ }${}declarations\newline{}begin\newline{}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}exception\newline{}$\text{ }${}$\text{ }${}$\text{ }${}when$\text{ }${}choice=\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}statements\newline{}end$\text{ }${}name;} 
\end{longtable}

Context clauses on compilation units are arranged as a table. Generic formal parameters do not obscure the unit itself. Function, package, and task specifications use standard indentation:

\begin{longtable}{>{\RaggedRight}p{0.53023\linewidth}>{\RaggedRight}p{0.11747\linewidth}>{\RaggedRight}p{0.23176\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\TemplateSource{\newline{}$\text{ }${}\newline{}with$\text{ }${}name;$\text{ }${}use$\text{ }${}name;\newline{}with$\text{ }${}name;\newline{}with$\text{ }${}name;\newline{}$\text{ }${}\newline{}$\text{ }${}\newline{}$\text{ }${}\newline{}compilation$\text{ }${}unit\newline{}$\text{ }${}\newline{}$\text{ }${}\newline{}generic\newline{}$\text{ }${}$\text{ }${}$\text{ }${}formal$\text{ }${}parameters\newline{}compilation$\text{ }${}unit}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\TemplateSource{\newline{}$\text{ }${}\newline{}function$\text{ }${}specification\newline{}$\text{ }${}$\text{ }${}return$\text{ }${}type;\newline{}$\text{ }${}\newline{}package$\text{ }${}name$\text{ }${}is\newline{}$\text{ }${}$\text{ }${}$\text{ }${}declarations\newline{}private\newline{}$\text{ }${}$\text{ }${}$\text{ }${}declarations\newline{}end$\text{ }${}name;\newline{}$\text{ }${}\newline{}task$\text{ }${}type$\text{ }${}name$\text{ }${}is\newline{}$\text{ }${}$\text{ }${}$\text{ }${}entry$\text{ }${}declarations\newline{}end$\text{ }${}name;}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 
\end{longtable}

Instantiations of generic units and record indentation:

\begin{longtable}{>{\RaggedRight}p{0.45982\linewidth}>{\RaggedRight}p{0.45982\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\TemplateSource{\newline{}$\text{ }${}\newline{}procedure$\text{ }${}name$\text{ }${}is\newline{}$\text{ }${}$\text{ }${}$\text{ }${}new$\text{ }${}generic$\text{ }${}name$\text{ }${}actuals\newline{}$\text{ }${}\newline{}function$\text{ }${}name$\text{ }${}is\newline{}$\text{ }${}$\text{ }${}$\text{ }${}new$\text{ }${}generic$\text{ }${}name$\text{ }${}actuals\newline{}$\text{ }${}\newline{}package$\text{ }${}name$\text{ }${}is\newline{}$\text{ }${}$\text{ }${}$\text{ }${}new$\text{ }${}generic$\text{ }${}name$\text{ }${}actuals}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\TemplateSource{\newline{}$\text{ }${}\newline{}type$\text{ }${}...$\text{ }${}is\newline{}$\text{ }${}$\text{ }${}$\text{ }${}record\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}component$\text{ }${}list\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}case$\text{ }${}discriminant$\text{ }${}name$\text{ }${}is\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}when$\text{ }${}choice$\text{ }${}=\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}component$\text{ }${}list\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}when$\text{ }${}choice$\text{ }${}=\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}component$\text{ }${}list\newline{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}case;\newline{}$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}record;} 
\end{longtable}

Indentation for record alignment:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{name\ensuremath{\text{ }}}\KeywordTok{use}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\ensuremath{\text{ }}\KeywordTok{mod}\ensuremath{\text{ }}\NormalTok{clause}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{component\ensuremath{\text{ }}clause}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


Tagged types and type extension:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{...\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{tagged}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{component\ensuremath{\text{ }}}\KeywordTok{list}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{...\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{...\ensuremath{\text{ }}}\KeywordTok{with}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{component\ensuremath{\text{ }}}\KeywordTok{list}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{Default_String\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\DataTypeTok{String}\ensuremath{\text{ }}\NormalTok{:=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"This\ensuremath{\text{ }}is\ensuremath{\text{ }}the\ensuremath{\text{ }}long\ensuremath{\text{ }}string\ensuremath{\text{ }}returned\ensuremath{\text{ }}by"}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"\ensuremath{\text{ }}default.\ensuremath{\text{ }}\ensuremath{\text{ }}It\ensuremath{\text{ }}is\ensuremath{\text{ }}broken\ensuremath{\text{ }}into\ensuremath{\text{ }}multiple"}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"\ensuremath{\text{ }}Ada\ensuremath{\text{ }}source\ensuremath{\text{ }}lines\ensuremath{\text{ }}for\ensuremath{\text{ }}convenience."}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Input_Found\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Count_Characters;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--not\ensuremath{\text{ }}Input_Found}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Reset_State;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Character_Total\ensuremath{\text{ }}:=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{First_Part_Total\ensuremath{\text{ }}\ensuremath{\text{ }}*\ensuremath{\text{ }}First_Part_Scale_Factor\ensuremath{\text{ }}\ensuremath{\text{ }}+}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Second_Part_Total\ensuremath{\text{ }}*\ensuremath{\text{ }}Second_Part_Scale_Factor\ensuremath{\text{ }}+}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Default_String{\char13}Length\ensuremath{\text{ }}+\ensuremath{\text{ }}Delimiter_Size;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Indentation improves the readability of the code because it gives you a visual indicator of the program structure. The levels of nesting are clearly identified by indentation, and the first and last keywords in a construct can be matched visually.
While there is much discussion on the number of spaces to indent, the reason for indentation is code clarity. The fact that the code is indented consistently is more important than the number of spaces used for indentation.
Additionally, the Ada Reference Manual (1995, Â§1.1.4) states that the layout shown in the examples and syntax rules in the manual is the recommended code layout to be used for Ada programs: \symbol{34}The syntax rules describing structured constructs are presented in a form that corresponds to the recommended paragraphing . . . . Different lines are used for parts of a syntax rule if the corresponding parts of the construct described by the rule are intended to be on different lines . . . . It is recommended that all indentation be by multiples of a basic step of indentation (the number of spaces for the basic step is not defined).\symbol{34}
It is important to indent continuation lines differently from nested control structures to make them visually distinct. This prevents them from obscuring the structure of the code as you scan it.
Listing context clauses on individual lines allows easier maintenance; changing a context clause is less error-{}prone.
Indenting with spaces is more portable than indenting with tabs because tab characters are displayed differently by different terminals and printers.
\subsubsection{exceptions}

If you are using a variable width font, tabs will align better than spaces. However, depending on your tab setting, lines of successive indentation may leave you with a very short line length.
\subsubsection{automation notes}

The guidelines in this section are easily enforced with an automatic code formatter.
\subsection{Alignment of Operators}

\subsubsection{guideline}


\begin{myitemize}
\item{}Align operators vertically to emphasize local program structure and semantics.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Slot_A\ensuremath{\text{ }}=\ensuremath{\text{ }}Slot_B\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Temporary\ensuremath{\text{ }}:=\ensuremath{\text{ }}Slot_A;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Slot_A\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:=\ensuremath{\text{ }}Slot_B;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Slot_B\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:=\ensuremath{\text{ }}Temporary;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{----------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Numerator\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:=\ensuremath{\text{ }}B**}\DecValTok{2}\ensuremath{\text{ }}\NormalTok{-\ensuremath{\text{ }}}\FloatTok{4.0}\ensuremath{\text{ }}\NormalTok{*\ensuremath{\text{ }}A\ensuremath{\text{ }}*\ensuremath{\text{ }}C;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Denominator\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\FloatTok{2.0}\ensuremath{\text{ }}\NormalTok{*\ensuremath{\text{ }}A;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Solution_1\ensuremath{\text{ }}:=\ensuremath{\text{ }}(B\ensuremath{\text{ }}+\ensuremath{\text{ }}Square_Root(Numerator))\ensuremath{\text{ }}/\ensuremath{\text{ }}Denominator;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Solution_2\ensuremath{\text{ }}:=\ensuremath{\text{ }}(B\ensuremath{\text{ }}-\ensuremath{\text{ }}Square_Root(Numerator))\ensuremath{\text{ }}/\ensuremath{\text{ }}Denominator;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{----------------------------------------------------------------}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{X\ensuremath{\text{ }}:=\ensuremath{\text{ }}A\ensuremath{\text{ }}*\ensuremath{\text{ }}B\ensuremath{\text{ }}+}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{C\ensuremath{\text{ }}*\ensuremath{\text{ }}D\ensuremath{\text{ }}+}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{E\ensuremath{\text{ }}*\ensuremath{\text{ }}F;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Y\ensuremath{\text{ }}:=\ensuremath{\text{ }}(A\ensuremath{\text{ }}*\ensuremath{\text{ }}B\ensuremath{\text{ }}+\ensuremath{\text{ }}C)\ensuremath{\text{ }}+\ensuremath{\text{ }}\ensuremath{\text{ }}(}\FloatTok{2.0}\ensuremath{\text{ }}\NormalTok{*\ensuremath{\text{ }}D\ensuremath{\text{ }}-\ensuremath{\text{ }}E)\ensuremath{\text{ }}-\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}basic\ensuremath{\text{ }}equation}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\FloatTok{3.5}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}account\ensuremath{\text{ }}for\ensuremath{\text{ }}error\ensuremath{\text{ }}factor}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Alignment makes it easier to see the position of the operators and, therefore, puts visual emphasis on what the code is doing.
The use of lines and spacing on long expressions can emphasize terms, precedence of operators, and other semantics. It can also leave room for highlighting comments within an expression.
\subsubsection{exceptions}

If vertical alignment of operators forces a statement to be broken over two lines, especially if the break is at an inappropriate spot, it may be preferable to relax the alignment guideline.
\subsubsection{automation notes}

The last example above shows a kind of \symbol{34}semantic alignment\symbol{34} that is not typically enforced or even preserved by automatic code formatters. If you break expressions into semantic parts and put each on a separate line, beware of using a code formatter later. It is likely to move the entire expression to a single line and accumulate all the comments at the end. However, there are some formatters that are intelligent enough to leave a line break intact when the line contains a comment. A good formatter will recognize that the last example above does not violate the guidelines and would, therefore, preserve it as written.
\subsection{Alignment of Declarations}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use vertical alignment to enhance the readability of declarations.
\item{}Provide, at most, one declaration per line.
\item{}Indent all declarations in a single declarative part at the same level.

\end{myitemize}

\subsubsection{instantiation}

For declarations not separated by blank lines, follow these alignment rules:

\begin{myitemize}
\item{}Align the colon delimiters.
\item{}Align the{\mbox{$~$}}:= initialization delimiter.
\item{}When trailing comments are used, align the comment delimiter.
\item{}When the declaration overflows a line, break the line and add an indentation level for those lines that wrap. The preferred places to break, in order, are: (1) the comment delimiter; (2) the initialization delimiter; (3) the colon delimiter.
\item{}For enumeration type declarations that do not fit on a single line, put each literal on a separate line, using the next level of indentation. When appropriate, semantically related literals can be arranged by row or column to form a table.

\end{myitemize}

\subsubsection{example}

Variable and constant declarations can be laid out in a tabular format with columns separated by the symbols{\mbox{$~$}}:,{\mbox{$~$}}:=, and -{}-{}


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Prompt_Column\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\DecValTok{40}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Question_Mark\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\DataTypeTok{String}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\StringTok{"\ensuremath{\text{ }}?\ensuremath{\text{ }}"}\NormalTok{;\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}prompt\ensuremath{\text{ }}on\ensuremath{\text{ }}error}\newline
\ensuremath{\text{ }}\NormalTok{input}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Prompt_String\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\DataTypeTok{String}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\StringTok{"\ensuremath{\text{ }}==\ensuremath{\text{ }}"}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


If this results in lines that are too long, they can be laid out with each part on a separate line with its unique indentation level:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{User_Response_Text_Frame\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\DataTypeTok{String}\ensuremath{\text{ }}\NormalTok{(}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}}\DecValTok{72}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}If\ensuremath{\text{ }}the\ensuremath{\text{ }}declaration\ensuremath{\text{ }}needed\ensuremath{\text{ }}a\ensuremath{\text{ }}comment,\ensuremath{\text{ }}it\ensuremath{\text{ }}would\ensuremath{\text{ }}fit\ensuremath{\text{ }}here.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Input_Line_Buffer\ensuremath{\text{ }}:\ensuremath{\text{ }}User_Response_Text_Frame}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}Prompt_String\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{String{\char13}(}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}User_Response_Text_Frame{\char13}Length\ensuremath{\text{ }}-}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Prompt_String{\char13}Length\ensuremath{\text{ }}=\ensuremath{\text{ }}}\CharTok{{\char13}\ensuremath{\text{ }}{\char13}}\NormalTok{);}\newline
\end{Highlighting}
\end{Shaded}


Declarations of enumeration literals can be listed in one or more columns as:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Op_Codes_In_Column\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{(Push,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Pop,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Add,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Subtract,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Multiply,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Divide,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Subroutine_Call,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Subroutine_Return,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Branch,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Branch_On_Zero,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Branch_On_Negative);}\newline
\end{Highlighting}
\end{Shaded}


or, to save space:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Op_Codes_Multiple_Columns\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{(Push,\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Pop,\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Add,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Subtract,\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Multiply,\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Divide,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Subroutine_Call,\ensuremath{\text{ }}Subroutine_Return,\ensuremath{\text{ }}\ensuremath{\text{ }}Branch,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Branch_On_Zero,\ensuremath{\text{ }}\ensuremath{\text{ }}Branch_On_Negative);}\newline
\end{Highlighting}
\end{Shaded}


or, to emphasize related groups of values:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Op_Codes_In_Table\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{(Push,\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Pop,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Add,\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Subtract,\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Multiply,\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Divide,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Subroutine_Call,\ensuremath{\text{ }}Subroutine_Return,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Branch,\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Branch_On_Zero,\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Branch_On_Negative);}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Many programming standards documents require tabular repetition of names, types, initial values, and meaning in unit header comments. These comments are redundant and can become inconsistent with the code. Aligning the declarations themselves in tabular fashion (see the examples above) provides identical information to both compiler and reader; enforces, at most, one declaration per line; and eases maintenance by providing space for initializations and necessary comments. A tabular layout enhances readability, thus preventing names from \symbol{34}hiding\symbol{34} in a mass of declarations. This applies to all declarations: types, subtypes, objects, exceptions, named numbers, and so forth.
\subsubsection{automation notes}

Most of the guidelines in this section are easily enforced with an automatic code formatter. The one exception is the last enumerated type example, which is laid out in rows based on the semantics of the enumeration literals. An automatic code formatter will not be able to do this and will likely move the enumeration literals to different lines. However, tools that are checking only for violations of the guidelines should accept the tabular form of an enumeration type declaration.
\subsection{More on Alignment}

\subsubsection{guideline}


\begin{myitemize}
\item{}Align parameter modes and parentheses vertically.

\end{myitemize}

\subsubsection{instantiation}

Specifically, it is recommended that you:

\begin{myitemize}
\item{}Place one formal parameter specification per line.
\item{}Vertically align parameter names, colons, the reserved word in, the reserved word out, and parameter subtypes.
\item{}Place the first parameter specification on the same line as the subprogram or entry name. If any parameter subtypes are forced beyond the line length limit, place the first parameter specification on a new line indented the same as a continuation line.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Display_Menu\ensuremath{\text{ }}(Title\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{String}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Options\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Menus;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Choice\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Alpha_Numerics);}\newline
\end{Highlighting}
\end{Shaded}


The following two examples show alternate instantiations of this guideline:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Display_Menu_On_Primary_Window}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{(Title\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{String}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Options\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Menus;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Choice\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Alpha_Numerics);}\newline
\end{Highlighting}
\end{Shaded}


or:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Display_Menu_On_Screen\ensuremath{\text{ }}(}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Title\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{String}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Options\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Menus;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Choice\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Alpha_Numerics}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{);}\newline
\end{Highlighting}
\end{Shaded}


Aligning parentheses makes complicated relational expressions more clear:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\KeywordTok{not}\ensuremath{\text{ }}\NormalTok{(First_Character\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Alpha_Numerics\ensuremath{\text{ }}}\KeywordTok{and}\ensuremath{\text{ }}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Valid_Option(First_Character))\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{then}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

This alignment facilitates readability and understandability, and it is easy to achieve given automated support. Aligning parameter modes provides the effect of a table with columns for parameter name, mode, subtype, and, if necessary, parameter-{}specific comments. Vertical alignment of parameters across subprograms within a compilation unit increases the readability even more.
\subsubsection{exceptions}

Various options are available for subprogram layout. The second example above aligns all of the subprogram names and parameter names in a program. This has the disadvantage of occupying an unnecessary line where subprogram names are short and looking awkward if there is only one parameter.
The third example is a format commonly used to reduce the amount of editing required when parameter lines are added, deleted, or reordered. The parentheses do not have to be moved from line to line. However, the last parameter line is the only one without a semicolon.
\subsubsection{exceptions}

When an operator function has two or more formal parameters of the same type, it is more readable to declare the parameters in a single one-{}line list rather than to separate the formal parameter list into multiple formal parameter specifications.


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Color_Scheme\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{(Red,\ensuremath{\text{ }}Purple,\ensuremath{\text{ }}Blue,\ensuremath{\text{ }}Green,\ensuremath{\text{ }}Yellow,\ensuremath{\text{ }}White,}\newline
\ensuremath{\text{ }}\NormalTok{Black,\ensuremath{\text{ }}Brown,\ensuremath{\text{ }}Gray,\ensuremath{\text{ }}Pink);\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\StringTok{""}\ensuremath{\text{ }}\NormalTok{(Left,\ensuremath{\text{ }}Right\ensuremath{\text{ }}:\ensuremath{\text{ }}Color_Scheme)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Color_Scheme;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{automation notes}

Most of the guidelines in this section are easily enforced with an automatic code formatter. The one exception is the last example, which shows vertical alignment of parentheses to emphasize terms of an expression. This is difficult to achieve with an automatic code formatter unless the relevant terms of the expression can be determined strictly through operator precedence.
\subsection{Blank Lines}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use blank lines to group logically related lines of text (NASA 1987).

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{...\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{...\ensuremath{\text{ }}}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


This example separates different kinds of declarations with blank lines:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Employee_Record\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Legal_Name\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Name;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Date_Of_Birth\ensuremath{\text{ }}:\ensuremath{\text{ }}Date;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Date_Of_Hire\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Date;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Salary\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Money;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Day\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{(Monday,\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Tuesday,\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Wednesday,\ensuremath{\text{ }}Thursday,\ensuremath{\text{ }}\ensuremath{\text{ }}Friday,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Saturday,\ensuremath{\text{ }}\ensuremath{\text{ }}Sunday);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Weekday\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{Day\ensuremath{\text{ }}}\KeywordTok{range}\ensuremath{\text{ }}\NormalTok{Monday\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}..\ensuremath{\text{ }}Friday;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Weekend\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{Day\ensuremath{\text{ }}}\KeywordTok{range}\ensuremath{\text{ }}\NormalTok{Saturday\ensuremath{\text{ }}..\ensuremath{\text{ }}Sunday;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

When blank lines are used in a thoughtful and consistent manner, sections of related code are more visible to readers.
\subsubsection{automation notes}

Automatic formatters do not enforce this guideline well because the decision on where to insert blank lines is a semantic one. However, many formatters have the ability to leave existing blank lines intact. Thus, you can manually insert the lines and not lose the effect when you run such a formatter.
\subsection{Pagination}

\subsubsection{guideline}


\begin{myitemize}
\item{}Highlight the top of each package or task specification, the top of each program unit body, and the end statement of each program unit.

\end{myitemize}

\subsubsection{instantiation}

Specifically, it is recommended that you:

\begin{myitemize}
\item{}Use file prologues, specification headers, and body headers to highlight those structures as recommended in Guideline 3.3.
\item{}Use a line of dashes, beginning at the same column as the current indentation to highlight the definition of nested units embedded in a declarative part. Insert the line of dashes immediately before and immediately after the definition.
\item{}If two dashed lines are adjacent, omit the longer of the two.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Basic_Types;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{SPC_Numeric_Types\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Max}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{(Left\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Basic_Types.Tiny_Integer;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Right\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Basic_Types.Tiny_Integer)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Basic_Types.Tiny_Integer\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Right\ensuremath{\text{ }}\ensuremath{\text{ }}Left\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Left;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Right;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Max;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Min}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{(Left\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Basic_Types.Tiny_Integer;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Right\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Basic_Types.Tiny_Integer)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Basic_Types.Tiny_Integer\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Left\ensuremath{\text{ }}\ensuremath{\text{ }}Right\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Left;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Right;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Min;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{use}\ensuremath{\text{ }}\NormalTok{Basic_Types;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}SPC_Numeric_Types}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Max_Tiny_Integer\ensuremath{\text{ }}:=\ensuremath{\text{ }}Min(System_Max,\ensuremath{\text{ }}Local_Max);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Min_Tiny_Integer\ensuremath{\text{ }}:=\ensuremath{\text{ }}Max(System_Min,\ensuremath{\text{ }}Local_Min);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{SPC_Numeric_Types;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

It is easy to overlook parts of program units that are not visible on the current page or screen. The page lengths of presentation hardware and software vary widely. By clearly marking the program\textquotesingle{}s logical page boundaries (e.g., with a dashed line), you enable a reader to quickly check whether all of a program unit is visible. Such pagination also makes it easier to scan a large file quickly, looking for a particular program unit.
\subsubsection{exceptions}

This guideline does not address code layout on the physical \symbol{34}page\symbol{34} because the dimensions of such pages vary widely and no single guideline is appropriate.
\subsubsection{automation notes}

The guidelines in this section are easily enforced with an automatic code formatter.
\subsection{Number of Statements Per Line}

\subsubsection{guideline}


\begin{myitemize}
\item{}Start each statement on a new line.
\item{}Write no more than one simple statement per line.
\item{}Break compound statements over multiple lines.

\end{myitemize}

\subsubsection{example}

Use:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{End_Of_File\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Close_File;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Get_Next_Record;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


rather than:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{End_Of_File\ensuremath{\text{ }}}\KeywordTok{then}\ensuremath{\text{ }}\NormalTok{Close_File;\ensuremath{\text{ }}}\KeywordTok{else}\ensuremath{\text{ }}\NormalTok{Get_Next_Record;\ensuremath{\text{ }}}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


exceptional case:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Put(}\StringTok{"A="}\NormalTok{);\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Natural_IO.Put(A);\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}New_Line;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Put(}\StringTok{"B="}\NormalTok{);\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Natural_IO.Put(B);\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}New_Line;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Put(}\StringTok{"C="}\NormalTok{);\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Natural_IO.Put(C);\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}New_Line;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

A single statement on each line enhances the reader\textquotesingle{}s ability to find statements and helps prevent statements being missed. Similarly, the structure of a compound statement is clearer when its parts are on separate lines.
\subsubsection{exceptions}

If a statement is longer than the remaining space on the line, continue it on the next line. This guideline includes declarations, context clauses, and subprogram parameters.
According to the Ada Reference Manual (1995, Â§1.1.4), \symbol{34}The preferred places for other line breaks are after semicolons.\symbol{34}
\subsubsection{automation notes}

The guidelines in this section are easily enforced with an automatic code formatter, with the single exception of the last example, which shows a semantic grouping of multiple statements onto a single line.
\subsubsection{exceptions}

The example of Put and New_Line statements shows a legitimate exception. This grouping of closely related statements on the same line makes the structural relationship between the groups clear.
\subsection{Source Code Line Length}

\subsubsection{guideline}


\begin{myitemize}
\item{}Adhere to a maximum line length limit for source code (Nissen and Wallis 1984, Â§2.3).

\end{myitemize}

\subsubsection{instantiation}

Specifically, it is recommended that you:

\begin{myitemize}
\item{}Limit source code line lengths to a maximum of 72 characters.

\end{myitemize}

\subsubsection{rationale}

When Ada code is ported from one system to another, there may be restrictions on the record size of source line statements, possibly for one of the following reasons: some operating systems may not support variable length records for tape I/O, or some printers and terminals support an 80-{}character line width with no line-{}wrap. See further rationale in the note for Guideline 7.1.2.
Source code must sometimes be published for various reasons, and letter-{}size paper is not as forgiving as a computer listing in terms of the number of usable columns.
In addition, there are human limitations in the width of the field of view for understanding at the level required for reading source code. These limitations correspond roughly to the 70-{} to 80-{}column range.
\subsubsection{exceptions}

An alternate instantiation is to limit source code length to 79 characters. The 79-{}character limit differentiates the code from the FORTRAN 72-{}character limit. It also avoids problems with 80-{}character width terminals where the character in the last column may not print correctly.
\subsubsection{automation notes}

The guidelines in this section are easily enforced with an automatic code formatter.
\section{Summary}

\subsection{code formatting}


\begin{myitemize}
\item{}Use consistent spacing around delimiters.
\item{}Use the same spacing as you would in regular prose.
\item{}Indent and align nested control structures, continuation lines, and embedded units consistently.
\item{}Distinguish between indentation for nested control structures and for continuation lines.
\item{}Use spaces for indentation, not the tab character (Nissen and Wallis 1984, Â§2.2).
\item{}Align operators vertically to emphasize local program structure and semantics.
\item{}Use vertical alignment to enhance the readability of declarations.
\item{}Provide, at most, one declaration per line.
\item{}Indent all declarations in a single declarative part at the same level.
\item{}Align parameter modes and parentheses vertically.
\item{}Use blank lines to group logically related lines of text (NASA 1987).
\item{}Highlight the top of each package or task specification, the top of each program unit body, and the end statement of each program unit.
\item{}Start each statement on a new line.
\item{}Write no more than one simple statement per line.
\item{}Break compound statements over multiple lines.
\item{}Adhere to a maximum line length limit for source code (Nissen and Wallis 1984, Â§2.3).

\end{myitemize}

$\text{ }$\newline{}



\chapter{Readability}

\myminitoc




\section{Introduction}

This chapter recommends ways of using Ada features to make reading and understanding code easier. There are many myths about comments and readability. The responsibility for true readability rests more with naming and code structure than with comments. Having as many comment lines as code lines does not imply readability; it more likely indicates the writer does not understand what is important to communicate.
\section{Spelling}

Spelling conventions in source code include rules for capitalization and use of underscores, numbers, and abbreviations. If you follow these conventions consistently, the resulting code is clearer and more readable.
\subsection{Use of Underscores}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use underscores to separate words in a compound name.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{Miles_Per_Hour}\newline
\NormalTok{Entry_Value}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

When an identifier consists of more than one word, it is much easier to read if the words are separated by underscores. Indeed, there is precedent in English in which compound words are separated by a hyphen or a space. In addition to promoting readability of the code, if underscores are used in names, a code formatter has more control over altering capitalization. See Guideline 3.1.3.
\subsection{Numbers}

\subsubsection{guideline}


\begin{myitemize}
\item{}Represent numbers in a consistent fashion.
\item{}Represent literals in a radix appropriate to the problem.
\item{}Use underscores to separate digits the same way commas or periods (or spaces for nondecimal bases) would be used in normal text.
\item{}When using scientific notation, make the E consistently either uppercase or lowercase.
\item{}In an alternate base, represent the alphabetic characters in either all uppercase or all lowercase.

\end{myitemize}

\subsubsection{instantiation}


\begin{myitemize}
\item{}Decimal and octal numbers are grouped by threes beginning on the left side of the radix point and by fives beginning on the right side of the radix point.
\item{}The E is always capitalized in scientific notation.
\item{}Use uppercase for the alphabetic characters representing digits in bases above 10.
\item{}Hexadecimal numbers are grouped by fours beginning on either side of the radix point.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Maximum_Samples\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}\ensuremath{\text{ }}1_000_000;}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Legal_Hex_Address\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DecValTok{16}\NormalTok{#}\DecValTok{0000}\NormalTok{#\ensuremath{\text{ }}..\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\DecValTok{16}\NormalTok{#FFFF#;}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Legal_Octal_Address\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{8}\NormalTok{#000_000#\ensuremath{\text{ }}..\ensuremath{\text{ }}}\DecValTok{8}\NormalTok{#777_777#;}\newline
\ensuremath{\text{ }}\newline
\NormalTok{Avogadro_Number\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\FloatTok{6.}\NormalTok{02216_9E}\DecValTok{+23}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


To represent the number 1/3 as a constant, use:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{One_Third\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\FloatTok{1.0}\ensuremath{\text{ }}\NormalTok{/\ensuremath{\text{ }}}\FloatTok{3.0}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


Avoid this use:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{One_Third_As_Decimal_Approximation\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\FloatTok{0.}\NormalTok{33333_33333_3333;}\newline
\end{Highlighting}
\end{Shaded}


or:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{One_Third_Base_3\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{#}\FloatTok{0.1}\NormalTok{#;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Consistent use of uppercase or lowercase aids scanning for numbers. Underscores serve to group portions of numbers into familiar patterns. Consistency with common use in everyday contexts is a large part of readability.
\subsubsection{notes}

If a rational fraction is represented in a base in which it has a terminating rather than a repeating representation, as 3\#0.1\# does in the example above, it may have increased accuracy upon conversion to the machine base. (This is wrong for named numbers as in this example -{} they must be calculated exactly.)
\subsection{Capitalization}

\subsubsection{guideline}


\begin{myitemize}
\item{}Make reserved words and other elements of the program visually distinct from each other.

\end{myitemize}

\subsubsection{instantiation}


\begin{myitemize}
\item{}Use lowercase for all reserved words (when used as reserved words).
\item{}Use mixed case for all other identifiers, a capital letter beginning every word separated by underscores.
\item{}Use uppercase for abbreviations and acronyms (see automation notes).

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Second_Of_Day\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{0}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}86_400;}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Noon_Relative_Time\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{(Before_Noon,\ensuremath{\text{ }}After_Noon,\ensuremath{\text{ }}High_Noon);}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Morning\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{Second_Of_Day\ensuremath{\text{ }}}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{0}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}86_400\ensuremath{\text{ }}/\ensuremath{\text{ }}}\DecValTok{2}\ensuremath{\text{ }}\NormalTok{-\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;}\newline
\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Afternoon\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{Second_Of_Day\ensuremath{\text{ }}}\KeywordTok{range}\ensuremath{\text{ }}\NormalTok{Morning{\char13}Last\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{2}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}86_400;}\newline
\ensuremath{\text{ }}\newline
\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\NormalTok{Current_Time\ensuremath{\text{ }}:=\ensuremath{\text{ }}Second_Of_Day(Calendar.Seconds(Calendar.Clock));}\newline
\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Current_Time\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Morning\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Time_Of_Day\ensuremath{\text{ }}:=\ensuremath{\text{ }}Before_Noon;}\newline
\KeywordTok{elsif}\ensuremath{\text{ }}\NormalTok{Current_Time\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Afternoon\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Time_Of_Day\ensuremath{\text{ }}:=\ensuremath{\text{ }}After_Noon;}\newline
\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Time_Of_Day\ensuremath{\text{ }}:=\ensuremath{\text{ }}High_Noon;}\newline
\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{case}\ensuremath{\text{ }}\NormalTok{Time_Of_Day\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Before_Noon\ensuremath{\text{ }}=\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Get_Ready_For_Lunch;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{High_Noon\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Eat_Lunch;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{After_Noon\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Get_To_Work;}\newline
\KeywordTok{end\ensuremath{\text{ }}case}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\NormalTok{...}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Visually distinguishing reserved words allows you to focus on program structure alone, if desired, and also aids scanning for particular identifiers.
The instantiation chosen here is meant to be more readable for the experienced Ada programmer, who does not need reserved words to leap off the page. Beginners to any language often find that reserved words should be emphasized to help them find the control structures more easily. Because of this, instructors in the classroom and books introducing the Ada language may want to consider an alternative instantiation. The Ada Reference Manual (1995) chose bold lowercase for all reserved words.
\subsubsection{automation notes}

Ada names are not case sensitive. Therefore, the names {\ttfamily max_limit}, {\ttfamily MAX_LIMIT}, and {\ttfamily Max_Limit} denote the same object or entity. A good code formatter should be able to automatically convert from one style to another as long as the words are delimited by underscores.
As recommended in Guideline 3.1.4, abbreviations should be project-{}wide. An automated tool should allow a project to specify those abbreviations and format them accordingly.
\subsection{Abbreviations}

\subsubsection{guideline}


\begin{myitemize}
\item{}Do not use an abbreviation of a long word as an identifier where a shorter synonym exists.
\item{}Use a consistent abbreviation strategy.
\item{}Do not use ambiguous abbreviations.
\item{}To justify its use, an abbreviation must save many characters over the full word.
\item{}Use abbreviations that are well-{}accepted in the application domain.
\item{}Maintain a list of accepted abbreviations, and use only abbreviations on that list.

\end{myitemize}

\subsubsection{example}

Use:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{Time_Of_Receipt}\newline
\end{Highlighting}
\end{Shaded}


rather than:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{Recd_Time\ensuremath{\text{ }}}\KeywordTok{or}\ensuremath{\text{ }}\NormalTok{R_Time}\newline
\end{Highlighting}
\end{Shaded}


But in an application that commonly deals with message formats that meet military standards, {\ttfamily DOD_STD_MSG_FMT} is an acceptable abbreviation for:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{Department_Of_Defense_Standard_Message_Format.}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Many abbreviations are ambiguous or unintelligible unless taken in context. As an example, Temp could indicate either temporary or temperature. For this reason, you should choose abbreviations carefully when you use them. The rationale in Guideline 8.1.2 provides a more thorough discussion of how context should influence the use of abbreviations.
Because very long variable names can obscure the structure of the program, especially in deeply nested (indented) control structures, it is a good idea to try to keep identifiers short and meaningful. Use short unabbreviated names whenever possible. If there is no short word that will serve as an identifier, then a well-{}known unambiguous abbreviation is the next best choice, especially if it comes from a list of standard abbreviations used throughout the project.
You can establish an abbreviated format for a fully qualified name using the renames clause. This capability is useful when a very long, fully qualified name would otherwise occur many times in a localized section of code (see Guideline 5.7.2).
A list of accepted abbreviations for a project provides a standard context for using each abbreviation.
\section{Naming Conventions}

Choose names that clarify the object\textquotesingle{}s or entity\textquotesingle{}s intended use. Ada allows identifiers to be any length as long as the identifier fits on a line with all characters being significant (including underscores). Identifiers are the names used for variables, constants, program units, and other entities within a program.
\subsection{Names}

\subsubsection{guideline}


\begin{myitemize}
\item{}Choose names that are as self-{}documenting as possible.
\item{}Use a short synonym instead of an abbreviation (see Guideline 3.1.4).
\item{}Use names given by the application, but do not use obscure jargon.
\item{}Avoid using the same name to declare different kinds of identifiers.

\end{myitemize}

\subsubsection{example}

In a tree-{}walker, using the name {\ttfamily Left} instead of {\ttfamily Left_Branch} is sufficient to convey the full meaning given the context. However, use {\ttfamily Time_Of_Day} instead of {\ttfamily TOD}.
Mathematical formulas are often given using single-{}letter names for variables. Continue this convention for mathematical equations where they would recall the formula, for example:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{A*(X**}\DecValTok{2}\NormalTok{)\ensuremath{\text{ }}+\ensuremath{\text{ }}B*X\ensuremath{\text{ }}+\ensuremath{\text{ }}C.}\newline
\end{Highlighting}
\end{Shaded}


With the use of child packages, a poor choice of package, subunit, and identifier names can lead to a visibility clash with subunits. See the Rationale (1995, Â§8.1) for a sample of the resulting, rather obscure code.
\subsubsection{rationale}

A program that follows these guidelines can be more easily comprehended. Self-{}documenting names require fewer explanatory comments. Empirical studies have shown that you can further improve comprehension if your variable names are not excessively long (Schneiderman 1986, 7). The context and application can help greatly. The unit of measure for numeric entities can be a source of subtype names.
You should try not to use the same name as an identifier for different declarations, such as an object and a child package. Overusing an identifier in seemingly different name spaces can, in fact, lead to visibility clashes if the enclosing program units are intended to work together.
\subsubsection{notes}

See Guideline 8.1.2 for a discussion on how to use the application domain as a guideline for selecting abbreviations.
\subsection{Subtype Names}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use singular, general nouns as subtype identifiers.
\item{}Choose identifiers that describe one of the subtype\textquotesingle{}s values.
\item{}Consider using suffixes for subtype identifiers that define visible access types, visible subranges, or visible array types.
\item{}For private types, do not use identifier constructions (e.g., suffixes) that are unique to subtype identifiers.
\item{}Do not use the subtype names from predefined packages.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Day\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{(Monday,\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Tuesday,\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Wednesday,\ensuremath{\text{ }}Thursday,\ensuremath{\text{ }}\ensuremath{\text{ }}Friday,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Saturday,\ensuremath{\text{ }}\ensuremath{\text{ }}Sunday);}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Day_Of_Month\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DecValTok{0}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\DecValTok{31}\NormalTok{;}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Month_Number\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\DecValTok{12}\NormalTok{;}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Historical_Year\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\NormalTok{-6_000\ensuremath{\text{ }}..\ensuremath{\text{ }}2_500;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Date\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Day\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Day_Of_Month;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Month\ensuremath{\text{ }}:\ensuremath{\text{ }}Month_Number;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Year\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Historical_Year;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


In particular, {\ttfamily Day} should be used in preference to {\ttfamily Days} or {\ttfamily Day_Type}.
The identifier {\ttfamily Historical_Year} might appear to be specific, but it is actually general, with the adjective {\ttfamily historical} describing the range constraint:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Disk_Driver\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}In\ensuremath{\text{ }}this\ensuremath{\text{ }}procedure,\ensuremath{\text{ }}a\ensuremath{\text{ }}number\ensuremath{\text{ }}of\ensuremath{\text{ }}important\ensuremath{\text{ }}disk\ensuremath{\text{ }}parameters\ensuremath{\text{ }}are}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}linked.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Number_Of_Sectors\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\DecValTok{4}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Number_Of_Tracks\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\DecValTok{200}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Number_Of_Surfaces\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\DecValTok{18}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Sector_Capacity\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}4_096;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Track_Capacity\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}Number_Of_Sectors\ensuremath{\text{ }}\ensuremath{\text{ }}*}\newline
\ensuremath{\text{ }}\NormalTok{Sector_Capacity;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Surface_Capacity\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}Number_Of_Tracks\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*}\newline
\ensuremath{\text{ }}\NormalTok{Track_Capacity;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Disk_Capacity\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}Number_Of_Surfaces\ensuremath{\text{ }}*}\newline
\ensuremath{\text{ }}\NormalTok{Surface_Capacity;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Sector_Range\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}Number_Of_Sectors;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Track_Range\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}Number_Of_Tracks;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Surface_Range\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}Number_Of_Surfaces;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Track_Map\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{array}\ensuremath{\text{ }}\NormalTok{(Sector_Range)\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{of}\ensuremath{\text{ }}\NormalTok{...;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Surface_Map\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{array}\ensuremath{\text{ }}\NormalTok{(Track_Range)\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{of}\ensuremath{\text{ }}\NormalTok{Track_Map;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Disk_Map\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{array}\ensuremath{\text{ }}\NormalTok{(Surface_Range)\ensuremath{\text{ }}}\KeywordTok{of}\ensuremath{\text{ }}\NormalTok{Surface_Map;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{begin}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Disk_Driver}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Disk_Driver;}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


The suffixes {\ttfamily _Capacity}, {\ttfamily _Range}, and {\ttfamily _Map} help define the purpose of the above subtypes and avoid the search for synonyms for the sector, track, and surface abstractions. Without the suffixes, you would need three different names per abstraction, one to describe each of the concepts succinctly named in the suffix. This recommendation only applies to certain visible subtypes. Private types, for example, should be given a good name that reflects the abstraction being represented.
\subsubsection{rationale}

When this style and the suggested style for object identifiers are used, program code more closely resembles English (see Guideline 3.2.3). Furthermore, this style is consistent with the names of the language\textquotesingle{}s predefined identifiers. They are not named {\ttfamily Integers}, {\ttfamily Booleans}, {\ttfamily Integer_Type}, or {\ttfamily Boolean_Type}.
However, using the name of a subtype from the predefined packages is sure to confuse a programmer when that subtype appears somewhere without a package qualification.
\subsubsection{notes}

This style guide tries to be consistent with the Ada Reference Manual (1995) in use of the terms \symbol{34}type\symbol{34} and \symbol{34}subtype\symbol{34} name. In general, a \symbol{34}type\symbol{34} refers to the abstract concept, as in a type declaration, while the \symbol{34}subtype\symbol{34} refers to the name given to that abstract concept in an actual declaration. Thus, what was called a type name in Ada 83 (Ada Reference Manual 1983) is now called a subtype name.
\subsection{Object Names}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use predicate clauses or adjectives for Boolean objects.
\item{}Use singular, specific nouns as object identifiers.
\item{}Choose identifiers that describe the object\textquotesingle{}s value during execution.
\item{}Use singular, general nouns as identifiers for record components.

\end{myitemize}

\subsubsection{example}

Non-{}Boolean objects:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{Today\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Day;}\newline
\NormalTok{Yesterday\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Day;}\newline
\NormalTok{Retirement_Date\ensuremath{\text{ }}:\ensuremath{\text{ }}Date;}\newline
\end{Highlighting}
\end{Shaded}


Boolean objects:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{User_Is_Available\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Boolean}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}predicate\ensuremath{\text{ }}clause}\newline
\NormalTok{List_Is_Empty\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Boolean}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}predicate\ensuremath{\text{ }}clause}\newline
\NormalTok{Empty\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Boolean}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}adjective}\newline
\NormalTok{Bright\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Boolean}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}adjective}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Using specific nouns for objects establishes a context for understanding the object\textquotesingle{}s value, which is one of the general values described by the subtype\textquotesingle{}s name (see Guideline 3.2.2). Object declarations become very English-{}like with this style. For example, the first declaration above is read as \symbol{34}Today is a Day.\symbol{34}
General nouns, rather than specific, are used for record components because a record object\textquotesingle{}s name will supply the context for understanding the component. Thus, the following component is understood as \symbol{34}the year of retirement\symbol{34}:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{Retirement_Date.Year}\newline
\end{Highlighting}
\end{Shaded}


Following conventions that relate object types and parts of speech makes code read more like text. For example, because of the names chosen, the following code segment needs no comments:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{List_Is_Empty\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Number_Of_Elements\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Number_Of_Elements\ensuremath{\text{ }}:=\ensuremath{\text{ }}Length_Of_List;}\newline
\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{notes}

If it is difficult to find a specific noun that describes an object\textquotesingle{}s value during the entire execution of a program, the object is probably serving multiple purposes. Multiple objects should be used in such a case.
\subsection{Naming of Tagged Types and Associated Packages}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use a consistent naming convention for tagged types and associated packages.

\end{myitemize}

\subsubsection{instantiation}

Naming conventions spark \symbol{34}religious wars\symbol{34}; therefore, two different instantiations are presented. The first instantiation integrates the use of object-{}oriented features. Except for two special cases, it applies the same naming conventions to declarations, independent of whether they use an object-{}oriented feature:

\begin{myitemize}
\item{}Name tagged types no differently than subtype names (see Guideline 3.2.2).
\item{}Use the prefix {\ttfamily Abstract_} for packages that export an abstraction for which you intend to provide multiple implementations (see Guideline 9.2.4).
\item{}Use the suffix {\ttfamily _Mixin} for packages that provide units of functionality that can be \symbol{34}mixed in\symbol{34} to core abstractions.

\end{myitemize}

The second instantiation highlights the use of object-{}oriented features through special names or suffixes:

\begin{myitemize}
\item{}Name class packages after the object they represent, without a suffix (Rosen 1995).
\item{}Name mixin packages after the facet they represent, appending the suffix _Facet (Rosen 1995).
\item{}Name the main tagged type {\ttfamily Instance} (Rosen 1995).
\item{}Follow the declaration of the specific type with a subtype named {\ttfamily Class} for the corresponding class-{}wide type (Rosen 1995).

\end{myitemize}

\subsubsection{example}

The following two-{}part example from the Rationale (1995, Â§Â§4.4.4 and 4.6.2) applies the naming conventions of the first instantiation.
For the first part of this example, assume the type {\ttfamily Set_Element} was declared elsewhere:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Abstract_Sets\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Set\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\ensuremath{\text{ }}\KeywordTok{tagged}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}empty\ensuremath{\text{ }}set}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Empty\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Set\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}build\ensuremath{\text{ }}set\ensuremath{\text{ }}with\ensuremath{\text{ }}1\ensuremath{\text{ }}element}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Unit\ensuremath{\text{ }}(Element:\ensuremath{\text{ }}Set_Element)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Set\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}union\ensuremath{\text{ }}of\ensuremath{\text{ }}two\ensuremath{\text{ }}sets}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Union\ensuremath{\text{ }}(Left,\ensuremath{\text{ }}Right:\ensuremath{\text{ }}Set)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Set\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}intersection\ensuremath{\text{ }}of\ensuremath{\text{ }}two\ensuremath{\text{ }}sets}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Intersection\ensuremath{\text{ }}(Left,\ensuremath{\text{ }}Right:\ensuremath{\text{ }}Set)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Set\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}remove\ensuremath{\text{ }}an\ensuremath{\text{ }}element\ensuremath{\text{ }}from\ensuremath{\text{ }}a\ensuremath{\text{ }}set}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Take\ensuremath{\text{ }}(From\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Set;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Element\ensuremath{\text{ }}:\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{set_Element)\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Element_Too_Large\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{exception}\NormalTok{;}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Set\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\ensuremath{\text{ }}\KeywordTok{tagged}\ensuremath{\text{ }}\KeywordTok{null}\ensuremath{\text{ }}\KeywordTok{record}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Abstract_Sets;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Abstract_Sets;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Bit_Vector_Sets\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}one\ensuremath{\text{ }}implementation\ensuremath{\text{ }}of\ensuremath{\text{ }}set\ensuremath{\text{ }}abstraction}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Bit_Set\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Abstract_Sets.Set\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Bit_Set_Size\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\DecValTok{64}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Bit_Vector\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Bit_Set\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Abstract_Sets.Set\ensuremath{\text{ }}}\KeywordTok{with}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Data\ensuremath{\text{ }}:\ensuremath{\text{ }}Bit_Vector;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Bit_Vector_Sets;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Abstract_Sets;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Sparse_Sets\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}alternate\ensuremath{\text{ }}implementation\ensuremath{\text{ }}of\ensuremath{\text{ }}set\ensuremath{\text{ }}abstraction}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Sparse_Set\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Abstract_Sets.Set\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Bit_Vector_Sets;}\newline
\end{Highlighting}
\end{Shaded}


The second part of this example applies the naming convention to mixin packages that support a windowing system:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{--\ensuremath{\text{ }}assume\ensuremath{\text{ }}you\ensuremath{\text{ }}have\ensuremath{\text{ }}type\ensuremath{\text{ }}Basic_Window\ensuremath{\text{ }}is\ensuremath{\text{ }}tagged\ensuremath{\text{ }}limited\ensuremath{\text{ }}private;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{generic}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Some_Window\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Basic_Window\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Label_Mixin\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Window_With_Label\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Some_Window\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Label_Mixin;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{generic}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Some_Window\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Basic_Window\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Border_Mixin\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Window_With_Label\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Some_Window\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Border_Mixin;}\newline
\end{Highlighting}
\end{Shaded}


The following example applies the naming conventions of the second instantiation, as discussed in Rosen (1995):


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Shape\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Side_Count\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{0}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}}\DecValTok{100}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Instance\ensuremath{\text{ }}(Sides:\ensuremath{\text{ }}Side_Count)\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{tagged}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Class\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{Instance{\char13}Class;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{.\ensuremath{\text{ }}.\ensuremath{\text{ }}.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}operations\ensuremath{\text{ }}on\ensuremath{\text{ }}Shape.Instance}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{.\ensuremath{\text{ }}.\ensuremath{\text{ }}.}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Shape;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Shape;\ensuremath{\text{ }}}\KeywordTok{use}\ensuremath{\text{ }}\NormalTok{Shape;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Line\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Instance\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Shape.Instance\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Class\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{Instance{\char13}Class;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{.\ensuremath{\text{ }}.\ensuremath{\text{ }}.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Overridden\ensuremath{\text{ }}or\ensuremath{\text{ }}new\ensuremath{\text{ }}operations}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{.\ensuremath{\text{ }}.\ensuremath{\text{ }}.}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Line;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Shape;\ensuremath{\text{ }}}\KeywordTok{use}\ensuremath{\text{ }}\NormalTok{Shape;}\newline
\KeywordTok{generic}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Origin\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Shape.Instance;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{With_Color_Facet\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Instance\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Origin\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Class\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{Instance{\char13}Class;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}operations\ensuremath{\text{ }}for\ensuremath{\text{ }}colored\ensuremath{\text{ }}shapes}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{.\ensuremath{\text{ }}.\ensuremath{\text{ }}.}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{With_Color_Facet;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Line;\ensuremath{\text{ }}}\KeywordTok{use}\ensuremath{\text{ }}\NormalTok{Line;}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{With_Color_Facet;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Colored_Line\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{With_Color_Facet\ensuremath{\text{ }}(Line.Instance);}\newline
\end{Highlighting}
\end{Shaded}


Sample declarations might look like:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{Red_Line\ensuremath{\text{ }}:\ensuremath{\text{ }}Colored_Line.Instance;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Draw\ensuremath{\text{ }}(What\ensuremath{\text{ }}:\ensuremath{\text{ }}Shape.Instance);}\newline
\end{Highlighting}
\end{Shaded}


The above scheme works whether you use full names or a {\ttfamily use} clause. As long as you use the same name for all the specific types (i.e., {\ttfamily type Instance}) and class-{}wide types, the unqualified names will always hide one another. Thus, the compiler will insist you use full name qualification to resolve the ambiguity introduced by the use clause (Rosen 1995).
\subsubsection{rationale}

You want to use a naming scheme that is consistent and readable and conveys the intent of the abstraction. Ideally, the naming scheme should be uniform in how it handles the different ways in which tagged types are used to create classes. If the naming convention is too rigid, however, you will write code fragments that appear stilted from a readability point of view. By using a similar naming convention for type extension through derivation and through generic mixin (see also Guideline 9.5.1), you achieve readable declarations of objects and procedures.
\subsubsection{notes}

A naming convention for classes draws a hard line between object-{}oriented abstractions and other kinds of abstractions. Given that engineers have been defining abstract data types in Ada 83 (Ada Reference Manual 1983) for over 10 years, you may not want to change the naming convention just for the sake of using type extension with a type. You must consider how important it is to call out uses of inheritance in the overall use of abstractions in your program. If you prefer to emphasize abstraction, in general, over the mechanism used to implement the abstraction (i.e., inheritance, type-{}extension, and polymorphism), you may not want to impose such a stringent naming convention. You do not hamper quality by favoring a smoother transition in naming conventions from abstractions developed without inheritance to those developed with inheritance.
If you choose a naming convention that highlights the use of object-{}oriented features and later decide to change the declaration to one that does not use an object-{}oriented feature, the change may be expensive. You must naturally change all occurrences of the names and must be careful not to introduce errors as you update the names. If you choose a naming convention that prohibits the use of suffixes or prefixes to characterize the declaration, you lose the opportunity to convey the intended usage of the declared item.
\subsection{Program Unit Names}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use action verbs for procedures and entries.
\item{}Use predicate clauses for Boolean functions.
\item{}Use nouns for non-{}Boolean functions.
\item{}Give packages names that imply a higher level of organization than subprograms. Generally, these are noun phrases that describe the abstraction provided.
\item{}Give tasks names that imply an active entity.
\item{}Use nouns descriptive of the data being protected for protected units.
\item{}Consider naming generic subprograms as if they were nongeneric subprograms.
\item{}Consider naming generic packages as if they were nongeneric packages.
\item{}Make the generic names more general than the instantiated names.

\end{myitemize}

\subsubsection{example}

The following are sample names for elements that compose an Ada program:
Sample procedure names:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Get_Next_Token\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}get\ensuremath{\text{ }}is\ensuremath{\text{ }}a\ensuremath{\text{ }}transitive\ensuremath{\text{ }}verb}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Create\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}create\ensuremath{\text{ }}is\ensuremath{\text{ }}a\ensuremath{\text{ }}transitive\ensuremath{\text{ }}verb}\newline
\end{Highlighting}
\end{Shaded}


Sample function names for Boolean-{}valued functions:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Is_Last_Item\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}predicate\ensuremath{\text{ }}clause}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Is_Empty\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}predicate\ensuremath{\text{ }}clause}\newline
\end{Highlighting}
\end{Shaded}


Sample function names for non-{}Boolean-{}valued functions:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Successor\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}common\ensuremath{\text{ }}noun}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Length\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}attribute}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Top\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}component}\newline
\end{Highlighting}
\end{Shaded}


Sample package names:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Terminals\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}common\ensuremath{\text{ }}noun}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Text_Routines\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}common\ensuremath{\text{ }}noun}\newline
\end{Highlighting}
\end{Shaded}


Sample protected objects:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{protected}\ensuremath{\text{ }}\NormalTok{Current_Location\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}data\ensuremath{\text{ }}being\ensuremath{\text{ }}protected}\newline
\KeywordTok{protected}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Guardian\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}noun\ensuremath{\text{ }}implying\ensuremath{\text{ }}protection}\newline
\end{Highlighting}
\end{Shaded}


Sample task names:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{task}\ensuremath{\text{ }}\NormalTok{Terminal_Resource_Manager\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}common\ensuremath{\text{ }}noun\ensuremath{\text{ }}that\ensuremath{\text{ }}shows\ensuremath{\text{ }}action}\newline
\end{Highlighting}
\end{Shaded}


The following sample piece of code shows the clarity that results from using the parts-{}of-{}speech naming conventions:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{Get_Next_Token(Current_Token);}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{case}\ensuremath{\text{ }}\NormalTok{Current_Token\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Identifier\ensuremath{\text{ }}=\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Process_Identifier;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Numeric\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Process_Numeric;}\newline
\KeywordTok{end\ensuremath{\text{ }}case}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}Current_Token}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Is_Empty(Current_List)\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Number_Of_Elements\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Number_Of_Elements\ensuremath{\text{ }}:=\ensuremath{\text{ }}Length(Current_List);}\newline
\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


When packages and their subprograms are named together, the resulting code is very descriptive:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Stack.Is_Empty(Current_List)\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Current_Token\ensuremath{\text{ }}:=\ensuremath{\text{ }}Stack.Top(Current_List);}\newline
\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Using these naming conventions creates understandable code that reads much like natural language. When verbs are used for actions, such as subprograms, and nouns are used for objects, such as the data that the subprogram manipulates, code is easier to read and understand. This models a medium of communication already familiar to a reader. Where the pieces of a program model a real-{}life situation, using these conventions reduces the number of translation steps involved in reading and understanding the program. In a sense, your choice of names reflects the level of abstraction from computer hardware toward application requirements.
See also Guideline 3.2.4 for the use of special-{}purpose suffixes in packages associated with tagged types.
\subsubsection{notes}

There are some conflicting conventions in current use for task entries. Some programmers and designers advocate naming task entries with the same conventions used for subprograms to blur the fact that a task is involved. Their reasoning is that if the task is reimplemented as a package, or vice versa, the names need not change. Others prefer to make the fact of a task entry as explicit as possible to ensure that the existence of a task with its presumed overhead is recognizable. Project-{}specific priorities may be useful in choosing between these conventions.
\subsection{Constants and Named Numbers}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use symbolic values instead of literals where the symbolic value improves readability.
\item{}Use symbolic values instead of literals if the value occurs at more than one place and might need to be changed.
\item{}Use the predefined constants Ada.Numerics.Pi and Ada.Numerics.e for the mathematical constants Pi and e.
\item{}Use constants instead of variables for constant values.
\item{}Use a constant when the value is specific to a type or when the value must be static.
\item{}Use named numbers instead of constants, whenever possible.
\item{}Use named numbers to replace numeric literals whose type or context is truly universal.
\item{}Use constants for objects whose values cannot change after elaboration (United Technologies 1987).
\item{}Show relationships between symbolic values by defining them with static expressions.
\item{}Use linearly independent sets of literals.
\item{}Use attributes like \textquotesingle{}First and \textquotesingle{}Last instead of literals, wherever possible.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\FloatTok{3.}\NormalTok{14159_26535_89793\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}literal}\newline
\NormalTok{Max_Entries\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\DataTypeTok{Integer}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\DecValTok{400}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}constant}\newline
\NormalTok{Avogadros_Number\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\FloatTok{6.022137}\ensuremath{\text{ }}\NormalTok{*\ensuremath{\text{ }}}\DecValTok{10}\NormalTok{**}\DecValTok{23}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}named\ensuremath{\text{ }}number}\newline
\NormalTok{Avogadros_Number\ensuremath{\text{ }}/\ensuremath{\text{ }}}\DecValTok{2}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}static}\newline
\ensuremath{\text{ }}\NormalTok{expression}\newline
\NormalTok{Avogadros_Number\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}symbolic\ensuremath{\text{ }}value}\newline
\end{Highlighting}
\end{Shaded}


Declaring {\ttfamily Pi} as a named number (assuming a {\ttfamily with} clause for the predefined package {\ttfamily Ada.Numerics} in the Ada Reference Manual {$\text{[}$}1995, Â§A.5{$\text{]}$} allows it to be referenced symbolically in the assignment statement below:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{Area\ensuremath{\text{ }}:=\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Pi\ensuremath{\text{ }}*\ensuremath{\text{ }}Radius**}\DecValTok{2}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}if\ensuremath{\text{ }}radius\ensuremath{\text{ }}is\ensuremath{\text{ }}known.}\newline
\end{Highlighting}
\end{Shaded}


instead of:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{Area\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\FloatTok{3.14159}\ensuremath{\text{ }}\NormalTok{*\ensuremath{\text{ }}Radius**}\DecValTok{2}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}Needs\ensuremath{\text{ }}explanatory\ensuremath{\text{ }}comment}\newline
\end{Highlighting}
\end{Shaded}


Also, {\ttfamily Ada.Characters.Latin_1.Bel} is more expressive than {\ttfamily Character\textquotesingle{}Val(8\#007\#)}.
Clarity of constant and named number declarations can be improved by using other constant and named numbers. For example:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{Bytes_Per_Page\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\DecValTok{512}\NormalTok{;}\newline
\NormalTok{Pages_Per_Buffer\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\DecValTok{10}\NormalTok{;}\newline
\NormalTok{Buffer_Size\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}Pages_Per_Buffer\ensuremath{\text{ }}*\ensuremath{\text{ }}Bytes_Per_Page;}\newline
\end{Highlighting}
\end{Shaded}


is more self-{}explanatory and easier to maintain than:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{Buffer_Size\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}5_120;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}ten\ensuremath{\text{ }}pages}\newline
\end{Highlighting}
\end{Shaded}


The following literals should be constants:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{New_Character\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}}\CharTok{{\char13}\${\char13}}\ensuremath{\text{ }}\KeywordTok{then}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}"constant"\ensuremath{\text{ }}that\ensuremath{\text{ }}may\ensuremath{\text{ }}change}\newline
\NormalTok{...}\newline
\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Current_Column\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{7}\ensuremath{\text{ }}\KeywordTok{then}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}"constant"\ensuremath{\text{ }}that\ensuremath{\text{ }}may\ensuremath{\text{ }}change}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Using identifiers instead of literals makes the purpose of expressions clear, reducing the need for comments. Constant declarations consisting of expressions of numeric literals are safer because they do not need to be computed by hand. They are also more enlightening than a single numeric literal because there is more opportunity for embedding explanatory names. Clarity of constant declarations can be improved further by using other related constants in static expressions defining new constants. This is not less efficient because static expressions of named numbers are computed at compile time.
A constant has a type. A named number can only be a universal type: universal_integer or universal_real. Strong typing is enforced for constants but not for named numbers or literals. Named numbers allow compilers to generate more efficient code than for constants and to perform more complete error checking at compile time. If the literal contains a large number of digits (as Pi in the example above), the use of an identifier reduces keystroke errors. If keystroke errors occur, they are easier to locate either by inspection or at compile time.
Independence of literals means that the few literals that are used do not depend on one another and that any relationship between constant or named values is shown in the static expressions. Linear independence of literal values gives the property that if one literal value changes, all of the named numbers of values dependent on that literal are automatically changed.
See Guideline 4.1.4 for additional guidelines on choosing a parameterless function versus a constant.
\subsubsection{notes}

There are situations where a literal is a better choice than a name. For this to be the case, the following conditions have to be fulfilled:

\begin{myitemize}
\item{}The literal has to be self-{}explanatory in the respective context, such that replacing the literal by a symbolic value would not improve the readability.
\item{}The value is either unchangeable or only occurs at one single place in the code, such that replacing the literal by a symbolic value would not improve the maintainability.

\end{myitemize}

For example, the literals in the following well known relationship are both self-{}explanatory and unchangeable:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Fahrenheit\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\FloatTok{32.0}\ensuremath{\text{ }}\NormalTok{+\ensuremath{\text{ }}(}\FloatTok{9.0}\ensuremath{\text{ }}\NormalTok{*\ensuremath{\text{ }}Celsius)\ensuremath{\text{ }}/\ensuremath{\text{ }}}\FloatTok{5.0}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


As a second example, dividing by the literal 2 is self-{}explanatory in a binary search algorithm context. And, since the value is also unchangeably related with the algorithm, it also does not matter if the literal occurs at more than one place in the code (for example due to loop unrolling). Therefore, the use of a symbolic value like the following would neither improve readability nor maintainability:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Binary_Search_Divisor\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


\subsection{Exceptions}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use a name that indicates the kind of problem the exception represents.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{Invalid_Name:\ensuremath{\text{ }}}\KeywordTok{exception}\NormalTok{;}\newline
\NormalTok{Stack_Overflow:\ensuremath{\text{ }}}\KeywordTok{exception}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Naming exceptions according to the kind of problem they are detecting enhances the readability of the code. You should name your exceptions as precisely as you can so that the maintainer of the code understands why the exception might be raised. A well-{}named exception should be meaningful to the clients of the package declaring the exception.
\subsection{Constructors}

\subsubsection{guideline}


\begin{myitemize}
\item{}Include a prefix like {\ttfamily New}, {\ttfamily Make}, or {\ttfamily Create} in naming constructors (in this sense, operations to create and/or initialize an object).
\item{}Use names indicative of their content for child packages containing constructors.

\end{myitemize}

\subsubsection{instantiation}


\begin{myitemize}
\item{}Name a child package containing constructors {\ttfamily {\mbox{$<$}}whatever{\mbox{$>$}}.Constructor}.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Make_Square\ensuremath{\text{ }}(Center\ensuremath{\text{ }}:\ensuremath{\text{ }}Cartesian_Coordinates;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Side\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Positive)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Square;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Including a word like {\ttfamily New}, {\ttfamily Make}, or {\ttfamily Create} in a constructor name makes its purpose clear. You may want to restrict the use of the prefix New to constructors that return an access value because the prefix suggests the internal use of an allocator.
Putting all constructors in a child package, even when they return access values, is a useful organizational principle.
For information regarding the use of Ada constructors, refer to Guideline 9.3.3.
\section{Comments}

Comments in source text are a controversial issue. There are arguments both for and against the view that comments enhance readability. In practice, the biggest problem with comments is that people often fail to update them when the associated source text is changed, thereby making the commentary misleading. Commentary should be reserved for expressing needed information that cannot be expressed in code and highlighting cases where there are overriding reasons to violate one of the guidelines. If possible, source text should use self-{}explanatory names for objects and program units, and it should use simple, understandable program structures so that little additional commentary is needed. The extra effort in selecting (and entering) appropriate names and the extra thought needed to design clean and understandable program structures are fully justified.
Use comments to state the intent of the code. Comments that provide an overview of the code help the maintenance programmer see the forest for the trees. The code itself is the detailed \symbol{34}how\symbol{34} and should not be paraphrased in the comments.
Comments should be minimized. They should provide needed information that cannot be expressed in the Ada language, emphasize the structure of code, and draw attention to deliberate and necessary violations of the guidelines. Comments are present either to draw attention to the real issue being exemplified or to compensate for incompleteness in the sample program.
Maintenance programmers need to know the causal interaction of noncontiguous pieces of code to get a global, more or less complete sense of the program. They typically acquire this kind of information from mental simulation of parts of the code. Comments should be sufficient enough to support this process (Soloway et al. 1986).
This section presents general guidelines about how to write good comments. It then defines several different classes of comments with guidelines for the use of each. The classes are file headers, program unit specification headers, program unit body headers, data comments, statement comments, and marker comments.
\subsection{General Comments}

\subsubsection{guideline}


\begin{myitemize}
\item{}Make the code as clear as possible to reduce the need for comments.
\item{}Never repeat information in a comment that is readily available in the code.
\item{}Where a comment is required, make it concise and complete.
\item{}Use proper grammar and spelling in comments.
\item{}Make comments visually distinct from the code.
\item{}Structure comments in header so that information can be automatically extracted by a tool.

\end{myitemize}

\subsubsection{rationale}

The structure and function of well-{}written code is clear without comments. Obscured or badly structured code is hard to understand, maintain, or reuse regardless of comments. Bad code should be improved, not explained. Reading the code itself is the only way to be absolutely positive about what the code does; therefore, the code should be made as readable as possible.
Using comments to duplicate information in the code is a bad idea for several reasons. First, it is unnecessary work that decreases productivity. Second, it is very difficult to correctly maintain the duplication as the code is modified. When changes are made to existing code, it is compiled and tested to make sure that it is once again correct. However, there is no automatic mechanism to make sure that the comments are correctly updated to reflect the changes. Very often, the duplicate information in a comment becomes obsolete at the first code change and remains so through the life of the software. Third, when comments about an entire system are written from the limited point of view of the author of a single subsystem, the comments are often incorrect from the start.
Comments are necessary to reveal information difficult or impossible to obtain from the code. Subsequent chapters of this book contain examples of such comments. Completely and concisely present the required information.
The purpose of comments is to help readers understand the code. Misspelled, ungrammatical, ambiguous, or incomplete comments defeat this purpose. If a comment is worth adding, it is worth adding correctly in order to increase its usefulness.
Making comments visually distinct from the code by indenting them, grouping them together into headers, or highlighting them with dashed lines is useful because it makes the code easier to read. Subsequent chapters of this book elaborate on this point.
\subsubsection{automation notes}

The guideline about storing redundant information in comments applies only to manually generated comments. There are tools that automatically maintain information about the code (e.g., calling units, called units, cross-{}reference information, revision histories, etc.), storing it in comments in the same file as the code. Other tools read comments but do not update them, using the information from the comments to automatically generate detailed design documents and other reports.
The use of such tools is encouraged and may require that you structure your header comments so they can be automatically extracted and/or updated. Beware that tools that modify the comments in a file are only useful if they are executed frequently enough. Automatically generated obsolete information is even more dangerous than manually generated obsolete information because it is more trusted by the reader.
Revision histories are maintained much more accurately and completely by configuration management tools. With no tool support, it is very common for an engineer to make a change and forget to update the revision history. If your configuration management tool is capable of maintaining revision histories as comments in the source file, then take advantage of that capability, regardless of any compromise you might have to make about the format or location of the revision history. It is better to have a complete revision history appended to the end of the file than to have a partial one formatted nicely and embedded in the file header.
\subsection{File Headers}

\subsubsection{guideline}


\begin{myitemize}
\item{}Put a file header on each source file.
\item{}Place ownership, responsibility, and history information for the file in the file header.

\end{myitemize}

\subsubsection{instantiation}


\begin{myitemize}
\item{}Put a copyright notice in the file header.
\item{}Put the author\textquotesingle{}s name and department in the file header.
\item{}Put a revision history in the file header, including a summary of each change, the date, and the name of the person making the change.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Copyright\ensuremath{\text{ }}(c)\ensuremath{\text{ }}1991,\ensuremath{\text{ }}Software\ensuremath{\text{ }}Productivity\ensuremath{\text{ }}Consortium,\ensuremath{\text{ }}Inc.}\newline
\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}All\ensuremath{\text{ }}rights\ensuremath{\text{ }}reserved.}\newline
\CommentTok{--}\newline
\CommentTok{--\ensuremath{\text{ }}Author:\ensuremath{\text{ }}J.\ensuremath{\text{ }}Smith}\newline
\CommentTok{--\ensuremath{\text{ }}Department:System\ensuremath{\text{ }}Software\ensuremath{\text{ }}Department}\newline
\CommentTok{--}\newline
\CommentTok{--\ensuremath{\text{ }}Revision\ensuremath{\text{ }}History:}\newline
\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}7/9/91\ensuremath{\text{ }}J.\ensuremath{\text{ }}Smith}\newline
\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}-\ensuremath{\text{ }}Added\ensuremath{\text{ }}function\ensuremath{\text{ }}Size_Of\ensuremath{\text{ }}to\ensuremath{\text{ }}support\ensuremath{\text{ }}queries\ensuremath{\text{ }}of\ensuremath{\text{ }}node\ensuremath{\text{ }}sizes.}\newline
\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}-\ensuremath{\text{ }}Fixed\ensuremath{\text{ }}bug\ensuremath{\text{ }}in\ensuremath{\text{ }}Set_Size\ensuremath{\text{ }}which\ensuremath{\text{ }}caused\ensuremath{\text{ }}overlap\ensuremath{\text{ }}of\ensuremath{\text{ }}large\ensuremath{\text{ }}nodes.}\newline
\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}7/1/91\ensuremath{\text{ }}M.\ensuremath{\text{ }}Jones}\newline
\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}-\ensuremath{\text{ }}Optimized\ensuremath{\text{ }}clipping\ensuremath{\text{ }}algorithm\ensuremath{\text{ }}for\ensuremath{\text{ }}speed.}\newline
\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}6/25/91\ensuremath{\text{ }}J.\ensuremath{\text{ }}Smith}\newline
\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}-\ensuremath{\text{ }}Original\ensuremath{\text{ }}version.}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Ownership information should be present in each file if you want to be sure to protect your rights to the software. Furthermore, for high visibility, it should be the first thing in the file.
Responsibility and revision history information should be present in each file for the sake of future maintainers; this is the header information most trusted by maintainers because it accumulates. It does not evolve. There is no need to ever go back and modify the author\textquotesingle{}s name or the revision history of a file. As the code evolves, the revision history should be updated to reflect each change. At worst, it will be incomplete; it should rarely be wrong. Also, the number and frequency of changes and the number of different people who made the changes over the history of a unit can be good indicators of the integrity of the implementation with respect to the design.
Information about how to find the original author should be included in the file header, in addition to the author\textquotesingle{}s name, to make it easier for maintainers to find the author in case questions arise. However, detailed information like phone numbers, mail stops, office numbers, and computer account user names are too volatile to be very useful. It is better to record the department for which the author was working when the code was written. This information is still useful if the author moves offices, changes departments, or even leaves the company because the department is likely to retain responsibility for the original version of the code.
\subsubsection{notes}

With modern configuration management systems, explicitly capturing version history as header comments may be superfluous. The configuration management tool maintains a more reliable and consistent (from a content point of view) change history. Some systems can re-{}create earlier versions of a unit.
\subsection{Program Unit Specification Headers}

\subsubsection{guideline}


\begin{myitemize}
\item{}Put a header on the specification of each program unit.
\item{}Place information required by the user of the program unit in the specification header.
\item{}Do not repeat information (except unit name) in the specification header that is present in the specification.
\item{}Explain what the unit does, not how or why it does it.
\item{}Describe the complete interface to the program unit, including any exceptions it can raise and any global effects it can have.
\item{}Do not include information about how the unit fits into the enclosing software system.
\item{}Describe the performance (time and space) characteristics of the unit.

\end{myitemize}

\subsubsection{instantiation}


\begin{myitemize}
\item{}Put the name of the program unit in the header.
\item{}Briefly explain the purpose of the program unit.
\item{}For packages, describe the effects of the visible subprograms on each other and how they should be used together.
\item{}List all exceptions that can be raised by the unit.
\item{}List all global effects of the unit.
\item{}List preconditions and postconditions of the unit.
\item{}List hidden tasks activated by the unit.
\item{}Do not list the names of parameters of a subprogram.
\item{}Do not list the names of package subprograms just to list them.
\item{}Do not list the names of all other units used by the unit.
\item{}Do not list the names of all other units that use the unit.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}AUTOLAYOUT}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Purpose:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}This\ensuremath{\text{ }}package\ensuremath{\text{ }}computes\ensuremath{\text{ }}positional\ensuremath{\text{ }}information\ensuremath{\text{ }}for\ensuremath{\text{ }}nodes\ensuremath{\text{ }}and}\newline
\ensuremath{\text{ }}\NormalTok{arcs}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}of\ensuremath{\text{ }}a\ensuremath{\text{ }}directed\ensuremath{\text{ }}graph.\ensuremath{\text{ }}\ensuremath{\text{ }}It\ensuremath{\text{ }}encapsulates\ensuremath{\text{ }}a\ensuremath{\text{ }}layout\ensuremath{\text{ }}algorithm}\newline
\ensuremath{\text{ }}\NormalTok{which\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}designed\ensuremath{\text{ }}to\ensuremath{\text{ }}minimize\ensuremath{\text{ }}the\ensuremath{\text{ }}number\ensuremath{\text{ }}of\ensuremath{\text{ }}crossing\ensuremath{\text{ }}arcs\ensuremath{\text{ }}and\ensuremath{\text{ }}to}\newline
\ensuremath{\text{ }}\NormalTok{emphasize}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}the\ensuremath{\text{ }}primary\ensuremath{\text{ }}direction\ensuremath{\text{ }}of\ensuremath{\text{ }}arc\ensuremath{\text{ }}flow\ensuremath{\text{ }}through\ensuremath{\text{ }}the\ensuremath{\text{ }}graph.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Effects:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}-\ensuremath{\text{ }}The\ensuremath{\text{ }}expected\ensuremath{\text{ }}usage\ensuremath{\text{ }}is:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}1.\ensuremath{\text{ }}Call\ensuremath{\text{ }}Define\ensuremath{\text{ }}for\ensuremath{\text{ }}each\ensuremath{\text{ }}node\ensuremath{\text{ }}and\ensuremath{\text{ }}arc\ensuremath{\text{ }}to\ensuremath{\text{ }}define\ensuremath{\text{ }}the\ensuremath{\text{ }}graph.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}2.\ensuremath{\text{ }}Call\ensuremath{\text{ }}Layout\ensuremath{\text{ }}to\ensuremath{\text{ }}assign\ensuremath{\text{ }}positions\ensuremath{\text{ }}to\ensuremath{\text{ }}all\ensuremath{\text{ }}nodes\ensuremath{\text{ }}and\ensuremath{\text{ }}arcs.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}3.\ensuremath{\text{ }}Call\ensuremath{\text{ }}Position_Of\ensuremath{\text{ }}for\ensuremath{\text{ }}each\ensuremath{\text{ }}node\ensuremath{\text{ }}and\ensuremath{\text{ }}arc\ensuremath{\text{ }}to\ensuremath{\text{ }}determine}\newline
\ensuremath{\text{ }}\NormalTok{the}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}assigned\ensuremath{\text{ }}coordinate\ensuremath{\text{ }}positions.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}-\ensuremath{\text{ }}Layout\ensuremath{\text{ }}can\ensuremath{\text{ }}be\ensuremath{\text{ }}called\ensuremath{\text{ }}multiple\ensuremath{\text{ }}times,\ensuremath{\text{ }}and\ensuremath{\text{ }}recomputes\ensuremath{\text{ }}the}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}positions\ensuremath{\text{ }}of\ensuremath{\text{ }}all\ensuremath{\text{ }}currently\ensuremath{\text{ }}defined\ensuremath{\text{ }}nodes\ensuremath{\text{ }}and\ensuremath{\text{ }}arcs\ensuremath{\text{ }}each}\newline
\ensuremath{\text{ }}\NormalTok{time.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}-\ensuremath{\text{ }}Once\ensuremath{\text{ }}a\ensuremath{\text{ }}node\ensuremath{\text{ }}or\ensuremath{\text{ }}arc\ensuremath{\text{ }}has\ensuremath{\text{ }}been\ensuremath{\text{ }}defined,\ensuremath{\text{ }}it\ensuremath{\text{ }}remains\ensuremath{\text{ }}defined}\newline
\ensuremath{\text{ }}\KeywordTok{until}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Clear\ensuremath{\text{ }}is\ensuremath{\text{ }}called\ensuremath{\text{ }}to\ensuremath{\text{ }}delete\ensuremath{\text{ }}all\ensuremath{\text{ }}nodes\ensuremath{\text{ }}and\ensuremath{\text{ }}arcs.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Performance:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}This\ensuremath{\text{ }}package\ensuremath{\text{ }}has\ensuremath{\text{ }}been\ensuremath{\text{ }}optimized\ensuremath{\text{ }}for\ensuremath{\text{ }}time,\ensuremath{\text{ }}in\ensuremath{\text{ }}preference\ensuremath{\text{ }}to}\newline
\ensuremath{\text{ }}\NormalTok{space.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Layout\ensuremath{\text{ }}times\ensuremath{\text{ }}are\ensuremath{\text{ }}on\ensuremath{\text{ }}the\ensuremath{\text{ }}order\ensuremath{\text{ }}of\ensuremath{\text{ }}N*log(N)\ensuremath{\text{ }}where\ensuremath{\text{ }}N\ensuremath{\text{ }}is\ensuremath{\text{ }}the}\newline
\ensuremath{\text{ }}\NormalTok{number}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}of\ensuremath{\text{ }}nodes,\ensuremath{\text{ }}but\ensuremath{\text{ }}memory\ensuremath{\text{ }}space\ensuremath{\text{ }}is\ensuremath{\text{ }}used\ensuremath{\text{ }}inefficiently.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Autolayout\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Define}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Purpose:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}This\ensuremath{\text{ }}procedure\ensuremath{\text{ }}defines\ensuremath{\text{ }}one\ensuremath{\text{ }}node\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}current\ensuremath{\text{ }}graph.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Exceptions:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Node_Already_Defined}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Define}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{(New_Node\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Node);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Layout}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Purpose:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}This\ensuremath{\text{ }}procedure\ensuremath{\text{ }}assigns\ensuremath{\text{ }}coordinate\ensuremath{\text{ }}positions\ensuremath{\text{ }}to\ensuremath{\text{ }}all}\newline
\ensuremath{\text{ }}\NormalTok{defined}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}nodes\ensuremath{\text{ }}and\ensuremath{\text{ }}arcs.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Exceptions:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}None.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Layout;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Position_Of}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Purpose:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}This\ensuremath{\text{ }}function\ensuremath{\text{ }}returns\ensuremath{\text{ }}the\ensuremath{\text{ }}coordinate\ensuremath{\text{ }}position\ensuremath{\text{ }}of\ensuremath{\text{ }}the}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}specified\ensuremath{\text{ }}node.\ensuremath{\text{ }}\ensuremath{\text{ }}The\ensuremath{\text{ }}default\ensuremath{\text{ }}position\ensuremath{\text{ }}(0,0)\ensuremath{\text{ }}is\ensuremath{\text{ }}returned}\newline
\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{no}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}position\ensuremath{\text{ }}has\ensuremath{\text{ }}been\ensuremath{\text{ }}assigned\ensuremath{\text{ }}yet.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Exceptions:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Node_Not_Defined}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Position_Of\ensuremath{\text{ }}(Current\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Node)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Position;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Autolayout;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

The purpose of a header comment on the specification of a program unit is to help the user understand how to use the program unit. From reading the program unit specification and header, a user should know everything necessary to use the unit. It should not be necessary to read the body of the program unit. Therefore, there should be a header comment on each program unit specification, and each header should contain all usage information not expressed in the specification itself. Such information includes the units\textquotesingle{} effects on each other and on shared resources, exceptions raised, and time/space characteristics. None of this information can be determined from the Ada specification of the program unit.
When you duplicate information in the header that can be readily obtained from the specification, the information tends to become incorrect during maintenance. For example, do not make a point of listing all parameter names, modes, or subtypes when describing a procedure. This information is already available from the procedure specification. Similarly, do not list all subprograms of a package in the header unless this is necessary to make some important statement about the subprograms.
Do not include information in the header that the user of the program unit does not need. In particular, do not include information about how a program unit performs its function or why a particular algorithm was used. This information should be hidden in the body of the program unit to preserve the abstraction defined by the unit. If the user knows such details and makes decisions based on that information, the code may suffer when that information is later changed.
When describing the purpose of the unit, avoid referring to other parts of the enclosing software system. It is better to say \symbol{34}this unit doesâ�¦\symbol{34} than to say \symbol{34}this unit is called by Xyz to doâ�¦.\symbol{34} The unit should be written in such a way that it does not know or care which unit is calling it. This makes the unit much more general purpose and reusable. In addition, information about other units is likely to become obsolete and incorrect during maintenance.
Include information about the performance (time and space) characteristics of the unit. Much of this information is not present in the Ada specification, but it is required by the user. To integrate the unit into a system, the user needs to understand the resource usage (CPU, memory, etc.) of the unit. It is especially important to note that when a subprogram call causes activation of a task hidden in a package body, the task may continue to consume resources after the subroutine ends.
\subsubsection{notes}

Some projects have deferred most of the commentary to the end rather than at the beginning of the program unit. Their rationale is that program units are written once and read many times and that long header comments make the start of the specification difficult to find.
\subsubsection{exceptions}

Where a group of program units are closely related or simple to understand, it is acceptable to use a single header for the entire group of program units. For example, it makes sense to use a single header to describe the behavior of Max and Min functions; Sin, Cos, and Tan functions; or a group of functions to query related attributes of an object encapsulated in a package. This is especially true when each function in the set is capable of raising the same exceptions.
\subsection{Program Unit Body Headers}

\subsubsection{guideline}


\begin{myitemize}
\item{}Place information required by the maintainer of the program unit in the body of the header
\item{}Explain how and why the unit performs its function, not what the unit does.
\item{}Do not repeat information (except unit name) in the header that is readily apparent from reading the code.
\item{}Do not repeat information (except unit name) in the body header that is available in the specification header.

\end{myitemize}

\subsubsection{instantiation}


\begin{myitemize}
\item{}Put the name of the program unit in the header.
\item{}Record portability issues in the header.
\item{}Summarize complex algorithms in the header.
\item{}Record reasons for significant or controversial implementation decisions.
\item{}Record discarded implementation alternatives, along with the reason for discarding them.
\item{}Record anticipated changes in the header, especially if some work has already been done to the code to make the changes easy to accomplish.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\CommentTok{--\ensuremath{\text{ }}Autolayout}\newline
\CommentTok{--}\newline
\CommentTok{--\ensuremath{\text{ }}Implementation\ensuremath{\text{ }}Notes:}\newline
\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}-\ensuremath{\text{ }}This\ensuremath{\text{ }}package\ensuremath{\text{ }}uses\ensuremath{\text{ }}a\ensuremath{\text{ }}heuristic\ensuremath{\text{ }}algorithm\ensuremath{\text{ }}to\ensuremath{\text{ }}minimize\ensuremath{\text{ }}the\ensuremath{\text{ }}number}\newline
\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}of\ensuremath{\text{ }}arc\ensuremath{\text{ }}crossings.\ensuremath{\text{ }}\ensuremath{\text{ }}It\ensuremath{\text{ }}does\ensuremath{\text{ }}not\ensuremath{\text{ }}always\ensuremath{\text{ }}achieve\ensuremath{\text{ }}the\ensuremath{\text{ }}true\ensuremath{\text{ }}minimum}\newline
\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}number\ensuremath{\text{ }}which\ensuremath{\text{ }}could\ensuremath{\text{ }}theoretically\ensuremath{\text{ }}be\ensuremath{\text{ }}reached.\ensuremath{\text{ }}\ensuremath{\text{ }}However\ensuremath{\text{ }}it\ensuremath{\text{ }}does}\newline
\ensuremath{\text{ }}\NormalTok{a}\newline
\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}nearly\ensuremath{\text{ }}perfect\ensuremath{\text{ }}job\ensuremath{\text{ }}in\ensuremath{\text{ }}relatively\ensuremath{\text{ }}little\ensuremath{\text{ }}time.\ensuremath{\text{ }}\ensuremath{\text{ }}For\ensuremath{\text{ }}details}\newline
\ensuremath{\text{ }}\NormalTok{about}\newline
\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}the\ensuremath{\text{ }}algorithm,\ensuremath{\text{ }}see\ensuremath{\text{ }}...}\newline
\CommentTok{--}\newline
\CommentTok{--\ensuremath{\text{ }}Portability\ensuremath{\text{ }}Issues:}\newline
\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}-\ensuremath{\text{ }}The\ensuremath{\text{ }}native\ensuremath{\text{ }}math\ensuremath{\text{ }}package\ensuremath{\text{ }}Math_Lib\ensuremath{\text{ }}is\ensuremath{\text{ }}used\ensuremath{\text{ }}for\ensuremath{\text{ }}computations\ensuremath{\text{ }}of}\newline
\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}coordinate\ensuremath{\text{ }}positions.}\newline
\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}-\ensuremath{\text{ }}32-bit\ensuremath{\text{ }}integers\ensuremath{\text{ }}are\ensuremath{\text{ }}required.}\newline
\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}-\ensuremath{\text{ }}No\ensuremath{\text{ }}operating\ensuremath{\text{ }}system\ensuremath{\text{ }}specific\ensuremath{\text{ }}routines\ensuremath{\text{ }}are\ensuremath{\text{ }}called.}\newline
\CommentTok{--}\newline
\CommentTok{--\ensuremath{\text{ }}Anticipated\ensuremath{\text{ }}Changes:}\newline
\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}-\ensuremath{\text{ }}Coordinate_Type\ensuremath{\text{ }}below\ensuremath{\text{ }}could\ensuremath{\text{ }}be\ensuremath{\text{ }}changed\ensuremath{\text{ }}from\ensuremath{\text{ }}integer\ensuremath{\text{ }}to\ensuremath{\text{ }}float}\newline
\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}with\ensuremath{\text{ }}little\ensuremath{\text{ }}effort.\ensuremath{\text{ }}\ensuremath{\text{ }}Care\ensuremath{\text{ }}has\ensuremath{\text{ }}been\ensuremath{\text{ }}taken\ensuremath{\text{ }}to\ensuremath{\text{ }}not\ensuremath{\text{ }}depend\ensuremath{\text{ }}on\ensuremath{\text{ }}the}\newline
\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}specific\ensuremath{\text{ }}characteristics\ensuremath{\text{ }}of\ensuremath{\text{ }}integer\ensuremath{\text{ }}arithmetic.}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Autolayout\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Define}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Implementation\ensuremath{\text{ }}Notes:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}-\ensuremath{\text{ }}This\ensuremath{\text{ }}routine\ensuremath{\text{ }}stores\ensuremath{\text{ }}a\ensuremath{\text{ }}node\ensuremath{\text{ }}in\ensuremath{\text{ }}the\ensuremath{\text{ }}general\ensuremath{\text{ }}purpose\ensuremath{\text{ }}Graph}\newline
\ensuremath{\text{ }}\NormalTok{data}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}structure,\ensuremath{\text{ }}not\ensuremath{\text{ }}the\ensuremath{\text{ }}Fast_Graph\ensuremath{\text{ }}structure\ensuremath{\text{ }}because\ensuremath{\text{ }}...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Define}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{(New_Node\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Node)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Define;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Layout}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Implementation\ensuremath{\text{ }}Notes:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}-\ensuremath{\text{ }}This\ensuremath{\text{ }}routine\ensuremath{\text{ }}copies\ensuremath{\text{ }}the\ensuremath{\text{ }}Graph\ensuremath{\text{ }}data\ensuremath{\text{ }}structure\ensuremath{\text{ }}(optimized\ensuremath{\text{ }}for}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}fast\ensuremath{\text{ }}random\ensuremath{\text{ }}access)\ensuremath{\text{ }}into\ensuremath{\text{ }}the\ensuremath{\text{ }}Fast_Graph\ensuremath{\text{ }}data\ensuremath{\text{ }}structure}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}(optimized\ensuremath{\text{ }}for\ensuremath{\text{ }}fast\ensuremath{\text{ }}sequential\ensuremath{\text{ }}iteration),\ensuremath{\text{ }}then\ensuremath{\text{ }}performs}\newline
\ensuremath{\text{ }}\NormalTok{the}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}layout,\ensuremath{\text{ }}and\ensuremath{\text{ }}copies\ensuremath{\text{ }}the\ensuremath{\text{ }}data\ensuremath{\text{ }}back\ensuremath{\text{ }}to\ensuremath{\text{ }}the\ensuremath{\text{ }}Graph\ensuremath{\text{ }}structure.\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\NormalTok{This}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}technique\ensuremath{\text{ }}was\ensuremath{\text{ }}introduced\ensuremath{\text{ }}as\ensuremath{\text{ }}an\ensuremath{\text{ }}optimization\ensuremath{\text{ }}when\ensuremath{\text{ }}the}\newline
\ensuremath{\text{ }}\NormalTok{algorithm}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}was\ensuremath{\text{ }}found\ensuremath{\text{ }}to\ensuremath{\text{ }}be\ensuremath{\text{ }}too\ensuremath{\text{ }}slow,\ensuremath{\text{ }}and\ensuremath{\text{ }}it\ensuremath{\text{ }}produced\ensuremath{\text{ }}an\ensuremath{\text{ }}order\ensuremath{\text{ }}of}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}magnitude\ensuremath{\text{ }}improvement.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Layout\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Layout;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Position_Of}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Position_Of\ensuremath{\text{ }}(Current\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Node)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Position\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Position_Of;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Autolayout;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

The purpose of a header comment on the body of a program unit is to help the maintainer of the program unit to understand the implementation of the unit, including tradeoffs among different techniques. Be sure to document all decisions made during implementation to prevent the maintainer from making the same mistakes you made. One of the most valuable comments to a maintainer is a clear description of why a change being considered will not work.
The header is also a good place to record portability concerns. The maintainer may have to port the software to a different environment and will benefit from a list of nonportable features. Furthermore, the act of collecting and recording portability issues focuses attention on these issues and may result in more portable code from the start.
Summarize complex algorithms in the header if the code is difficult to read or understand without such a summary, but do not merely paraphrase the code. Such duplication is unnecessary and hard to maintain. Similarly, do not repeat the information from the header of the program unit specification.
\subsubsection{notes}

It is often the case that a program unit is self-{}explanatory so that it does not require a body header to explain how it is implemented or why. In such a case, omit the header entirely, as in the case with Position_Of above. Be sure, however, that the header you omit truly contains no information. For example, consider the difference between the two header sections:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{--\ensuremath{\text{ }}Implementation\ensuremath{\text{ }}Notes:\ensuremath{\text{ }}\ensuremath{\text{ }}None.}\newline
\end{Highlighting}
\end{Shaded}


and:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{--\ensuremath{\text{ }}NonPortable\ensuremath{\text{ }}Features:\ensuremath{\text{ }}\ensuremath{\text{ }}None.}\newline
\end{Highlighting}
\end{Shaded}


The first is a message from the author to the maintainer saying \symbol{34}I can\textquotesingle{}t think of anything else to tell you,\symbol{34} while the second may mean \symbol{34}I guarantee that this unit is entirely portable.\symbol{34}
\subsection{Data Comments}

\subsubsection{guideline}


\begin{myitemize}
\item{}Comment on all data types, objects, and exceptions unless their names are self-{}explanatory.
\item{}Include information on the semantic structure of complex, pointer-{}based data structures.
\item{}Include information about relationships that are maintained between data objects.
\item{}Omit comments that merely repeat the information in the name.
\item{}Include information on redispatching for tagged types in cases where you intend the specializations (i.e., derived types) to override these redispatching operations.

\end{myitemize}

\subsubsection{example}

Objects can be grouped by purpose and commented as:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\CommentTok{--\ensuremath{\text{ }}Current\ensuremath{\text{ }}position\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}cursor\ensuremath{\text{ }}in\ensuremath{\text{ }}the\ensuremath{\text{ }}currently\ensuremath{\text{ }}selected\ensuremath{\text{ }}text}\newline
\CommentTok{--\ensuremath{\text{ }}buffer,\ensuremath{\text{ }}and\ensuremath{\text{ }}the\ensuremath{\text{ }}most\ensuremath{\text{ }}recent\ensuremath{\text{ }}position\ensuremath{\text{ }}explicitly\ensuremath{\text{ }}marked\ensuremath{\text{ }}by\ensuremath{\text{ }}the}\newline
\CommentTok{--\ensuremath{\text{ }}user.}\newline
\CommentTok{--\ensuremath{\text{ }}Note:\ensuremath{\text{ }}\ensuremath{\text{ }}It\ensuremath{\text{ }}is\ensuremath{\text{ }}necessary\ensuremath{\text{ }}to\ensuremath{\text{ }}maintain\ensuremath{\text{ }}both\ensuremath{\text{ }}current\ensuremath{\text{ }}and\ensuremath{\text{ }}desired}\newline
\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}column\ensuremath{\text{ }}positions\ensuremath{\text{ }}because\ensuremath{\text{ }}the\ensuremath{\text{ }}cursor\ensuremath{\text{ }}cannot\ensuremath{\text{ }}always\ensuremath{\text{ }}be}\newline
\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}displayed\ensuremath{\text{ }}in\ensuremath{\text{ }}the\ensuremath{\text{ }}desired\ensuremath{\text{ }}position\ensuremath{\text{ }}when\ensuremath{\text{ }}moving\ensuremath{\text{ }}between}\newline
\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}lines\ensuremath{\text{ }}of\ensuremath{\text{ }}different\ensuremath{\text{ }}lengths.}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\NormalTok{Desired_Column\ensuremath{\text{ }}:\ensuremath{\text{ }}Column_Counter;}\newline
\NormalTok{Current_Column\ensuremath{\text{ }}:\ensuremath{\text{ }}Column_Counter;}\newline
\NormalTok{Current_Row\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Row_Counter;}\newline
\NormalTok{Marked_Column\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Column_Counter;}\newline
\NormalTok{Marked_Row\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Row_Counter;}\newline
\end{Highlighting}
\end{Shaded}


The conditions under which an exception is raised should be commented:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\CommentTok{--\ensuremath{\text{ }}Exceptions}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\NormalTok{Node_Already_Defined\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{exception}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}Raised\ensuremath{\text{ }}when\ensuremath{\text{ }}an\ensuremath{\text{ }}attempt\ensuremath{\text{ }}is\ensuremath{\text{ }}made}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\textbar{}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}to\ensuremath{\text{ }}define\ensuremath{\text{ }}a\ensuremath{\text{ }}node\ensuremath{\text{ }}with\ensuremath{\text{ }}an}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\textbar{}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}identifier\ensuremath{\text{ }}which\ensuremath{\text{ }}already}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\textbar{}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}defines\ensuremath{\text{ }}a\ensuremath{\text{ }}node.}\newline
\NormalTok{Node_Not_Defined\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{exception}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}Raised\ensuremath{\text{ }}when\ensuremath{\text{ }}a\ensuremath{\text{ }}reference\ensuremath{\text{ }}is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\textbar{}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}made\ensuremath{\text{ }}to\ensuremath{\text{ }}a\ensuremath{\text{ }}node\ensuremath{\text{ }}which\ensuremath{\text{ }}has}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\textbar{}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}not\ensuremath{\text{ }}been\ensuremath{\text{ }}defined.}\newline
\end{Highlighting}
\end{Shaded}


Here is a more complex example, involving multiple record and access types that are used to form a complex data structure:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\CommentTok{--\ensuremath{\text{ }}These\ensuremath{\text{ }}data\ensuremath{\text{ }}structures\ensuremath{\text{ }}are\ensuremath{\text{ }}used\ensuremath{\text{ }}to\ensuremath{\text{ }}store\ensuremath{\text{ }}the\ensuremath{\text{ }}graph\ensuremath{\text{ }}during\ensuremath{\text{ }}the}\newline
\CommentTok{--\ensuremath{\text{ }}layout\ensuremath{\text{ }}process.\ensuremath{\text{ }}The\ensuremath{\text{ }}overall\ensuremath{\text{ }}organization\ensuremath{\text{ }}is\ensuremath{\text{ }}a\ensuremath{\text{ }}sorted\ensuremath{\text{ }}list\ensuremath{\text{ }}of}\newline
\CommentTok{--\ensuremath{\text{ }}"ranks,"\ensuremath{\text{ }}each\ensuremath{\text{ }}containing\ensuremath{\text{ }}a\ensuremath{\text{ }}sorted\ensuremath{\text{ }}list\ensuremath{\text{ }}of\ensuremath{\text{ }}nodes,\ensuremath{\text{ }}each\ensuremath{\text{ }}containing}\newline
\CommentTok{--\ensuremath{\text{ }}a\ensuremath{\text{ }}list\ensuremath{\text{ }}of\ensuremath{\text{ }}incoming\ensuremath{\text{ }}arcs\ensuremath{\text{ }}and\ensuremath{\text{ }}a\ensuremath{\text{ }}list\ensuremath{\text{ }}of\ensuremath{\text{ }}outgoing\ensuremath{\text{ }}arcs.}\newline
\CommentTok{--\ensuremath{\text{ }}The\ensuremath{\text{ }}lists\ensuremath{\text{ }}are\ensuremath{\text{ }}doubly\ensuremath{\text{ }}linked\ensuremath{\text{ }}to\ensuremath{\text{ }}support\ensuremath{\text{ }}forward\ensuremath{\text{ }}and\ensuremath{\text{ }}backward}\newline
\CommentTok{--\ensuremath{\text{ }}passes\ensuremath{\text{ }}for\ensuremath{\text{ }}sorting.\ensuremath{\text{ }}Arc\ensuremath{\text{ }}lists\ensuremath{\text{ }}do\ensuremath{\text{ }}not\ensuremath{\text{ }}need\ensuremath{\text{ }}to\ensuremath{\text{ }}be\ensuremath{\text{ }}doubly\ensuremath{\text{ }}linked}\newline
\CommentTok{--\ensuremath{\text{ }}because\ensuremath{\text{ }}order\ensuremath{\text{ }}of\ensuremath{\text{ }}arcs\ensuremath{\text{ }}is\ensuremath{\text{ }}irrelevant.}\newline
\CommentTok{--}\newline
\CommentTok{--\ensuremath{\text{ }}The\ensuremath{\text{ }}nodes\ensuremath{\text{ }}and\ensuremath{\text{ }}arcs\ensuremath{\text{ }}are\ensuremath{\text{ }}doubly\ensuremath{\text{ }}linked\ensuremath{\text{ }}to\ensuremath{\text{ }}each\ensuremath{\text{ }}other\ensuremath{\text{ }}to\ensuremath{\text{ }}support}\newline
\CommentTok{--\ensuremath{\text{ }}efficient\ensuremath{\text{ }}lookup\ensuremath{\text{ }}of\ensuremath{\text{ }}all\ensuremath{\text{ }}arcs\ensuremath{\text{ }}to/from\ensuremath{\text{ }}a\ensuremath{\text{ }}node,\ensuremath{\text{ }}as\ensuremath{\text{ }}well\ensuremath{\text{ }}as\ensuremath{\text{ }}efficient}\newline
\CommentTok{--\ensuremath{\text{ }}lookup\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}source/target\ensuremath{\text{ }}node\ensuremath{\text{ }}of\ensuremath{\text{ }}an\ensuremath{\text{ }}arc.}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Arc;}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Arc_Pointer\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{access}\ensuremath{\text{ }}\NormalTok{Arc;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Node;}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Node_Pointer\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{access}\ensuremath{\text{ }}\NormalTok{Node;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Node\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Id\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Node_Pointer;}\CommentTok{--\ensuremath{\text{ }}Unique\ensuremath{\text{ }}node\ensuremath{\text{ }}ID\ensuremath{\text{ }}supplied\ensuremath{\text{ }}by\ensuremath{\text{ }}the\ensuremath{\text{ }}user.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Arc_In\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Arc_Pointer;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Arc_Out\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Arc_Pointer;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Next\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Node_Pointer;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Previous\ensuremath{\text{ }}:\ensuremath{\text{ }}Node_Pointer;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Arc\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{ID\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Arc_ID;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}Unique\ensuremath{\text{ }}arc\ensuremath{\text{ }}ID\ensuremath{\text{ }}supplied\ensuremath{\text{ }}by\ensuremath{\text{ }}the\ensuremath{\text{ }}user.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Source\ensuremath{\text{ }}:\ensuremath{\text{ }}Node_Pointer;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Target\ensuremath{\text{ }}:\ensuremath{\text{ }}Node_Pointer;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Next\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Arc_Pointer;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Rank;}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Rank_Pointer\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{access}\ensuremath{\text{ }}\NormalTok{Rank;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Rank\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Number\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Level_ID;\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}Computed\ensuremath{\text{ }}ordinal\ensuremath{\text{ }}number\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}rank.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{First_Node\ensuremath{\text{ }}:\ensuremath{\text{ }}Node_Pointer;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Last_Node\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Node_Pointer;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Next\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Rank_Pointer;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Previous\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Rank_Pointer;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\NormalTok{First_Rank\ensuremath{\text{ }}:\ensuremath{\text{ }}Rank_Pointer;}\newline
\NormalTok{Last_Rank\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Rank_Pointer;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

It is very useful to add comments explaining the purpose, structure, and semantics of the data structures. Many maintainers look at the data structures first when trying to understand the implementation of a unit. Understanding the data that can be stored, along with the relationships between the different data items and the flow of data through the unit, is an important first step in understanding the details of the unit.
In the first example above, the names Current_Column and Current_Row are relatively self-{}explanatory. The name Desired_Column is also well chosen, but it leaves the reader wondering what the relationship is between the current column and the desired column. The comment explains the reason for having both.
Another advantage of commenting on the data declarations is that the single set of comments on a declaration can replace multiple sets of comments that might otherwise be needed at various places in the code where the data is manipulated. In the first example above, the comment briefly expands on the meaning of \symbol{34}current\symbol{34} and \symbol{34}marked.\symbol{34} It states that the \symbol{34}current\symbol{34} position is the location of the cursor, the \symbol{34}current\symbol{34} position is in the current buffer, and the \symbol{34}marked\symbol{34} position was marked by the user. This comment, along with the mnemonic names of the variables, greatly reduces the need for comments at individual statements throughout the code.
It is important to document the full meaning of exceptions and under what conditions they can be raised, as shown in the second example above, especially when the exceptions are declared in a package specification. The reader has no other way to find out the exact meaning of the exception (without reading the code in the package body).
Grouping all the exceptions together, as shown in the second example, can provide the reader with the effect of a \symbol{34}glossary\symbol{34} of special conditions. This is useful when many different subprograms in the package can raise the same exceptions. For a package in which each exception can be raised by only one subprogram, it may be better to group related subprograms and exceptions together.
When commenting exceptions, it is better to describe the exception\textquotesingle{}s meaning in general terms than to list all the subprograms that can cause the exception to be raised; such a list is harder to maintain. When a new routine is added, it is likely that these lists will not be updated. Also, this information is already present in the comments describing the subprograms, where all exceptions that can be raised by the subprogram should be listed. Lists of exceptions by subprogram are more useful and easier to maintain than lists of subprograms by exception.
In the third example, the names of the record fields are short and mnemonic, but they are not completely self-{}explanatory. This is often the case with complex data structures involving access types. There is no way to choose the record and field names so that they completely explain the overall organization of the records and pointers into a nested set of sorted lists. The comments shown are useful in this case. Without them, the reader would not know which lists are sorted, which lists are doubly linked, or why. The comments express the intent of the author with respect to this complex data structure. The maintainer still has to read the code if he wants to be sure that the double links are all properly maintained. Keeping this in mind when reading the code makes it much easier for the maintainer to find a bug where one pointer is updated and the opposite one is not.
See Guideline 9.3.1 for the rationale for documenting the use of redispatching operations. (Redispatching means converting an argument of one primitive operation to a class-{}wide type and making a dispatching call to another primitive operation.) The rationale in Guideline 9.3.1 discusses whether such documentation should be in the specification or the body.
\subsection{Statement Comments}

\subsubsection{guideline}


\begin{myitemize}
\item{}Minimize comments embedded among statements.
\item{}Use comments only to explain parts of the code that are not obvious.
\item{}Comment intentional omissions from the code.
\item{}Do not use comments to paraphrase the code.
\item{}Do not use comments to explain remote pieces of code, such as subprograms called by the current unit.
\item{}Where comments are necessary, make them visually distinct from the code.

\end{myitemize}

\subsubsection{example}

The following is an example of very poorly commented code:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\CommentTok{--\ensuremath{\text{ }}Loop\ensuremath{\text{ }}through\ensuremath{\text{ }}all\ensuremath{\text{ }}the\ensuremath{\text{ }}strings\ensuremath{\text{ }}in\ensuremath{\text{ }}the\ensuremath{\text{ }}array\ensuremath{\text{ }}Strings,\ensuremath{\text{ }}converting}\newline
\CommentTok{--\ensuremath{\text{ }}them\ensuremath{\text{ }}to\ensuremath{\text{ }}integers\ensuremath{\text{ }}by\ensuremath{\text{ }}calling\ensuremath{\text{ }}Convert_To_Integer\ensuremath{\text{ }}on\ensuremath{\text{ }}each\ensuremath{\text{ }}one,}\newline
\CommentTok{--\ensuremath{\text{ }}accumulating\ensuremath{\text{ }}the\ensuremath{\text{ }}sum\ensuremath{\text{ }}of\ensuremath{\text{ }}all\ensuremath{\text{ }}the\ensuremath{\text{ }}values\ensuremath{\text{ }}in\ensuremath{\text{ }}Sum,\ensuremath{\text{ }}and\ensuremath{\text{ }}counting\ensuremath{\text{ }}them}\newline
\CommentTok{--\ensuremath{\text{ }}in\ensuremath{\text{ }}Count.\ensuremath{\text{ }}\ensuremath{\text{ }}Then\ensuremath{\text{ }}divide\ensuremath{\text{ }}Sum\ensuremath{\text{ }}by\ensuremath{\text{ }}Count\ensuremath{\text{ }}to\ensuremath{\text{ }}get\ensuremath{\text{ }}the\ensuremath{\text{ }}average\ensuremath{\text{ }}and\ensuremath{\text{ }}store}\newline
\CommentTok{--\ensuremath{\text{ }}it\ensuremath{\text{ }}in\ensuremath{\text{ }}Average.\ensuremath{\text{ }}Also,\ensuremath{\text{ }}record\ensuremath{\text{ }}the\ensuremath{\text{ }}maximum\ensuremath{\text{ }}number\ensuremath{\text{ }}in\ensuremath{\text{ }}the\ensuremath{\text{ }}global}\newline
\CommentTok{--\ensuremath{\text{ }}variable\ensuremath{\text{ }}Max_Number.}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{I\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Strings{\char13}Range\ensuremath{\text{ }}}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Convert\ensuremath{\text{ }}each\ensuremath{\text{ }}string\ensuremath{\text{ }}to\ensuremath{\text{ }}an\ensuremath{\text{ }}integer\ensuremath{\text{ }}value\ensuremath{\text{ }}by\ensuremath{\text{ }}looping\ensuremath{\text{ }}through}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}the\ensuremath{\text{ }}characters\ensuremath{\text{ }}which\ensuremath{\text{ }}are\ensuremath{\text{ }}digits,\ensuremath{\text{ }}until\ensuremath{\text{ }}a\ensuremath{\text{ }}nondigit\ensuremath{\text{ }}is\ensuremath{\text{ }}found,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}taking\ensuremath{\text{ }}the\ensuremath{\text{ }}ordinal\ensuremath{\text{ }}value\ensuremath{\text{ }}of\ensuremath{\text{ }}each,\ensuremath{\text{ }}subtracting\ensuremath{\text{ }}the\ensuremath{\text{ }}ordinal\ensuremath{\text{ }}value}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}of\ensuremath{\text{ }}{\char13}0{\char13},\ensuremath{\text{ }}and\ensuremath{\text{ }}multiplying\ensuremath{\text{ }}by\ensuremath{\text{ }}10\ensuremath{\text{ }}if\ensuremath{\text{ }}another\ensuremath{\text{ }}digit\ensuremath{\text{ }}follows.\ensuremath{\text{ }}\ensuremath{\text{ }}Store}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}the\ensuremath{\text{ }}result\ensuremath{\text{ }}in\ensuremath{\text{ }}Number.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Number\ensuremath{\text{ }}:=\ensuremath{\text{ }}Convert_To_Integer(Strings(I));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Accumulate\ensuremath{\text{ }}the\ensuremath{\text{ }}sum\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}numbers\ensuremath{\text{ }}in\ensuremath{\text{ }}Total.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Sum\ensuremath{\text{ }}:=\ensuremath{\text{ }}Sum\ensuremath{\text{ }}+\ensuremath{\text{ }}Number;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Count\ensuremath{\text{ }}the\ensuremath{\text{ }}numbers.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Count\ensuremath{\text{ }}:=\ensuremath{\text{ }}Count\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Decide\ensuremath{\text{ }}whether\ensuremath{\text{ }}this\ensuremath{\text{ }}number\ensuremath{\text{ }}is\ensuremath{\text{ }}more\ensuremath{\text{ }}than\ensuremath{\text{ }}the\ensuremath{\text{ }}current\ensuremath{\text{ }}maximum.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Number\ensuremath{\text{ }}\ensuremath{\text{ }}Max_Number\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Update\ensuremath{\text{ }}the\ensuremath{\text{ }}global\ensuremath{\text{ }}variable\ensuremath{\text{ }}Max_Number.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Max_Number\ensuremath{\text{ }}:=\ensuremath{\text{ }}Number;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\CommentTok{--\ensuremath{\text{ }}Compute\ensuremath{\text{ }}the\ensuremath{\text{ }}average.}\newline
\NormalTok{Average\ensuremath{\text{ }}:=\ensuremath{\text{ }}Sum\ensuremath{\text{ }}/\ensuremath{\text{ }}Count;}\newline
\end{Highlighting}
\end{Shaded}


The following is improved by not repeating things in the comments that are obvious from the code, not describing the details of what goes in inside of {\ttfamily Convert_To_Integer}, deleting an erroneous comment (the one on the statement that accumulates the sum), and making the few remaining comments more visually distinct from the code.


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{Sum_Integers_Converted_From_Strings:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{I\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Strings{\char13}Range\ensuremath{\text{ }}}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Number\ensuremath{\text{ }}:=\ensuremath{\text{ }}Convert_To_Integer(Strings(I));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Sum\ensuremath{\text{ }}:=\ensuremath{\text{ }}Sum\ensuremath{\text{ }}+\ensuremath{\text{ }}Number;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Count\ensuremath{\text{ }}:=\ensuremath{\text{ }}Count\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}The\ensuremath{\text{ }}global\ensuremath{\text{ }}Max_Number\ensuremath{\text{ }}is\ensuremath{\text{ }}computed\ensuremath{\text{ }}here\ensuremath{\text{ }}for\ensuremath{\text{ }}efficiency.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Number\ensuremath{\text{ }}\ensuremath{\text{ }}Max_Number\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Max_Number\ensuremath{\text{ }}:=\ensuremath{\text{ }}Number;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\ensuremath{\text{ }}\NormalTok{Sum_Integers_Converted_From_Strings;}\newline
\ensuremath{\text{ }}\newline
\NormalTok{Average\ensuremath{\text{ }}:=\ensuremath{\text{ }}Sum\ensuremath{\text{ }}/\ensuremath{\text{ }}Count;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

The improvements shown in the example are not improvements merely by reducing the total number of comments; they are improvements by reducing the number of useless comments.
Comments that paraphrase or explain obvious aspects of the code have no value. They are a waste of effort for the author to write and the maintainer to update. Therefore, they often end up becoming incorrect. Such comments also clutter the code, hiding the few important comments.
Comments describing what goes on inside another unit violate the principle of information hiding. The details about Convert_To_Integer (deleted above) are irrelevant to the calling unit, and they are better left hidden in case the algorithm ever changes. Examples explaining what goes on elsewhere in the code are very difficult to maintain and almost always become incorrect at the first code modification.
The advantage of making comments visually distinct from the code is that it makes the code easier to scan, and the few important comments stand out better. Highlighting unusual or special code features indicates that they are intentional. This assists maintainers by focusing attention on code sections that are likely to cause problems during maintenance or when porting the program to another implementation.
Comments should be used to document code that is nonportable, implementation-{}dependent, environment-{}dependent, or tricky in any way. They notify the reader that something unusual was put there for a reason. A beneficial comment would be one explaining a work around for a compiler bug. If you use a lower level (not \symbol{34}ideal\symbol{34} in the software engineering sense) solution, comment on it. Information included in the comments should state why you used that particular construct. Also include documentation on the failed attempts, for example, using a higher level structure. This kind of comment is useful to maintainers for historical purposes. You show the reader that a significant amount of thought went into the choice of a construct.
Finally, comments should be used to explain what is not present in the code as well as what is present. If you make a conscious decision to not perform some action, like deallocating a data structure with which you appear to be finished, be sure to add a comment explaining why not. Otherwise, a maintainer may notice the apparent omission and \symbol{34}correct\symbol{34} it later, thus introducing an error.
See also Guideline 9.3.1 for a discussion of what kind of documentation you should provide regarding tagged types and redispatching.
\subsubsection{notes}

Further improvements can be made on the above example by declaring the variables Count and Sum in a local block so that their scope is limited and their initializations occur near their usage, e.g., by naming the block Compute_Average or by moving the code into a function called Average_Of. The computation of Max_Number can also be separated from the computation of Average. However, those changes are the subject of other guidelines; this example is only intended to illustrate the proper use of comments.
\subsection{Marker Comments}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use pagination markers to mark program unit boundaries (see Guideline 2.1.7).
\item{}Repeat the unit name in a comment to mark the {\ttfamily begin} of a package body, subprogram body, task body, or block if the {\ttfamily begin} is preceded by declarations.
\item{}For long or heavily nested {\ttfamily if} and {\ttfamily case} statements, mark the end of the statement with a comment summarizing the condition governing the statement.
\item{}For long or heavily nested {\ttfamily if} statements, mark the {\ttfamily else} part with a comment summarizing the conditions governing this portion of the statement.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{if}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{A_Found\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{elsif}\ensuremath{\text{ }}\NormalTok{B_Found\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{else}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}A\ensuremath{\text{ }}and\ensuremath{\text{ }}B\ensuremath{\text{ }}were\ensuremath{\text{ }}both\ensuremath{\text{ }}not\ensuremath{\text{ }}found}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Count\ensuremath{\text{ }}=\ensuremath{\text{ }}Max\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}A_Found}\newline
\ensuremath{\text{ }}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Abstract_Strings\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Concatenate\ensuremath{\text{ }}(...)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Concatenate;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{begin}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Abstract_Strings}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Abstract_Strings;}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Marker comments emphasize the structure of code and make it easier to scan. They can be lines that separate sections of code or descriptive tags for a construct. They help the reader resolve questions about the current position in the code. This is more important for large units than for small ones. A short marker comment fits on the same line as the reserved word with which it is associated. Thus, it adds information without clutter.
The {\ttfamily if}, {\ttfamily elsif}, {\ttfamily else}, and {\ttfamily end if} of an {\ttfamily if} statement are often separated by long sequences of statements, sometimes involving other {\ttfamily if} statements. As shown in the first example, marker comments emphasize the association of the keywords of the same statement over a great visual distance. Marker comments are not necessary with the block statement and loop statement because the syntax of these statements allows them to be named with the name repeated at the end. Using these names is better than using marker comments because the compiler verifies that the names at the beginning and end match.
The sequence of statements of a package body is often very far from the first line of the package. Many subprogram bodies, each containing many {\ttfamily begin} lines, may occur first. As shown in the second example, the marker comment emphasizes the association of the begin with the package.
\subsubsection{notes}

Repeating names and noting conditional expressions clutters the code if overdone. It is visual distance, especially page breaks, that makes marker comments beneficial.
\section{Using Types}

Strong typing promotes reliability in software. The type definition of an object defines all legal values and operations and allows the compiler to check for and identify potential errors during compilation. In addition, the rules of type allow the compiler to generate code to check for violations of type constraints at execution time. Using these Ada compiler\textquotesingle{}s features facilitates earlier and more complete error detection than that which is available with less strongly typed languages.
\subsection{Declaring Types}

\subsubsection{guideline}


\begin{myitemize}
\item{}Limit the range of scalar types as much as possible.
\item{}Seek information about possible values from the application.
\item{}Do not reuse any of the subtype names in package Standard.
\item{}Use subtype declarations to improve program readability (Booch 1987).
\item{}Use derived types and subtypes in concert (see Guideline 5.3.1).

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Card_Image\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\DataTypeTok{String}\ensuremath{\text{ }}\NormalTok{(}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}}\DecValTok{80}\NormalTok{);}\newline
\NormalTok{Input_Line\ensuremath{\text{ }}:\ensuremath{\text{ }}Card_Image\ensuremath{\text{ }}:=\ensuremath{\text{ }}(}\KeywordTok{others}\ensuremath{\text{ }}\NormalTok{=\ensuremath{\text{ }}}\CharTok{{\char13}\ensuremath{\text{ }}{\char13}}\NormalTok{);}\newline
\CommentTok{--\ensuremath{\text{ }}restricted\ensuremath{\text{ }}integer\ensuremath{\text{ }}type:}\newline
\KeywordTok{type}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Day_Of_Leap_Year\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}}\DecValTok{366}\NormalTok{;}\newline
\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Day_Of_Non_Leap_Year\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{Day_Of_Leap_Year\ensuremath{\text{ }}}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}}\DecValTok{365}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


By the following declaration, the programmer means, \symbol{34}I haven\textquotesingle{}t the foggiest idea how many,\symbol{34} but the actual base range will show up buried in the code or as a system parameter:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{Employee_Count\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Integer}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Eliminating meaningless values from the legal range improves the compiler\textquotesingle{}s ability to detect errors when an object is set to an invalid value. This also improves program readability. In addition, it forces you to carefully think about each use of objects declared to be of the subtype.
Different implementations provide different sets of values for most of the predefined types. A reader cannot determine the intended range from the predefined names. This situation is aggravated when the predefined names are overloaded.
The names of an object and its subtype can clarify their intended use and document low-{}level design decisions. The example above documents a design decision to restrict the software to devices whose physical parameters are derived from the characteristics of punch cards. This information is easy to find for any later changes, thus enhancing program maintainability.
You can rename a type by declaring a subtype without a constraint (Ada Reference Manual 1995, Â§8.5). You cannot overload a subtype name; overloading only applies to callable entities. Enumeration literals are treated as parameterless functions and so are included in this rule.
Types can have highly constrained sets of values without eliminating useful values. Usage as described in Guideline 5.3.1 eliminates many flag variables and type conversions within executable statements. This renders the program more readable while allowing the compiler to enforce strong typing constraints.
\subsubsection{notes}

Subtype declarations do not define new types, only constraints for existing types.
Any deviation from this guideline detracts from the advantages of the strong typing facilities of the Ada language.
\subsubsection{exceptions}

There are cases where you do not have a particular dependence on any range of numeric values. Such situations occur, for example, with array indices (e.g., a list whose size is not fixed by any particular semantics). See Guideline 7.2.1 for a discussion of appropriate uses of predefined types.
\subsection{Enumeration Types}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use enumeration types instead of numeric codes.
\item{}Only if absolutely necessary, use representation clauses to match requirements of external devices.

\end{myitemize}

\subsubsection{example}

Use:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Color\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{(Blue,\ensuremath{\text{ }}Red,\ensuremath{\text{ }}Green,\ensuremath{\text{ }}Yellow);}\newline
\end{Highlighting}
\end{Shaded}


rather than:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{Blue\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;}\newline
\NormalTok{Red\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{;}\newline
\NormalTok{Green\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{;}\newline
\NormalTok{Yellow\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\DecValTok{4}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


and add the following if necessary:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{Color\ensuremath{\text{ }}}\KeywordTok{use}\ensuremath{\text{ }}\NormalTok{(Blue\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Red\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Green\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Yellow\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{4}\NormalTok{);}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Enumerations are more robust than numeric codes; they leave less potential for errors resulting from incorrect interpretation and from additions to and deletions from the set of values during maintenance. Numeric codes are holdovers from languages that have no user-{}defined types.
In addition, Ada provides a number of attributes (\textquotesingle{}Pos, \textquotesingle{}Val, \textquotesingle{}Succ, \textquotesingle{}Pred, \textquotesingle{}Image, and \textquotesingle{}Value) for enumeration types that, when used, are more reliable than user-{}written operations on encodings.
A numeric code may at first seem appropriate to match external values. Instead, these situations call for a representation clause on the enumeration type. The representation clause documents the \symbol{34}encoding.\symbol{34} If the program is properly structured to isolate and encapsulate hardware dependencies (see Guideline 7.1.5), the numeric code ends up in an interface package where it can be easily found and replaced if the requirements change.
In general, avoid using representation clauses for enumeration types. When there is no obvious ordering of the enumeration literals, an enumeration representation can create portability problems if the enumeration type must be reordered to accommodate a change in representation order on the new platform.
\section{Summary}

\subsection{spelling}


\begin{myitemize}
\item{}Use underscores to separate words in a compound name.
\item{}Represent numbers in a consistent fashion.
\item{}Represent literals in a radix appropriate to the problem.
\item{}Use underscores to separate digits the same way commas or periods (or spaces for nondecimal bases) would be used in normal text.
\item{}When using scientific notation, make the E consistently either uppercase or lowercase.
\item{}In an alternate base, represent the alphabetic characters in either all uppercase or all lowercase.
\item{}Make reserved words and other elements of the program visually distinct from each other.
\item{}Do not use an abbreviation of a long word as an identifier where a shorter synonym exists.
\item{}Use a consistent abbreviation strategy.
\item{}Do not use ambiguous abbreviations.
\item{}To justify its use, an abbreviation must save many characters over the full word.
\item{}Use abbreviations that are well-{}accepted in the application domain.
\item{}Maintain a list of accepted abbreviations, and use only abbreviations on that list.

\end{myitemize}

\subsection{naming conventions}


\begin{myitemize}
\item{}Choose names that are as self-{}documenting as possible.
\item{}Use a short synonym instead of an abbreviation.
\item{}Use names given by the application, but do not use obscure jargon.
\item{}Avoid using the same name to declare different kinds of identifiers.
\item{}Use singular, general nouns as subtype identifiers.
\item{}Choose identifiers that describe one of the subtype\textquotesingle{}s values.
\item{}Consider using suffixes for subtype identifiers that define visible access types, visible subranges, or visible array types.
\item{}For private types, do not use identifier constructions (e.g., suffixes) that are unique to subtype identifiers.
\item{}Do not use the subtype names from predefined packages.
\item{}Use predicate clauses or adjectives for Boolean objects.
\item{}Use singular, specific nouns as object identifiers.
\item{}Choose identifiers that describe the object\textquotesingle{}s value during execution.
\item{}Use singular, general nouns as identifiers for record components.
\item{}Use a consistent naming convention for tagged types and associated packages.
\item{}Use action verbs for procedures and entries.
\item{}Use predicate clauses for Boolean functions.
\item{}Use nouns for non-{}Boolean functions.
\item{}Give packages names that imply a higher level of organization than subprograms. Generally, these are noun phrases that describe the abstraction provided.
\item{}Give tasks names that imply an active entity.
\item{}Use nouns descriptive of the data being protected for protected units.
\item{}Consider naming generic subprograms as if they were nongeneric subprograms.
\item{}Consider naming generic packages as if they were nongeneric packages.
\item{}Make the generic names more general than the instantiated names.
\item{}Use symbolic values instead of literals, wherever possible.
\item{}Use the predefined constants Ada.Numerics.Pi and Ada.Numerics.e for the mathematical constants Pi and e.
\item{}Use constants instead of variables for constant values.
\item{}Use a constant when the value is specific to a type or when the value must be static.
\item{}Use named numbers instead of constants, whenever possible.
\item{}Use named numbers to replace numeric literals whose type or context is truly universal.
\item{}Use constants for objects whose values cannot change after elaboration. (United Technologies 1987).
\item{}Show relationships between symbolic values by defining them with static expressions.
\item{}Use linearly independent sets of literals.
\item{}Use attributes like \textquotesingle{}First and \textquotesingle{}Last instead of literals, wherever possible.
\item{}Use a name that indicates the kind of problem the exception represents.
\item{}Include a prefix like New, Make, or Create in naming constructors (in this sense, operations to create and/or initialize an object).
\item{}Use names indicative of their content for child packages containing constructors.

\end{myitemize}

\subsection{comments}


\begin{myitemize}
\item{}Make the code as clear as possible to reduce the need for comments.
\item{}Never repeat information in a comment that is readily available in the code.
\item{}Where a comment is required, make it concise and complete.
\item{}Use proper grammar and spelling in comments.
\item{}Make comments visually distinct from the code.
\item{}Structure comments in headers so that information can be automatically extracted by a tool.
\item{}Put a file header on each source file.
\item{}Place ownership, responsibility, and history information for the file in the file header.
\item{}Put a header on the specification of each program unit.
\item{}Place information required by the user of the program unit in the specification header.
\item{}Do not repeat information (except unit name) in the specification header that is present in the specification.
\item{}Explain what the unit does, not how or why it does it.
\item{}Describe the complete interface to the program unit, including any exceptions it can raise and any global effects it can have.
\item{}Do not include information about how the unit fits into the enclosing software system.
\item{}Describe the performance (time and space) characteristics of the unit.
\item{}Place information required by the maintainer of the program unit in the body header.
\item{}Explain how and why the unit performs its function, not what the unit does.
\item{}Do not repeat information (except unit name) in the header that is readily apparent from reading the code.
\item{}Do not repeat information (except unit name) in the body header that is available in the specification header.
\item{}Comment on all data types, objects, and exceptions unless their names are self-{}explanatory.
\item{}Include information on the semantic structure of complex, pointer-{}based data structures.
\item{}Include information about relationships that are maintained between data objects.
\item{}Omit comments that merely repeat the information in the name.
\item{}Include information on redispatching for tagged types in cases where you intend the specializations (i.e., derived types) to override these redispatching operations.
\item{}Minimize comments embedded among statements.
\item{}Use comments only to explain parts of the code that are not obvious.
\item{}Comment intentional omissions from the code.
\item{}Do not use comments to paraphrase the code.
\item{}Do not use comments to explain remote pieces of code, such as subprograms called by the current unit.
\item{}Where comments are necessary, make them visually distinct from the code.
\item{}Use pagination markers to mark program unit boundaries.
\item{}Repeat the unit name in a comment to mark the begin of a package body, subprogram body, task body, or block if the begin is preceded by declarations.
\item{}For long or heavily nested if and case statements, mark the end of the statement with a comment summarizing the condition governing the statement.
\item{}For long or heavily nested if statements, mark the else part with a comment summarizing the conditions governing this portion of the statement.

\end{myitemize}

\subsection{using types}


\begin{myitemize}
\item{}Limit the range of scalar types as much as possible.
\item{}Seek information about possible values from the application.
\item{}Do not reuse any of the subtype names in package Standard.
\item{}Use subtype declarations to improve program readability (Booch 1987).
\item{}Use derived types and subtypes in concert.
\item{}Use enumeration types instead of numeric codes.
\item{}Only if absolutely necessary, use representation clauses to match requirements of external devices.

\end{myitemize}



\chapter{Program Structure}

\myminitoc




\section{Introduction}

Proper structure improves program clarity. This is analogous to readability on lower levels and facilitates the use of the readability guidelines (Chapter 3). The various program structuring facilities provided by Ada were designed to enhance overall clarity of design. These guidelines show how to use these facilities for their intended purposes.
The concept of child packages supports the concept of subsystem, where a subsystem is represented in Ada as a hierarchy of library units. In general, a large system should be structured as a series of subsystems. Subsystems should be used to represent logically related library units, which together implement a single, high-{}level abstraction or framework.
Abstraction and encapsulation are supported by the package concept and by private types. Related data and subprograms can be grouped together and seen by a higher level as a single entity. Information hiding is enforced via strong typing and by the separation of package and subprogram specifications from their bodies. Exceptions and tasks are additional Ada language elements that impact program structure.
\section{High-{}Level Structure}

Well-{}structured programs are easily understood, enhanced, and maintained. Poorly structured programs are frequently restructured during maintenance just to make the job easier. Many of the guidelines listed below are often given as general program design guidelines.
\subsection{Separate Compilation Capabilities}

\subsubsection{guideline}


\begin{myitemize}
\item{}Place the specification of each library unit package in a separate file from its body.
\item{}Avoid defining library unit subprograms that are not intended to be used as main programs. If such subprograms are defined, then create an explicit specification, in a separate file, for each library unit subprogram.
\item{}Minimize the use of subunits.
\item{}In preference to subunits, use child library units to structure a subsystem into manageable units.
\item{}Place each subunit in a separate file.
\item{}Use a consistent file naming convention.
\item{}In preference to nesting in a package body, use a private child and with it to the parent body.
\item{}Use private child unit specifications for data and subprograms that are required by (other) child units that extend a parent unit\textquotesingle{}s abstraction or services.

\end{myitemize}

\subsubsection{example}

The file names below illustrate one possible file organization and associated consistent naming convention. The library unit name uses the adb suffix for the body. The suffix ads indicates the specification, and any files containing subunits use names constructed by separating the body name from the subunit name with an underscore:
\TemplatePreformat{$\text{ }$\newline{}
text_io.ads$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}-{}$\text{ }${}the$\text{ }${}specification$\text{ }$\newline{}
text_io.adb$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}-{}$\text{ }${}the$\text{ }${}body$\text{ }$\newline{}
text_io_integer_io.adb$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}-{}$\text{ }${}a$\text{ }${}subunit$\text{ }$\newline{}
text_io_fixed_io.adb$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}-{}$\text{ }${}a$\text{ }${}subunit$\text{ }$\newline{}
text_io_float_io.adb$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}-{}$\text{ }${}a$\text{ }${}subunit$\text{ }$\newline{}
text_io_enumeration_io.adb$\text{ }${}$\text{ }${}-{}-{}$\text{ }${}a$\text{ }${}subunit$\text{ }$\newline{}
}
Depending on what characters your file system allows you to use in file names, you could show the distinction between parent and subunit name more clearly in the file name. If your file system allows the \symbol{34}\#\symbol{34} character, for example, you could separate the body name from the subunit name with a \#:
\TemplatePreformat{$\text{ }$\newline{}
text_io.ads$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}-{}$\text{ }${}the$\text{ }${}specification$\text{ }$\newline{}
text_io.adb$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}-{}$\text{ }${}the$\text{ }${}body$\text{ }$\newline{}
text_io\#integer_io.adb$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}-{}$\text{ }${}a$\text{ }${}subunit$\text{ }$\newline{}
text_io\#fixed_io.adb$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}-{}$\text{ }${}a$\text{ }${}subunit$\text{ }$\newline{}
text_io\#float_io.adb$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}-{}$\text{ }${}a$\text{ }${}subunit$\text{ }$\newline{}
text_io\#enumeration_io.adb$\text{ }${}$\text{ }${}-{}-{}$\text{ }${}a$\text{ }${}subunit$\text{ }$\newline{}
}
Some operating systems are case sensitive, although Ada itself is not a case-{}sensitive language. For example, you could choose a convention of all lowercase file names.
\subsubsection{rationale}

The main reason for the emphasis on separate files in this guideline is to minimize the amount of recompilation required after each change. Typically, during software development, bodies of units are updated far more often than specifications. If the body and specification reside in the same file, then the specification will be compiled each time the body is compiled, even though the specification has not changed. Because the specification defines the interface between the unit and all of its users, this recompilation of the specification typically makes recompilation of all users necessary in order to verify compliance with the specification. If the specifications and bodies of the users also reside together, then any users of these units will also have to be recompiled and so on. The ripple effect can force a huge number of compilations that could have been avoided, severely slowing the development and test phase of a project. This is why you should place specifications of all library units (nonnested units) in separate files from their bodies.
Library unit subprograms should be minimized. The only real use for library unit subprograms is as the main subprogram. In almost all other cases, it is better to embed the subprogram into a package. This provides a place (the package body) to localize data needed by the subprogram. Moreover, it cuts down on the number of separate modules in the system.
In general, you should use a separate specification for any library subprogram that is mentioned in a with clause. This makes the with\textquotesingle{}ing unit dependent on the library subprogram specification, not its body.
You should minimize the use of subunits because they create maintenance problems. Declarations appearing in the parent body are visible in the subunit, increasing the amount of data global to the subunit and, thus, increasing the potential ripple effect of changes. Subunits hinder reuse because they provide an incentive to put otherwise reusable code in the subunit directly rather than in a common routine called from multiple subprograms.
With the availability of child library units in Ada 95, you can avoid most uses of subunits. For example, instead of using a subunit for a large nested body, you should try to encapsulate this code in a child library unit and add the necessary context clauses. You can modify the body of the child unit without having to recompile any of the other units in a subsystem.
An additional benefit of using multiple, separate files is that it allows different implementors to modify different parts of the system at the same time with conventional editors, which do not allow multiple concurrent updates to a single file.
Finally, keeping bodies and specifications separate makes it possible to have multiple bodies for the same specification or multiple specifications for the same body. Although Ada requires that there be exactly one specification per body in a system at any given time, it can still be useful to maintain multiple bodies or multiple specifications for use in different builds of a system. For example, a single specification may have multiple bodies, each of which implements the same functionality with a different tradeoff of time versus space efficiency, or, for machine-{}dependent code, there may be one body for each target machine. Maintaining multiple package specifications can also be useful during development and test. You may develop one specification for delivery to your customer and another for unit testing. The first one would export only those subprograms intended to be called from outside of the package during normal operation of the system. The second one would export all subprograms of the package so that each of them could be independently tested.
A consistent file naming convention is recommended to make it easier to manage the large number of files that may result from following this guideline.
In implementing the abstraction defined in a package specification, you often need to write supporting subprograms that manipulate the internal representation of the data. These subprograms should not be exported on the interface. You have a choice of whether to place them in the package body of the parent program or in a child package named in a context clause of the parent package body. When you place them in the parent package body, you make them inaccessible to all clients of the parent, including extensions of the parent declared in child packages. If these subprograms are needed to implement extensions of the parent abstraction, you would be forced to modify both the parent specification and the body because you would have to declare the extensions within the parent specification. This technique would then force recompilation of the entire package (specification and body) as well as all its clients.
Alternatively, you can implement the supporting subprograms in a private child package. Because the parent unit\textquotesingle{}s specification is not modified, neither it nor its clients need to be recompiled. The data and subprograms that might have declared in the parent unit body must now be declared in the private child unit\textquotesingle{}s specification to make them visible to both the parent unit body and to any child units that extend the parent unit\textquotesingle{}s services or abstractions. (See also Guidelines 4.1.6 and 4.2.) This use of private child units will generally minimize recompilations within the unit family and among its clients.
In declaring the child package private, you achieve a similar effect to declaring it in the parent package body to the extent that clients of the parent cannot name the private child in a context clause. You gain flexibility because now you can extend the parent abstraction using child packages without having to recompile the parent specification or its body, assuming that you do not otherwise modify the parent or its body. This added flexibility will usually compensate for the increased dependency between units, in this case, the additional context clause on the parent body (and other child package bodies) that names the private child package of supporting subprograms.
\subsection{Configuration Pragmas}

\subsubsection{guideline}


\begin{myitemize}
\item{}When possible, express configuration pragmas through compiler options or other means that do not require modifications to the source code.
\item{}When configuration pragmas must be placed in source code, consider isolating them to one compilation unit per partition; if specified, the main subprogram for the partition is recommended.

\end{myitemize}

\subsubsection{rationale}

Configuration pragmas are generally used to select a partition-{}wide or system-{}wide option. Usually, they reflect either high-{}level software architecture decisions (e.g., pragma Task_Dispatching_Policy) or the use of the software in a particular application domain (e.g., safety-{}critical software). If a configuration pragma is embedded within a software component and that component is reused in a different context where the pragma is no longer appropriate, then it may cause problems in the new application. Such problems can include the rejection by the compilation system of otherwise legal source code or unexpected behavior at run-{}time. These problems can be significant given the wide scope of a configuration pragma. In addition, maintenance of the original system may require that some of these system-{}wide decisions be changed. If the configuration pragmas are scattered throughout the software, it may be difficult to locate the lines that need to change.
As a result, it is recommended that all configuration pragmas be kept in a single compilation unit if possible to make them easy to locate and modify as needed. If this compilation unit is unlikely to be reused (e.g., a main subprogram), then the likelihood of conflicts with future reusers is reduced. Finally, if these system-{}wide decisions are indicated without embedding them in the code at all, such as through a compiler option, then the problems described above are even less likely to occur.
\subsubsection{exceptions}

Certain pragmas (e.g., pragma Suppress) can be used in several forms, including as a configuration pragma. This guideline does not apply to such pragmas when they are not used as a configuration pragma.
\subsection{Subprograms}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use subprograms to enhance abstraction.
\item{}Restrict each subprogram to the performance of a single action.

\end{myitemize}

\subsubsection{example}

Your program is required to draw a menu of user options as part of a menu-{}driven user interface package. Because the contents of the menu can vary depending on the user state, the proper way to do this is to write a subprogram to draw the menu. This way, the output subprogram has one purpose and the way to determine the menu content is described elsewhere.


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{...}\newline
\NormalTok{-}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Draw_Menu}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{(Title\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{String}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Options\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Menu)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{begin}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Draw_Menu}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.New_Page;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.New_Line;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.Set_Col\ensuremath{\text{ }}(Right_Column);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.Put_Line\ensuremath{\text{ }}(Title);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.New_Line;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{Choice\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Alpha_Numeric\ensuremath{\text{ }}}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Options\ensuremath{\text{ }}(Choice)\ensuremath{\text{ }}/=\ensuremath{\text{ }}Empty_Line\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Valid_Option\ensuremath{\text{ }}(Choice)\ensuremath{\text{ }}:=\ensuremath{\text{ }}True;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.Set_Col\ensuremath{\text{ }}(Left_Column);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.Put\ensuremath{\text{ }}(Choice\ensuremath{\text{ }}\ensuremath{\text{ }}}\StringTok{"\ensuremath{\text{ }}--\ensuremath{\text{ }}"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.Put_Line\ensuremath{\text{ }}(Options\ensuremath{\text{ }}(Choice));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Draw_Menu;}\newline
\NormalTok{-}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Subprograms are an extremely effective and well-{}understood abstraction technique. Subprograms increase program readability by hiding the details of a particular activity. It is not necessary that a subprogram be called more than once to justify its existence.
\subsubsection{notes}

Guideline 10.7.1 discusses dealing with the overhead of subroutine calls.
\subsection{Functions}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use a function when the subprogram\textquotesingle{}s primary purpose is to provide a single value.
\item{}Minimize the side effect of a function.
\item{}Consider using a parameterless function when the value does not need to be static.
\item{}Use a parameterless function (instead of a constant) if the value should be inherited by types derived from the type.
\item{}Use a parameterless function if the value itself is subject to change.

\end{myitemize}

\subsubsection{example}

Although reading a character from a file will change what character is read next, this is accepted as a minor side effect compared to the primary purpose of the following function:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Next_Character\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Character\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{separate}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


However, the use of a function like this could lead to a subtle problem. Any time the order of evaluation is undefined, the order of the values returned by the function will effectively be undefined. In this example, the order of the characters placed in Word and the order that the following two characters are given to the Suffix parameters are unknown. No implementation of the Next_Character function can guarantee which character will go where:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Word\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\DataTypeTok{String}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}String{\char13}(}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}}\DecValTok{5}\ensuremath{\text{ }}\NormalTok{=\ensuremath{\text{ }}Next_Character);}\newline
\KeywordTok{begin}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Start_Parsing}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Parse(Keyword\ensuremath{\text{ }}=\ensuremath{\text{ }}Word,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Suffix1\ensuremath{\text{ }}=\ensuremath{\text{ }}Next_Character,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Suffix2\ensuremath{\text{ }}=\ensuremath{\text{ }}Next_Character);}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Start_Parsing;}\newline
\end{Highlighting}
\end{Shaded}


Of course, if the order is unimportant (as in a random number generator), then the order of evaluation is unimportant.
The following example shows the use of a parameterless function instead of a constant:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{T\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Nil\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{T;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}This\ensuremath{\text{ }}function\ensuremath{\text{ }}is\ensuremath{\text{ }}a\ensuremath{\text{ }}derivable}\newline
\ensuremath{\text{ }}\NormalTok{operation\ensuremath{\text{ }}}\KeywordTok{of}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{T}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Default\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{T;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}Also\ensuremath{\text{ }}derivable,\ensuremath{\text{ }}and\ensuremath{\text{ }}the\ensuremath{\text{ }}value\ensuremath{\text{ }}can\ensuremath{\text{ }}be}\newline
\ensuremath{\text{ }}\NormalTok{changed\ensuremath{\text{ }}by}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}recompiling\ensuremath{\text{ }}the\ensuremath{\text{ }}body\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}function}\newline
\end{Highlighting}
\end{Shaded}


This same example could have been written using constants:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{T\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\NormalTok{Nil\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{T;}\newline
\NormalTok{Default\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{T;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

A side effect is a change to any variable that is not local to the subprogram. This includes changes to variables by other subprograms and entries during calls from the function if the changes persist after the function returns. Side effects are discouraged because they are difficult to understand and maintain. Additionally, the Ada language does not define the order in which functions are evaluated when they occur in expressions or as actual parameters to subprograms. Therefore, a program that depends on the order in which side effects of functions occur is erroneous. Avoid using side effects anywhere.
\subsection{Packages}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use packages for information hiding.
\item{}Use packages with tagged types and private types for abstract data types.
\item{}Use packages to model abstract entities appropriate to the problem domain.
\item{}Use packages to group together related type and object declarations (e.g., common declarations for two or more library units).
\item{}Encapsulate machine dependencies in packages. Place a software interface to a particular device in a package to facilitate a change to a different device.
\item{}Place low-{}level implementation decisions or interfaces in subprograms within packages.
\item{}Use packages and subprograms to encapsulate and hide program details that may change (Nissen and Wallis 1984).

\end{myitemize}

\subsubsection{example}

Reading the names and other attributes of external files is highly machine dependent. A package called Directory could contain type and subprogram declarations to support a generalized view of an external directory that contains external files. Its internals may, in turn, depend on other packages more specific to the hardware or operating system:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Directory\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Directory_Listing\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{limited}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Read_Current_Directory\ensuremath{\text{ }}(D\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Directory_Listing);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{generic}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Process\ensuremath{\text{ }}(Filename\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\DataTypeTok{String}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Iterate\ensuremath{\text{ }}(Over\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Directory_Listing);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Directory_Listing\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Directory;}\newline
\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Directory\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}This\ensuremath{\text{ }}procedure\ensuremath{\text{ }}is\ensuremath{\text{ }}machine\ensuremath{\text{ }}dependent}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Read_Current_Directory\ensuremath{\text{ }}(D\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Directory_Listing)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\KeywordTok{separate}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Iterate\ensuremath{\text{ }}(Over\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Directory_Listing)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Process\ensuremath{\text{ }}(Filename);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Iterate;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Directory;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Packages are the principal structuring facility in Ada. They are intended to be used as direct support for abstraction, information hiding, and modularization. For example, they are useful for encapsulating machine dependencies as an aid to portability. A single specification can have multiple bodies isolating implementation-{}specific information so other parts of the code do not need to change.
Encapsulating areas of potential change helps to minimize the effort required to implement that change by preventing unnecessary dependencies among unrelated parts of the system.
\subsubsection{notes}

The most prevalent objection to this guideline usually involves performance penalties. See Guideline 10.7.1 for a discussion about subprogram overhead.
\subsection{Child Library Units}

\subsubsection{guideline}


\begin{myitemize}
\item{}If a new library unit represents a logical extension to the original abstraction, define it as a child library unit.
\item{}If a new library unit is independent (e.g., introduces a new abstraction that depends only in part on the existing one), then encapsulate the new abstraction in a separate library unit.
\item{}Use child packages to implement a subsystem.
\item{}Use public child units for those parts of a subsystem that should be visible to clients of the subsystem.
\item{}Use private child units for those parts of a subsystem that should not be visible to clients of the subsystem.
\item{}Use private child units for local declarations used only in implementing the package specification.
\item{}Use child packages to implement constructors, even when they return access values.

\end{myitemize}

\subsubsection{example}

The following example of a windowing system is taken from Cohen et al. (1993) and illustrates some of the uses of child units in designing subsystems. The parent (root) package declares the types, subtypes, and constants that its clients and subsystems need. Individual child packages provide specific parts of the windowing abstraction, such as atoms, fonts, graphic output, cursors, and keyboard information:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{X_Windows\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{X_Windows;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{X_Windows.Atoms\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Atom\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{X_Windows.Atoms;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{X_Windows.Fonts\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Font\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{X_Windows.Fonts;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{X_Windows.Graphic_Output\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Graphic_Context\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Image\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{X_Windows.Graphic_Output;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{X_Windows.Cursors\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{X_Windows.Cursors;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{X_Windows.Keyboard\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{X_Windows.Keyboard;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

The user can create more precise packages with less cluttered interfaces, using child library packages to extend the interfaces as needed. The parent contains only the relevant functionality. The parent provides a general-{}purpose interface, while the child units provide more complete programming interfaces, tailored to that aspect of an abstraction that they are extending or defining.
Child packages build on the modular strength of Ada where \symbol{34}the distinct specification and body decouple the user interface to a package (the specification) from its implementation (the body)\symbol{34} (Rationale 1995, Â§II.7). Child packages provide the added capability of being able to extend a parent package without recompiling the parent or the parent\textquotesingle{}s clients.
Child packages allow you to write logically distinct packages that share a private type. The visibility rules give the private part of the child specification and the body of the child visibility into the private part of the parent. Thus, you can avoid creating a monolithic package for the sake of developing abstractions that share a private type and need to know its representation. The private representation is not available to clients of the package, so the abstraction in the package and its children is maintained.
Using private child packages for local declarations enables you to have available the support declarations you need when implementing both the parent package and extensions to the parent package. You enhance the maintainability of your program by using a common set of support declarations (data representations, data manipulation subprograms). You can modify the internal representation and the implementation of the support subprograms without modifying or recompiling the rest of your subsystem because these support subprograms are implemented in the body of the private child package. See also Guidelines 4.1.1, 4.2.1, 8.4.1, and 8.4.8.
See also Guideline 9.4.1 for a discussion of the use of child library units in creating a tagged type hierarchy.
\subsection{Cohesion}

\subsubsection{guideline}


\begin{myitemize}
\item{}Make each package serve a single purpose.
\item{}Use packages to group related data, types, and subprograms.
\item{}Avoid collections of unrelated objects and subprograms (NASA 1987; Nissen and Wallis 1984).
\item{}Consider restructuring a system to move two highly related units into the same package (or package hierarchy) or to move relatively independent units into separate packages.

\end{myitemize}

\subsubsection{example}

As a bad example, a package named Project_Definitions is obviously a \symbol{34}catch all\symbol{34} for a particular project and is likely to be a jumbled mess. It probably has this form to permit project members to incorporate a single with clause into their software.
Better examples are packages called Display_Format_Definitions, containing all the types and constants needed by some specific display in a specific format, and Cartridge_Tape_Handler, containing all the types, constants, and subprograms that provide an interface to a special-{}purpose device.
\subsubsection{rationale}

The degree to which the entities in a package are related has a direct impact on the ease of understanding packages and programs made up of packages. There are different criteria for grouping, and some criteria are less effective than others. Grouping the class of data or activity (e.g., initialization modules) or grouping data or activities based on their timing characteristics is less effective than grouping based on function or need to communicate through data (Charette 1986).
The \symbol{34}correct\symbol{34} structuring of a system can make a tremendous difference in the maintainability of a system. Although it may seem painful at the time, it is important to restructure if the initial structuring is not quite right.
See also Guideline 5.4.2 on heterogeneous data.
\subsubsection{notes}

Traditional subroutine libraries often group functionally unrelated subroutines. Even such libraries should be broken into a collection of packages, each containing a logically cohesive set of subprograms.
\subsection{Data Coupling}

\subsubsection{guideline}


\begin{myitemize}
\item{}Avoid declaring variables in package specifications.

\end{myitemize}

\subsubsection{example}

This is part of a compiler. Both the package handling error messages and the package containing the code generator need to know the current line number. Rather than storing this in a shared variable of type Natural, the information is stored in a package that hides the details of how such information is represented and makes it available with access routines:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{----}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Compilation_Status\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Line_Number\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}2_500_000;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Source_Line_Number\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Line_Number;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Compilation_Status;}\newline
\CommentTok{----}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Compilation_Status;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Error_Message_Processing\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Handle\ensuremath{\text{ }}compile-time\ensuremath{\text{ }}diagnostic.}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Error_Message_Processing;}\newline
\CommentTok{----}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Compilation_Status;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Code_Generation\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Operations\ensuremath{\text{ }}for\ensuremath{\text{ }}code\ensuremath{\text{ }}generation.}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Code_Generation;}\newline
\CommentTok{----}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Strongly coupled program units can be difficult to debug and very difficult to maintain. By protecting shared data with access functions, the coupling is lessened. This prevents dependence on the data structure, and access to the data can be controlled.
\subsubsection{notes}

The most prevalent objection to this guideline usually involves performance penalties. When a variable is moved to the package body, subprograms to access the variable must be provided and the overhead involved during each call to those subprograms is introduced. See Guideline 10.7.1 for a discussion about subprogram overhead.
\subsection{Tasks}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use tasks to model abstract, asynchronous entities within the problem domain.
\item{}Use tasks to define concurrent algorithms for multiprocessor architectures.
\item{}Use tasks to perform concurrent, cyclic, or prioritized activities (NASA 1987).

\end{myitemize}

\subsubsection{rationale}

The rationale for this guideline is given under Guideline 6.1.2. Chapter 6 discusses tasking in more detail.
\subsection{Protected Types}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use protected types to control or synchronize access to data or devices.
\item{}Use protected types to implement synchronization tasks, such as a passive resource monitor.

\end{myitemize}

\subsubsection{example}

See example in Guideline 6.1.1.
\subsubsection{rationale}

The rationale for this guideline is given under Guideline 6.1.1. Chapter 6 discusses concurrency and protected types in more detail.
\section{Visibility}

Ada\textquotesingle{}s ability to enforce information hiding and separation of concerns through its visibility controlling features is one of the most important advantages of the language, particularly when \symbol{34}pieces of a large system are being developed separately.\symbol{34} Subverting these features, for example, by excessive reliance on the use clause, is wasteful and dangerous. See also Guidelines 5.7 and 9.4.1.
\subsection{Minimization of Interfaces}

\subsubsection{guideline}


\begin{myitemize}
\item{}Put only what is needed for the use of a package into its specification.
\item{}Minimize the number of declarations in package specifications.
\item{}Do not include extra operations simply because they are easy to build.
\item{}Minimize the context (with) clauses in a package specification.
\item{}Reconsider subprograms that seem to require large numbers of parameters.
\item{}Do not manipulate global data within a subprogram or package merely to limit the number of parameters.
\item{}Avoid unnecessary visibility; hide the implementation details of a program unit from its users.
\item{}Use child library units to control the visibility of parts of a subsystem interface.
\item{}Use private child packages for those declarations that should not be used outside the subsystem.
\item{}Use child library units present different views of an entity to different clients.
\item{}Design (and redesign) interfaces after having worked out the logic of various expected clients of the interface.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{----}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Telephone_Book\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Listing\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{limited}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Set_Name\ensuremath{\text{ }}(New_Name\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{String}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Current\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Listing);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Insert\ensuremath{\text{ }}(Name\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{String}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Current\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Listing);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Delete\ensuremath{\text{ }}(Obsolete\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{String}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Current\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Listing);}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Information;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Listing\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{access}\ensuremath{\text{ }}\NormalTok{Information;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Telephone_Book;}\newline
\CommentTok{----}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Telephone_Book\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Full\ensuremath{\text{ }}details\ensuremath{\text{ }}of\ensuremath{\text{ }}record\ensuremath{\text{ }}for\ensuremath{\text{ }}a\ensuremath{\text{ }}listing}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Information\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Next\ensuremath{\text{ }}:\ensuremath{\text{ }}Listing;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{First\ensuremath{\text{ }}:\ensuremath{\text{ }}Listing;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Set_Name\ensuremath{\text{ }}(New_Name\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{String}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Current\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Listing)\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{separate}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Insert\ensuremath{\text{ }}(Name\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{String}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Current\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Listing)\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{separate}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Delete\ensuremath{\text{ }}(Obsolete\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{String}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Current\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Listing)\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{separate}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Telephone_Book;}\newline
\CommentTok{----}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

For each entity in the specification, give careful consideration to whether it could be moved to a child package or to the parent package body. The fewer the extraneous details, the more understandable the program, package, or subprogram. It is important to maintainers to know exactly what a package interface is so that they can understand the effects of changes. Interfaces to a subprogram extend beyond the parameters. Any modification of global data from within a package or subprogram is an undocumented interface to the \symbol{34}outside\symbol{34} as well.
Minimize the context clauses on a specification by moving unnecessary clauses to the body. This technique makes the reader\textquotesingle{}s job easier, localizes the recompilation required when library units change, and helps prevent a ripple effect during modifications. See also Guideline 4.2.3.
Subprograms with large numbers of parameters often indicate poor design decisions (e.g., the functional boundaries of the subprogram are inappropriate or parameters are structured poorly). Conversely, subprograms with no parameters are likely to be accessing global data.
Objects visible within package specifications can be modified by any unit that has visibility to them. The object cannot be protected or represented abstractly by its enclosing package. Objects that must persist should be declared in package bodies. Objects whose value depends on program units external to their enclosing package are probably either in the wrong package or are better accessed by a subprogram specified in the package specification.
Child library units can provide distinct views of the hierarchical library. The engineer can provide a different view for the client than for the implementor (Rationale 1995, Â§10.1). By creating private child packages, the engineer can provide facilities that are only available inside the subsystem rooted at the parent library unit. The declarations inside a private child package specification are not exported outside the subsystem. Thus, the engineer can declare utilities needed to implement an abstraction in a private child package (e.g., debugging utilities {$\text{[}$}Cohen et al. 1993{$\text{]}$}) and be certain that users of the abstraction (i.e., the clients) cannot access these utilities.
Different clients may have different needs for essentially the same resource. Instead of having multiple versions of the resources, consider having child units that export different views for different purposes.
Designing an interface based strictly on predicting what clients \symbol{34}might\symbol{34} need can produce a bloated and inappropriate interface. What then happens is that clients try to \symbol{34}live\symbol{34} with the interface and work around the inappropriate interfaces, repeating code that logically should be part of the shared abstraction. See Guideline 8.3.1 for a discussion of interfaces from the reusability perspective.
\subsubsection{notes}

In some cases, subroutine libraries look like large, monolithic packages. In such cases, it may be beneficial to break these up into smaller packages, grouping them according to category (e.g., trigonometric functions).
\subsection{Nested Packages}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use child packages rather than nested packages to present different views of the same abstraction.
\item{}Nest package specifications within another package specification only for grouping operations or hiding common implementation details.

\end{myitemize}

\subsubsection{example}

Annex A of the Ada Reference Manual (1995) gives an example of package specification nesting. The specification of the generic package Generic_Bounded_Length is nested inside the specification of package Ada.Strings.Bounded. The nested package is a generic, grouping closely related operations.
\subsubsection{rationale}

Grouping package specifications into an encompassing package emphasizes a relationship of commonality among those packages. It also allows them to share common implementation details resulting from the relationship. Nesting packages allows you to organize the name space of the package in contrast to the semantic effect of nesting inside of subprograms or task bodies.
An abstraction occasionally needs to present different views to different classes of users. Building one view upon another as an additional abstraction does not always suffice because the functionality of the operations presented by the views may be only partially disjointed. Nesting specifications groups the facilities of the various views, yet associates them with the abstraction they present. Abusive mixing of the views by another unit would be easy to detect due to the multiple use clauses or an incongruous mix of qualified names.
See the rationale discussed in Guideline 4.2.1.
\subsection{Restricting Visibility}

\subsubsection{guideline}


\begin{myitemize}
\item{}Consider using private child packages in lieu of nesting.
\item{}Restrict the visibility of program units as much as possible by nesting them inside package bodies (Nissen and Wallis 1984) if you cannot use a private child package.
\item{}Minimize nesting program units inside subprograms and tasks.
\item{}Minimize the scope within which with clauses apply.
\item{}Only with those units directly needed.

\end{myitemize}

\subsubsection{example}

This program illustrates the use of child library units to restrict visibility. The procedure Rational_Numbers.Reduce is nested inside the body of Rational_Numbers to restrict its visibility to the implementation of this abstraction. Rather than make the text input/output facilities visible to the entire rational number hierarchy, it is only available to the body of the child library Rational_Numbers.IO. This example is adapted from the Ada Reference Manual (1995, Â§Â§7.1, 7.2, and 10.1.1):


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{----}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Rational_Numbers\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Rational\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\StringTok{"="}\ensuremath{\text{ }}\NormalTok{(X,\ensuremath{\text{ }}Y:\ensuremath{\text{ }}Rational)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\StringTok{"/"}\ensuremath{\text{ }}\NormalTok{(X,\ensuremath{\text{ }}Y:\ensuremath{\text{ }}}\DataTypeTok{Integer}\NormalTok{)\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Rational;\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}construct\ensuremath{\text{ }}a}\newline
\ensuremath{\text{ }}\NormalTok{rational\ensuremath{\text{ }}number}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\StringTok{"+"}\ensuremath{\text{ }}\NormalTok{(X,\ensuremath{\text{ }}Y:\ensuremath{\text{ }}Rational)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Rational;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\StringTok{"-"}\ensuremath{\text{ }}\NormalTok{(X,\ensuremath{\text{ }}Y:\ensuremath{\text{ }}Rational)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Rational;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\StringTok{"*"}\ensuremath{\text{ }}\NormalTok{(X,\ensuremath{\text{ }}Y:\ensuremath{\text{ }}Rational)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Rational;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\StringTok{"/"}\ensuremath{\text{ }}\NormalTok{(X,\ensuremath{\text{ }}Y:\ensuremath{\text{ }}Rational)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Rational;\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}rational}\newline
\ensuremath{\text{ }}\NormalTok{division}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Rational_Numbers;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Rational_Numbers\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Reduce\ensuremath{\text{ }}(R\ensuremath{\text{ }}:}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Rational)\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{.\ensuremath{\text{ }}.\ensuremath{\text{ }}.\ensuremath{\text{ }}}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Reduce;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{.\ensuremath{\text{ }}.\ensuremath{\text{ }}.}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Rational_Numbers;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Rational_Numbers.IO\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Put\ensuremath{\text{ }}(R\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Rational);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Get\ensuremath{\text{ }}(R\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Rational);}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Rational_Numbers.IO;}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO;}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Ada.Integer_Text_IO;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Rational_Numbers.IO\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}has\ensuremath{\text{ }}visibility\ensuremath{\text{ }}to\ensuremath{\text{ }}parent}\newline
\ensuremath{\text{ }}\KeywordTok{private}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{declaration}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Put\ensuremath{\text{ }}(R\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Rational)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Integer_Text_IO.Put\ensuremath{\text{ }}(Item\ensuremath{\text{ }}=\ensuremath{\text{ }}R.Numerator,\ensuremath{\text{ }}Width\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.Put\ensuremath{\text{ }}(}\StringTok{"/"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Integer_Text_IO.Put\ensuremath{\text{ }}(Item\ensuremath{\text{ }}=\ensuremath{\text{ }}R.Denominator,\ensuremath{\text{ }}Width\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Put;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Get\ensuremath{\text{ }}(R\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Rational)\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{.\ensuremath{\text{ }}.\ensuremath{\text{ }}.\ensuremath{\text{ }}}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Get;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Rational_Numbers.IO;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Restricting visibility of a program unit ensures that the program unit is not called from some part of the system other than that which was intended. This is done by nesting it inside the only unit that uses it, by hiding it inside a package body rather than declaring it in the package specification, or by declaring it as a private child unit. This avoids errors and eases the job of maintainers by guaranteeing that a local change in that unit will not have an unforeseen global effect.
Restricting visibility of a library unit by using with clauses on subunits rather than on the entire parent unit is useful in the same way. In the example above, it is clear that the package Text_IO is used only by the Listing_Facilities package of the compiler.
Nesting inside subprograms and tasks is discouraged because it leads to unreusable components. These components are essentially unreusable because they make undesirable up-{}level references into the defining context. Unless you truly want to ensure that the program unit is not called from some unintended part of the system, you should minimize this form of nesting.
See also Guideline 4.2.1 for a discussion of the use of child units.
\subsubsection{notes}

One way to minimize the coverage of a with clause is to use it only with subunits that really need it. Consider making those subunits separate compilation units when the need for visibility to a library unit is restricted to a subprogram or two.
\subsection{Hiding Tasks}

\subsubsection{guideline}


\begin{myitemize}
\item{}Carefully consider encapsulation of tasks.

\end{myitemize}

\subsubsection{example}
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\ensuremath{\text{ }}\newline
\CommentTok{----}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Disk_Head_Scheduler\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Words\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Track_Number\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Transmit\ensuremath{\text{ }}(Track\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Track_Number;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Data\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Words);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Disk_Head_Scheduler;}\newline
\CommentTok{----}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Disk_Head_Scheduler\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{task}\ensuremath{\text{ }}\NormalTok{Control\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{entry}\ensuremath{\text{ }}\NormalTok{Sign_In\ensuremath{\text{ }}(Track\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Track_Number);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Control;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{-}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{task}\ensuremath{\text{ }}\NormalTok{Track_Manager\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{entry}\ensuremath{\text{ }}\NormalTok{Transfer(Track_Number)\ensuremath{\text{ }}(Data\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Words);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Track_Manager;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{-}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Transmit\ensuremath{\text{ }}(Track\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Track_Number;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Data\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Words)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Control.Sign_In(Track);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Track_Manager.Transfer(Track)(Data);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Transmit;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{-}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Disk_Head_Scheduler;}\newline
\CommentTok{----}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

The decision whether to declare a task in the specification or body of an enclosing package is not a simple one. There are good arguments for both.
Hiding a task specification in a package body and exporting (via subprograms ) only required entries reduces the amount of extraneous information in the package specification. It allows your subprograms to enforce any order of entry calls necessary to the proper operation of the tasks. It also allows you to impose defensive task communication practices (see Guideline 6.2.2) and proper use of conditional and timed entry calls. Finally, it allows the grouping of entries into sets for export to different classes of users (e.g., producers versus consumers) or the concealment of entries that should not be made public at all (e.g., initialization, completion, signals). Where performance is an issue and there are no ordering rules to enforce, the entries can be renamed as subprograms to avoid the overhead of an extra procedure call.
An argument, which can be viewed as an advantage or disadvantage, is that hiding the task specification in a package body hides the fact of a tasking implementation from the user. If the application is such that a change to or from a tasking implementation or a reorganization of services among tasks need not concern users of the package, then this is an advantage. However, if the package user must know about the tasking implementation to reason about global tasking behavior, then it is better not to hide the task completely. Either move it to the package specification or add comments stating that there is a tasking implementation, describing when a call may block, etc. Otherwise, it is the package implementor\textquotesingle{}s responsibility to ensure that users of the package do not have to concern themselves with behaviors such as deadlock, starvation, and race conditions.
Finally, keep in mind that hiding tasks behind a procedural interface prevents the usage of conditional and timed entry calls and entry families, unless you add parameters and extra code to the procedures to make it possible for callers to direct the procedures to use these capabilities.
$\text{ }$\newline{}

\section{Exceptions}

This section addresses the issue of exceptions in the context of program structures. It discusses how exceptions should be used as part of the interface to a unit, including what exceptions to declare and raise and under what conditions to raise them. Information on how to handle, propagate, and avoid raising exceptions is found in Guideline 5.8. Guidelines on how to deal with portability issues are in Guideline 7.5.
\subsection{Using Exceptions to Help Define an Abstraction}

\subsubsection{guideline}


\begin{myitemize}
\item{}For unavoidable internal errors for which no user recovery is possible, declare a single user-{}visible exception. Inside the abstraction, provide a way to distinguish between the different internal errors.
\item{}Do not borrow an exception name from another context.
\item{}Export (declare visibly to the user) the names of all exceptions that can be raised.
\item{}In a package, document which exceptions can be raised by each subprogram and task entry.
\item{}Do not raise exceptions for internal errors that can be avoided or corrected within the unit.
\item{}Do not raise the same exception to report different kinds of errors that are distinguishable by the user of the unit.
\item{}Provide interrogative functions that allow the user of a unit to avoid causing exceptions to be raised.
\item{}When possible, avoid changing state information in a unit before raising an exception.
\item{}Catch and convert or handle all predefined and compiler-{}defined exceptions at the earliest opportunity.
\item{}Do not explicitly raise predefined or implementation-{}defined exceptions.
\item{}Never let an exception propagate beyond its scope.

\end{myitemize}

\subsubsection{example}

This package specification defines two exceptions that enhance the abstraction:
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\ensuremath{\text{ }}\newline
\CommentTok{----}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{generic}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Element\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Stack\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Stack_Empty\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Stack_Full\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Pop\ensuremath{\text{ }}\ensuremath{\text{ }}(From_Top\ensuremath{\text{ }}:\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Element);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Push\ensuremath{\text{ }}(Onto_Top\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Element);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Raised\ensuremath{\text{ }}when\ensuremath{\text{ }}Pop\ensuremath{\text{ }}is\ensuremath{\text{ }}used\ensuremath{\text{ }}on\ensuremath{\text{ }}empty\ensuremath{\text{ }}stack.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Underflow\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{exception}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Raised\ensuremath{\text{ }}when\ensuremath{\text{ }}Push\ensuremath{\text{ }}is\ensuremath{\text{ }}used\ensuremath{\text{ }}on\ensuremath{\text{ }}full\ensuremath{\text{ }}stack.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Overflow\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{exception}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Stack;}\newline
\CommentTok{----}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\NormalTok{...}\newline
\NormalTok{-}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Pop\ensuremath{\text{ }}(From_Top\ensuremath{\text{ }}:\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Element)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Stack_Empty\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{raise}\ensuremath{\text{ }}\NormalTok{Underflow;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Stack\ensuremath{\text{ }}contains\ensuremath{\text{ }}at\ensuremath{\text{ }}least\ensuremath{\text{ }}one\ensuremath{\text{ }}element}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Top_Index\ensuremath{\text{ }}:=\ensuremath{\text{ }}Top_Index\ensuremath{\text{ }}-\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{From_Top\ensuremath{\text{ }}\ensuremath{\text{ }}:=\ensuremath{\text{ }}Data(Top_Index\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Pop;}\newline
\CommentTok{--------------------------------------------------------------------}\newline
\NormalTok{...}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Exceptions should be used as part of an abstraction to indicate error conditions that the abstraction is unable to prevent or correct. Because the abstraction is unable to correct such an error, it must report the error to the user. In the case of a usage error (e.g., attempting to invoke operations in the wrong sequence or attempting to exceed a boundary condition), the user may be able to correct the error. In the case of an error beyond the control of the user, the user may be able to work around the error if there are multiple mechanisms available to perform the desired operation. In other cases, the user may have to abandon use of the unit, dropping into a degraded mode of limited functionality. In any case, the user must be notified.
Exceptions are a good mechanism for reporting such errors because they provide an alternate flow of control for dealing with errors. This allows error-{}handling code to be kept separate from the code for normal processing. When an exception is raised, the current operation is aborted and control is transferred directly to the appropriate exception handler.
Several of the guidelines above exist to maximize the ability of the user to distinguish and correct different kinds of errors. Declaring new exception names, rather than raising exceptions declared in other packages, reduces the coupling between packages and also makes different exceptions more distinguishable. Exporting the names of all exceptions that a unit can raise, rather than declaring them internally to the unit, makes it possible for users of the unit to refer to the names in exception handlers. Otherwise, the user would be able to handle the exception only with an others handler. Finally, use comments to document exactly which of the exceptions declared in a package can be raised by each subprogram or task entry making it possible for the user to know which exception handlers are appropriate in each situation.
In situations where there are errors for which the abstraction user can take no intelligent action (e.g., there is no workaround or degraded mode), it is better to export a single internal error exception. Within the package, you should consider distinguishing between the different internal errors. For instance, you could record or handle different kinds of internal error in different ways. When you propagate the error to the user, however, you should use a special internal error exception, indicating that no user recovery is possible. You should also provide relevant information when you propagate the error, using the facilities provided in Ada.Exceptions. Thus, for any abstraction, you effectively provide N + 1 different exceptions: N different recoverable errors and one irrecoverable error for which there is no mapping to the abstraction. Both the application requirements and what the client needs/wants in terms of error information help you identify the appropriate exceptions for an abstraction.
Because they cause an immediate transfer of control, exceptions are useful for reporting unrecoverable errors, which prevent an operation from being completed, but not for reporting status or modes incidental to the completion of an operation. They should not be used to report internal errors that a unit was able to correct invisibly to the user.
To provide the user with maximum flexibility, it is a good idea to provide interrogative functions that the user can call to determine whether an exception would be raised if a subprogram or task entry were invoked. The function Stack_Empty in the above example is such a function. It indicates whether Underflow would be raised if Pop were called. Providing such functions makes it possible for the user to avoid triggering exceptions.
To support error recovery by its user, a unit should try to avoid changing state during an invocation that raises an exception. If a requested operation cannot be completely and correctly performed, then the unit should either detect this before changing any internal state information or should revert to the state at the time of the request. For example, after raising the exception Underflow, the stack package in the above example should remain in exactly the same state it was in when Pop was called. If it were to partially update its internal data structures for managing the stack, then future Push and Pop operations would not perform correctly. This is always desirable, but not always possible.
User-{}defined exceptions should be used instead of predefined or compiler-{}defined exceptions because they are more descriptive and more specific to the abstraction. The predefined exceptions are very general and can be triggered by many different situations. Compiler-{}defined exceptions are nonportable and have meanings that are subject to change even between successive releases of the same compiler. This introduces too much uncertainty for the creation of useful handlers.
If you are writing an abstraction, remember that the user does not know about the units you use in your implementation. That is an effect of information hiding. If any exception is raised within your abstraction, you must catch it and handle it. The user is not able to provide a reasonable handler if the original exception is allowed to propagate out of the body of your abstraction. You can still convert the exception into a form intelligible to the user if your abstraction cannot effectively recover on its own.
Converting an exception means raising a user-{}defined exception in the handler for the original exception. This introduces a meaningful name for export to the user of the unit. Once the error situation is couched in terms of the application, it can be handled in those terms.
\section{Summary}

\subsection{high-{}level structure}


\begin{myitemize}
\item{}Place the specification of each library unit package in a separate file from its body.
\item{}Avoid defining library unit subprograms that are not intended to be used as main programs. If such subprograms are defined, then create an explicit specification, in a separate file, for each library unit subprogram.
\item{}Minimize the use of subunits.
\item{}In preference to subunits, use child library units to structure a subsystem into manageable units.
\item{}Place each subunit in a separate file.
\item{}Use a consistent file naming convention.
\item{}In preference to nesting in a package body, use a private child and with it to the parent body.
\item{}Use private child unit specifications for data and subprograms that are required by (other) child units that extend a parent unit\textquotesingle{}s abstraction or services.
\item{}When possible, express configuration pragmas through compiler options or other means that do not require modifications to the source code. .
\item{}When configuration pragmas must be placed in source code, consider isolating them to one compilation unit per partition; if specified, the main subprogram for the partition is recommended.
\item{}Use subprograms to enhance abstraction.
\item{}Restrict each subprogram to the performance of a single action.
\item{}Use a function when the subprogram\textquotesingle{}s primary purpose is to provide a single value.
\item{}Minimize the side effect of a function.
\item{}Consider using a parameterless function when the value does not need to be static.
\item{}Use a parameterless function (instead of a constant) if the value should be inherited by types derived from the type.
\item{}Use a parameterless function if the value itself is subject to change.
\item{}Use packages for information hiding.
\item{}Use packages with tagged types and private types for abstract data types.
\item{}Use packages to model abstract entities appropriate to the problem domain.
\item{}Use packages to group together related type and object declarations (e.g., common declarations for two or more library units).
\item{}Encapsulate machine dependencies in packages. Place a software interface to a particular device in a package to facilitate a change to a different device.
\item{}Place low-{}level implementation decisions or interfaces in subprograms within packages.
\item{}Use packages and subprograms to encapsulate and hide program details that may change (Nissen and Wallis 1984).
\item{}If a new library unit represents a logical extension to the original abstraction, define it as a child library unit.
\item{}If a new library unit is independent (e.g., introduces a new abstraction that depends only in part on the existing one), then encapsulate the new abstraction in a separate library unit.
\item{}Use child packages to implement a subsystem.
\item{}Use public child units for those parts of a subsystem that should be visible to clients of the subsystem.
\item{}Use private child units for those parts of a subsystem that should not be visible to clients of the subsystem.
\item{}Use private child units for local declarations used only in implementing the package specification.
\item{}Use child packages to implement constructors, even when they return access values.
\item{}Make each package serve a single purpose.
\item{}Use packages to group related data, types, and subprograms.
\item{}Avoid collections of unrelated objects and subprograms (NASA 1987; Nissen and Wallis 1984).
\item{}Consider restructuring a system to move two highly related units into the same package (or package hierarchy) or to move relatively independent units into separate packages.
\item{}Avoid declaring variables in package specifications.
\item{}Use tasks to model abstract, asynchronous entities within the problem domain.
\item{}Use tasks to define concurrent algorithms for multiprocessor architectures.
\item{}Use tasks to perform concurrent, cyclic, or prioritized activities (NASA 1987).
\item{}Use protected types to control or synchronize access to data or devices.
\item{}Use protected types to implement synchronization tasks, such as a passive resource monitor.

\end{myitemize}

\subsection{visibility}


\begin{myitemize}
\item{}Put only what is needed for the use of a package into its specification.
\item{}Minimize the number of declarations in package specifications.
\item{}Do not include extra operations simply because they are easy to build.
\item{}Minimize the context (with) clauses in a package specification.
\item{}Reconsider subprograms that seem to require large numbers of parameters.
\item{}Do not manipulate global data within a subprogram or package merely to limit the number of parameters.
\item{}Avoid unnecessary visibility; hide the implementation details of a program unit from its users.
\item{}Use child library units to control the visibility of parts of a subsystem interface.
\item{}Use private child packages for those declarations that should not be used outside the subsystem.
\item{}Use child library units to present different views of an entity to different clients.
\item{}Design (and redesign) interfaces after having worked out the logic of various expected clients of the interface.
\item{}Use child packages rather than nested packages to present different views of the same abstraction.
\item{}Nest package specifications within another package specification only for grouping operations or hiding common implementation details.
\item{}Consider using private child packages in lieu of nesting.
\item{}Restrict the visibility of program units as much as possible by nesting them inside package bodies (Nissen and Wallis 1984) if you cannot use a private child package.
\item{}Minimize nesting program units inside subprograms and tasks.
\item{}Minimize the scope within which with clauses apply.
\item{}Only with those units directly needed.
\item{}Carefully consider encapsulation of tasks.

\end{myitemize}

\subsubsection{exceptions}


\begin{myitemize}
\item{}For unavoidable internal errors for which no user recovery is possible, declare a single user-{}visible exception. Inside the abstraction, provide a way to distinguish between the different internal errors.
\item{}Do not borrow an exception name from another context.
\item{}Export (declare visibly to the user) the names of all exceptions that can be raised.
\item{}In a package, document which exceptions can be raised by each subprogram and task entry.
\item{}Do not raise exceptions for internal errors that can be avoided or corrected within the unit.
\item{}Do not raise the same exception to report different kinds of errors that are distinguishable by the user of the unit.
\item{}Provide interrogative functions that allow the user of a unit to avoid causing exceptions to be raised.
\item{}When possible, avoid changing state information in a unit before raising an exception.
\item{}Catch and convert or handle all predefined and compiler-{}defined exceptions at the earliest opportunity.
\item{}Do not explicitly raise predefined or implementation-{}defined exceptions.
\item{}Never let an exception propagate beyond its scope.

\end{myitemize}

$\text{ }$\newline{}



\chapter{Programming Practices}

\myminitoc




\section{Introduction}

Software is always subject to change. The need for this change, euphemistically known as {\itshape \symbol{34}maintenance\symbol{34}} arises from a variety of sources. Errors need to be corrected as they are discovered. System functionality may need to be enhanced in planned or unplanned ways. Inevitably, the requirements change over the lifetime of the system, forcing continual system evolution. Often, these modifications are conducted long after the software was originally written, usually by someone other than the original author.
Easy and successful modification requires that the software be readable, understandable, and structured according to accepted practice. If a software component cannot be easily understood by a programmer who is familiar with its intended function, that software component is not maintainable. Techniques that make code readable and comprehensible enhance its maintainability. Previous chapters presented techniques such as consistent use of naming conventions, clear and well-{}organized commentary, and proper modularization. This chapter presents consistent and logical use of language features.
Correctness is one aspect of reliability. While style guidelines cannot enforce the use of correct algorithms, they can suggest the use of techniques and language features known to reduce the number or likelihood of failures. Such techniques include program construction methods that reduce the likelihood of errors or that improve program predictability by defining behavior in the presence of errors.
$\text{ }$\newline{}

\section{Optional Parts of the Syntax}

Parts of the Ada syntax, while optional, can enhance the readability of the code. The guidelines given below concern use of some of these optional features.
\subsection{Loop Names}

\subsubsection{guideline}


\begin{myitemize}
\item{}Associate names with loops when they are nested (Booch 1986, 1987).
\item{}Associate names with any loop that contains an {\ttfamily exit}statement.

\end{myitemize}

$\text{ }$\newline{}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{Process_Each_Page:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Process_All_The_Lines_On_This_Page:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{exit}\ensuremath{\text{ }}\NormalTok{Process_All_The_Lines_On_This_Page\ensuremath{\text{ }}}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Line_Number}\newline
\ensuremath{\text{ }}\NormalTok{=\ensuremath{\text{ }}Max_Lines_On_Page;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Look_For_Sentinel_Value:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{exit}\ensuremath{\text{ }}\NormalTok{Look_For_Sentinel_Value\ensuremath{\text{ }}}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Current_Symbol\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\NormalTok{Sentinel;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\ensuremath{\text{ }}\NormalTok{Look_For_Sentinel_Value;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\ensuremath{\text{ }}\NormalTok{Process_All_The_Lines_On_This_Page;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{exit}\ensuremath{\text{ }}\NormalTok{Process_Each_Page\ensuremath{\text{ }}}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Page_Number\ensuremath{\text{ }}=\ensuremath{\text{ }}Maximum_Pages;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\ensuremath{\text{ }}\NormalTok{Process_Each_Page;}\newline
\end{Highlighting}
\end{Shaded}


$\text{ }$\newline{}

\subsubsection{rationale}

When you associate a name with a loop, you must include that name with the associated end for that loop (Ada Reference Manual 1995). This helps readers find the associated end for any given loop. This is especially true if loops are broken over screen or page boundaries. The choice of a good name for the loop documents its purpose, reducing the need for explanatory comments. If a name for a loop is very difficult to choose, this could indicate a need for more thought about the algorithm.
Regularly naming loops helps you follow Guideline 5.1.3. Even in the face of code changes, for example, adding an outer or inner loop, the {\ttfamily exit} statement does not become ambiguous.
It can be difficult to think up a name for every loop; therefore, the guideline specifies nested loops. The benefits in readability and second thought outweigh the inconvenience of naming the loops.
$\text{ }$\newline{}

\subsection{Block Names}

\subsubsection{guideline}


\begin{myitemize}
\item{}Associate names with blocks when they are nested.

\end{myitemize}

$\text{ }$\newline{}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{Trip:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{declare}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Trip}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Arrive_At_Airport:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{declare}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Arrive_At_Airport}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Rent_Car;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Claim_Baggage;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Reserve_Hotel;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Arrive_At_Airport;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Visit_Customer:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{declare}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Visit_Customer}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}again\ensuremath{\text{ }}a\ensuremath{\text{ }}set\ensuremath{\text{ }}of\ensuremath{\text{ }}activities...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Visit_Customer;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Departure_Preparation:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{declare}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Departure_Preparation}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Return_Car;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Check_Baggage;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Wait_For_Flight;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Departure_Preparation;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Board_Return_Flight;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Trip;}\newline
\end{Highlighting}
\end{Shaded}


$\text{ }$\newline{}

\subsubsection{rationale}

When there is a nested block structure, it can be difficult to determine which {\ttfamily end} corresponds to which block. Naming blocks alleviates this confusion. The choice of a good name for the block documents its purpose, reducing the need for explanatory comments. If a name for the block is very difficult to choose, this could indicate a need for more thought about the algorithm.
This guideline is also useful if nested blocks are broken over a screen or page boundary.
It can be difficult to think up a name for each block; therefore, the guideline specifies nested blocks. The benefits in readability and second thought outweigh the inconvenience of naming the blocks.
$\text{ }$\newline{}

\subsection{Exit Statements}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use loop names on all {\ttfamily exit} statements from nested loops.

\end{myitemize}

$\text{ }$\newline{}

\subsubsection{example}

See the example in 5.1.1 .
$\text{ }$\newline{}

\subsubsection{rationale}

An {\ttfamily exit} statement is an implicit {\ttfamily goto}. It should specify its source explicitly. When there is a nested loop structure and an {\ttfamily exit} statement is used, it can be difficult to determine which loop is being exited. Also, future changes that may introduce a nested loop are likely to introduce an error, with the {\ttfamily exit} accidentally exiting from the wrong loop. Naming loops and their exits alleviates this confusion. This guideline is also useful if nested loops are broken over a screen or page boundary.
$\text{ }$\newline{}

\subsection{Naming End Statements}

\subsubsection{guideline}


\begin{myitemize}
\item{}Include the defining program unit name at the end of a package specification and body.
\item{}Include the defining identifier at the end of a task specification and body.
\item{}Include the entry identifier at the end of an {\ttfamily accept}statement.
\item{}Include the designator at the end of a subprogram body.
\item{}Include the defining identifier at the end of a protected unit declaration.

\end{myitemize}

$\text{ }$\newline{}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Autopilot\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Is_Engaged\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Engage;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Disengage;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Autopilot;}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Autopilot\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{task}\ensuremath{\text{ }}\NormalTok{Course_Monitor\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{entry}\ensuremath{\text{ }}\NormalTok{Reset\ensuremath{\text{ }}(Engage\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Course_Monitor;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Is_Engaged\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Boolean}\ensuremath{\text{ }}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Is_Engaged;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Engage\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Engage;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Disengage\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Disengage;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Course_Monitor\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{Reset\ensuremath{\text{ }}(Engage\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{do}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Reset;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Course_Monitor;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Autopilot;}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


$\text{ }$\newline{}

\subsubsection{rationale}

Repeating names on the end of these compound statements ensures consistency throughout the code. In addition, the named {\ttfamily end} provides a reference for the reader if the unit spans a page or screen boundary or if it contains a nested unit.
$\text{ }$\newline{}

\section{Parameter Lists}

A subprogram or entry parameter list is the interface to the abstraction implemented by the subprogram or entry. It is important that it is clear and that it is expressed in a consistent style. Careful decisions about formal parameter naming and ordering can make the purpose of the subprogram easier to understand, which can make it easier to use.
$\text{ }$\newline{}

\subsection{Formal Parameters}

\subsubsection{guideline}


\begin{myitemize}
\item{}Name formal parameters descriptively to reduce the need for comments.

\end{myitemize}

$\text{ }$\newline{}

\subsubsection{example}

\TemplatePreformat{$\text{ }$\newline{}
List_Manager.Insert$\text{ }${}(Element$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}={\mbox{$>$}}$\text{ }${}New_Employee,$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Into_List$\text{ }${}$\text{ }${}$\text{ }${}={\mbox{$>$}}$\text{ }${}Probationary_Employees,$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}At_Position$\text{ }${}={\mbox{$>$}}$\text{ }${}1);$\text{ }$\newline{}
}
$\text{ }$\newline{}

\subsubsection{rationale}

Following the variable naming guidelines ( 3.2.1 and 3.2.3 ) for formal parameters can make calls to subprograms read more like regular prose, as shown in the example above, where no comments are necessary. Descriptive names of this sort can also make the code in the body of the subprogram more clear.
$\text{ }$\newline{}

\subsection{Named Association}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use named parameter association in calls of infrequently used subprograms or entries with many formal parameters.
\item{}Use named association when instantiating generics.
\item{}Use named association for clarification when the actual parameter is any literal or expression.
\item{}Use named association when supplying a nondefault value to an optional parameter.

\end{myitemize}

\subsubsection{instantiation}


\begin{myitemize}
\item{}Use named parameter association in calls of subprograms or entries called from less than five places in a single source file or with more than two formal parameters.

\end{myitemize}

$\text{ }$\newline{}

\subsubsection{example}

\TemplatePreformat{$\text{ }$\newline{}
Encode_Telemetry_Packet$\text{ }${}(Source$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}={\mbox{$>$}}$\text{ }${}Power_Electronics,$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Content$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}={\mbox{$>$}}$\text{ }${}Temperature,$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Value$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}={\mbox{$>$}}$\text{ }$\newline{}
$\text{ }${}Read_Temperature_Sensor(Power_Electronics),$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Time$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}={\mbox{$>$}}$\text{ }${}Current_Time,$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Sequence$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}={\mbox{$>$}}$\text{ }${}Next_Packet_ID,$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Vehicle$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}={\mbox{$>$}}$\text{ }${}This_Spacecraft,$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Primary_Module$\text{ }${}={\mbox{$>$}}$\text{ }${}True);$\text{ }$\newline{}
}
$\text{ }$\newline{}

\subsubsection{rationale}

Calls of infrequently used subprograms or entries with many formal parameters can be difficult to understand without referring to the subprogram or entry code. Named parameter association can make these calls more readable.
When the formal parameters have been named appropriately, it is easier to determine exactly what purpose the subprogram serves without looking at its code. This reduces the need for named constants that exist solely to make calls more readable. It also allows variables used as actual parameters to be given names indicating what they are without regard to why they are being passed in a call. An actual parameter, which is an expression rather than a variable, cannot be named otherwise.
Named association allows subprograms to have new parameters inserted with minimal ramifications to existing calls.
$\text{ }$\newline{}

\subsubsection{notes}

The judgment of when named parameter association improves readability is subjective. Certainly, simple or familiar subprograms, such as a swap routine or a sine function, do not require the extra clarification of named association in the procedure call.
$\text{ }$\newline{}

\subsubsection{caution}

A consequence of named parameter association is that the formal parameter names may not be changed without modifying the text of each call.
$\text{ }$\newline{}

\subsection{Default Parameters}

\subsubsection{guideline}


\begin{myitemize}
\item{}Provide default parameters to allow for occasional, special use of widely used subprograms or entries.
\item{}Place default parameters at the end of the formal parameter list.
\item{}Consider providing default values to new parameters added to an existing subprogram.

\end{myitemize}

$\text{ }$\newline{}

\subsubsection{example}

Ada Reference Manual (1995) contains many examples of this practice.
$\text{ }$\newline{}

\subsubsection{rationale}

Often, the majority of uses of a subprogram or entry need the same value for a given parameter. Providing that value, as the default for the parameter, makes the parameter optional on the majority of calls. It also allows the remaining calls to customize the subprogram or entry by providing different values for that parameter.
Placing default parameters at the end of the formal parameter list allows the caller to use positional association on the call; otherwise, defaults are available only when named association is used.
Often during maintenance activities, you increase the functionality of a subprogram or entry. This requires more parameters than the original form for some calls. New parameters may be required to control this new functionality. Give the new parameters default values that specify the old functionality. Calls needing the old functionality need not be changed; they take the defaults. This is true if the new parameters are added to the end of the parameter list, or if named association is used on all calls. New calls needing the new functionality can specify that by providing other values for the new parameters.
This enhances maintainability in that the places that use the modified routines do not themselves have to be modified, while the previous functionality levels of the routines are allowed to be {\itshape \symbol{34}reused.\symbol{34}}
$\text{ }$\newline{}

\subsubsection{exceptions}

Do not go overboard. If the changes in functionality are truly radical, you should be preparing a separate routine rather than modifying an existing one. One indicator of this situation would be that it is difficult to determine value combinations for the defaults that uniquely and naturally require the more restrictive of the two functions. In such cases, it is better to go ahead with creation of a separate routine.
$\text{ }$\newline{}

\subsection{Mode Indication}

\subsubsection{guideline}


\begin{myitemize}
\item{}Show the mode indication of all procedure and entry parameters (Nissen and Wallis 1984 ).
\item{}Use the most restrictive parameter mode applicable to your application.

\end{myitemize}

\subsubsection{example}

\TemplatePreformat{$\text{ }$\newline{}
procedure$\text{ }${}Open_File$\text{ }${}(File_Name$\text{ }${}$\text{ }${}$\text{ }${}:$\text{ }${}in$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}String;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Open_Status$\text{ }${}:$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}out$\text{ }${}Status_Codes);$\text{ }$\newline{}
entry$\text{ }${}Acquire$\text{ }${}(Key$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}:$\text{ }${}in$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Capability;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Resource$\text{ }${}:$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}out$\text{ }${}Tape_Drive);$\text{ }$\newline{}
}
$\text{ }$\newline{}

\subsubsection{rationale}

By showing the mode of parameters, you aid the reader. If you do not specify a parameter mode, the default mode is {\ttfamily in}. Explicitly showing the mode indication of all parameters is a more assertive action than simply taking the default mode. Anyone reviewing the code later will be more confident that you intended the parameter mode to be {\ttfamily in}.
Use the mode that reflects the actual use of the parameter. You should avoid the tendency to make all parameters {\ttfamily in out} mode because {\ttfamily out} mode parameters may be examined as well as updated.
$\text{ }$\newline{}

\subsubsection{exceptions}

It may be necessary to consider several alternative implementations for a given abstraction. For example, a bounded stack can be implemented as a pointer to an array. Even though an update to the object being pointed to does not require changing the pointer value itself, you may want to consider making the mode {\ttfamily in out} to allow changes to the implementation and to document more accurately what the operation is doing. If you later change the implementation to a simple array, the mode will have to be {\ttfamily in out}, potentially causing changes to all places that the routine is called.
$\text{ }$\newline{}

$\text{ }$\newline{}

\section{Types}

In addition to determining the possible values for variables and subtype names, type distinctions can be very valuable aids in developing safe, readable, and understandable code. Types clarify the structure of your data and can limit or restrict the operations performed on that data. {\itshape \symbol{34}Keeping types distinct has been found to be a very powerful means of detecting logical mistakes when a program is written and to give valuable assistance whenever the program is being subsequently maintained\symbol{34}} (Pyle 1985 ). Take advantage of Ada\textquotesingle{}s strong typing capability in the form of subtypes, derived types, task types, protected types, private types, and limited private types.
The guidelines encourage much code to be written to ensure strong typing. While it might appear that there would be execution penalties for this amount of code, this is usually not the case. In contrast to other conventional languages, Ada has a less direct relationship between the amount of code that is written and the size of the resulting executable program. Most of the strong type checking is performed at compilation time rather than execution time, so the size of the executable code is not greatly affected.
For guidelines on specific kinds of data structures and tagged types, see 9.2.1 , respectively.
$\text{ }$\newline{}

\subsection{Derived Types and Subtypes}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use existing types as building blocks by deriving new types from them.
\item{}Use range constraints on subtypes.
\item{}Define new types, especially derived types, to include the largest set of possible values, including boundary values.
\item{}Constrain the ranges of derived types with subtypes, excluding boundary values.
\item{}Use type derivation rather than type extension when there are no meaningful components to add to the type.

\end{myitemize}

$\text{ }$\newline{}

\subsubsection{example}

Type {\ttfamily Table} is a building block for the creation of new types:
\TemplatePreformat{$\text{ }$\newline{}
type$\text{ }${}Table$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}record$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Count$\text{ }${}:$\text{ }${}List_Size$\text{ }${}$\text{ }${}:=$\text{ }${}Empty;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}List$\text{ }${}$\text{ }${}:$\text{ }${}Entry_List$\text{ }${}:=$\text{ }${}Empty_List;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}record;$\text{ }$\newline{}
type$\text{ }${}Telephone_Directory$\text{ }${}$\text{ }${}is$\text{ }${}new$\text{ }${}Table;$\text{ }$\newline{}
type$\text{ }${}Department_Inventory$\text{ }${}is$\text{ }${}new$\text{ }${}Table;$\text{ }$\newline{}
}
$\text{ }$\newline{}

The following are distinct types that cannot be intermixed in operations that are not programmed explicitly to use them both:
\TemplatePreformat{$\text{ }$\newline{}
type$\text{ }${}Dollars$\text{ }${}is$\text{ }${}new$\text{ }${}Number;$\text{ }$\newline{}
type$\text{ }${}Cents$\text{ }${}$\text{ }${}$\text{ }${}is$\text{ }${}new$\text{ }${}Number;$\text{ }$\newline{}
}
$\text{ }$\newline{}

Below, {\ttfamily Source_Tail} has a value outside the range of {\ttfamily Listing_Paper} when the line is empty. All the indices can be mixed in expressions, as long as the results fall within the correct subtypes:
\TemplatePreformat{$\text{ }$\newline{}
type$\text{ }${}Columns$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}is$\text{ }${}range$\text{ }${}First_Column$\text{ }${}-{}$\text{ }${}1$\text{ }${}..$\text{ }${}Listing_Width$\text{ }${}+$\text{ }${}1;$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
subtype$\text{ }${}Listing_Paper$\text{ }${}is$\text{ }${}Columns$\text{ }${}range$\text{ }${}First_Column$\text{ }${}..$\text{ }${}Listing_Width;$\text{ }$\newline{}
subtype$\text{ }${}Dumb_Terminal$\text{ }${}is$\text{ }${}Columns$\text{ }${}range$\text{ }${}First_Column$\text{ }${}..$\text{ }$\newline{}
$\text{ }${}Dumb_Terminal_Width;$\text{ }$\newline{}
type$\text{ }${}Line$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}is$\text{ }${}array$\text{ }${}(Columns$\text{ }${}range$\text{ }${}{\mbox{$<$}}{\mbox{$>$}})$\text{ }${}of$\text{ }${}Bytes;$\text{ }$\newline{}
subtype$\text{ }${}Listing_Line$\text{ }${}$\text{ }${}is$\text{ }${}Line$\text{ }${}(Listing_Paper);$\text{ }$\newline{}
subtype$\text{ }${}Terminal_Line$\text{ }${}is$\text{ }${}Line$\text{ }${}(Dumb_Terminal);$\text{ }$\newline{}
Source_Tail$\text{ }${}:$\text{ }${}Columns$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}:=$\text{ }${}Columns\textquotesingle{}First;$\text{ }$\newline{}
Source$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}:$\text{ }${}Listing_Line;$\text{ }$\newline{}
Destination$\text{ }${}:$\text{ }${}Terminal_Line;$\text{ }$\newline{}
...$\text{ }$\newline{}
Destination(Destination\textquotesingle{}First$\text{ }${}..$\text{ }${}Source_Tail$\text{ }${}-{}$\text{ }${}Destination\textquotesingle{}Last)$\text{ }${}:=$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Source(Columns\textquotesingle{}Succ(Destination\textquotesingle{}Last)$\text{ }${}..$\text{ }${}Source_Tail);$\text{ }$\newline{}
}
$\text{ }$\newline{}

\subsubsection{rationale}

The name of a derived type can make clear its intended use and avoid proliferation of similar type definitions. Objects of two derived types, even though derived from the same type, cannot be mixed in operations unless such operations are supplied explicitly or one is converted to the other explicitly. This prohibition is an enforcement of strong typing.
Define new types, derived types, and subtypes cautiously and deliberately. The concepts of subtype and derived type are not equivalent, but they can be used to advantage in concert. A subtype limits the range of possible values for a type but does not define a new type.
Types can have highly constrained sets of values without eliminating useful values. Used in concert, derived types and subtypes can eliminate many flag variables and type conversions within executable statements. This renders the program more readable, enforces the abstraction, and allows the compiler to enforce strong typing constraints.
Many algorithms begin or end with values just outside the normal range. If boundary values are not compatible within subexpressions, algorithms can be needlessly complicated. The program can become cluttered with flag variables and special cases when it could just test for zero or some other sentinel value just outside normal range.
The type {\ttfamily Columns} and the subtype {\ttfamily Listing_Paper} in the example above demonstrate how to allow sentinel values. The subtype {\ttfamily Listing_Paper} could be used as the type for parameters of subprograms declared in the specification of a package. This would restrict the range of values that could be specified by the caller. Meanwhile, the type {\ttfamily Columns} could be used to store such values internally to the body of the package, allowing {\ttfamily First_Column -{} 1} to be used as a sentinel value. This combination of types and subtypes allows compatibility between subtypes within subexpressions without type conversions as would happen with derived types.
The choice between type derivation and type extension depends on what kind of changes you expect to occur to objects in the type. In general, type derivation is a very simple form of inheritance: the derived types inherit the structure, operations, and values of the parent type (Rationale 1995, Â§4.2 ). Although you can add operations, you cannot augment the data structure. You can derive from either scalar or composite types.
Type extension is a more powerful form of inheritance, only applied to {\ttfamily tagged} records, in which you can augment both the type\textquotesingle{}s components and operations. When the record implements an abstraction with the potential for reuse and/or extension, it is a good candidate for making it {\ttfamily tagged}. Similarly, if the abstraction is a member of a family of abstractions with well-{}defined variable and common properties, you should consider a {\ttfamily tagged} record.
$\text{ }$\newline{}

\subsubsection{notes}

The price of the reduction in the number of independent type declarations is that subtypes and derived types change when the base type is redefined. This trickle-{}down of changes is sometimes a blessing and sometimes a curse. However, usually it is intended and beneficial.
$\text{ }$\newline{}

\subsection{Anonymous Types}

\subsubsection{guideline}


\begin{myitemize}
\item{}Avoid anonymous array types.
\item{}Use anonymous array types for array variables only when no suitable type exists or can be created and the array will not be referenced as a whole (e.g., used as a subprogram parameter).
\item{}Use access parameters and access discriminants to guarantee that the parameter or discriminant is treated as a constant.

\end{myitemize}

$\text{ }$\newline{}

\subsubsection{example}

Use:
\TemplatePreformat{$\text{ }$\newline{}
type$\text{ }${}Buffer_Index$\text{ }${}is$\text{ }${}range$\text{ }${}1$\text{ }${}..$\text{ }${}80;$\text{ }$\newline{}
type$\text{ }${}Buffer$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}is$\text{ }${}array$\text{ }${}(Buffer_Index)$\text{ }${}of$\text{ }${}Character;$\text{ }$\newline{}
Input_Line$\text{ }${}:$\text{ }${}Buffer;$\text{ }$\newline{}
}
$\text{ }$\newline{}

rather than:
\TemplatePreformat{$\text{ }$\newline{}
Input_Line$\text{ }${}:$\text{ }${}array$\text{ }${}(Buffer_Index)$\text{ }${}of$\text{ }${}Character;$\text{ }$\newline{}
}
$\text{ }$\newline{}

\subsubsection{rationale}

Although Ada allows anonymous types, they have limited usefulness and complicate program modification. For example, except for arrays, a variable of anonymous type can never be used as an actual parameter because it is not possible to define a formal parameter of the same type. Even though this may not be a limitation initially, it precludes a modification in which a piece of code is changed to a subprogram. Although you can declare the anonymous array to be aliased, you cannot use this access value as an actual parameter in a subprogram because the subprogram\textquotesingle{}s formal parameter declaration requires a type mark. Also, two variables declared using the same anonymous type declaration are actually of different types.
Even though the implicit conversion of array types during parameter passing is supported in Ada, it is difficult to justify not using the type of the parameter. In most situations, the type of the parameter is visible and easily substituted in place of an anonymous array type. The use of an anonymous array type implies that the array is only being used as a convenient way to implement a collection of values. It is misleading to use an anonymous type, and then treat the variable as an object.
When you use an access parameter or access discriminant, the anonymous type is essentially declared inside the subprogram or object itself (Rationale 1995, Â§3.7.1 ). Thus, you have no way of declaring another object of the same type, and the object is treated as a constant. In the case of a self-{}referential data structure (see
\TemplatePreformat{$\text{ }$\newline{}
$\text{ }${}Guideline$\text{ }${}5.4.6$\text{ }${}),$\text{ }${}you$\text{ }${}need$\text{ }${}the$\text{ }${}access$\text{ }${}parameter$\text{ }${}to$\text{ }${}be$\text{ }${}able$\text{ }${}to$\text{ }$\newline{}
}
manipulate the data the discriminant accesses (Rationale 1995, Â§3.7.1 ).
$\text{ }$\newline{}

\subsubsection{notes}

For anonymous task types, see Guideline 6.1.4 .
$\text{ }$\newline{}

\subsubsection{exceptions}

If you are creating a unique table, for example, the periodic table of the elements, consider using an anonymous array type.
$\text{ }$\newline{}

\subsection{Private Types}

\subsubsection{guideline}


\begin{myitemize}
\item{}Derive from controlled types in preference to using limited private types.
\item{}Use limited private types in preference to private types.
\item{}Use private types in preference to nonprivate types.
\item{}Explicitly export needed operations rather than easing restrictions.

\end{myitemize}

$\text{ }$\newline{}

\subsubsection{example}

\TemplatePreformat{$\text{ }$\newline{}
-{}-{}-{}$\text{ }$\newline{}
-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}$\text{ }$\newline{}
with$\text{ }${}Ada.Finalization;$\text{ }$\newline{}
package$\text{ }${}Packet_Telemetry$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}type$\text{ }${}Frame_Header$\text{ }${}is$\text{ }${}new$\text{ }${}Ada.Finalization.Controlled$\text{ }${}with$\text{ }${}private;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}type$\text{ }${}Frame_Data$\text{ }${}$\text{ }${}$\text{ }${}is$\text{ }${}private;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}type$\text{ }${}Frame_Codes$\text{ }${}$\text{ }${}is$\text{ }${}(Main_Bus_Voltage,$\text{ }${}Transmitter_1_Power);$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}...$\text{ }$\newline{}
private$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}type$\text{ }${}Frame_Header$\text{ }${}is$\text{ }${}new$\text{ }${}Ada.Finalization.Controlled$\text{ }${}with$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}record$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}...$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}record;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}-{}-{}$\text{ }${}override$\text{ }${}adjustment$\text{ }${}and$\text{ }${}finalization$\text{ }${}to$\text{ }${}get$\text{ }${}correct$\text{ }${}assignment$\text{ }$\newline{}
$\text{ }${}semantics$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}procedure$\text{ }${}Adjust$\text{ }${}(Object$\text{ }${}:$\text{ }${}in$\text{ }${}out$\text{ }${}Frame_Header);$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}procedure$\text{ }${}Finalize$\text{ }${}(Object$\text{ }${}:$\text{ }${}in$\text{ }${}out$\text{ }${}Frame_Header);$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}type$\text{ }${}Frame_Data$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}record$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}...$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}record;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}...$\text{ }$\newline{}
end$\text{ }${}Packet_Telemetry;$\text{ }$\newline{}
-{}-{}-{}$\text{ }$\newline{}
-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}$\text{ }$\newline{}
}
$\text{ }$\newline{}

\subsubsection{rationale}

Limited private types and private types support abstraction and information hiding better than nonprivate types. The more restricted the type, the better information hiding is served. This, in turn, allows the implementation to change without affecting the rest of the program. While there are many valid reasons to export types, it is better to try the preferred route first, loosening the restrictions only as necessary. If it is necessary for a user of the package to use a few of the restricted operations, it is better to export the operations explicitly and individually via exported subprograms than to drop a level of restriction. This practice retains the restrictions on other operations.
Limited private types have the most restricted set of operations available to users of a package. Of the types that must be made available to users of a package, as many as possible should be derived from the controlled types or limited private. Controlled types give you the ability to adjust assignment and to finalize values, so you no longer need to create limited private types to guarantee a client that assignment and equality obey deep copy/comparison semantics. Therefore, it is possible to export a slightly less restrictive type (i.e., private type that extends {\ttfamily Ada.Finalization.Controlled}) that has an adjustable assignment operator and overridable equality operator. See also Guideline 5.4.5 .
The operations available to limited private types are membership tests, selected components, components for the selections of any discriminant, qualification and explicit conversion, and attributes {\ttfamily \textquotesingle{}Base} and {\ttfamily \textquotesingle{}Size}. Objects of a limited private type also have the attribute {\ttfamily \textquotesingle{}Constrained} if there are discriminants. None of these operations allows the user of the package to manipulate objects in a way that depends on the structure of the type.
$\text{ }$\newline{}

\subsubsection{notes}

The predefined packages {\ttfamily Direct_IO} and {\ttfamily Sequential_IO} do not accept limited private types as generic parameters. This restriction should be considered when I/O operations are needed for a type.
See Guideline 8.3.3 for a discussion of the use of private and limited private types in generic units.
$\text{ }$\newline{}

\subsection{Subprogram Access Types}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use access-{}to-{}subprogram types for indirect access to subprograms.
\item{}Wherever possible, use abstract tagged types and dispatching rather than access-{}to-{}subprogram types to implement dynamic selection and invocation of subprograms.

\end{myitemize}

$\text{ }$\newline{}

\subsubsection{example}

The following example is taken from the Rationale (1995, Â§3.7.2){\mbox{$~$}}:
\TemplatePreformat{$\text{ }$\newline{}
generic$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}type$\text{ }${}Float_Type$\text{ }${}is$\text{ }${}digits$\text{ }${}{\mbox{$<$}}{\mbox{$>$}};$\text{ }$\newline{}
package$\text{ }${}Generic_Integration$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}type$\text{ }${}Integrand$\text{ }${}is$\text{ }${}access$\text{ }${}function$\text{ }${}(X$\text{ }${}:$\text{ }${}Float_Type)$\text{ }${}return$\text{ }$\newline{}
$\text{ }${}Float_Type;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}function$\text{ }${}Integrate$\text{ }${}(F$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}:$\text{ }${}Integrand;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}From$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}:$\text{ }${}Float_Type;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}To$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}:$\text{ }${}Float_Type;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Accuracy$\text{ }${}:$\text{ }${}Float_Type$\text{ }${}:=$\text{ }$\newline{}
$\text{ }${}10.0*Float_Type\textquotesingle{}Model_Epsilon)$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}return$\text{ }${}Float_Type;$\text{ }$\newline{}
end$\text{ }${}Generic_Integration;$\text{ }$\newline{}
with$\text{ }${}Generic_Integration;$\text{ }$\newline{}
procedure$\text{ }${}Try_Estimate$\text{ }${}(External_Data$\text{ }${}:$\text{ }${}in$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Data_Type;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Lower$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}:$\text{ }${}in$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Float;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Upper$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}:$\text{ }${}in$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Float;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Answer$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}:$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}out$\text{ }${}Float)$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}-{}-{}$\text{ }${}external$\text{ }${}data$\text{ }${}set$\text{ }${}by$\text{ }${}other$\text{ }${}means$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}function$\text{ }${}Residue$\text{ }${}(X$\text{ }${}:$\text{ }${}Float)$\text{ }${}return$\text{ }${}Float$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Result$\text{ }${}:$\text{ }${}Float;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}begin$\text{ }${}$\text{ }${}-{}-{}$\text{ }${}Residue$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}-{}$\text{ }${}compute$\text{ }${}function$\text{ }${}value$\text{ }${}dependent$\text{ }${}upon$\text{ }${}external$\text{ }${}data$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}return$\text{ }${}Result;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}Residue;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}package$\text{ }${}Float_Integration$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}new$\text{ }${}Generic_Integration$\text{ }${}(Float_Type$\text{ }${}={\mbox{$>$}}$\text{ }${}Float);$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}use$\text{ }${}Float_Integration;$\text{ }$\newline{}
begin$\text{ }${}-{}-{}$\text{ }${}Try_Estimate$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}...$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}Answer$\text{ }${}:=$\text{ }${}Integrate$\text{ }${}(F$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}={\mbox{$>$}}$\text{ }${}Residue\textquotesingle{}Access,$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}From$\text{ }${}={\mbox{$>$}}$\text{ }${}Lower,$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}To$\text{ }${}$\text{ }${}$\text{ }${}={\mbox{$>$}}$\text{ }${}Upper);$\text{ }$\newline{}
end$\text{ }${}Try_Estimate;$\text{ }$\newline{}
}
$\text{ }$\newline{}

\subsubsection{rationale}

Access-{}to-{}subprogram types allow you to create data structures that contain subprogram references. There are many uses for this feature, for instance, implementing state machines, call backs in the X Window System, iterators (the operation to be applied to each element of a list), and numerical algorithms (e.g., integration function) (Rationale 1995, Â§3.7.2 ).
You can achieve the same effect as access-{}to-{}subprogram types for dynamic selection by using abstract tagged types. You declare an abstract type with one abstract operation and then use an access-{}to-{}class-{}wide type to get the dispatching effect. This technique provides greater flexibility and type safety than access-{}to-{}subprogram types (Ada Reference Manual 1995, Â§3.10.2 ).
Access-{}to-{}subprogram types are useful in implementing dynamic selection. References to the subprograms can be stored directly in the data structure. In a finite state machine, for example, a single data structure can describe the action to be taken on state transitions. Strong type checking is maintained because Ada 95 requires that the designated subprogram has the same parameter/result profile as the one specified in the subprogram access type.
See also Guideline 7.3.2 .
$\text{ }$\newline{}

$\text{ }$\newline{}

\section{Data Structures}

The data structuring capabilities of Ada are a powerful resource; therefore, use them to model the data as closely as possible. It is possible to group logically related data and let the language control the abstraction and operations on the data rather than requiring the programmer or maintainer to do so. Data can also be organized in a building block fashion. In addition to showing how a data structure is organized (and possibly giving the reader an indication as to why it was organized that way), creating the data structure from smaller components allows those components to be reused. Using the features that Ada provides can increase the maintainability of your code.
$\text{ }$\newline{}

\subsection{Discriminated Records}

\subsubsection{guideline}


\begin{myitemize}
\item{}When declaring a discriminant, use as constrained a subtype as possible (i.e., subtype with as specific a range constraint as possible).
\item{}Use a discriminated record rather than a constrained array to represent an array whose actual values are unconstrained.

\end{myitemize}

$\text{ }$\newline{}

\subsubsection{example}

An object of type {\ttfamily Name_Holder_1} could potentially hold a string whose length is {\ttfamily Natural\textquotesingle{}Last}:
\TemplatePreformat{$\text{ }$\newline{}
type$\text{ }${}Number_List$\text{ }${}is$\text{ }${}array$\text{ }${}(Integer$\text{ }${}range$\text{ }${}{\mbox{$<$}}{\mbox{$>$}})$\text{ }${}of$\text{ }${}Integer;$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
type$\text{ }${}Number_Holder_1$\text{ }${}(Current_Length$\text{ }${}:$\text{ }${}Natural$\text{ }${}:=$\text{ }${}0)$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}record$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Numbers$\text{ }${}:$\text{ }${}Number_List$\text{ }${}(1$\text{ }${}..$\text{ }${}Current_Length);$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}record;$\text{ }$\newline{}
}
$\text{ }$\newline{}

An object of type {\ttfamily Name_Holder_2} imposes a more reasonable restriction on the length of its string component:
\TemplatePreformat{$\text{ }$\newline{}
type$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Number_List$\text{ }${}is$\text{ }${}array$\text{ }${}(Integer$\text{ }${}range$\text{ }${}{\mbox{$<$}}{\mbox{$>$}})$\text{ }${}of$\text{ }${}Integer;$\text{ }$\newline{}
subtype$\text{ }${}Max_Numbers$\text{ }${}is$\text{ }${}Natural$\text{ }${}range$\text{ }${}0$\text{ }${}..$\text{ }${}42;$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
type$\text{ }${}Number_Holder_2$\text{ }${}(Current_Length$\text{ }${}:$\text{ }${}Max_Numbers$\text{ }${}:=$\text{ }${}0)$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}record$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Numbers$\text{ }${}:$\text{ }${}Number_List$\text{ }${}(1$\text{ }${}..$\text{ }${}Current_Length);$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}record;$\text{ }$\newline{}
}
$\text{ }$\newline{}

\subsubsection{rationale}

When you use the discriminant to constrain an array inside a discriminated record, the larger the range of values the discriminant can assume, the more space an object of the type might require. Although your program may compile and link, it will fail at execution when the run-{}time system is unable to create an object of the potential size required.
The discriminated record captures the intent of an array whose bounds may vary at run-{}time. A simple constrained array definition (e.g., {\ttfamily type Number_List is array (1 .. 42) of Integer;}) does not capture the intent that there are at most 42 possible numbers in the list.
$\text{ }$\newline{}

\subsection{Heterogeneous Related Data}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use records to group heterogeneous but related data.
\item{}Consider records to map to I/O device data.

\end{myitemize}

$\text{ }$\newline{}

\subsubsection{example}

\TemplatePreformat{$\text{ }$\newline{}
type$\text{ }${}Propulsion_Method$\text{ }${}is$\text{ }${}(Sail,$\text{ }${}Diesel,$\text{ }${}Nuclear);$\text{ }$\newline{}
type$\text{ }${}Craft$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}record$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Name$\text{ }${}$\text{ }${}$\text{ }${}:$\text{ }${}Common_Name;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Plant$\text{ }${}$\text{ }${}:$\text{ }${}Propulsion_Method;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Length$\text{ }${}:$\text{ }${}Feet;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Beam$\text{ }${}$\text{ }${}$\text{ }${}:$\text{ }${}Feet;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Draft$\text{ }${}$\text{ }${}:$\text{ }${}Feet;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}record;$\text{ }$\newline{}
type$\text{ }${}Fleet$\text{ }${}is$\text{ }${}array$\text{ }${}(1$\text{ }${}..$\text{ }${}Fleet_Size)$\text{ }${}of$\text{ }${}Craft;$\text{ }$\newline{}
}
$\text{ }$\newline{}

\subsubsection{rationale}

You help the maintainer find all of the related data by gathering it into the same construct, simplifying any modifications that apply to all rather than part. This, in turn, increases reliability. Neither you nor an unknown maintainer is liable to forget to deal with all the pieces of information in the executable statements, especially if updates are done with aggregate assignments whenever possible.
The idea is to put the information a maintainer needs to know where it can be found with the minimum of effort. For example, if all information relating to a given {\ttfamily Craft} is in the same place, the relationship is clear both in the declarations and especially in the code accessing and updating that information. But, if it is scattered among several data structures, it is less obvious that this is an intended relationship as opposed to a coincidental one. In the latter case, the declarations may be grouped together to imply intent, but it may not be possible to group the accessing and updating code that way. Ensuring the use of the same index to access the corresponding element in each of several parallel arrays is difficult if the accesses are at all scattered.
If the application must interface directly to hardware, the use of records, especially in conjunction with record representation clauses, could be useful to map onto the layout of the hardware in question.
$\text{ }$\newline{}

\subsubsection{notes}

It may seem desirable to store heterogeneous data in parallel arrays in what amounts to a FORTRAN-{}like style. This style is an artifact of FORTRAN\textquotesingle{}s data structuring limitations. FORTRAN only has facilities for constructing homogeneous arrays.
$\text{ }$\newline{}

\subsubsection{exceptions}

If the application must interface directly to hardware, and the hardware requires that information be distributed among various locations, then it may not be possible to use records.
$\text{ }$\newline{}

\subsection{Heterogeneous Polymorphic Data}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use access types to class-{}wide types to implement heterogeneous polymorphic data structures.
\item{}Use tagged types and type extension rather than variant records (in combination with enumeration types and case statements).

\end{myitemize}

$\text{ }$\newline{}

\subsubsection{example}

An array of type {\ttfamily Employee_List} can contain pointers to part-{}time and full-{}time employees (and possibly other kinds of employees in the future):
\TemplatePreformat{$\text{ }$\newline{}
-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}$\text{ }$\newline{}
-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}$\text{ }$\newline{}
package$\text{ }${}Personnel$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}type$\text{ }${}Employee$\text{ }${}$\text{ }${}is$\text{ }${}tagged$\text{ }${}limited$\text{ }${}private;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}type$\text{ }${}Reference$\text{ }${}is$\text{ }${}access$\text{ }${}all$\text{ }${}Employee\textquotesingle{}Class;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}...$\text{ }$\newline{}
private$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}...$\text{ }$\newline{}
end$\text{ }${}Personnel;$\text{ }$\newline{}
-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}$\text{ }$\newline{}
-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}$\text{ }$\newline{}
with$\text{ }${}Personnel;$\text{ }${}$\text{ }$\newline{}
package$\text{ }${}Part_Time_Staff$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}type$\text{ }${}Part_Time_Employee$\text{ }${}is$\text{ }${}new$\text{ }${}Personnel.Employee$\text{ }${}with$\text{ }${}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}record$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}...$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}record;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}...$\text{ }$\newline{}
end$\text{ }${}Part_Time_Staff;$\text{ }$\newline{}
-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}$\text{ }$\newline{}
-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}$\text{ }$\newline{}
with$\text{ }${}Personnel;$\text{ }$\newline{}
package$\text{ }${}Full_Time_Staff$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}type$\text{ }${}Full_Time_Employee$\text{ }${}is$\text{ }${}new$\text{ }${}Personnel.Employee$\text{ }${}with$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}record$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}...$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}record;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}...$\text{ }$\newline{}
end$\text{ }${}Full_Time_Staff;$\text{ }$\newline{}
-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}$\text{ }$\newline{}
-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
...$\text{ }${}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
type$\text{ }${}Employee_List$\text{ }${}is$\text{ }${}array$\text{ }${}(Positive$\text{ }${}range$\text{ }${}{\mbox{$<$}}{\mbox{$>$}})$\text{ }${}of$\text{ }$\newline{}
$\text{ }${}Personnel.Reference;$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Current_Employees$\text{ }${}:$\text{ }${}Employee_List$\text{ }${}(1..10);$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
...$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Current_Employees(1)$\text{ }${}:=$\text{ }${}new$\text{ }${}Full_Time_Staff.Full_Time_Employee;$\text{ }$\newline{}
Current_Employees(2)$\text{ }${}:=$\text{ }${}new$\text{ }${}Part_Time_Staff.Part_Time_Employee;$\text{ }$\newline{}
...$\text{ }$\newline{}
}
$\text{ }$\newline{}

\subsubsection{rationale}

Polymorphism is a means of factoring out the differences among a collection of abstractions so that programs may be written in terms of the common properties. Polymorphism allows the different objects in a heterogeneous data structure to be treated the same way, based on dispatching operations defined on the root tagged type. This eliminates the need for {\ttfamily case} statements to select the processing required for each specific type. Guideline 5.6.3 discusses the maintenance impact of using {\ttfamily case} statements.
Enumeration types, variant records, and case statements are hard to maintain because the expertise on a given variant of the data type tends to be spread all over the program. When you create a tagged type hierarchy (tagged types and type extension), you can avoid the variant records, case statement, and single enumeration type that only supports the variant record discriminant. Moreover, you localize the {\itshape \symbol{34}expertise\symbol{34}} about the variant within the data structure by having all the corresponding primitives for a single operation call common {\itshape \symbol{34}operation-{}specific\symbol{34}} code.
See also Guideline 9.2.1 for a more detailed discussion of tagged types.
$\text{ }$\newline{}

\subsubsection{exceptions}

In some instances, you may want to use a variant record approach to organize modularity around operations. For graphic output, for example, you may find it more maintainable to use variant records. You must make the tradeoff of whether adding a new operation will be less work than adding a new variant.
$\text{ }$\newline{}

\subsection{Nested Records}

\subsubsection{guideline}


\begin{myitemize}
\item{}Record structures should not always be flat. Factor out common parts.
\item{}For a large record structure, group related components into smaller subrecords.
\item{}For nested records, pick element names that read well when inner elements are referenced.
\item{}Consider using type extension to organize large data structures.

\end{myitemize}

$\text{ }$\newline{}

\subsubsection{example}

\TemplatePreformat{$\text{ }$\newline{}
type$\text{ }${}Coordinate$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}record$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Row$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}:$\text{ }${}Local_Float;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Column$\text{ }${}:$\text{ }${}Local_Float;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}record;$\text{ }$\newline{}
type$\text{ }${}Window$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}record$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Top_Left$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}:$\text{ }${}Coordinate;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Bottom_Right$\text{ }${}:$\text{ }${}Coordinate;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}record;$\text{ }$\newline{}
}
$\text{ }$\newline{}

\subsubsection{rationale}

You can make complex data structures understandable and comprehensible by composing them of familiar building blocks. This technique works especially well for large record types with parts that fall into natural groupings. The components factored into separately declared records, based on a common quality or purpose, correspond to a lower level of abstraction than that represented by the larger record.
When designing a complex data structure, you must consider whether type composition or type extension is the best suited technique. Type composition refers to creating a record component whose type is itself a record. You will often need a hybrid of these techniques, that is, some components you include through type composition and others you create through type extension. Type extension may provide a cleaner design if the \symbol{34}intermediate\symbol{34} records are all instances of the same abstraction family. See also Guidelines 5.4.2 and 9.2.1 .
$\text{ }$\newline{}

\subsubsection{notes}

A carefully chosen name for the component of the larger record that is used to select the smaller enhances readability, for example:
$\text{ }$\newline{}

\TemplatePreformat{$\text{ }$\newline{}
if$\text{ }${}Window1.Bottom_Right.Row$\text{ }${}{\mbox{$>$}}$\text{ }${}Window2.Top_Left.Row$\text{ }${}then$\text{ }${}.$\text{ }${}.$\text{ }${}.$\text{ }${}$\text{ }$\newline{}
}
$\text{ }$\newline{}

\subsection{Dynamic Data}

\subsubsection{guideline}


\begin{myitemize}
\item{}Differentiate between static and dynamic data. Use dynamically allocated objects with caution.
\item{}Use dynamically allocated data structures only when it is necessary to create and destroy them dynamically or to be able to reference them by different names.
\item{}Do not drop pointers to undeallocated objects.
\item{}Do not leave dangling references to deallocated objects.
\item{}Initialize all access variables and components within a record.
\item{}Do not rely on memory deallocation.
\item{}Deallocate explicitly.
\item{}Use length clauses to specify total allocation size.
\item{}Provide handlers for {\ttfamily Storage_Error} .
\item{}Use controlled types to implement private types that manipulate dynamic data.
\item{}Avoid unconstrained record objects unless your run-{}time environment reliably reclaims dynamic heap storage.
\item{}Unless your run-{}time environment reliably reclaims dynamic heap storage, declare the following items only in the outermost, unnested declarative part of either a library package, a main subprogram, or a permanent task:

\end{myitemize}
\item{}
Access types
\item{}Constrained composite objects with nonstatic bounds
\item{}Objects of an unconstrained composite type other than unconstrained records
\item{}Composite objects large enough (at compile time) for the compiler to allocate implicitly on the heap


\item{}Unless your run-{}time environment reliably reclaims dynamic heap storage or you are creating permanent, dynamically allocated tasks, avoid declaring tasks in the following situations:

\begin{myitemize}

\end{myitemize}

\begin{myitemize}Unconstrained array subtypes whose components are tasks
\item{}Discriminated record subtypes containing a component that is an array of tasks, where the array size depends on the value of the discriminant
\item{}Any declarative region other than the outermost, unnested declarative part of either a library package or a main subprogram
\item{}Arrays of tasks that are not statically constrained

\end{myitemize}



\subsubsection{example}

These lines show how a dangling reference might be created:
\TemplatePreformat{$\text{ }$\newline{}
P1$\text{ }${}:=$\text{ }${}new$\text{ }${}Object;$\text{ }$\newline{}
P2$\text{ }${}:=$\text{ }${}P1;$\text{ }$\newline{}
Unchecked_Object_Deallocation(P2);$\text{ }$\newline{}
}
$\text{ }$\newline{}

This line can raise an exception due to referencing the deallocated object:
\TemplatePreformat{$\text{ }$\newline{}
X$\text{ }${}:=$\text{ }${}P1.all;$\text{ }$\newline{}
}
$\text{ }$\newline{}

In the following three lines, if there is no intervening assignment of the value of {\ttfamily P1} to any other pointer, the object created on the first line is no longer accessible after the third line. The only pointer to the allocated object has been dropped:
\TemplatePreformat{$\text{ }$\newline{}
P1$\text{ }${}:=$\text{ }${}new$\text{ }${}Object;$\text{ }$\newline{}
...$\text{ }$\newline{}
P1$\text{ }${}:=$\text{ }${}P2;$\text{ }$\newline{}
}
$\text{ }$\newline{}

The following code shows an example of using {\ttfamily Finalize} to make sure that when an object is finalized (i.e., goes out of scope), the dynamically allocated elements are chained on a free list:
\TemplatePreformat{$\text{ }$\newline{}
with$\text{ }${}Ada.Finalization;$\text{ }$\newline{}
package$\text{ }${}List$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}type$\text{ }${}Object$\text{ }${}is$\text{ }${}private;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}function$\text{ }${}\symbol{34}=\symbol{34}$\text{ }${}(Left,$\text{ }${}Right$\text{ }${}:$\text{ }${}Object)$\text{ }${}return$\text{ }${}Boolean;$\text{ }${}$\text{ }${}-{}-{}$\text{ }$\newline{}
$\text{ }${}element-{}by-{}element$\text{ }${}comparison$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}...$\text{ }${}-{}-{}$\text{ }${}Operations$\text{ }${}go$\text{ }${}here$\text{ }$\newline{}
private$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}type$\text{ }${}Handle$\text{ }${}is$\text{ }${}access$\text{ }${}List.Object;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}type$\text{ }${}Object$\text{ }${}is$\text{ }${}new$\text{ }${}Ada.Finalization.Controlled$\text{ }${}with$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}record$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Next$\text{ }${}:$\text{ }${}List.Handle;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}...$\text{ }${}-{}-{}$\text{ }${}Useful$\text{ }${}information$\text{ }${}go$\text{ }${}here$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}record;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}procedure$\text{ }${}Adjust$\text{ }${}(L$\text{ }${}:$\text{ }${}in$\text{ }${}out$\text{ }${}List.Object);$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}procedure$\text{ }${}Finalize$\text{ }${}(L$\text{ }${}:$\text{ }${}in$\text{ }${}out$\text{ }${}List.Object);$\text{ }$\newline{}
end$\text{ }${}List;$\text{ }$\newline{}
package$\text{ }${}body$\text{ }${}List$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}Free_List$\text{ }${}:$\text{ }${}List.Handle;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}...$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}procedure$\text{ }${}Adjust$\text{ }${}(L$\text{ }${}:$\text{ }${}in$\text{ }${}out$\text{ }${}List.Object)$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}begin$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}L$\text{ }${}:=$\text{ }${}Deep_Copy$\text{ }${}(L);$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}Adjust;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}procedure$\text{ }${}Finalize$\text{ }${}(L$\text{ }${}:$\text{ }${}in$\text{ }${}out$\text{ }${}List.Object)$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}begin$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}-{}$\text{ }${}Chain$\text{ }${}L$\text{ }${}to$\text{ }${}Free_List$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}Finalize;$\text{ }$\newline{}
end$\text{ }${}List;$\text{ }$\newline{}
}
$\text{ }$\newline{}

\subsubsection{rationale}

See also 6.3.2 for variations on these problems. A dynamically allocated object is an object created by the execution of an allocator ({\ttfamily new}). Allocated objects referenced by access variables allow you to generate aliases {\itshape ,} which are multiple references to the same object. Anomalous behavior can arise when you reference a deallocated object by another name. This is called a dangling reference. Totally disassociating a still-{}valid object from all names is called dropping a pointer. A dynamically allocated object that is not associated with a name cannot be referenced or explicitly deallocated.
A dropped pointer depends on an implicit memory manager for reclamation of space. It also raises questions for the reader as to whether the loss of access to the object was intended or accidental.
An Ada environment is not required to provide deallocation of dynamically allocated objects. If provided, it may be provided implicitly (objects are deallocated when their access type goes out of scope), explicitly (objects are deallocated when {\ttfamily Ada.Unchecked_Deallocation} is called), or both. To increase the likelihood of the storage space being reclaimed, it is best to call {\ttfamily Ada.Unchecked_Deallocation} explicitly for each dynamically created object when you are finished using it. Calls to {\ttfamily Ada.Unchecked_Deallocation} also document a deliberate decision to abandon an object, making the code easier to read and understand. To be absolutely certain that space is reclaimed and reused, manage your own {\itshape \symbol{34}free list.\symbol{34}} Keep track of which objects you are finished with, and reuse them instead of dynamically allocating new objects later.
The dangers of dangling references are that you may attempt to use them, thereby accessing memory that you have released to the memory manager and that may have been subsequently allocated for another purpose in another part of your program. When you read from such memory, unexpected errors may occur because the other part of your program may have previously written totally unrelated data there. Even worse, when you write to such memory you can cause errors in an apparently unrelated part of the code by changing values of variables dynamically allocated by that code. This type of error can be very difficult to find. Finally, such errors may be triggered in parts of your environment that you did not write, for example, in the memory management system itself, which may dynamically allocate memory to keep records about your dynamically allocated memory.
Keep in mind that any unreset component of a record or array can also be a dangling reference or carry a bit pattern representing inconsistent data. Components of an access type are always initialized by default to {\ttfamily null}; however, you should not rely on this default initialization. To enhance readability and maintainability, you should include explicit initialization.
Whenever you use dynamic allocation, it is possible to run out of space. Ada provides a facility (a length clause) for requesting the size of the pool of allocation space at compile time. Anticipate that you can still run out at run time. Prepare handlers for the exception {\ttfamily Storage_Error}, and consider carefully what alternatives you may be able to include in the program for each such situation.
There is a school of thought that dictates avoidance of all dynamic allocation. It is largely based on the fear of running out of memory during execution. Facilities, such as length clauses and exception handlers for {\ttfamily Storage_Error}, provide explicit control over memory partitioning and error recovery, making this fear unfounded.
When implementing a complex data structure (tree, list, sparse matrices, etc.), you often use access types. If you are not careful, you can consume all your storage with these dynamically allocated objects. You could export a deallocate operation, but it is impossible to ensure that it is called at the proper places; you are, in effect, trusting the clients. If you derive from controlled types (see 8.3.3 , and 9.2.3 for more information), you can use finalization to deal with deallocation of dynamic data, thus avoiding storage exhaustion. User-{}defined storage pools give better control over the allocation policy.
A related but distinct issue is that of shared versus copy semantics: even if the data structure is implemented using access types, you do not necessarily want shared semantics. In some instances you really want{\ttfamily {\mbox{$~$}}:=} to create a copy, not a new reference, and you really want {\ttfamily =} to compare the contents, not the reference. You should implement your structure as a controlled type. If you want copy semantics, you can redefine {\ttfamily Adjust} to perform a deep copy and {\ttfamily =} to perform a comparison on the contents. You can also redefine {\ttfamily Finalize} to make sure that when an object is finalized (i.e., goes out of scope) the dynamically allocated elements are chained on a free list (or deallocated by {\ttfamily Ada.Unchecked_Deallocation}).
The implicit use of dynamic (heap) storage by an Ada program during execution poses significant risks that software failures may occur. An Ada run-{}time environment may use implicit dynamic (heap) storage in association with composite objects, dynamically created tasks, and catenation. Often, the algorithms used to manage the dynamic allocation and reclamation of heap storage cause fragmentation or leakage, which can lead to storage exhaustion. It is usually very difficult or impossible to recover from storage exhaustion or {\ttfamily Storage_Error} without reloading and restarting the Ada program. It would be very restrictive to avoid all uses of implicit allocation. On the other hand, preventing both explicit and implicit deallocation significantly reduces the risks of fragmentation and leakage without overly restricting your use of composite objects, access values, task objects, and catenation.
$\text{ }$\newline{}

\subsubsection{exceptions}

If a composite object is large enough to be allocated on the heap, you can still declare it as an {\ttfamily in} or {\ttfamily in out} formal parameter. The guideline is meant to discourage declaring the object in an object declaration, a formal {\ttfamily out} parameter, or the value returned by a function.
You should monitor the leakage and/or fragmentation from the heap. If they become steady-{}state and do not continually increase during program or partition execution, you can use the constructs described in the guidelines.
$\text{ }$\newline{}

\subsection{Aliased Objects}

\subsubsection{guideline}


\begin{myitemize}
\item{}Minimize the use of aliased variables.
\item{}Use aliasing for statically created, ragged arrays (Rationale 1995, Â§3.7.1 ).
\item{}Use aliasing to refer to part of a data structure when you want to hide the internal connections and bookkeeping information.

\end{myitemize}

$\text{ }$\newline{}

\subsubsection{example}

\TemplatePreformat{$\text{ }$\newline{}
package$\text{ }${}Message_Services$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}type$\text{ }${}Message_Code_Type$\text{ }${}is$\text{ }${}range$\text{ }${}0$\text{ }${}..$\text{ }${}100;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}subtype$\text{ }${}Message$\text{ }${}is$\text{ }${}String;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}function$\text{ }${}Get_Message$\text{ }${}(Message_Code:$\text{ }${}Message_Code_Type)$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}return$\text{ }${}Message;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}pragma$\text{ }${}Inline$\text{ }${}(Get_Message);$\text{ }$\newline{}
end$\text{ }${}Message_Services;$\text{ }$\newline{}
package$\text{ }${}body$\text{ }${}Message_Services$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}type$\text{ }${}Message_Handle$\text{ }${}is$\text{ }${}access$\text{ }${}constant$\text{ }${}Message;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}Message_0$\text{ }${}:$\text{ }${}aliased$\text{ }${}constant$\text{ }${}Message$\text{ }${}:=$\text{ }${}\symbol{34}OK\symbol{34};$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}Message_1$\text{ }${}:$\text{ }${}aliased$\text{ }${}constant$\text{ }${}Message$\text{ }${}:=$\text{ }${}\symbol{34}Up\symbol{34};$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}Message_2$\text{ }${}:$\text{ }${}aliased$\text{ }${}constant$\text{ }${}Message$\text{ }${}:=$\text{ }${}\symbol{34}Shutdown\symbol{34};$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}Message_3$\text{ }${}:$\text{ }${}aliased$\text{ }${}constant$\text{ }${}Message$\text{ }${}:=$\text{ }${}\symbol{34}Shutup\symbol{34};$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}.$\text{ }${}.$\text{ }${}.$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}type$\text{ }${}Message_Table_Type$\text{ }${}is$\text{ }${}array$\text{ }${}(Message_Code_Type)$\text{ }${}of$\text{ }$\newline{}
$\text{ }${}Message_Handle;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}Message_Table$\text{ }${}:$\text{ }${}Message_Table_Type$\text{ }${}:=$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}(0$\text{ }${}={\mbox{$>$}}$\text{ }${}Message_0\textquotesingle{}Access,$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}1$\text{ }${}={\mbox{$>$}}$\text{ }${}Message_1\textquotesingle{}Access,$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}2$\text{ }${}={\mbox{$>$}}$\text{ }${}Message_2\textquotesingle{}Access,$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}3$\text{ }${}={\mbox{$>$}}$\text{ }${}Message_3\textquotesingle{}Access,$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}-{}$\text{ }${}etc.$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${});$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}function$\text{ }${}Get_Message$\text{ }${}(Message_Code$\text{ }${}:$\text{ }${}Message_Code_Type)$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}return$\text{ }${}Message$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}begin$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}return$\text{ }${}Message_Table$\text{ }${}(Message_Code).all;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}Get_Message;$\text{ }$\newline{}
end$\text{ }${}Message_Services;$\text{ }$\newline{}
}
$\text{ }$\newline{}

The following code fragment shows a use of aliased objects, using the attribute {\ttfamily \textquotesingle{}Access} to implement a generic component that manages hashed collections of objects:
\TemplatePreformat{$\text{ }$\newline{}
generic$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}type$\text{ }${}Hash_Index$\text{ }${}is$\text{ }${}mod$\text{ }${}{\mbox{$<$}}{\mbox{$>$}};$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}type$\text{ }${}Object$\text{ }${}is$\text{ }${}tagged$\text{ }${}private;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}type$\text{ }${}Handle$\text{ }${}is$\text{ }${}access$\text{ }${}all$\text{ }${}Object;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}with$\text{ }${}function$\text{ }${}Hash$\text{ }${}(The_Object$\text{ }${}:$\text{ }${}in$\text{ }${}Object)$\text{ }${}return$\text{ }${}Hash_Index;$\text{ }$\newline{}
package$\text{ }${}Collection$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}function$\text{ }${}Insert$\text{ }${}(Object$\text{ }${}:$\text{ }${}in$\text{ }${}Collection.Object)$\text{ }${}return$\text{ }$\newline{}
$\text{ }${}Collection.Handle;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}function$\text{ }${}Find$\text{ }${}(Object$\text{ }${}:$\text{ }${}in$\text{ }${}Collection.Object)$\text{ }${}return$\text{ }$\newline{}
$\text{ }${}Collection.Handle;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}Object_Not_Found$\text{ }${}:$\text{ }${}exception;$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}...$\text{ }$\newline{}
private$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}type$\text{ }${}Cell;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}type$\text{ }${}Access_Cell$\text{ }${}is$\text{ }${}access$\text{ }${}Cell;$\text{ }$\newline{}
end$\text{ }${}Collection;$\text{ }$\newline{}
package$\text{ }${}body$\text{ }${}Collection$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}type$\text{ }${}Cell$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}record$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Value$\text{ }${}:$\text{ }${}aliased$\text{ }${}Collection.Object;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Link$\text{ }${}$\text{ }${}:$\text{ }${}Access_Cell;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}record;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}type$\text{ }${}Table_Type$\text{ }${}is$\text{ }${}array$\text{ }${}(Hash_Index)$\text{ }${}of$\text{ }${}Access_Cell;$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}Table$\text{ }${}:$\text{ }${}Table_Type;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}-{}-{}$\text{ }${}Go$\text{ }${}through$\text{ }${}the$\text{ }${}collision$\text{ }${}chain$\text{ }${}and$\text{ }${}return$\text{ }${}an$\text{ }${}access$\text{ }${}to$\text{ }${}the$\text{ }$\newline{}
$\text{ }${}useful$\text{ }${}data.$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}function$\text{ }${}Find$\text{ }${}(Object$\text{ }${}:$\text{ }${}in$\text{ }${}Collection.Object;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Index$\text{ }${}$\text{ }${}:$\text{ }${}in$\text{ }${}Hash_Index)$\text{ }${}return$\text{ }${}Handle$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Current$\text{ }${}:$\text{ }${}Access_Cell$\text{ }${}:=$\text{ }${}Table$\text{ }${}(Index);$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}begin$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}while$\text{ }${}Current$\text{ }${}/=$\text{ }${}null$\text{ }${}loop$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}if$\text{ }${}Current.Value$\text{ }${}=$\text{ }${}Object$\text{ }${}then$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}return$\text{ }${}Current.Value\textquotesingle{}Access;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}else$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Current$\text{ }${}:=$\text{ }${}Current.Link;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}if;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}loop;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}raise$\text{ }${}Object_Not_Found;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}Find;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}-{}-{}$\text{ }${}The$\text{ }${}exported$\text{ }${}one$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}function$\text{ }${}Find$\text{ }${}(Object$\text{ }${}:$\text{ }${}in$\text{ }${}Collection.Object)$\text{ }${}return$\text{ }$\newline{}
$\text{ }${}Collection.Handle$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Index$\text{ }${}:$\text{ }${}constant$\text{ }${}Hash_Index$\text{ }${}:=$\text{ }${}Hash$\text{ }${}(Object);$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}begin$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}return$\text{ }${}Find$\text{ }${}(Object,$\text{ }${}Index);$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}Find;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}...$\text{ }$\newline{}
end$\text{ }${}Collection;$\text{ }$\newline{}
}
$\text{ }$\newline{}

\subsubsection{rationale}

Aliasing allows the programmer to have indirect access to declared objects. Because you can update aliased objects through more than one path, you must exercise caution to avoid unintended updates. When you restrict the aliased objects to being constant, you avoid having the object unintentionally modified. In the example above, the individual message objects are aliased constant message strings so their values cannot be changed. The ragged array is then initialized with references to each of these constant strings.
Aliasing allows you to manipulate objects using indirection while avoiding dynamic allocation. For example, you can insert an object onto a linked list without dynamically allocating the space for that object (Rationale 1995, Â§3.7.1 ).
Another use of aliasing is in a linked data structure in which you try to hide the enclosing container. This is essentially the inverse of a self-{}referential data structure (see Guideline 5.4.7 ). If a package manages some data using a linked data structure, you may only want to export access values that denote the {\itshape \symbol{34}useful\symbol{34}} data. You can use an access-{}to-{}object to return an access to the useful data, excluding the pointers used to chain objects.
$\text{ }$\newline{}

\subsection{Access Discriminants}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use access discriminants to create self-{}referential data structures, i.e., a data structure one of whose components points to the enclosing structure.

\end{myitemize}

$\text{ }$\newline{}

\subsubsection{example}

See the examples in Guidelines 8.3.6 (using access discriminants to build an iterator) and 9.5.1 (using access discriminants in multiple inheritance).
$\text{ }$\newline{}

\subsubsection{rationale}

The access discriminant is essentially a pointer of an anonymous type being used as a discriminant. Because the access discriminant is of an anonymous access type, you cannot declare other objects of the type. Thus, once you initialize the discriminant, you create a \symbol{34}permanent\symbol{34} (for the lifetime of the object) association between the discriminant and the object it accesses. When you create a self-{}referential structure, that is, a component of the structure is initialized to point to the enclosing object, the {\itshape \symbol{34}constant\symbol{34}} behavior of the access discriminant provides the right behavior to help you maintain the integrity of the structure.
See also Rationale (1995, Â§4.6.3) for a discussion of access discriminants to achieve multiple views of an object.
See also Guideline 6.1.3 for an example of an access discriminant for a task type.
$\text{ }$\newline{}

\subsection{Modular Types}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use modular types rather than Boolean arrays when you create data structures that need bit-{}wise operations, such as {\ttfamily and} and {\ttfamily or}.

\end{myitemize}

$\text{ }$\newline{}

\subsubsection{example}

\TemplatePreformat{$\text{ }$\newline{}
with$\text{ }${}Interfaces;$\text{ }$\newline{}
procedure$\text{ }${}Main$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}type$\text{ }${}Unsigned_Byte$\text{ }${}is$\text{ }${}mod$\text{ }${}255;$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}X$\text{ }${}:$\text{ }${}Unsigned_Byte;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}Y$\text{ }${}:$\text{ }${}Unsigned_Byte;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}Z$\text{ }${}:$\text{ }${}Unsigned_Byte;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}X1$\text{ }${}:$\text{ }${}Interfaces.Unsigned_16;$\text{ }$\newline{}
begin$\text{ }${}-{}-{}$\text{ }${}Main$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}Z$\text{ }${}:=$\text{ }${}X$\text{ }${}or$\text{ }${}Y;$\text{ }${}$\text{ }${}-{}-{}$\text{ }${}does$\text{ }${}not$\text{ }${}cause$\text{ }${}overflow$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}-{}-{}$\text{ }${}Show$\text{ }${}example$\text{ }${}of$\text{ }${}left$\text{ }${}shift$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}X1$\text{ }${}:=$\text{ }${}16\#FFFF\#;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}for$\text{ }${}Counter$\text{ }${}in$\text{ }${}1$\text{ }${}..$\text{ }${}16$\text{ }${}loop$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}X1$\text{ }${}:=$\text{ }${}Interfaces.Shift_Left$\text{ }${}(Value$\text{ }${}={\mbox{$>$}}$\text{ }${}X1,$\text{ }${}Amount$\text{ }${}={\mbox{$>$}}$\text{ }${}1);$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}loop;$\text{ }$\newline{}
end$\text{ }${}Main;$\text{ }$\newline{}
}
\subsubsection{rationale}

Modular types are preferred when the number of bits is known to be fewer than the number of bits in a word and/or performance is a serious concern. Boolean arrays are appropriate when the number of bits is not particularly known in advance and performance is not a serious issue. See also Guideline 10.6.3 .
$\text{ }$\newline{}

$\text{ }$\newline{}

\section{Expressions}

Properly coded expressions can enhance the readability and understandability of a program. Poorly coded expressions can turn a program into a maintainer\textquotesingle{}s nightmare.
$\text{ }$\newline{}

\subsection{Range Values}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use {\ttfamily \textquotesingle{}First} or {\ttfamily \textquotesingle{}Last} instead of numeric literals to represent the first or last values of a range.
\item{}Use {\ttfamily \textquotesingle{}Range} or the subtype name of the range instead of {\ttfamily \textquotesingle{}First .. \textquotesingle{}Last}.

\end{myitemize}

\subsubsection{example}

\TemplatePreformat{$\text{ }$\newline{}
type$\text{ }${}Temperature$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}is$\text{ }${}range$\text{ }${}All_Time_Low$\text{ }${}..$\text{ }${}All_Time_High;$\text{ }$\newline{}
type$\text{ }${}Weather_Stations$\text{ }${}is$\text{ }${}range$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}1$\text{ }${}..$\text{ }${}$\text{ }${}Max_Stations;$\text{ }$\newline{}
Current_Temperature$\text{ }${}:$\text{ }${}Temperature$\text{ }${}:=$\text{ }${}60;$\text{ }$\newline{}
Offset$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}:$\text{ }${}Temperature;$\text{ }$\newline{}
...$\text{ }$\newline{}
for$\text{ }${}I$\text{ }${}in$\text{ }${}Weather_Stations$\text{ }${}loop$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}Offset$\text{ }${}:=$\text{ }${}Current_Temperature$\text{ }${}-{}$\text{ }${}Temperature\textquotesingle{}First;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}...$\text{ }$\newline{}
end$\text{ }${}loop;$\text{ }$\newline{}
}
$\text{ }$\newline{}

\subsubsection{rationale}

In the example above, it is better to use {\ttfamily Weather_Stations} in the {\ttfamily for} loop than to use {\ttfamily Weather_Stations\textquotesingle{}First .. Weather_Stations\textquotesingle{}Last} or {\ttfamily 1 .. Max_Stations} because it is clearer, less error-{}prone, and less dependent on the definition of the type {\ttfamily Weather_Stations}. Similarly, it is better to use {\ttfamily Temperature\textquotesingle{}First} in the offset calculation than to use {\ttfamily All_Time_Low} because the code will still be correct if the definition of the subtype {\ttfamily Temperature} is changed. This enhances program reliability.
$\text{ }$\newline{}

\subsubsection{caution}

When you implicitly specify ranges and attributes like this, be careful that you use the correct subtype name. It is easy to refer to a very large range without realizing it. For example, given the declarations:
\TemplatePreformat{$\text{ }$\newline{}
type$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Large_Range$\text{ }${}is$\text{ }${}new$\text{ }${}Integer;$\text{ }$\newline{}
subtype$\text{ }${}Small_Range$\text{ }${}is$\text{ }${}Large_Range$\text{ }${}range$\text{ }${}1$\text{ }${}..$\text{ }${}10;$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
type$\text{ }${}Large_Array$\text{ }${}is$\text{ }${}array$\text{ }${}(Large_Range)$\text{ }${}of$\text{ }${}Integer;$\text{ }$\newline{}
type$\text{ }${}Small_Array$\text{ }${}is$\text{ }${}array$\text{ }${}(Small_Range)$\text{ }${}of$\text{ }${}Integer;$\text{ }$\newline{}
}
$\text{ }$\newline{}

then the first declaration below works fine, but the second one is probably an accident and raises an exception on most machines because it is requesting a huge array (indexed from the smallest integer to the largest one):
\TemplatePreformat{$\text{ }$\newline{}
Array_1$\text{ }${}:$\text{ }${}Small_Array;$\text{ }$\newline{}
Array_2$\text{ }${}:$\text{ }${}Large_Array;$\text{ }$\newline{}
}
\subsection{Array Attributes}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use array attributes {\ttfamily \textquotesingle{}First} , {\ttfamily \textquotesingle{}Last} , or {\ttfamily \textquotesingle{}Length} instead of numeric literals for accessing arrays.
\item{}Use the {\ttfamily \textquotesingle{}Range} of the array instead of the name of the index subtype to express a range.
\item{}Use {\ttfamily \textquotesingle{}Range} instead of {\ttfamily \textquotesingle{}First .. \textquotesingle{}Last} to express a range.

\end{myitemize}

$\text{ }$\newline{}

\subsubsection{example}

\TemplatePreformat{$\text{ }$\newline{}
subtype$\text{ }${}Name_String$\text{ }${}is$\text{ }${}String$\text{ }${}(1$\text{ }${}..$\text{ }${}Name_Length);$\text{ }$\newline{}
File_Path$\text{ }${}:$\text{ }${}Name_String$\text{ }${}:=$\text{ }${}(others$\text{ }${}={\mbox{$>$}}$\text{ }${}\textquotesingle{}$\text{ }${}\textquotesingle{});$\text{ }$\newline{}
...$\text{ }$\newline{}
for$\text{ }${}I$\text{ }${}in$\text{ }${}File_Path\textquotesingle{}Range$\text{ }${}loop$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}...$\text{ }$\newline{}
end$\text{ }${}loop;$\text{ }$\newline{}
}
$\text{ }$\newline{}

\subsubsection{rationale}

In the example above, it is better to use {\ttfamily Name_String\textquotesingle{}Range} in the {\ttfamily for} loop than to use {\ttfamily Name_String_Size}, {\ttfamily Name_String\textquotesingle{}First .. Name_String\textquotesingle{}Last}, or {\ttfamily 1 .. 30} because it is clearer, less error-{}prone, and less dependent on the definitions of {\ttfamily Name_String} and {\ttfamily Name_String_Size}. If {\ttfamily Name_String} is changed to have a different index type or if the bounds of the array are changed, this will still work correctly. This enhances program reliability.
$\text{ }$\newline{}

\subsection{Parenthetical Expressions}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use parentheses to specify the order of subexpression evaluation to clarify expressions (NASA 1987 ).
\item{}Use parentheses to specify the order of evaluation for subexpressions whose correctness depends on left to right evaluation.

\end{myitemize}

$\text{ }$\newline{}

\subsubsection{example}

\TemplatePreformat{$\text{ }$\newline{}
(1.5$\text{ }${}*$\text{ }${}X**2)/A$\text{ }${}-{}$\text{ }${}(6.5*X$\text{ }${}+$\text{ }${}47.0)$\text{ }$\newline{}
2*I$\text{ }${}+$\text{ }${}4*Y$\text{ }${}+$\text{ }${}8*Z$\text{ }${}+$\text{ }${}C$\text{ }$\newline{}
}
$\text{ }$\newline{}

\subsubsection{rationale}

The Ada rules of operator precedence are defined in the Ada Reference Manual (1995, Â§4.5) and follow the same commonly accepted precedence of algebraic operators. The strong typing facility in Ada combined with the common precedence rules make many parentheses unnecessary. However, when an uncommon combination of operators occurs, it may be helpful to add parentheses even when the precedence rules apply. The expression:
\TemplatePreformat{$\text{ }$\newline{}
5$\text{ }${}+$\text{ }${}((Y$\text{ }${}**$\text{ }${}3)$\text{ }${}mod$\text{ }${}10)$\text{ }$\newline{}
}
$\text{ }$\newline{}

is clearer, and equivalent to:
\TemplatePreformat{$\text{ }$\newline{}
5$\text{ }${}+$\text{ }${}Y**3$\text{ }${}mod$\text{ }${}10$\text{ }$\newline{}
}
$\text{ }$\newline{}

The rules of evaluation do specify left to right evaluation for operators with the same precedence level. However, it is the most commonly overlooked rule of evaluation when checking expressions for correctness.
$\text{ }$\newline{}

\subsection{Positive Forms of Logic}

\subsubsection{guideline}


\begin{myitemize}
\item{}Avoid names and constructs that rely on the use of negatives.
\item{}Choose names of flags so they represent states that can be used in positive form.

\end{myitemize}

$\text{ }$\newline{}

\subsubsection{example}

Use:
\TemplatePreformat{$\text{ }$\newline{}
if$\text{ }${}Operator_Missing$\text{ }${}then$\text{ }$\newline{}
}
$\text{ }$\newline{}

rather than either:
\TemplatePreformat{$\text{ }$\newline{}
if$\text{ }${}not$\text{ }${}Operator_Found$\text{ }${}then$\text{ }$\newline{}
}
$\text{ }$\newline{}

or:
\TemplatePreformat{$\text{ }$\newline{}
if$\text{ }${}not$\text{ }${}Operator_Missing$\text{ }${}then$\text{ }$\newline{}
}
$\text{ }$\newline{}

\subsubsection{rationale}

Relational expressions can be more readable and understandable when stated in a positive form. As an aid in choosing the name, consider that the most frequently used branch in a conditional construct should be encountered first.
$\text{ }$\newline{}

\subsubsection{exceptions}

There are cases in which the negative form is unavoidable. If the relational expression better reflects what is going on in the code, then inverting the test to adhere to this guideline is not recommended.
$\text{ }$\newline{}

\subsection{Short Circuit Forms of the Logical Operators}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use short-{}circuit forms of the logical operators to specify the order of conditions when the failure of one condition means that the other condition will raise an exception.

\end{myitemize}

$\text{ }$\newline{}

\subsubsection{example}

Use:
\TemplatePreformat{$\text{ }$\newline{}
if$\text{ }${}Y$\text{ }${}/=$\text{ }${}0$\text{ }${}or$\text{ }${}else$\text{ }${}(X/Y)$\text{ }${}/=$\text{ }${}10$\text{ }${}then$\text{ }$\newline{}
}
$\text{ }$\newline{}

or:
\TemplatePreformat{$\text{ }$\newline{}
if$\text{ }${}Y$\text{ }${}/=$\text{ }${}0$\text{ }${}then$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}if$\text{ }${}(X/Y)$\text{ }${}/=$\text{ }${}10$\text{ }${}then$\text{ }$\newline{}
}
$\text{ }$\newline{}

rather than either:
\TemplatePreformat{$\text{ }$\newline{}
if$\text{ }${}Y$\text{ }${}/=$\text{ }${}0$\text{ }${}and$\text{ }${}(X/Y)$\text{ }${}/=$\text{ }${}10$\text{ }${}then$\text{ }$\newline{}
}
$\text{ }$\newline{}

or:
\TemplatePreformat{$\text{ }$\newline{}
if$\text{ }${}(X/Y)$\text{ }${}/=$\text{ }${}10$\text{ }${}then$\text{ }$\newline{}
}
$\text{ }$\newline{}

to avoid {\ttfamily Constraint_Error.}
Use:
\TemplatePreformat{$\text{ }$\newline{}
if$\text{ }${}Target$\text{ }${}/=$\text{ }${}null$\text{ }${}and$\text{ }${}then$\text{ }${}Target.Distance$\text{ }${}{\mbox{$<$}}$\text{ }${}Threshold$\text{ }${}then$\text{ }$\newline{}
}
$\text{ }$\newline{}

rather than:
\TemplatePreformat{$\text{ }$\newline{}
if$\text{ }${}Target.Distance$\text{ }${}{\mbox{$<$}}$\text{ }${}Threshold$\text{ }${}then$\text{ }$\newline{}
}
$\text{ }$\newline{}

to avoid referencing a field in a nonexistent object.
$\text{ }$\newline{}

\subsubsection{rationale}

The use of short-{}circuit control forms prevents a class of data-{}dependent errors or exceptions that can occur as a result of expression evaluation. The short-{}circuit forms guarantee an order of evaluation and an {\ttfamily exit} from the sequence of relational expressions as soon as the expression\textquotesingle{}s result can be determined.
$\text{ }$\newline{}

In the absence of short-{}circuit forms, Ada does not provide a guarantee of the order of expression evaluation, nor does the language guarantee that evaluation of a relational expression is abandoned when it becomes clear that it evaluates to {\ttfamily False} (for {\ttfamily and}) or {\ttfamily True} (for {\ttfamily or}).
$\text{ }$\newline{}

\subsubsection{notes}

If it is important that all parts of a given expression always be evaluated, the expression probably violates Guideline 4.1.4 , which limits side-{}effects in functions.
$\text{ }$\newline{}

\subsection{Accuracy of Operations With Real Operands}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use {\ttfamily {\mbox{$<$}}=} and {\ttfamily {\mbox{$>$}}=} in relational expressions with real operands instead of {\ttfamily =}.

\end{myitemize}

$\text{ }$\newline{}

\subsubsection{example}

\TemplatePreformat{$\text{ }$\newline{}
Current_Temperature$\text{ }${}$\text{ }${}$\text{ }${}:$\text{ }${}Temperature$\text{ }${}:=$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}0.0;$\text{ }$\newline{}
Temperature_Increment$\text{ }${}:$\text{ }${}Temperature$\text{ }${}:=$\text{ }${}1.0$\text{ }${}/$\text{ }${}3.0;$\text{ }$\newline{}
Maximum_Temperature$\text{ }${}$\text{ }${}$\text{ }${}:$\text{ }${}constant$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}:=$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}100.0;$\text{ }$\newline{}
...$\text{ }$\newline{}
loop$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}...$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}Current_Temperature$\text{ }${}:=$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Current_Temperature$\text{ }${}+$\text{ }${}Temperature_Increment;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}...$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}exit$\text{ }${}when$\text{ }${}Current_Temperature$\text{ }${}{\mbox{$>$}}=$\text{ }${}Maximum_Temperature;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}...$\text{ }$\newline{}
end$\text{ }${}loop;$\text{ }$\newline{}
}
$\text{ }$\newline{}

\subsubsection{rationale}

Fixed-{} and floating-{}point values, even if derived from similar expressions, may not be exactly equal. The imprecise, finite representations of real numbers in hardware always have round-{}off errors so that any variation in the construction path or history of two real numbers has the potential for resulting in different numbers, even when the paths or histories are mathematically equivalent.
The Ada definition of model intervals also means that the use of {\ttfamily {\mbox{$<$}}=} is more portable than either {\ttfamily {\mbox{$<$}}} or {\ttfamily =}.
$\text{ }$\newline{}

\subsubsection{notes}

Floating-{}point arithmetic is treated in Guideline 7.2.7 .
$\text{ }$\newline{}

\subsubsection{exceptions}

If your application must test for an exact value of a real number (e.g., testing the precision of the arithmetic on a certain machine), then the {\ttfamily =} would have to be used. But never use {\ttfamily =} on real operands as a condition to exit a loop .
$\text{ }$\newline{}

$\text{ }$\newline{}

\section{Statements}

Careless or convoluted use of statements can make a program hard to read and maintain even if its global structure is well organized. You should strive for simple and consistent use of statements to achieve clarity of local program structure. Some of the guidelines in this section counsel use or avoidance of particular statements. As pointed out in the individual guidelines, rigid adherence to those guidelines would be excessive, but experience has shown that they generally lead to code with improved reliability and maintainability.
$\text{ }$\newline{}

\subsection{Nesting}

\subsubsection{guideline}


\begin{myitemize}
\item{}Minimize the depth of nested expressions (Nissen and Wallis 1984 ).
\item{}Minimize the depth of nested control structures (Nissen and Wallis 1984 ).
\item{}Try using simplification heuristics (see the following Notes ).

\end{myitemize}

$\text{ }$\newline{}

\subsubsection{instantiation}


\begin{myitemize}
\item{}Do not nest expressions or control structures beyond a nesting level of five.

\end{myitemize}

$\text{ }$\newline{}

\subsubsection{example}

The following section of code:
\TemplatePreformat{$\text{ }$\newline{}
if$\text{ }${}not$\text{ }${}Condition_1$\text{ }${}then$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}if$\text{ }${}Condition_2$\text{ }${}then$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Action_A;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}else$\text{ }${}$\text{ }${}-{}-{}$\text{ }${}not$\text{ }${}Condition_2$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Action_B;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}if;$\text{ }$\newline{}
else$\text{ }${}$\text{ }${}-{}-{}$\text{ }${}Condition_1$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}Action_C;$\text{ }$\newline{}
end$\text{ }${}if;$\text{ }$\newline{}
}
$\text{ }$\newline{}

can be rewritten more clearly and with less nesting as:
\TemplatePreformat{$\text{ }$\newline{}
if$\text{ }${}Condition_1$\text{ }${}then$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}Action_C;$\text{ }$\newline{}
elsif$\text{ }${}Condition_2$\text{ }${}then$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}Action_A;$\text{ }$\newline{}
else$\text{ }${}$\text{ }${}-{}-{}$\text{ }${}not$\text{ }${}(Condition_1$\text{ }${}or$\text{ }${}Condition_2)$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}Action_B;$\text{ }$\newline{}
end$\text{ }${}if;$\text{ }$\newline{}
}
$\text{ }$\newline{}

\subsubsection{rationale}

Deeply nested structures are confusing, difficult to understand, and difficult to maintain. The problem lies in the difficulty of determining what part of a program is contained at any given level. For expressions, this is important in achieving the correct placement of balanced grouping symbols and in achieving the desired operator precedence. For control structures, the question involves what part is controlled. Specifically, is a given statement at the proper level of nesting, that is, is it too deeply or too shallowly nested, or is the given statement associated with the proper choice, for example, for {\ttfamily if} or {\ttfamily case} statements? Indentation helps, but it is not a panacea. Visually inspecting alignment of indented code (mainly intermediate levels) is an uncertain job at best. To minimize the complexity of the code, keep the maximum number of nesting levels between three and five.
$\text{ }$\newline{}

\subsubsection{notes}

Ask yourself the following questions to help you simplify the code:

\begin{myitemize}
\item{}Can some part of the expression be put into a constant or variable?
\item{}Does some part of the lower nested control structures represent a significant and, perhaps, reusable computation that I can factor into a subprogram{\mbox{$~$}}?
\item{}Can I convert these nested {\ttfamily if} statements into a {\ttfamily case} statement?
\item{}Am I using {\ttfamily else if} where I could be using {\ttfamily elsif} ?
\item{}Can I reorder the conditional expressions controlling this nested structure?
\item{}Is there a different design that would be simpler?

\end{myitemize}

\subsubsection{exceptions}

If deep nesting is required frequently, there may be overall design decisions for the code that should be changed. Some algorithms require deeply nested loops and segments controlled by conditional branches. Their continued use can be ascribed to their efficiency, familiarity, and time-{}proven utility. When nesting is required, proceed cautiously and take special care with the choice of identifiers and loop and block names.
$\text{ }$\newline{}

\subsection{Slices}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use slices rather than a loop to copy part of an array.

\end{myitemize}

$\text{ }$\newline{}

\subsubsection{example}

\TemplatePreformat{$\text{ }$\newline{}
First$\text{ }${}$\text{ }${}:$\text{ }${}constant$\text{ }${}Index$\text{ }${}:=$\text{ }${}Index\textquotesingle{}First;$\text{ }$\newline{}
Second$\text{ }${}:$\text{ }${}constant$\text{ }${}Index$\text{ }${}:=$\text{ }${}Index\textquotesingle{}Succ(First);$\text{ }$\newline{}
Third$\text{ }${}$\text{ }${}:$\text{ }${}constant$\text{ }${}Index$\text{ }${}:=$\text{ }${}Index\textquotesingle{}Succ(Second);$\text{ }$\newline{}
type$\text{ }${}Vector$\text{ }${}is$\text{ }${}array$\text{ }${}(Index$\text{ }${}range$\text{ }${}{\mbox{$<$}}{\mbox{$>$}})$\text{ }${}of$\text{ }${}Element;$\text{ }$\newline{}
subtype$\text{ }${}Column_Vector$\text{ }${}is$\text{ }${}Vector$\text{ }${}(Index);$\text{ }$\newline{}
type$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Square_Matrix$\text{ }${}is$\text{ }${}array$\text{ }${}$\text{ }${}(Index)$\text{ }${}of$\text{ }${}Column_Vector;$\text{ }$\newline{}
subtype$\text{ }${}Small_Range$\text{ }${}$\text{ }${}is$\text{ }${}Index$\text{ }${}range$\text{ }${}First$\text{ }${}..$\text{ }${}Third;$\text{ }$\newline{}
subtype$\text{ }${}Diagonals$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}is$\text{ }${}Vector$\text{ }${}(Small_Range);$\text{ }$\newline{}
type$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Tri_Diagonal$\text{ }${}is$\text{ }${}array$\text{ }${}$\text{ }${}(Index)$\text{ }${}of$\text{ }${}Diagonals;$\text{ }$\newline{}
Markov_Probabilities$\text{ }${}:$\text{ }${}Square_Matrix;$\text{ }$\newline{}
Diagonal_Data$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}:$\text{ }${}Tri_Diagonal;$\text{ }$\newline{}
...$\text{ }$\newline{}
-{}-{}$\text{ }${}Remove$\text{ }${}diagonal$\text{ }${}and$\text{ }${}off$\text{ }${}diagonal$\text{ }${}elements.$\text{ }$\newline{}
Diagonal_Data(Index\textquotesingle{}First)(First)$\text{ }${}:=$\text{ }${}Null_Value;$\text{ }$\newline{}
Diagonal_Data(Index\textquotesingle{}First)(Second$\text{ }${}..$\text{ }${}Third)$\text{ }${}:=$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Markov_Probabilities(Index\textquotesingle{}First)(First$\text{ }${}..$\text{ }${}Second);$\text{ }$\newline{}
for$\text{ }${}I$\text{ }${}in$\text{ }${}Second$\text{ }${}..$\text{ }${}Index\textquotesingle{}Pred(Index\textquotesingle{}Last)$\text{ }${}loop$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}Diagonal_Data(I)$\text{ }${}:=$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Markov_Probabilities(I)(Index\textquotesingle{}Pred(I)$\text{ }${}..$\text{ }${}Index\textquotesingle{}Succ(I));$\text{ }$\newline{}
end$\text{ }${}loop;$\text{ }$\newline{}
Diagonal_Data(Index\textquotesingle{}Last)(First$\text{ }${}..$\text{ }${}Second)$\text{ }${}:=$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Markov_Probabilities(Index\textquotesingle{}Last)(Index\textquotesingle{}Pred(Index\textquotesingle{}Last)$\text{ }${}..$\text{ }$\newline{}
$\text{ }${}Index\textquotesingle{}Last);$\text{ }$\newline{}
Diagonal_Data(Index\textquotesingle{}Last)(Third)$\text{ }${}:=$\text{ }${}Null_Value;$\text{ }$\newline{}
}
$\text{ }$\newline{}

\subsubsection{rationale}

An assignment statement with slices is simpler and clearer than a loop and helps the reader see the intended action. See also Guideline 10.5.7 regarding possible performance issues of slice assignments versus loops.
$\text{ }$\newline{}

\subsection{Case Statements}

\subsubsection{guideline}


\begin{myitemize}
\item{}Minimize the use of an {\ttfamily others} choice in a {\ttfamily case} statement.
\item{}Do not use ranges of enumeration literals in {\ttfamily case} statements.
\item{}Use {\ttfamily case} statements rather than {\ttfamily if/elsif} statements, wherever possible.
\item{}Use type extension and dispatching rather than {\ttfamily case} statements if, possible.

\end{myitemize}

\subsubsection{example}

\TemplatePreformat{$\text{ }$\newline{}
type$\text{ }${}Color$\text{ }${}is$\text{ }${}(Red,$\text{ }${}Green,$\text{ }${}Blue,$\text{ }${}Purple);$\text{ }$\newline{}
Car_Color$\text{ }${}:$\text{ }${}Color$\text{ }${}:=$\text{ }${}Red;$\text{ }$\newline{}
...$\text{ }$\newline{}
case$\text{ }${}Car_Color$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}when$\text{ }${}Red$\text{ }${}..$\text{ }${}Blue$\text{ }${}={\mbox{$>$}}$\text{ }${}...$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}when$\text{ }${}Purple$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}={\mbox{$>$}}$\text{ }${}...$\text{ }$\newline{}
end$\text{ }${}case;$\text{ }${}$\text{ }${}-{}-{}$\text{ }${}Car_Color$\text{ }$\newline{}
}
$\text{ }$\newline{}

Now consider a change in the type:
\TemplatePreformat{$\text{ }$\newline{}
type$\text{ }${}Color$\text{ }${}is$\text{ }${}(Red,$\text{ }${}Yellow,$\text{ }${}Green,$\text{ }${}Blue,$\text{ }${}Purple);$\text{ }$\newline{}
}
$\text{ }$\newline{}

This change may have an unnoticed and undesired effect in the {\ttfamily case} statement. If the choices had been enumerated explicitly, as {\ttfamily when Red | Green | Blue ={\mbox{$>$}}} instead of {\ttfamily when Red .. Blue ={\mbox{$>$}}}, then the {\ttfamily case} statement would not have compiled. This would have forced the maintainer to make a conscious decision about what to do in the case of {\ttfamily Yellow}.
In the following example, assume that a menu has been posted, and the user is expected to enter one of the four choices. Assume that {\ttfamily User_Choice} is declared as a {\ttfamily Character} and that {\ttfamily Terminal_IO.Get} handles errors in user input. The less readable alternative with the {\ttfamily if/elsif} statement is shown after the {\ttfamily case} statement:
\TemplatePreformat{$\text{ }$\newline{}
Do_Menu_Choices_1:$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}loop$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}...$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}case$\text{ }${}User_Choice$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}when$\text{ }${}\textquotesingle{}A\textquotesingle{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}={\mbox{$>$}}$\text{ }${}Item$\text{ }${}:=$\text{ }${}Terminal_IO.Get$\text{ }${}(\symbol{34}Item$\text{ }${}to$\text{ }${}add\symbol{34});$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}when$\text{ }${}\textquotesingle{}D\textquotesingle{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}={\mbox{$>$}}$\text{ }${}Item$\text{ }${}:=$\text{ }${}Terminal_IO.Get$\text{ }${}(\symbol{34}Item$\text{ }${}to$\text{ }${}delete\symbol{34});$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}when$\text{ }${}\textquotesingle{}M\textquotesingle{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}={\mbox{$>$}}$\text{ }${}Item$\text{ }${}:=$\text{ }${}Terminal_IO.Get$\text{ }${}(\symbol{34}Item$\text{ }${}to$\text{ }${}modify\symbol{34});$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}when$\text{ }${}\textquotesingle{}Q\textquotesingle{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}={\mbox{$>$}}$\text{ }${}exit$\text{ }${}Do_Menu_Choices_1;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}when$\text{ }${}others$\text{ }${}={\mbox{$>$}}$\text{ }${}-{}-{}$\text{ }${}error$\text{ }${}has$\text{ }${}already$\text{ }${}been$\text{ }${}signaled$\text{ }${}to$\text{ }${}user$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}null;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}case;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}loop$\text{ }${}Do_Menu_Choices_1;$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Do_Menu_Choices_2:$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}loop$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}...$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}if$\text{ }${}User_Choice$\text{ }${}=$\text{ }${}\textquotesingle{}A\textquotesingle{}$\text{ }${}then$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Item$\text{ }${}:=$\text{ }${}Terminal_IO.Get$\text{ }${}(\symbol{34}Item$\text{ }${}to$\text{ }${}add\symbol{34});$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}elsif$\text{ }${}User_Choice$\text{ }${}=$\text{ }${}\textquotesingle{}D\textquotesingle{}$\text{ }${}then$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Item$\text{ }${}:=$\text{ }${}Terminal_IO.Get$\text{ }${}(\symbol{34}Item$\text{ }${}to$\text{ }${}delete\symbol{34});$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}elsif$\text{ }${}User_Choice$\text{ }${}=$\text{ }${}\textquotesingle{}M\textquotesingle{}$\text{ }${}then$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Item$\text{ }${}:=$\text{ }${}Terminal_IO.Get$\text{ }${}(\symbol{34}Item$\text{ }${}to$\text{ }${}modify\symbol{34});$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}elsif$\text{ }${}User_Choice$\text{ }${}=$\text{ }${}\textquotesingle{}Q\textquotesingle{}$\text{ }${}then$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}exit$\text{ }${}Do_Menu_Choices_2;$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}if;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}loop$\text{ }${}Do_Menu_Choices_2;$\text{ }$\newline{}
}
$\text{ }$\newline{}

\subsubsection{rationale}

All possible values for an object should be known and should be assigned specific actions. Use of an {\ttfamily others} clause may prevent the developer from carefully considering the actions for each value. A compiler warns the user about omitted values if an {\ttfamily others} clause is not used.
You may not be able to avoid the use of {\ttfamily others} in a {\ttfamily case} statement when the subtype of the case expression has many values, for example, {\ttfamily universal_integer}, {\ttfamily Wide_Character}, or {\ttfamily Character}). If your choice of values is small compared to the range of the subtype, you should consider using an {\ttfamily if/elsif} statement. Note that you must supply an {\ttfamily others} alternative when your {\ttfamily case} expression is of a generic type.
Each possible value should be explicitly enumerated. Ranges can be dangerous because of the possibility that the range could change and the {\ttfamily case} statement may not be reexamined. If you have declared a subtype to correspond to the range of interest, you can consider using this named subtype.
In many instances, {\ttfamily case} statements enhance the readability of the code. See Guideline 10.5.3 for a discussion of the performance considerations. In many implementations, {\ttfamily case} statements may be more efficient.
Type extension and dispatching ease the maintenance burden when you add a new variant to a data structure. See also Guidelines 5.4.2 and 5.4.4 .
$\text{ }$\newline{}

\subsubsection{notes}

Ranges that are needed in {\ttfamily case} statements can use constrained subtypes to enhance maintainability. It is easier to maintain because the declaration of the range can be placed where it is logically part of the abstraction, not buried in a {\ttfamily case} statement in the executable code:
\TemplatePreformat{$\text{ }$\newline{}
subtype$\text{ }${}Lower_Case$\text{ }${}is$\text{ }${}Character$\text{ }${}range$\text{ }${}\textquotesingle{}a\textquotesingle{}$\text{ }${}..$\text{ }${}\textquotesingle{}z\textquotesingle{};$\text{ }$\newline{}
subtype$\text{ }${}Upper_Case$\text{ }${}is$\text{ }${}Character$\text{ }${}range$\text{ }${}\textquotesingle{}A\textquotesingle{}$\text{ }${}..$\text{ }${}\textquotesingle{}Z\textquotesingle{};$\text{ }$\newline{}
subtype$\text{ }${}Control$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}is$\text{ }${}Character$\text{ }${}range$\text{ }${}Ada.Characters.Latin_1.NUL$\text{ }${}..$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Ada.Characters.Latin_1.US;$\text{ }$\newline{}
subtype$\text{ }${}Numbers$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}is$\text{ }${}Character$\text{ }${}range$\text{ }${}\textquotesingle{}0\textquotesingle{}$\text{ }${}..$\text{ }${}\textquotesingle{}9\textquotesingle{};$\text{ }$\newline{}
...$\text{ }$\newline{}
case$\text{ }${}Input_Char$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}when$\text{ }${}Lower_Case$\text{ }${}={\mbox{$>$}}$\text{ }${}Capitalize(Input_Char);$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}when$\text{ }${}Upper_Case$\text{ }${}={\mbox{$>$}}$\text{ }${}null;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}when$\text{ }${}Control$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}={\mbox{$>$}}$\text{ }${}raise$\text{ }${}Invalid_Input;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}when$\text{ }${}Numbers$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}={\mbox{$>$}}$\text{ }${}null;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}...$\text{ }$\newline{}
end$\text{ }${}case;$\text{ }$\newline{}
}
$\text{ }$\newline{}

\subsubsection{exceptions}

It is acceptable to use ranges for possible values only when the user is certain that new values will never be inserted among the old ones, as for example, in the range of ASCII characters: {\ttfamily \textquotesingle{}a\textquotesingle{} .. \textquotesingle{}z\textquotesingle{}}.
\chapter{Concurrency}

\myminitoc




\section{Introduction}

Concurrency exists as either apparent concurrency or real concurrency. In a single processor environment, apparent concurrency is the result of interleaved execution of concurrent activities. In a multiprocessor environment, real concurrency is the result of overlapped execution of concurrent activities.
Concurrent programming is more difficult and error prone than sequential programming. The concurrent programming features of Ada are designed to make it easier to write and maintain concurrent programs that behave consistently and predictably and avoid such problems as deadlock and starvation. The language features themselves cannot guarantee that programs have these desirable properties. They must be used with discipline and care, a process supported by the guidelines in this chapter.
The correct usage of Ada concurrency features results in reliable, reusable, and portable software. Protected objects (added in Ada 95) encapsulate and provide synchronized access to their private data (Rationale 1995, Â§II.9). Protected objects help you manage shared data without incurring a performance penalty. Tasks model concurrent activities and use the rendezvous to synchronize between cooperating concurrent tasks. Much of the synchronization required between tasks involves data synchronization, which can be accomplished most efficiently, in general, using protected objects. Misuse of language features results in software that is unverifiable and difficult to reuse or port. For example, using task priorities or delays to manage synchronization is not portable. It is also important that a reusable component not make assumptions about the order or speed of task execution (i.e., about the compiler\textquotesingle{}s tasking implementation).
Although concurrent features such as tasks and protected objects are supported by the core Ada language, care should be taken when using these features with implementations that do not specifically support Annex D (Real-{}Time Systems). If Annex D is not specifically supported, features required for real-{}time applications might not be implemented.
Guidelines in this chapter are frequently worded \symbol{34}consider . . .\symbol{34} because hard and fast rules cannot apply in all situations. The specific choice you make in a given situation involves design tradeoffs. The rationale for these guidelines is intended to give you insight into some of these tradeoffs.
\section{Concurrency Options}

Many problems map naturally to a concurrent programming solution. By understanding and correctly using the Ada language concurrency features, you can produce solutions that are largely independent of target implementation. Tasks provide a means, within the Ada language, of expressing concurrent, asynchronous threads of control and relieving programmers from the problem of explicitly controlling multiple concurrent activities. Protected objects serve as a building block to support other synchronization paradigms. Tasks cooperate to perform the required activities of the software. Synchronization and mutual exclusion are required between individual tasks. The Ada rendezvous and protected objects provide powerful mechanisms for both synchronization and mutual exclusion.
\subsection{Protected Objects}

\subsubsection{guideline}


\begin{myitemize}
\item{}Consider using protected objects to provide mutually exclusive access to data.
\item{}Consider using protected objects to control or synchronize access to data shared by multiple tasks .
\item{}Consider using protected objects to implement synchronization, such as a passive resource monitor.
\item{}Consider encapsulating protected objects in the private part or body of a package.
\item{}Consider using a protected procedure to implement an interrupt handler.
\item{}Do not attach a protected procedure handler to a hardware interrupt if that interrupt has a maximum priority greater than the ceiling priority assigned to the handler.
\item{}Avoid the use of global variables in entry barriers.
\item{}Avoid the use of barrier expressions with side effects.

\end{myitemize}

\subsubsection{example}
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\subsubsection{rationale}

Protected objects are intended to provide a \symbol{34}lightweight\symbol{34} mechanism for mutual exclusion and data synchronization. You should use a task only when you need to introduce explicitly a new, concurrent thread of control (see Guideline 6.1.2).
Protected objects offer a low overhead, efficient means to coordinate access to shared data. A protected type declaration is similar to a program unit and consists of both a specification and a body. The data to be protected must be declared in the specification, as well as the operations that can be used to manipulate this data. If some operations are only allowed conditionally, entries must be provided. Ada 95 rules require that entry barriers be evaluated at the end of procedure calls and entry calls on protected objects. Entry barriers should avoid referring to global variables so that the underlying assumptions of the state of the protected object are not violated. Protected procedures and entries should be used to change the state of a protected object.
Most clients of an abstraction do not need to know how it is implemented, whether it is a regular abstraction or a shared abstraction. A protected type is inherently a limited type, and you can use protected types to implement a limited private type exported by a package. As pointed out in Guideline 5.3.3, abstractions are best implemented using private types (possibly derived from controlled types) or limited private types, providing appropriate operations that overcome the restrictiveness imposed by the use of private types.
The Rationale (1995, Â§9.1) describes the interrupt handling features that make the protected procedure the recommended building block:
A protected procedure is very well suited to act as an interrupt handler for a number of reasons; they both typically have a short bounded execution time, do not arbitrarily block, have a limited context and finally they both have to integrate with the priority model. The nonblocking critical region matches the needs of an interrupt handler, as well as the needs of non-{}interrupt-{}level code to synchronize with an interrupt handler. The entry barrier construct allows an interrupt handler to signal a normal task by changing the state of a component of the protected object and thereby making a barrier true.
When using protected procedures for interrupt handling, you must ensure that the ceiling priority of the handler is at least as high as the maximum possible priority of the interrupt to be handled. With priority-{}ceiling locking, the delivery of an interrupt with a higher priority than the ceiling priority of the handler will result in erroneous execution (Ada Reference Manual 1995, Â§C.3.1).
A global variable could be changed by another task or even by a call of a protected function. These changes will not be acted upon promptly. Therefore, you should not use a global variable in an entry barrier.
Side effects in barrier expressions can cause undesirable dependencies. Therefore, you should avoid the use of barrier expressions that can cause side effects.
See also Guideline .
\subsubsection{exceptions}

If the client of the abstraction containing the protected object must use a select statement with an entry call, you must expose the protected object on the package interface.
\subsection{Tasks}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use tasks to model selected asynchronous threads of control within the problem domain.
\item{}Consider using tasks to define concurrent algorithms.
\item{}Consider using rendezvous when your application requires synchronous unbuffered communication.

\end{myitemize}

\subsubsection{example}

The naturally concurrent objects within the problem domain can be modeled as Ada tasks.
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\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}some\ensuremath{\text{ }}algorithm\ensuremath{\text{ }}that\ensuremath{\text{ }}determines\ensuremath{\text{ }}whether\ensuremath{\text{ }}the\ensuremath{\text{ }}investor}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}buys\ensuremath{\text{ }}or\ensuremath{\text{ }}sells,\ensuremath{\text{ }}quantity,\ensuremath{\text{ }}price,\ensuremath{\text{ }}etc}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{...\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Specialist.Buy\ensuremath{\text{ }}(Order);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{...\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Specialist.Sell\ensuremath{\text{ }}(Order);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Investor;}\newline
\end{Highlighting}
\end{Shaded}


Multiple tasks that implement the decomposition of a large, matrix multiplication algorithm are an example of an opportunity for real concurrency in a multiprocessor target environment. In a single processor target environment, this approach may not be justified due to the overhead incurred from context switching and the sharing of system resources.
A task that updates a radar display every 30 milliseconds is an example of a cyclic activity supported by a task.
A task that detects an over-{}temperature condition in a nuclear reactor and performs an emergency shutdown of the systems is an example of a task to support a high-{}priority activity.
\subsubsection{rationale}

These guidelines reflect the intended uses of tasks. They all revolve around the fact that a task has its own thread of control separate from the main subprogram (or environment task) of a partition. The conceptual model for a task is a separate program with its own virtual processor. This provides the opportunity to model entities from the problem domain in terms more closely resembling those entities and the opportunity to handle physical devices as a separate concern from the main algorithm of the application. Tasks also allow naturally concurrent activities that can be mapped to multiple processors within a partition when available.
You should use tasks for separate threads of control. When you synchronize tasks, you should use the rendezvous mechanism only when you are trying to synchronize actual processes (e.g., specify a time-{}sensitive ordering relationship or tightly coupled interprocess communication). For most synchronization needs, however, you should use protected objects (see Guideline 6.1.1), which are more flexible and can minimize unnecessary bottlenecks. Additionally, passive tasks are probably better modeled through protected objects than active tasks.
Resources shared between multiple tasks, such as devices, require control and synchronization because their operations are not atomic. Drawing a circle on a display might require that many low-{}level operations be performed without interruption by another task. A display manager would ensure that no other task accesses the display until all these operations are complete.
\subsection{Discriminants}

\subsubsection{guideline}


\begin{myitemize}
\item{}Consider using discriminants to minimize the need for an explicit initialization operation (Rationale 1995, Â§9.1).
\item{}Consider using discriminants to control composite components of the protected objects, including setting the size of an entry family (Rationale 1995, Â§9.1).
\item{}Consider using a discriminant to set the priority of a protected object (Rationale 1995, Â§9.1).
\item{}Consider using a discriminant to identify an interrupt to a protected object (Rationale 1995, Â§9.1).
\item{}Consider declaring a task type with a discriminant to indicate (Rationale 1995, Â§9.6):

\end{myitemize}
\item{}
Priority, storage size, and size of entry families of individual tasks of a type
\item{}Data associated with a task (through an access discriminant)



\subsubsection{example}

The following code fragment shows how a task type with discriminant can be used to associate data with a task (Rationale 1995, Â§9.6):


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Task_Data\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}data\ensuremath{\text{ }}for\ensuremath{\text{ }}task\ensuremath{\text{ }}to\ensuremath{\text{ }}work\ensuremath{\text{ }}on}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Worker\ensuremath{\text{ }}(D\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{access}\ensuremath{\text{ }}\NormalTok{Task_Data)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\NormalTok{;}\newline
\CommentTok{--\ensuremath{\text{ }}When\ensuremath{\text{ }}you\ensuremath{\text{ }}declare\ensuremath{\text{ }}a\ensuremath{\text{ }}task\ensuremath{\text{ }}object\ensuremath{\text{ }}of\ensuremath{\text{ }}type\ensuremath{\text{ }}Worker,\ensuremath{\text{ }}you\ensuremath{\text{ }}explicitly}\newline
\ensuremath{\text{ }}\NormalTok{associate\ensuremath{\text{ }}this\ensuremath{\text{ }}}\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{with}\newline
\CommentTok{--\ensuremath{\text{ }}its\ensuremath{\text{ }}data\ensuremath{\text{ }}through\ensuremath{\text{ }}the\ensuremath{\text{ }}discriminant\ensuremath{\text{ }}D}\newline
\NormalTok{Data_for_Worker_X\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{aliased}\ensuremath{\text{ }}\NormalTok{Task_Data\ensuremath{\text{ }}:=\ensuremath{\text{ }}...;}\newline
\NormalTok{X\ensuremath{\text{ }}:\ensuremath{\text{ }}Worker\ensuremath{\text{ }}(Data_for_Worker_X{\char13}Access);}\newline
\end{Highlighting}
\end{Shaded}


The following example shows how to use discriminants to associate data with tasks, thus allowing the tasks to be parameterized when they are declared and eliminating the need for an initial rendezvous with the task:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Producer\ensuremath{\text{ }}(Channel\ensuremath{\text{ }}:\ensuremath{\text{ }}Channel_Number;\ensuremath{\text{ }}ID\ensuremath{\text{ }}:\ensuremath{\text{ }}ID_Number);}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Producer\ensuremath{\text{ }}}\KeywordTok{is}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}generate\ensuremath{\text{ }}an\ensuremath{\text{ }}item}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Buffer.Put\ensuremath{\text{ }}(New_Item);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Producer;}\newline
\ensuremath{\text{ }}\newline
\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\NormalTok{Keyboard\ensuremath{\text{ }}:\ensuremath{\text{ }}Producer\ensuremath{\text{ }}(Channel\ensuremath{\text{ }}=\ensuremath{\text{ }}Keyboard_Channel,\ensuremath{\text{ }}ID\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{);}\newline
\NormalTok{Mouse\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Producer\ensuremath{\text{ }}(Channel\ensuremath{\text{ }}=\ensuremath{\text{ }}Mouse_Channel,\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}ID\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{);}\newline
\end{Highlighting}
\end{Shaded}


The next example shows how an initial rendezvous can be used to associate data with tasks. This is more complicated and more error prone than the previous example. This method is no longer needed in Ada 95 due to the availability of discriminants with task types and protected types:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Producer\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{entry}\ensuremath{\text{ }}\NormalTok{Initialize\ensuremath{\text{ }}(Channel\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Channel_Number;\ensuremath{\text{ }}ID\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{ID_Number);}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Producer;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Producer\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{IO_Channel\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Channel_Number;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Producer_ID\ensuremath{\text{ }}:\ensuremath{\text{ }}ID_Number;}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{Initialize\ensuremath{\text{ }}(Channel\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Channel_Number;\ensuremath{\text{ }}ID\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{ID_Number)}\newline
\ensuremath{\text{ }}\KeywordTok{do}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{IO_Channel\ensuremath{\text{ }}\ensuremath{\text{ }}:=\ensuremath{\text{ }}Channel;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Producer_ID\ensuremath{\text{ }}:=\ensuremath{\text{ }}ID;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}generate\ensuremath{\text{ }}an\ensuremath{\text{ }}item}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Buffer.Put\ensuremath{\text{ }}(New_Item);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Producer;}\newline
\ensuremath{\text{ }}\newline
\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\NormalTok{Keyboard\ensuremath{\text{ }}:\ensuremath{\text{ }}Producer;}\newline
\NormalTok{Mouse\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Producer;}\newline
\ensuremath{\text{ }}\newline
\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Keyboard.Initialize\ensuremath{\text{ }}(Channel\ensuremath{\text{ }}=\ensuremath{\text{ }}Keyboard_Channel,\ensuremath{\text{ }}ID\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Mouse.Initialize\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}(Channel\ensuremath{\text{ }}=\ensuremath{\text{ }}Mouse_Channel,\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}ID\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\end{Highlighting}
\end{Shaded}


$\text{ }$\newline{}

\subsubsection{rationale}

Using discriminants to parameterize protected objects provides a low-{}overhead way of specializing the protected object. You avoid having to declare and call special subprograms solely for the purpose of passing this information to the protected object.
Task discriminants provide a way for you to identify or parameterize a task without the overhead of an initial rendezvous. For example, you can use this discriminant to initialize a task or tell it who it is (from among an array of tasks) (Rationale 1995, Â§II.9). More importantly, you can associate the discriminant with specific data. When you use an access discriminant, you can bind the data securely to the task because the access discriminant is constant and cannot be detached from the task (Rationale 1995, Â§9.6). This reduces and might eliminate bottlenecks in the parallel activation of tasks (Rationale 1995, Â§9.6).
\subsubsection{notes}

Using an access discriminant to initialize a task has a potential danger in that the data being referenced could change after the rendezvous. This possibility and its effects should be considered and, if necessary, appropriate actions taken (e.g., copy the referenced data and not rely on the data pointed to by the discriminant after initialization).
\subsection{Anonymous Task Types and Protected Types}

\subsubsection{guideline}


\begin{myitemize}
\item{}Consider using single task declarations to declare unique instances of concurrent tasks.
\item{}Consider using single protected declarations to declare unique instances of protected objects.

\end{myitemize}

\subsubsection{example}

The following example illustrates the syntactic differences between the kinds of tasks and protected objects discussed here. Buffer is static, but its type is anonymous. No type name is declared to enable you to declare further objects of the same type.


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{task}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Buffer;}\newline
\end{Highlighting}
\end{Shaded}


Because it is declared explicitly, the task type Buffer_Manager is not anonymous. Channel is static and has a name, and its type is not anonymous.


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Buffer_Manager;}\newline
\NormalTok{Channel\ensuremath{\text{ }}:\ensuremath{\text{ }}Buffer_Manager;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

The use of anonymous tasks and protected objects of anonymous type avoids a proliferation of task and protected types that are only used once, and the practice communicates to maintainers that there are no other tasks or protected objects of that type. If the need arises later to have additional tasks or protected objects of the same type, then the work required to convert an anonymous task to a task type or an anonymous protected object to a protected type is minimal.
The consistent and logical use of task and protected types, when necessary, contributes to understandability. Identical tasks can be declared using a common task type. Identical protected objects can be declared using a common protected type. Dynamically allocated task or protected structures are necessary when you must create and destroy tasks or protected objects dynamically or when you must reference them by different names.
\subsubsection{notes}

Though changing the task or protected object from an anonymous type to a declared type is trivial, structural changes to the software architecture might not be trivial. Introduction of multiple tasks or protected objects of the declared type might require the scope of the type to change and might change the behavior of the network of synchronizing tasks and protected objects.
\subsection{Dynamic Tasks}

\subsubsection{guideline}


\begin{myitemize}
\item{}Minimize dynamic creation of tasks because of the potentially high startup overhead; reuse tasks by having them wait for new work on some appropriate entry queue.

\end{myitemize}

\subsubsection{example}

The approach used in the following example is not recommended. The example shows why caution is required with dynamically allocated task and protected objects. It illustrates how a dynamic task can be disassociated from its name:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Radar_Track;}\newline
\KeywordTok{type}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Radar_Track_Pointer\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{access}\ensuremath{\text{ }}\NormalTok{Radar_Track;}\newline
\NormalTok{Current_Track\ensuremath{\text{ }}:\ensuremath{\text{ }}Radar_Track_Pointer;}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Radar_Track\ensuremath{\text{ }}}\KeywordTok{is}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}update\ensuremath{\text{ }}tracking\ensuremath{\text{ }}information}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}exit\ensuremath{\text{ }}when\ensuremath{\text{ }}out\ensuremath{\text{ }}of\ensuremath{\text{ }}range}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{delay}\ensuremath{\text{ }}\FloatTok{1.0}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Radar_Track;}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\NormalTok{...}\newline
\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Radar_Track\ensuremath{\text{ }}tasks\ensuremath{\text{ }}created\ensuremath{\text{ }}in\ensuremath{\text{ }}previous\ensuremath{\text{ }}passes\ensuremath{\text{ }}through\ensuremath{\text{ }}the\ensuremath{\text{ }}loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}cannot\ensuremath{\text{ }}be\ensuremath{\text{ }}accessed\ensuremath{\text{ }}from\ensuremath{\text{ }}Current_Track\ensuremath{\text{ }}after\ensuremath{\text{ }}it\ensuremath{\text{ }}is\ensuremath{\text{ }}updated.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Unless\ensuremath{\text{ }}some\ensuremath{\text{ }}code\ensuremath{\text{ }}deals\ensuremath{\text{ }}with\ensuremath{\text{ }}non-null\ensuremath{\text{ }}values\ensuremath{\text{ }}of\ensuremath{\text{ }}Current_Track,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}(such\ensuremath{\text{ }}as\ensuremath{\text{ }}an\ensuremath{\text{ }}array\ensuremath{\text{ }}of\ensuremath{\text{ }}existing\ensuremath{\text{ }}tasks)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}this\ensuremath{\text{ }}assignment\ensuremath{\text{ }}leaves\ensuremath{\text{ }}the\ensuremath{\text{ }}existing\ensuremath{\text{ }}Radar_Track\ensuremath{\text{ }}task\ensuremath{\text{ }}running}\newline
\ensuremath{\text{ }}\KeywordTok{with}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}no\ensuremath{\text{ }}way\ensuremath{\text{ }}to\ensuremath{\text{ }}signal\ensuremath{\text{ }}it\ensuremath{\text{ }}to\ensuremath{\text{ }}abort\ensuremath{\text{ }}or\ensuremath{\text{ }}to\ensuremath{\text{ }}instruct\ensuremath{\text{ }}the\ensuremath{\text{ }}system\ensuremath{\text{ }}to}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}reclaim\ensuremath{\text{ }}its\ensuremath{\text{ }}resources.}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Current_Track\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Radar_Track;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Starting up a task has significant overhead in many implementations. If an application has a need for dynamically created tasks, the tasks should be implemented with a top-{}level loop so that after such a task completes its given job, it can cycle back and wait for a new job.
You can use dynamically allocated tasks and protected objects when you need to allow the number of tasks and protected objects to vary during execution. When you must ensure that tasks are activated in a particular order, you should use dynamically allocated tasks because the Ada language does not define an activation order for statically allocated task objects. In using dynamically allocated tasks and protected objects, you face the same issues as with any use of the heap.
\subsection{Priorities}

\subsubsection{guideline}


\begin{myitemize}
\item{}Do not rely on pragma Priority unless your compiler supports the Real-{}Time Annex (Ada Reference Manual 1995, Annex D) and priority scheduling.
\item{}Minimize risk of priority inversion by use of protected objects and ceiling priority.
\item{}Do not rely upon task priorities to achieve a particular sequence of task execution.

\end{myitemize}

\subsubsection{example}

For example, let the tasks have the following priorities:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{task}\ensuremath{\text{ }}\NormalTok{T1\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{pragma}\ensuremath{\text{ }}\KeywordTok{Priority}\ensuremath{\text{ }}\NormalTok{(High);}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{T1;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{task}\ensuremath{\text{ }}\NormalTok{T2\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{pragma}\ensuremath{\text{ }}\KeywordTok{Priority}\ensuremath{\text{ }}\NormalTok{(Medium);}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{T2;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{task}\ensuremath{\text{ }}\NormalTok{Server\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{entry}\ensuremath{\text{ }}\NormalTok{Operation\ensuremath{\text{ }}(...);}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Server;}\newline
\ensuremath{\text{ }}\newline
\CommentTok{----------------------------}\newline
\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{T1\ensuremath{\text{ }}}\KeywordTok{is}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Server.Operation\ensuremath{\text{ }}(...);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{T1;}\newline
\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{T2\ensuremath{\text{ }}}\KeywordTok{is}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Server.Operation\ensuremath{\text{ }}(...);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{T2;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Server\ensuremath{\text{ }}}\KeywordTok{is}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{Operation\ensuremath{\text{ }}(...);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Server;}\newline
\end{Highlighting}
\end{Shaded}


At some point in its execution, T1 is blocked. Otherwise, T2 and Server might never execute. If T1 is blocked, it is possible for T2 to reach its call to Server\textquotesingle{}s entry (Operation) before T1. Suppose this has happened and that T1 now makes its entry call before Server has a chance to accept T2\textquotesingle{}s call.
This is the timeline of events so far:
T1 blocks T2 calls Server.Operation T1 unblocks T1 calls Server.Operation -{}-{} Does Server accept the call from T1 or from T2?
You might expect that, due to its higher priority, T1\textquotesingle{}s call would be accepted by Server before that of T2. However, entry calls are queued in first-{}in-{}first-{}out (FIFO) order and not queued in order of priority (unless pragma Queueing_Policy is used). Therefore, the synchronization between T1 and Server is not affected by T1\textquotesingle{}s priority. As a result, the call from T2 is accepted first. This is a form of priority inversion. (Annex D can change the default policy of FIFO queues.)
A solution might be to provide an entry for a High priority user and an entry for a Medium priority user.
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\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{entry}\ensuremath{\text{ }}\NormalTok{Operation_Medium_Priority;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Server;}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Server\ensuremath{\text{ }}}\KeywordTok{is}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{select}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{Operation_High_Priority\ensuremath{\text{ }}}\KeywordTok{do}\newline
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\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Operation_High_Priority;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}accept\ensuremath{\text{ }}any\ensuremath{\text{ }}priority}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{select}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{Operation_High_Priority\ensuremath{\text{ }}}\KeywordTok{do}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Operation;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Operation_High_Priority;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{or}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{Operation_Medium_Priority\ensuremath{\text{ }}}\KeywordTok{do}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Operation;}\newline
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\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{terminate}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}select}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}select}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Server;}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
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However, in this approach, T1 still waits for one execution of Operation when T2 has already gained control of the task Server. In addition, the approach increases the communication complexity (see Guideline 6.2.6).
\subsubsection{rationale}

The pragma Priority allows relative priorities to be placed on tasks to accomplish scheduling. Precision becomes a critical issue with hard-{}deadline scheduling. However, there are certain problems associated with using priorities that warrant caution.
Priority inversion occurs when lower priority tasks are given service while higher priority tasks remain blocked. In the first example, this occurred because entry queues are serviced in FIFO order, not by priority. There is another situation referred to as a race condition . A program like the one in the first example might often behave as expected as long as T1 calls Server.Operation only when T2 is not already using Server.Operation or waiting. You cannot rely on T1 always winning the race because that behavior would be due more to fate than to the programmed priorities. Race conditions change when either adding code to an unrelated task or porting this code to a new target.
You should not rely upon task priorities to achieve an exact sequence of execution or rely upon them to achieve mutual exclusion. Although the underlying dispatching model is common to all Ada 95 implementations, there might be differences in dispatching, queuing, and locking policies for tasks and protected objects. All of these factors might lead to different sequences of execution. If you need to ensure a sequence of execution, you should make use of Ada\textquotesingle{}s synchronization mechanisms, i.e., protected objects or rendezvous.
\subsubsection{notes}

Work is being done to minimize these problems, including the introduction of a scheduling algorithm known as the priority ceiling protocol (Goodenough and Sha 1988). The priority ceiling protocol reduces the blocking time that causes priority inversion to only one critical region (defined by the entries in a task). The protocol also eliminates deadlock (unless a task recursively tries to access a critical region) by giving a ceiling priority to each task accessing a resource that is as high as the priority of any task that ever accesses that resource. This protocol is based on priority inheritance and, thus, deviates from the standard Ada tasking paradigm, which supports priority ceiling emulation instead of the priority ceiling blocking that occurs with priority inheritance.
Priorities are used to control when tasks run relative to one another. When both tasks are not blocked waiting at an entry, the highest priority task is given precedence. However, the most critical tasks in an application do not always have the highest priority. For example, support tasks or tasks with small periods might have higher priorities because they need to run frequently.
All production-{}quality validated Ada 95 compilers will probably support pragma Priority. However, you should use caution unless (Annex D is specifically supported.
There is currently no universal consensus on how to apply the basic principles of rate monotonic scheduling (RMS) to the Ada 95 concurrency model. One basic principle of RMS is to arrange all periodic tasks so that tasks with shorter periods have higher priorities than tasks with longer periods. However, with Ada 95, it might be faster to raise the priorities of tasks whose jobs suddenly become critical than to wait for an executive task to reschedule them. In this case, priority inversion can be minimized using a protected object with pragma Locking_Policy(Ceiling_Locking) as the server instead of a task.
\subsection{Delay Statements}

\subsubsection{guideline}


\begin{myitemize}
\item{}Do not depend on a particular delay being achievable (Nissen and Wallis 1984).
\item{}Use a delay until not a delay statement to delay until a specific time has been reached.
\item{}Avoid using a busy waiting loop instead of a delay.

\end{myitemize}

\subsubsection{example}

The phase of a periodic task is the fraction of a complete cycle elapsed as measured from a specified reference point. In the following example, an inaccurate delay causes the phase of the periodic task to drift over time (i.e., the task starts later and later in the cycle):
Periodic:
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To avoid an inaccurate delay drift, you should use the delay until statement. The following example (Rationale 1995, Â§9.3) shows how to satisfy a periodic requirement with an average period:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Poll_Device\ensuremath{\text{ }}}\KeywordTok{is}\newline
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\subsubsection{rationale}

There are two forms of delay statement. The delay will cause a delay for at least a specified time interval. The delay until causes a delay until an absolute wake-{}up time. You should choose the form appropriate to your application.
The Ada language definition only guarantees that the delay time is a minimum. The meaning of a delay or delay until statement is that the task is not scheduled for execution before the interval has expired. In other words, a task becomes eligible to resume execution as soon as the amount of time has passed. However, there is no guarantee of when (or if) it is scheduled after that time because the required resources for that task might not be available at the expiration of the delay .
A busy wait can interfere with processing by other tasks. It can consume the very processor resource necessary for completion of the activity for which it is waiting. Even a loop with a delay can have the impact of busy waiting if the planned wait is significantly longer than the delay interval. If a task has nothing to do, it should be blocked at an accept or select statement, an entry call, or an appropriate delay.
The expiration time for a relative delay is rounded up to the nearest clock tick. If you use the real-{}time clock features provided by (Annex D, however, clock ticks are guaranteed to be no greater than one millisecond (Ada Reference Manual 1995, Â§D.8).
\subsubsection{notes}

You need to ensure the arithmetic precision of the calculation Poll_Time{\mbox{$~$}}:= Poll_Time + Period; to avoid drift.
\subsection{Extensibility and Concurrent Structures}

\subsubsection{guideline}


\begin{myitemize}
\item{}Carefully consider the placement of components of protected types within a tagged type inheritance hierarchy.
\item{}Consider using generics to provide extensibility of data types requiring the restrictions provided by protected objects.

\end{myitemize}

\subsubsection{rationale}

Once a component of a protected type is added to an inheritance hierarchy of an abstract data type, further extensibility of that data type is impaired. When you constrain the concurrent behavior of a type (i.e., introduce a protected type component), you lose the ability to modify that behavior in subsequent derivations. Therefore, when the need arises for a version of an abstract data type to impose the restrictions provided by protected objects, the opportunity for reuse is maximized by adding the protected objects at the leaves of the inheritance hierarchy.
The reusability of common protected operations (e.g., mutually exclusive read/write operations) can be maximized by using generic implementations of abstract data types. These generic implementations then provide templates that can be instantiated with data types specific to individual applications.
\subsubsection{notes}

You can address synchronization within an inheritance hierarchy in one of three ways:

\begin{myitemize}
\item{}You can declare the root as a limited tagged type with a component that belongs to a protected type and give the tagged type primitive operations that work by invoking the protected operations of that component.
\item{}Given a tagged type implementing an abstract data type (perhaps resulting from several extensions), you can declare a protected type with a component belonging to the tagged type. The body of each protected operation would then invoke the corresponding operation of the abstract data type. The protected operations provide mutual exclusion.
\item{}You can use a hybrid approach where you declare a protected type with a component of some tagged type. You then use this protected type to implement a new root tagged type (not a descendant of the original tagged type).

\end{myitemize}

\section{Communication}

The need for tasks to communicate gives rise to most of the problems that make concurrent programming so difficult. Used properly, Ada\textquotesingle{}s intertask communication features can improve the reliability of concurrent programs; used thoughtlessly, they can introduce subtle errors that can be difficult to detect and correct.
\subsection{Efficient Task Communication}

\subsubsection{guideline}


\begin{myitemize}
\item{}Minimize the work performed during a rendezvous.
\item{}Minimize the work performed in the selective accept loop of a task.
\item{}Consider using protected objects for data synchronization and communication.

\end{myitemize}

\subsubsection{example}

In the following example, the statements in the accept body are performed as part of the execution of both the caller task and the task Server, which contains Operation and Operation2. The statements after the accept body are executed before Server can accept additional calls to Operation or Operation2.
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\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}These\ensuremath{\text{ }}statements\ensuremath{\text{ }}are\ensuremath{\text{ }}executed\ensuremath{\text{ }}during\ensuremath{\text{ }}rendezvous.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Both\ensuremath{\text{ }}caller\ensuremath{\text{ }}and\ensuremath{\text{ }}server\ensuremath{\text{ }}are\ensuremath{\text{ }}blocked\ensuremath{\text{ }}during\ensuremath{\text{ }}this\ensuremath{\text{ }}time.}\newline
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\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}These\ensuremath{\text{ }}statements\ensuremath{\text{ }}are\ensuremath{\text{ }}executed\ensuremath{\text{ }}during\ensuremath{\text{ }}rendezvous.}\newline
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\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
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\subsubsection{rationale}

To minimize the time required to rendezvous, only work that needs to be performed during a rendezvous, such as saving or generating parameters, should be allowed in the accept bodies.
When work is removed from the accept body and placed later in the selective accept loop, the additional work might still suspend the caller task. If the caller task calls entry Operation again before the server task completes its additional work, the caller is delayed until the server completes the additional work. If the potential delay is unacceptable and the additional work does not need to be completed before the next service of the caller task, the additional work can form the basis of a new task that will not block the caller task.
Operations on protected objects incur less execution overhead than tasks and are more efficient for data synchronization and communication than the rendezvous. You must design protected operations to be bounded, short, and not potentially blocking.
\subsubsection{notes}

In some cases, additional functions can be added to a task. For example, a task controlling a communication device might be responsible for a periodic function to ensure that the device is operating correctly. This type of addition should be done with care, realizing that the response time of the task might be impacted (see the above rationale).
Minimizing the work performed during a rendezvous or selective accept loop of a task can increase the rate of execution only when it results in additional overlaps in processing between the caller and callee or when other tasks can be scheduled due to the shorter period of execution. Therefore, the largest increases in execution rates will be seen in multiprocessor environments. In single-{}processor environments, the increased execution rate will not be as significant and there might even be a small net loss. The guideline is still applicable, however, if the application could ever be ported to a multiprocessor environment.
\subsection{Defensive Task Communication}

\subsubsection{guideline}


\begin{myitemize}
\item{}Provide a handler for exception Program_Error whenever you cannot avoid a selective accept statement whose alternatives can all be closed (Honeywell 1986).
\item{}Make systematic use of handlers for Tasking_Error.
\item{}Be prepared to handle exceptions during a rendezvous .
\item{}Consider using a when others exception handler.

\end{myitemize}

\subsubsection{example}

This block allows recovery from exceptions raised while attempting to communicate a command to another task:
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\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Throttle.Increase(Step);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{exception}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Tasking_Error\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Constraint_Error\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Throttle_Too_Wide\ensuremath{\text{ }}=\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Accelerate;}\newline
\end{Highlighting}
\end{Shaded}


In this select statement, if all the guards happen to be closed, the program can continue by executing the else part. There is no need for a handler for Program_Error. Other exceptions can still be raised while evaluating the guards or attempting to communicate. You will also need to include an exception handler in the task Throttle so that it can continue to execute after an exception is raised during the rendezvous:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{...}\newline
\NormalTok{Guarded:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{select}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Condition_1\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{Entry_1;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{or}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Condition_2\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{Entry_2;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}all\ensuremath{\text{ }}alternatives\ensuremath{\text{ }}closed}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}select}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{exception}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Constraint_Error\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Guarded;}\newline
\end{Highlighting}
\end{Shaded}


In this select statement, if all the guards happen to be closed, exception Program_Error will be raised. Other exceptions can still be raised while evaluating the guards or attempting to communicate:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{Guarded:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{select}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Condition_1\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{Entry_1;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{or}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Condition_2\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{delay}\ensuremath{\text{ }}\NormalTok{Fraction_Of_A_Second;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}select}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{exception}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Program_Error\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}\ensuremath{\text{ }}...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Constraint_Error\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}\ensuremath{\text{ }}...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Guarded;}\newline
\NormalTok{...}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

The exception Program_Error is raised if a selective accept statement (select statement containing accepts) is reached, all of whose alternatives are closed (i.e., the guards evaluate to False and there are no alternatives without guards), unless there is an else part. When all alternatives are closed, the task can never again progress, so there is by definition an error in its programming. You must be prepared to handle this error should it occur.
Because an else part cannot have a guard, it can never be closed off as an alternative action; thus, its presence prevents Program_Error. However, an else part, a delay alternative, and a terminate alternative are all mutually exclusive, so you will not always be able to provide an else part. In these cases, you must be prepared to handle Program_Error.
The exception Tasking_Error can be raised in the calling task whenever it attempts to communicate. There are many situations permitting this. Few of them are preventable by the calling task.
If an exception is raised during a rendezvous and not handled in the accept statement, it is propagated to both tasks and must be handled in two places (see Guideline 5.8). The handling of the others exception can be used to avoid propagating unexpected exceptions to callers (when this is the desired effect) and to localize the logic for dealing with unexpected exceptions in the rendezvous. After handling, an unknown exception should normally be raised again because the final decision of how to deal with it might need to be made at the outermost scope of the task body.
\subsubsection{notes}

There are other ways to prevent Program_Error at a selective accept. These involve leaving at least one alternative unguarded or proving that at least one guard will evaluate True under all circumstances. The point here is that you or your successors will make mistakes in trying to do this, so you should prepare to handle the inevitable exception.
\subsection{Attributes \textquotesingle{}Count, \textquotesingle{}Callable, and \textquotesingle{}Terminated}

\subsubsection{guideline}


\begin{myitemize}
\item{}Do not depend on the values of the task attributes \textquotesingle{}Callable or \textquotesingle{}Terminated ( Nissen and Wallis 1984).
\item{}Do not depend on attributes to avoid Tasking_Error on an entry call.
\item{}For tasks, do not depend on the value of the entry attribute \textquotesingle{}Count.
\item{}Using the \textquotesingle{}Count attribute with protected entries is more reliable than using the \textquotesingle{}Count attribute with task entries.

\end{myitemize}

\subsubsection{example}

In the following examples, Dispatch\textquotesingle{}Callable is a Boolean expression, indicating whether a call can be made to the task Intercept without raising the exception Tasking_Error. Dispatch\textquotesingle{}Count indicates the number of callers currently waiting at entry Transmit. Dispatch\textquotesingle{}Terminated is a Boolean expression, indicating whether the task Dispatch is in a terminated state.
This task is badly programmed because it relies upon the values of the \textquotesingle{}Count attributes not changing between evaluating and acting upon them:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Dispatch\ensuremath{\text{ }}}\KeywordTok{is}\newline
\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{select}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Transmit{\char13}Count\ensuremath{\text{ }}\ensuremath{\text{ }}}\DecValTok{0}\ensuremath{\text{ }}\KeywordTok{and}\ensuremath{\text{ }}\NormalTok{Receive{\char13}Count\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\ensuremath{\text{ }}\NormalTok{=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{Transmit;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{or}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{Receive;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}select}\NormalTok{;}\newline
\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Dispatch;}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


If the following code is preempted between evaluating the condition and initiating the call, the assumption that the task is still callable might no longer be valid:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{...}\newline
\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Dispatch{\char13}Callable\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Dispatch.Receive;}\newline
\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\NormalTok{...}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Attributes \textquotesingle{}Callable, \textquotesingle{}Terminated, and \textquotesingle{}Count are all subject to race conditions. Between the time you reference an attribute and the time you take action, the value of the attribute might change. Attributes \textquotesingle{}Callable and \textquotesingle{}Terminated convey reliable information once they become False and True, respectively. If \textquotesingle{}Callable is False, you can expect the callable state to remain constant. If \textquotesingle{}Terminated is True, you can expect the task to remain terminated. Otherwise, \textquotesingle{}Terminated and \textquotesingle{}Callable can change between the time your code tests them and the time it responds to the result.
The Ada Reference Manual (1995, Â§9.9) itself warns about the asynchronous increase and decrease of the value of \textquotesingle{}Count. A task can be removed from an entry queue due to execution of an abort statement as well as expiration of a timed entry call. The use of this attribute in guards of a selective accept statement might result in the opening of alternatives that should not be opened under a changed value of \textquotesingle{}Count.
The value of the attribute \textquotesingle{}Count is stable for protected units because any change to an entry queue is itself a protected action, which will not occur while any other protected action is already proceeding. Nevertheless, when you use \textquotesingle{}Count within an entry barrier of a protected unit, you should remember that the condition of the barrier is evaluated both before and after queueing a given caller.
\subsection{Unprotected Shared Variables}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use calls on protected subprograms or entries to pass data between tasks rather than unprotected shared variables.
\item{}Do not use unprotected shared variables as a task synchronization device.
\item{}Do not reference nonlocal variables in a guard .
\item{}If an unprotected shared variable is necessary, use the pragma Volatile or Atomic.

\end{myitemize}

\subsubsection{example}

This code will either print the same line more than once, fail to print some lines, or print garbled lines (part of one line followed by part of another) nondeterministically. This is because there is no synchronization or mutual exclusion between the task that reads a command and the one that acts on it. Without knowledge about their relative scheduling, the actual results cannot be predicted:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{--}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Line_Printer_Driver\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Current_Line\ensuremath{\text{ }}:=\ensuremath{\text{ }}Line_Buffer;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}send\ensuremath{\text{ }}to\ensuremath{\text{ }}device}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Line_Printer_Driver;}\newline
\CommentTok{--}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Spool_Server\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Disk_Read\ensuremath{\text{ }}(Spool_File,\ensuremath{\text{ }}Line_Buffer);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Spool_Server;}\newline
\CommentTok{--}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


The following example shows a vending machine that dispenses the amount requested into an appropriately sized container. The guards reference the global variables Num_Requested and Item_Count, leading to a potential problem in the wrong amount being dispensed into an inappropriately sized container:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{Num_Requested\ensuremath{\text{ }}:\ensuremath{\text{ }}Natural;}\newline
\NormalTok{Item_Count\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Natural\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\DecValTok{1000}\NormalTok{;}\newline
\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Request_Manager\ensuremath{\text{ }}(Personal_Limit\ensuremath{\text{ }}:\ensuremath{\text{ }}Natural\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{entry}\ensuremath{\text{ }}\NormalTok{Make_Request\ensuremath{\text{ }}(Num\ensuremath{\text{ }}:\ensuremath{\text{ }}Natural);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{entry}\ensuremath{\text{ }}\NormalTok{Get_Container;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{entry}\ensuremath{\text{ }}\NormalTok{Dispense;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Request_Manager;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Request_Manager\ensuremath{\text{ }}}\KeywordTok{is}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{select}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{Make_Request\ensuremath{\text{ }}(Num\ensuremath{\text{ }}:\ensuremath{\text{ }}Natural)\ensuremath{\text{ }}}\KeywordTok{do}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Num_Requested\ensuremath{\text{ }}:=\ensuremath{\text{ }}Num;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Make_Request;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{or}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Num_Requested\ensuremath{\text{ }}\ensuremath{\text{ }}Item_Count\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{Get_Container;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{or}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Num_Requested\ensuremath{\text{ }}\ensuremath{\text{ }}Item_Count\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{Dispense\ensuremath{\text{ }}}\KeywordTok{do}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Num_Requested\ensuremath{\text{ }}=\ensuremath{\text{ }}Personal_Limit\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.Put_Line\ensuremath{\text{ }}(}\StringTok{"Please\ensuremath{\text{ }}pick\ensuremath{\text{ }}up\ensuremath{\text{ }}items."}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.Put_Line\ensuremath{\text{ }}(}\StringTok{"Sorry!\ensuremath{\text{ }}Requesting\ensuremath{\text{ }}too\ensuremath{\text{ }}many}\newline
\ensuremath{\text{ }}\NormalTok{items.}\StringTok{");}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Dispense;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}select}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Request_Manager;}\newline
\NormalTok{R1\ensuremath{\text{ }}:\ensuremath{\text{ }}Request_Manager\ensuremath{\text{ }}(Personal_Limit\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{10}\NormalTok{);}\newline
\NormalTok{R2\ensuremath{\text{ }}:\ensuremath{\text{ }}Request_Manager\ensuremath{\text{ }}(Personal_Limit\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{);}\newline
\end{Highlighting}
\end{Shaded}


The interleaving of the execution of R1 and R2 can lead to Num_Requested being changed before the entry call to Dispense is accepted. Thus, R1 might receive fewer items than requested or R2\textquotesingle{}s request might be bounced because the request manager thinks that what R2 is requesting exceeds R2\textquotesingle{}s personal limit. By using the local variable, you will dispense the correct amount. Furthermore, by using the pragma Volatile (Ada Reference Manual 1995, Â§C.6), you ensure that the Item_Count is reevaluated when the guards are evaluated. Given that the variable Item_Count is not updated in this task body, the compiler might otherwise have optimized the code and not generated code to reevaluate Item_Count every time it is read:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{Item_Count\ensuremath{\text{ }}:\ensuremath{\text{ }}Natural\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\DecValTok{1000}\NormalTok{;}\newline
\KeywordTok{pragma}\ensuremath{\text{ }}\KeywordTok{Volatile}\ensuremath{\text{ }}\NormalTok{(Item_Count);}\newline
\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Request_Manager\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Local_Num_Requested\ensuremath{\text{ }}:\ensuremath{\text{ }}Natural\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{select}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{Make_Request\ensuremath{\text{ }}(Num\ensuremath{\text{ }}:\ensuremath{\text{ }}Natural)\ensuremath{\text{ }}}\KeywordTok{do}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Local_Num_Requested\ensuremath{\text{ }}:=\ensuremath{\text{ }}Num;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Make_Request;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{or}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Local_Num_Requested\ensuremath{\text{ }}=\ensuremath{\text{ }}Personal_Limit\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{Get_Container;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{or}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Local_Num_Requested\ensuremath{\text{ }}\ensuremath{\text{ }}Item_Count\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{Dispense\ensuremath{\text{ }}}\KeywordTok{do}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}output\ensuremath{\text{ }}appropriate\ensuremath{\text{ }}message\ensuremath{\text{ }}if\ensuremath{\text{ }}couldn{\char13}t\ensuremath{\text{ }}service}\newline
\ensuremath{\text{ }}\NormalTok{request}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Dispense;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Item_Count\ensuremath{\text{ }}:=\ensuremath{\text{ }}Item_Count\ensuremath{\text{ }}-\ensuremath{\text{ }}Local_Num_Requested;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}select}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Request_Manager;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

There are many techniques for protecting and synchronizing data access. You must program most of them yourself to use them. It is difficult to write a program that shares unprotected data correctly. If it is not done correctly, the reliability of the program suffers.
Ada provides protected objects that encapsulate and provide synchronized access to protected data that is shared between tasks. Protected objects are expected to provide better performance than the rendezvous that usually requires introduction of an additional task to manage the shared data. The use of unprotected shared variables is more error-{}prone than the protected objects or rendezvous because the programmer must ensure that the unprotected shared variables are independently addressable and that the actions of reading or updating the same unprotected shared variable are sequential (Ada Reference Manual 1995, Â§9.10; Rationale 1995, Â§II.9).
The first example above has a race condition requiring perfect interleaving of execution. This code can be made more reliable by introducing a flag that is set by Spool_Server and reset by Line_Printer_Driver. An if (condition flag) then delay ... else would be added to each task loop in order to ensure that the interleaving is satisfied. However, notice that this approach requires a delay and the associated rescheduling. Presumably, this rescheduling overhead is what is being avoided by not using the rendezvous.
You might need to use an object in shared memory to communicate data between (Rationale 1995, Â§C.5):

\begin{myitemize}
\item{}Ada tasks
\item{}An Ada program and concurrent non-{}Ada processes
\item{}An Ada program and hardware devices

\end{myitemize}

If your environment supports the Systems Programming Annex (Ada Reference Manual 1995, Annex C), you should indicate whether loads and stores to the shared object must be indivisible. If you specify the pragma Atomic, make sure that the object meets the underlying hardware requirements for size and alignment. Multiple tasks sharing the predefined random number generator and certain input/output subprograms can lead to problems with unprotected updates to shared state. The Ada Reference Manual (1995, Â§A.5.2) points out the need for tasks to synchronize their access to the random number generators (packages Ada.Numerics.Float_Random and Ada.Numerics.Discrete_Random). See Guideline 7.7.5 for the I/O issue.
\subsection{Selective Accepts and Entry Calls}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use caution with conditional entry calls to task entries.
\item{}Use caution with selective accept with else parts.
\item{}Do not depend upon a particular delay in timed entry calls to task entries.
\item{}Do not depend upon a particular delay in selective accepts with delay alternatives.
\item{}Consider using protected objects instead of the rendezvous for data-{}oriented synchronization.

\end{myitemize}

\subsubsection{example}

The conditional entry call in the following code results in a potential race condition that might degenerate into a busy waiting loop (i.e., perform the same calculation over and over). The task Current_Position containing entry Request_New_Coordinates might never execute if the loop-{}containing task (shown in the following code fragment) has a higher priority than Current_Position because it does not release the processing resource:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Calculate_Flightpath\ensuremath{\text{ }}}\KeywordTok{is}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{select}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Current_Position.Request_New_Coordinates\ensuremath{\text{ }}(X,\ensuremath{\text{ }}Y);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}calculate\ensuremath{\text{ }}projected\ensuremath{\text{ }}location\ensuremath{\text{ }}based\ensuremath{\text{ }}on\ensuremath{\text{ }}new\ensuremath{\text{ }}coordinates}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}calculate\ensuremath{\text{ }}projected\ensuremath{\text{ }}location\ensuremath{\text{ }}based\ensuremath{\text{ }}on\ensuremath{\text{ }}last\ensuremath{\text{ }}locations}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}select}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Calculate_Flightpath;}\newline
\end{Highlighting}
\end{Shaded}


The addition of a delay, as shown, may allow Current_Position to execute until it reaches an accept for Request_New_Coordinates:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Calculate_Flightpath\ensuremath{\text{ }}}\KeywordTok{is}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{select}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Current_Position.Request_New_Coordinates(X,\ensuremath{\text{ }}Y);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}calculate\ensuremath{\text{ }}projected\ensuremath{\text{ }}location\ensuremath{\text{ }}based\ensuremath{\text{ }}on\ensuremath{\text{ }}new\ensuremath{\text{ }}coordinates}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}calculate\ensuremath{\text{ }}projected\ensuremath{\text{ }}location\ensuremath{\text{ }}based\ensuremath{\text{ }}on\ensuremath{\text{ }}last\ensuremath{\text{ }}locations}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{delay}\ensuremath{\text{ }}\KeywordTok{until}\ensuremath{\text{ }}\NormalTok{Time_To_Execute;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Time_To_Execute\ensuremath{\text{ }}:=\ensuremath{\text{ }}Time_To_Execute\ensuremath{\text{ }}+\ensuremath{\text{ }}Period;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}select}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Calculate_Flightpath;}\newline
\end{Highlighting}
\end{Shaded}


$\text{ }$\newline{}

The following selective accept with else again does not degenerate into a busy wait loop only because of the addition of a delay statement:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Buffer_Messages\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{delay}\ensuremath{\text{ }}\KeywordTok{until}\ensuremath{\text{ }}\NormalTok{Time_To_Execute;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{select}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{Get_New_Message\ensuremath{\text{ }}(Message\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{String}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{do}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}copy\ensuremath{\text{ }}message\ensuremath{\text{ }}to\ensuremath{\text{ }}parameters}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Get_New_Message;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Don{\char13}t\ensuremath{\text{ }}wait\ensuremath{\text{ }}for\ensuremath{\text{ }}rendezvous}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}perform\ensuremath{\text{ }}built\ensuremath{\text{ }}in\ensuremath{\text{ }}test\ensuremath{\text{ }}Functions}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}select}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Time_To_Execute\ensuremath{\text{ }}:=\ensuremath{\text{ }}Time_To_Execute\ensuremath{\text{ }}+\ensuremath{\text{ }}Period;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Buffer_Messages;}\newline
\end{Highlighting}
\end{Shaded}


$\text{ }$\newline{}

The following timed entry call might be considered an unacceptable implementation if lost communications with the reactor for over 25 milliseconds results in a critical situation:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Monitor_Reactor\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{select}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Reactor.Status(OK);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{or}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{delay}\ensuremath{\text{ }}\FloatTok{0.025}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}lost\ensuremath{\text{ }}communication\ensuremath{\text{ }}for\ensuremath{\text{ }}more\ensuremath{\text{ }}that\ensuremath{\text{ }}25\ensuremath{\text{ }}milliseconds}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Emergency_Shutdown;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}select}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}process\ensuremath{\text{ }}reactor\ensuremath{\text{ }}status}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Monitor_Reactor;}\newline
\end{Highlighting}
\end{Shaded}


$\text{ }$\newline{}

In the following \symbol{34}selective accept with delay\symbol{34} example, the accuracy of the coordinate calculation function is bounded by time. For example, the required accuracy cannot be obtained unless Period is within + or -{} 0.005 seconds. This period cannot be guaranteed because of the inaccuracy of the delay statement:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Current_Position\ensuremath{\text{ }}}\KeywordTok{is}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{select}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{Request_New_Coordinates\ensuremath{\text{ }}(X\ensuremath{\text{ }}:\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{out}\ensuremath{\text{ }}\DataTypeTok{Integer}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Y\ensuremath{\text{ }}:\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{out}\ensuremath{\text{ }}\DataTypeTok{Integer}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{do}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}copy\ensuremath{\text{ }}coordinates\ensuremath{\text{ }}to\ensuremath{\text{ }}parameters}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Request_New_Coordinates;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{or}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{delay}\ensuremath{\text{ }}\KeywordTok{until}\ensuremath{\text{ }}\NormalTok{Time_To_Execute;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}select}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Time_To_Execute\ensuremath{\text{ }}:=\ensuremath{\text{ }}Time_To_Execute\ensuremath{\text{ }}+\ensuremath{\text{ }}Period;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Read\ensuremath{\text{ }}Sensors}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}execute\ensuremath{\text{ }}coordinate\ensuremath{\text{ }}transformations}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Current_Position;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Use of these constructs always poses a risk of race conditions. Using them in loops, particularly with poorly chosen task priorities , can have the effect of busy waiting.
These constructs are very much implementation dependent. For conditional entry calls and selective accepts with else parts, the Ada Reference Manual (1995, Â§9.7) does not define \symbol{34}immediately.\symbol{34} For timed entry calls and selective accepts with delay alternatives, implementors might have ideas of time that differ from each other and from your own. Like the delay statement, the delay alternative on the select construct might wait longer than the time required (see Guideline 6.1.7).
Protected objects offer an efficient means for providing data-{}oriented synchronization. Operations on protected objects incur less execution overhead than tasks and are more efficient for data synchronization and communication than the rendezvous. See Guideline 6.1.1 for an example of this use of protected objects.
\subsection{Communication Complexity}

\subsubsection{guideline}


\begin{myitemize}
\item{}Minimize the number of accept and select statements per task .
\item{}Minimize the number of accept statements per entry.

\end{myitemize}

\subsubsection{example}

Use:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{A;}\newline
\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Mode_1\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}do\ensuremath{\text{ }}one\ensuremath{\text{ }}thing}\newline
\KeywordTok{else}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Mode_2}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}do\ensuremath{\text{ }}something\ensuremath{\text{ }}different}\newline
\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


rather than:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Mode_1\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{A;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}do\ensuremath{\text{ }}one\ensuremath{\text{ }}thing}\newline
\KeywordTok{else}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Mode_2}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{A;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}do\ensuremath{\text{ }}something\ensuremath{\text{ }}different}\newline
\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

This guideline reduces conceptual complexity. Only entries necessary to understand externally observable task behavior should be introduced. If there are several different accept and select statements that do not modify task behavior in a way important to the user of the task, there is unnecessary complexity introduced by the proliferation of select/accept statements. Externally observable behavior important to the task user includes task timing behavior, task rendezvous initiated by the entry calls, prioritization of entries, or data updates (where data is shared between tasks).
\subsubsection{notes}

Sanden (1994) argues that you need to trade off the complexity of the guards associated with the accept statements against the number of select/accept statements. Sanden (1994) shows an example of a queue controller for bank tellers where there are two modes, open and closed. You can implement this scenario with one loop and two select statements, one for the open mode and the other for the closed mode. Although you are using more select/accept statements, Sanden (1994) argues that the resulting program is easier to understand and verify.
\section{Termination}

The ability of tasks to interact with each other using Ada\textquotesingle{}s intertask communication features makes it especially important to manage planned or unplanned (e.g., in response to a catastrophic exception condition) termination in a disciplined way. To do otherwise can lead to a proliferation of undesired and unpredictable side effects as a result of the termination of a single task. The guidelines on termination focus on the termination of tasks. Wherever possible, you should use protected objects (see Guideline 6.1.1), thus avoiding the termination problems associated with tasks.
\subsection{Avoiding Undesired Termination}

\subsubsection{guideline}


\begin{myitemize}
\item{}Consider using an exception handler for a rendezvous within the main loop inside each task.

\end{myitemize}

\subsubsection{example}

In the following example, an exception raised using the primary sensor is used to change Mode to Degraded still allowing execution of the system:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{...}\newline
\KeywordTok{loop}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Recognize_Degraded_Mode:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{case}\ensuremath{\text{ }}\NormalTok{Mode\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Primary\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{select}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Current_Position_Primary.Request_New_Coordinates}\newline
\ensuremath{\text{ }}\NormalTok{(X,\ensuremath{\text{ }}Y);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{or}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{delay}\ensuremath{\text{ }}\FloatTok{0.25}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Decide\ensuremath{\text{ }}whether\ensuremath{\text{ }}to\ensuremath{\text{ }}switch\ensuremath{\text{ }}modes;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}select}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Degraded\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Current_Position_Backup.Request_New_Coordinates\ensuremath{\text{ }}(X,}\newline
\ensuremath{\text{ }}\NormalTok{Y);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}case}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{exception}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Tasking_Error\ensuremath{\text{ }}\textbar{}\ensuremath{\text{ }}Program_Error\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Mode\ensuremath{\text{ }}:=\ensuremath{\text{ }}Degraded;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Recognize_Degraded_Mode;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\NormalTok{...}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Allowing a task to terminate might not support the requirements of the system. Without an exception handler for the rendezvous within the main task loop, the functions of the task might not be performed.
\subsubsection{notes}

The use of an exception handler is the only way to guarantee recovery from an entry call to an abnormal task. Use of the \textquotesingle{}Terminated attribute to test a task\textquotesingle{}s availability before making the entry call can introduce a race condition where the tested task fails after the test but before the entry call (see Guideline 6.2.3).
\subsection{Normal Termination}

\subsubsection{guideline}


\begin{myitemize}
\item{}Do not create nonterminating tasks unintentionally.
\item{}Explicitly shut down tasks that depend on library packages.
\item{}Confirm that a task is terminated before freeing it with Ada.Unchecked_Deallocation.
\item{}Consider using a select statement with a terminate alternative rather than an accept statement alone.
\item{}Consider providing a terminate alternative for every selective accept that does not require an else part or a delay .
\item{}Do not declare or create a task within a user-{}defined Finalize procedure after the environment task has finished waiting for other tasks.

\end{myitemize}

\subsubsection{example}

This task will never terminate:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Message_Buffer\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{begin}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Message_Buffer}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{select}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Head\ensuremath{\text{ }}/=\ensuremath{\text{ }}Tail\ensuremath{\text{ }}=\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}Circular\ensuremath{\text{ }}buffer\ensuremath{\text{ }}not\ensuremath{\text{ }}empty}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{Retrieve\ensuremath{\text{ }}(Value\ensuremath{\text{ }}:\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Element)\ensuremath{\text{ }}}\KeywordTok{do}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Retrieve;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{or}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\KeywordTok{not}\ensuremath{\text{ }}\NormalTok{((Head\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}Index{\char13}First\ensuremath{\text{ }}}\KeywordTok{and}\ensuremath{\text{ }}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Tail\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}Index{\char13}Last)\ensuremath{\text{ }}}\KeywordTok{or}\ensuremath{\text{ }}\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{(Head\ensuremath{\text{ }}/=\ensuremath{\text{ }}Index{\char13}First\ensuremath{\text{ }}}\KeywordTok{and}\ensuremath{\text{ }}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Tail\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}Index{\char13}Pred(Head))\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }})}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{=\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}Circular\ensuremath{\text{ }}buffer\ensuremath{\text{ }}not\ensuremath{\text{ }}full}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{Store\ensuremath{\text{ }}(Value\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Element);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}select}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Message_Buffer;}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

The implicit environment task does not terminate until all other tasks have terminated. The environment task serves as a master for all other tasks created as part of the execution of the partition; it awaits termination of all such tasks in order to perform finalization of any remaining objects of the partition. Thus, a partition will exist until all library tasks are terminated.
A nonterminating task is a task whose body consists of a nonterminating loop with no selective accept with terminate or a task that depends on a library package. Execution of a subprogram or block containing a task cannot complete until the task terminates. Any task that calls a subprogram containing a nonterminating task will be delayed indefinitely.
A task that depends on a library package cannot be forced to terminate using a selective accept construct with alternative and should be terminated explicitly during program shutdown. One way to explicitly shut down tasks that depend on library packages is to provide them with exit entries and have the main subprogram call the exit entry just before it terminates.
The Ada Reference Manual (1995, Â§13.11.2) states that a bounded error results from freeing a discriminated, unterminated task object. The danger lies in deallocating the discriminants as a result of freeing the task object. The effect of unterminated tasks containing bounded errors at the end of program execution is undefined.
Execution of an accept statement or of a selective accept statement without an else part, a delay, or a terminate alternative cannot proceed if no task ever calls the entry(s) associated with that statement. This could result in deadlock. Following the guideline to provide a terminate alternative for every selective accept without an else or a delay entails programming multiple termination points in the task body. A reader can easily \symbol{34}know where to look\symbol{34} for the normal termination points in a task body. The termination points are the end of the body\textquotesingle{}s sequence of statements and alternatives to select statements.
When the environment task has been terminated, either normally or abnormally, the language does not specify whether to await a task activated during finalization of the controlled objects in a partition. While the environment task is waiting for all other tasks in the partition to complete, starting up a new task during finalization results in a bounded error (Ada Reference Manual 1995, Â§10.2). The exception Program_Error can be raised during creation or activation of such a task.
\subsubsection{exceptions}

If you are implementing a cyclic executive, you might need a scheduling task that does not terminate. It has been said that no real-{}time system should be programmed to terminate. This is extreme. Systematic shutdown of many real-{}time systems is a desirable safety feature.
If you are considering programming a task not to terminate, be certain that it is not a dependent of a block or subprogram from which the task\textquotesingle{}s caller(s) will ever expect to return. Because entire programs can be candidates for reuse (see Chapter 8), note that the task (and whatever it depends upon) will not terminate. Also be certain that for any other task that you do wish to terminate, its termination does not await this task\textquotesingle{}s termination. Reread and fully understand the Ada Reference Manual (1995, Â§9.3) on \symbol{34}Task Dependence-{}Termination of Tasks.\symbol{34}
\subsection{The Abort Statement}

\subsubsection{guideline}


\begin{myitemize}
\item{}Avoid using the abort statement.
\item{}Consider using the asynchronous select statement rather than the abort statement.
\item{}Minimize uses of the asynchronous select statement.
\item{}Avoid assigning nonatomic global objects from a task or from the abortable part of an asynchronous select statement.

\end{myitemize}

\subsubsection{example}

If required in the application, provide a task entry for orderly shutdown.
The following example of asynchronous transfer of control shows a database transaction. The database operation may be cancelled (through a special input key) unless the commit transaction has begun. The code is extracted from the Rationale (1995, Â§9.4):


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Ada.Finalization;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Txn_Pkg\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Txn_Status\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{(Incomplete,\ensuremath{\text{ }}Failed,\ensuremath{\text{ }}Succeeded);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Transaction\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Ada.Finalization.Limited_Controlled\ensuremath{\text{ }}}\KeywordTok{with}\newline
\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Finalize\ensuremath{\text{ }}(Txn\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{transaction);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Set_Status\ensuremath{\text{ }}(Txn\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Transaction;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Status\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Txn_Status);}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Transaction\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Ada.Finalization.Limited_Controlled\ensuremath{\text{ }}}\KeywordTok{with}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Status\ensuremath{\text{ }}:\ensuremath{\text{ }}Txn_Status\ensuremath{\text{ }}:=\ensuremath{\text{ }}Incomplete;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{pragma}\ensuremath{\text{ }}\KeywordTok{Atomic}\ensuremath{\text{ }}\NormalTok{(Status);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{.\ensuremath{\text{ }}.\ensuremath{\text{ }}.\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}More\ensuremath{\text{ }}components}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Txn_Pkg;}\newline
\CommentTok{--------}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Txn_Pkg\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Finalize\ensuremath{\text{ }}(Txn\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Transaction)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Finalization\ensuremath{\text{ }}runs\ensuremath{\text{ }}with\ensuremath{\text{ }}abort\ensuremath{\text{ }}and\ensuremath{\text{ }}ATC\ensuremath{\text{ }}deferred}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Txn.Status\ensuremath{\text{ }}=\ensuremath{\text{ }}Succeeded\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Commit\ensuremath{\text{ }}(Txn);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Rollback\ensuremath{\text{ }}(Txn);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Finalize;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{.\ensuremath{\text{ }}.\ensuremath{\text{ }}.\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}body\ensuremath{\text{ }}of\ensuremath{\text{ }}procedure\ensuremath{\text{ }}Set_Status}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Txn_Pkg;}\newline
\CommentTok{-------}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\CommentTok{--\ensuremath{\text{ }}sample\ensuremath{\text{ }}code\ensuremath{\text{ }}block\ensuremath{\text{ }}showing\ensuremath{\text{ }}how\ensuremath{\text{ }}Txn_Pkg\ensuremath{\text{ }}could\ensuremath{\text{ }}be\ensuremath{\text{ }}used:}\newline
\KeywordTok{declare}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Database_Txn\ensuremath{\text{ }}:\ensuremath{\text{ }}Transaction;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}declare\ensuremath{\text{ }}a\ensuremath{\text{ }}transaction,\ensuremath{\text{ }}will\ensuremath{\text{ }}commit\ensuremath{\text{ }}or\ensuremath{\text{ }}abort\ensuremath{\text{ }}during\ensuremath{\text{ }}finalization}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{select}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}wait\ensuremath{\text{ }}for\ensuremath{\text{ }}a\ensuremath{\text{ }}cancel\ensuremath{\text{ }}key\ensuremath{\text{ }}from\ensuremath{\text{ }}the\ensuremath{\text{ }}input\ensuremath{\text{ }}device}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Input_Device.Wait_For_Cancel;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}the\ensuremath{\text{ }}Status\ensuremath{\text{ }}remains\ensuremath{\text{ }}Incomplete,\ensuremath{\text{ }}so\ensuremath{\text{ }}that\ensuremath{\text{ }}the\ensuremath{\text{ }}transaction\ensuremath{\text{ }}will}\newline
\ensuremath{\text{ }}\KeywordTok{not}\ensuremath{\text{ }}\NormalTok{commit}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{then}\ensuremath{\text{ }}\KeywordTok{abort}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}do\ensuremath{\text{ }}the\ensuremath{\text{ }}transaction}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Read\ensuremath{\text{ }}(Database_Txn,\ensuremath{\text{ }}.\ensuremath{\text{ }}.\ensuremath{\text{ }}.);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Write\ensuremath{\text{ }}(Database_Txn,\ensuremath{\text{ }}.\ensuremath{\text{ }}.\ensuremath{\text{ }}.);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{.\ensuremath{\text{ }}.\ensuremath{\text{ }}.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Set_Status\ensuremath{\text{ }}(Database_Txn,\ensuremath{\text{ }}Succeeded);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}set\ensuremath{\text{ }}status\ensuremath{\text{ }}to\ensuremath{\text{ }}ensure\ensuremath{\text{ }}the\ensuremath{\text{ }}transaction\ensuremath{\text{ }}is\ensuremath{\text{ }}committed}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{exception}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\KeywordTok{others}\ensuremath{\text{ }}\NormalTok{=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.Put_Line\ensuremath{\text{ }}(}\StringTok{"Operation\ensuremath{\text{ }}failed\ensuremath{\text{ }}with\ensuremath{\text{ }}unhandled}\newline
\ensuremath{\text{ }}\KeywordTok{exception}\NormalTok{:}\StringTok{");}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Set_Status\ensuremath{\text{ }}(Database_Txn,\ensuremath{\text{ }}Failed);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}select}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Finalize\ensuremath{\text{ }}on\ensuremath{\text{ }}Database_Txn\ensuremath{\text{ }}will\ensuremath{\text{ }}be\ensuremath{\text{ }}called\ensuremath{\text{ }}here\ensuremath{\text{ }}and,\ensuremath{\text{ }}based\ensuremath{\text{ }}on\ensuremath{\text{ }}the}\newline
\ensuremath{\text{ }}\NormalTok{recorded}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}status,\ensuremath{\text{ }}will\ensuremath{\text{ }}either\ensuremath{\text{ }}commit\ensuremath{\text{ }}or\ensuremath{\text{ }}abort\ensuremath{\text{ }}the\ensuremath{\text{ }}transaction.}\newline
\KeywordTok{end}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

When an abort statement is executed, there is no way to know what the targeted task was doing beforehand. Data for which the target task is responsible might be left in an inconsistent state. The overall effect on the system of aborting a task in such an uncontrolled way requires careful analysis. The system design must ensure that all tasks depending on the aborted task can detect the termination and respond appropriately.
Tasks are not aborted until they reach an abort completion point such as beginning or end of elaboration, a delay statement, an accept statement, an entry call, a select statement, task allocation, or the execution of an exception handler. Consequently, the abort statement might not release processor resources as soon as you might expect. It also might not stop a runaway task because the task might be executing an infinite loop containing no abort completion points. There is no guarantee that a task will not abort until an abort completion point in multiprocessor systems, but the task will almost always stop running right away.
An asynchronous select statement allows an external event to cause a task to begin execution at a new point, without having to abort and restart the task (Rationale 1995, Â§9.3). Because the triggering statement and the abortable statement execute in parallel until one of them completes and forces the other to be abandoned, you need only one thread of control. The asynchronous select statement improves maintainability because the abortable statements are clearly delimited and the transfer cannot be mistakenly redirected.
In task bodies and in the abortable part of an asynchronous select, you should avoid assigning to nonatomic global objects, primarily because of the risk of an abort occurring before the nonatomic assignment completes. If you have one or more abort statements in your application and the assignment is disrupted, the target object can become abnormal, and subsequent uses of the object lead to erroneous execution (Ada Reference Manual 1995, Â§9.8). In the case of scalar objects, you can use the attribute \textquotesingle{}Valid, but there is no equivalent attribute for nonscalar objects. (See Guideline 5.9.1 for a discussion of the \textquotesingle{}Valid attribute.) You also can still safely assign to local objects and call operations of global protected objects.
\subsection{Abnormal Termination}

\subsubsection{guideline}


\begin{myitemize}
\item{}Place an exception handler for others at the end of a task body.
\item{}Consider having each exception handler at the end of a task body report the task\textquotesingle{}s demise.
\item{}Do not rely on the task status to determine whether a rendezvous can be made with the task.

\end{myitemize}

\subsubsection{example}

This is one of many tasks updating the positions of blips on a radar screen. When started, it is given part of the name by which its parent knows it. Should it terminate due to an exception, it signals the fact in one of its parent\textquotesingle{}s data structures:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Track\ensuremath{\text{ }}(My_Index\ensuremath{\text{ }}:\ensuremath{\text{ }}Track_Index)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Track;}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Track\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Neutral\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Boolean}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}True;}\newline
\KeywordTok{begin}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Track}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{select}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{or}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{terminate}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}select}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{exception}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\KeywordTok{others}\ensuremath{\text{ }}\NormalTok{=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\KeywordTok{not}\ensuremath{\text{ }}\NormalTok{Neutral\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Station(My_Index).Status\ensuremath{\text{ }}:=\ensuremath{\text{ }}Dead;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Track;}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

A task will terminate if an exception is raised within it for which it has no handler. In such a case, the exception is not propagated outside of the task (unless it occurs during a rendezvous). The task simply dies with no notification to other tasks in the program. Therefore, providing exception handlers within the task, and especially a handler for others, ensures that a task can regain control after an exception occurs. If the task cannot proceed normally after handling an exception, this affords it the opportunity to shut itself down cleanly and to notify tasks responsible for error recovery necessitated by the abnormal termination of the task.
You should not use the task status to determine whether a rendezvous can be made with the task. If Task A depends on Task B and Task A checks the status flag before it rendezvouses with Task B, there is a potential that Task B fails between the status test and the rendezvous. In this case, Task A must provide an exception handler to handle the Tasking_Error exception raised by the call to an entry of an abnormal task (see Guideline 6.3.1).
\subsection{Circular Task Calls}

\subsubsection{guideline}


\begin{myitemize}
\item{}Do not call a task entry that directly or indirectly results in a call to an entry of the original calling task.

\end{myitemize}

\subsubsection{rationale}

A software failure known as task deadlock will occur if a task calls one of its own entries directly or indirectly via a circular chain of calls.
\subsection{Setting Exit Status}

\subsubsection{guideline}


\begin{myitemize}
\item{}Avoid race conditions in setting an exit status code from the main program when using the procedure Ada.Command_Line.Set_Exit_Status.
\item{}In a program with multiple tasks, encapsulate, serialize, and check calls to the procedure Ada.Command_Line.Set_Exit_Status.

\end{myitemize}

\subsubsection{rationale}

In accordance with the rules of Ada, tasks in library-{}level packages may terminate after the main program task. If the program permits multiple tasks to use Set_Exit_Status, then there can be no guarantee that any particular status value is the one actually returned.
\section{Summary}

\subsection{concurrency options}


\begin{myitemize}
\item{}Consider using protected objects to provide mutually exclusive access to data.
\item{}Consider using protected objects to control or synchronize access to data shared by multiple tasks .
\item{}Consider using protected objects to implement synchronization, such as a passive resource monitor.
\item{}Consider encapsulating protected objects in the private part or body of a package.
\item{}Consider using a protected procedure to implement an interrupt handler.
\item{}Do not attach a protected procedure handler to a hardware interrupt if that interrupt has a maximum priority greater than the ceiling priority assigned to the handler.
\item{}Avoid the use of global variables in entry barriers.
\item{}Avoid the use of barrier expressions with side effects.
\item{}Use tasks to model selected asynchronous threads of control within the problem domain.
\item{}Consider using tasks to define concurrent algorithms.
\item{}Consider using rendezvous when your application requires synchronous unbuffered communication.
\item{}Consider using discriminants to minimize the need for an explicit initialization operation (Rationale 1995, Â§9.1).
\item{}Consider using discriminants to control composite components of the protected objects, including setting the size of an entry family (Rationale 1995, Â§9.1).
\item{}Consider using a discriminant to set the priority of a protected object (Rationale 1995, Â§9.1).
\item{}Consider using a discriminant to identify an interrupt to a protected object (Rationale 1995, Â§9.1).
\item{}Consider declaring a task type with a discriminant to indicate (Rationale 1995, Â§9.6):

\end{myitemize}
\item{}
Priority, storage size, and size of entry families of individual tasks of a type
\item{}Data associated with a task (through an access discriminant)


\item{}Consider using single task declarations to declare unique instances of concurrent tasks.
\item{}Consider using single protected declarations to declare unique instances of protected objects.
\item{}Minimize dynamic creation of tasks because of the potentially high startup overhead; reuse tasks by having them wait for new work on some appropriate entry queue.
\item{}Do not rely on pragma Priority unless your compiler supports the Real-{}Time Annex (Ada Reference Manual 1995, Annex D) and priority scheduling.
\item{}Minimize risk of priority inversion by use of protected objects and ceiling priority.
\item{}Do not rely upon task priorities to achieve a particular sequence of task execution.
\item{}Do not depend on a particular delay being achievable (Nissen and Wallis 1984).
\item{}Use a delay until not a delay statement to delay until a specific time has been reached.
\item{}Avoid using a busy waiting loop instead of a delay.
\item{}Carefully consider the placement of components of protected types within a tagged type inheritance hierarchy.
\item{}Consider using generics to provide extensibility of data types requiring the restrictions provided by protected objects.

\subsection{communication}


\begin{myitemize}
\item{}Minimize the work performed during a rendezvous .
\item{}Minimize the work performed in the selective accept loop of a task.
\item{}Consider using protected objects for data synchronization and communication.
\item{}Provide a handler for exception Program_Error whenever you cannot avoid a selectiveaccept statement whose alternatives can all be closed (Honeywell 1986).
\item{}Make systematic use of handlers for Tasking_Error.
\item{}Be prepared to handle exceptions during a rendezvous .
\item{}Consider using a when others exception handler.
\item{}Do not depend on the values of the task attributes \textquotesingle{}Callable or \textquotesingle{}Terminated (Nissen and Wallis 1984).
\item{}Do not depend on attributes to avoid Tasking_Error on an entry call.
\item{}For tasks, do not depend on the value of the entry attribute \textquotesingle{}Count.
\item{}Using the \textquotesingle{}Count attribute with protected entries is more reliable than using the \textquotesingle{}Count attribute with task entries.
\item{}Use calls on protected subprograms or entries to pass data between tasks rather than unprotected shared variables.
\item{}Do not use unprotected shared variables as a task synchronization device.
\item{}Do not reference nonlocal variables in a guard .
\item{}If an unprotected shared variable is necessary, use the pragma Volatile or Atomic.
\item{}Use caution with conditional entry calls to task entries.
\item{}Use caution with selective accepts with else parts.
\item{}Do not depend upon a particular delay in timed entry calls to task entries.
\item{}Do not depend upon a particular delay in selective accepts with delay alternatives.
\item{}Consider using protected objects instead of the rendezvous for data-{}oriented synchronization.
\item{}Minimize the number of accept and select statements per task .
\item{}Minimize the number of accept statements per entry.

\end{myitemize}

\subsection{termination}


\begin{myitemize}
\item{}Consider using an exception handler for a rendezvous within the main loop inside each task.
\item{}Do not create nonterminating tasks unintentionally.
\item{}Explicitly shut down tasks that depend on library packages.
\item{}Confirm that a task is terminated before freeing it with Ada.Unchecked_Deallocation.
\item{}Consider using a select statement with a terminate alternative rather than an accept statement alone.
\item{}Consider providing a terminate alternative for every selective accept that does not require an else part or a delay.
\item{}Do not declare or create a task within a user-{}defined Finalize procedure after the environment task has finished waiting for other tasks.
\item{}Avoid using the abort statement.
\item{}Consider using the asynchronous select statement rather than the abort statement.
\item{}Minimize uses of the asynchronous select statement.
\item{}Avoid assigning nonatomic global objects from a task or from the abortable part of an asynchronous select statement.
\item{}Place an exception handler for others at the end of a task body.
\item{}Consider having each exception handler at the end of a task body report the task\textquotesingle{}s demise.
\item{}Do not rely on the task status to determine whether a rendezvous can be made with the task.
\item{}Do not call a task entry that directly or indirectly results in a call to an entry of the original calling task.
\item{}Avoid race conditions in setting an exit status code from the main program when using the procedure Ada.Command_Line.Set_Exit_Status.
\item{}In a program with multiple tasks, encapsulate, serialize, and check calls to the procedure Ada.Command_Line.Set_Exit_Status.

\end{myitemize}

$\text{ }$\newline{}



\chapter{Portability}
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\section{Introduction}

Discussions concerning portability usually concentrate on the differences in computer systems, but the development and run-{}time environment may also change:

{\bfseries portability (software){\mbox{$~$}}}

\begin{myquote}
\item{}The ease with which software can be transferred from one computer system or environment to another (IEEE Dictionary 1984).
\end{myquote}


Most portability problems are not pure language issues. Portability involves hardware (byte order, device I/O) and software (utility libraries, operating systems, run-{}time libraries). This chapter will not address these challenging design issues.
This chapter does identify the more common portability problems that are specific to Ada when moving from one platform or compiler to another. It also suggests ways that nonportable code can be isolated. By using the implementation hiding features of Ada, the cost of porting can be significantly reduced.
In fact, many language portability issues are solved by the strict definition of the Ada language itself. In most programming languages, different dialects are prevalent as vendors extend or dilute a language for various reasons: conformance to a programming environment or features for a particular application domain. The Ada Compiler Validation Capability (ACVC) was developed by the U.S. Department of Defense at the Ada Validation Facility, ASD/SIDL, Wright-{}Patterson Air Force Base, to ensure that implementors strictly adhered to the Ada standard.
As part of the strict definition of Ada, certain constructs are defined to be erroneous, and the effect of executing an erroneous construct is unpredictable. Therefore, erroneous constructs are obviously not portable. Erroneous constructs and bounded errors are discussed in Guideline 5.9.10 and are not repeated in this chapter.
Most programmers new to the language expect Ada to eliminate all portability problems; it definitely does not. Certain areas of Ada are not yet covered by validation. The definition of Ada leaves certain details to the implementor. The compiler implementor\textquotesingle{}s choices, with respect to these details, affect portability.
The revisions to the Ada language approved in the 1995 standard generate a new area of portability concerns. Some programs are intended to have a long life and may start in Ada 83 (Ada Reference Manual 1983) but transition to Ada 95 (Ada Reference Manual 1995). Although this style guide focuses on the current Ada standard and does not address transition issues, there are portability issues relating to using certain features of the language. These issues revolve around the language features designated as obsolescent in Annex J of the Ada Reference Manual (1995).
The constructs of the language have been developed to satisfy a series of needs. These constructs can legitimately be used even though they may impact portability. There are some general principles to enhancing portability that are exemplified by many of the guidelines in this chapter. They are:

\begin{myitemize}
\item{}Recognize those Ada constructs that may adversely affect portability on the relevant implementations or platforms.
\item{}Rely on those Ada constructs that depend on characteristics shared by all relevant implementations. Avoid the use of those constructs whose implementation characteristics vary on the relevant platforms.
\item{}Localize and encapsulate nonportable features of a program if their use is essential.
\item{}Highlight the use of constructs that may cause portability problems.

\end{myitemize}

These guidelines cannot be applied thoughtlessly. Many of them involve a detailed understanding of the Ada model and its implementation. In many cases, you will have to make carefully considered tradeoffs between efficiency and portability. Reading this chapter should improve your insight into the tradeoffs involved. The material in this chapter was largely acquired from three sources: the Ada Run-{}Time Environments Working Group (ARTEWG) Catalogue of Ada Runtime Implementation Dependencies (ARTEWG 1986); the Nissen and Wallis book on Portability and Style in Ada (Nissen and Wallis 1984); and a paper written for the U.S. Air Force by SofTech on Ada Portability Guidelines (Pappas 1985). The last of these sources (Pappas 1985) encompasses the other two and provides an in-{}depth explanation of the issues, numerous examples, and techniques for minimizing portability problems. Conti (1987) is a valuable reference for understanding the latitude allowed for implementors of Ada and the criteria often used to make decisions.
This chapter\textquotesingle{}s purpose is to provide a summary of portability issues in the guideline format of this book. The chapter does not include all issues identified in the references but only the most significant. For an in-{}depth presentation, see Pappas (1985). A few additional guidelines are presented here and others are elaborated upon where applicable. For further reading on Ada I/O portability issues, see Matthews (1987), Griest (1989), and CECOM (1989).
Some of the guidelines in this chapter cross reference and place stricter constraints on other guidelines in this book. These constraints apply when portability is being emphasized.
Guidelines in this chapter are frequently worded \symbol{34}consider . . .\symbol{34} because hard and fast rules cannot apply in all situations. The specific choice you make in a given situation involves design tradeoffs. The rationale for these guidelines is intended to give you insight into some of these tradeoffs.
\section{Fundamentals}

This section introduces some generally applicable principles of writing portable Ada programs. It includes guidelines about the assumptions you should make with respect to a number of Ada features and their implementations and guidelines about the use of other Ada features to ensure maximum portability.
\subsection{Obsolescent Features}

\subsubsection{guideline}


\begin{myitemize}
\item{}In programs or components intended to have a long life, avoid using the features of Ada declared as \symbol{34}obsolescent\symbol{34} by Annex J of the Ada Reference Manual (1995), unless the use of the feature is needed for backward compatibility with Ada 83 (Ada Reference Manual 1983).
\item{}Document the use of any obsolescent features.
\item{}Avoid using the following features:

\end{myitemize}
\item{}
The short renamings of the packages in the predefined environment (e.g., Text_IO as opposed to Ada.Text_IO)
\item{}The character replacements of{\mbox{$~$}}! for |,{\mbox{$~$}}: for \#, and{\mbox{$~$}}\% for quotation marks
\item{}Reduced accuracy subtypes of floating-{}point types
\item{}The \textquotesingle{}Constrained attribute as applied to private types
\item{}The predefined package ASCII
\item{}The exception Numeric_Error
\item{}Various representation specifications, including at clauses, mod clauses, interrupt entries, and the Storage_Size attribute



\subsubsection{rationale}

Ten years of reflection on the use of Ada 83 led to the conclusion that some features of the original language are not as useful as originally intended. These features have been replaced with others in the Ada 95 revision. It would have been desirable to remove the obsolescent features completely, but that would have prevented the upward compatible transition of programs from Ada 83 to Ada 95. Thus, the obsolescent features remain in the language and are explicitly labeled as such in Annex J of the Ada Reference Manual (1995). The features listed in Annex J are candidates for removal from the language during its next revision. If a program\textquotesingle{}s lifetime may extend beyond the next language revision, it should avoid the obsolescent language features unless backward compatibility with Ada 83 forces their use.
\subsubsection{exceptions}

When you instantiate Ada.Text_IO.Float_IO, the values of the Default_Fore and Default_Aft fields are set from the values of the \textquotesingle{}Fore and \textquotesingle{}Aft attributes of the actual floating-{}point type used in the instantiation. If you declare a reduced accuracy floating-{}point type that you then use to instantiate Ada.Text_IO.Float_IO, the output field widths are determined from the reduced accuracy type, although the implementation accuracy is unchanged (Rationale 1995, Â§3.3).
\subsection{Global Assumptions}

\subsubsection{guideline}


\begin{myitemize}
\item{}Make informed assumptions about the support provided for the following on potential target platforms:

\end{myitemize}
\item{}
Number of bits available for type Integer (range constraints)
\item{}Number of decimal digits of precision available for floating-{}point types
\item{}Number of bits available for fixed-{}point types (delta and range constraints)
\item{}Number of characters per line of source text
\item{}Number of bits for Root_Integer expressions
\item{}Number of seconds for the range of Duration
\item{}Number of milliseconds for Duration\textquotesingle{}Small
\item{}Minimum and maximum scale for decimal types


\item{}Avoid assumptions about the values and the number of values included in the type Character.

\subsubsection{instantiation}


\begin{myitemize}
\item{}These are minimum values (or minimum precision in the case of Duration\textquotesingle{}Small) that a project or application might assume that an implementation provides. There is no guarantee that a given implementation provides more than the minimum, so these would be treated by the project or application as maximum values also.

\end{myitemize}
\item{}
16 bits available for type Integer (-{}2**15 .. 2**15 -{} 1)
\item{}6 decimal digits of precision available for floating-{}point types
\item{}24 bits available for fixed-{}point types
\item{}200 characters per line of source text
\item{}16 bits for expressions
\item{}-{}86_400 .. 86_400 seconds (1 day) for the range of Duration (as specified in Ada Reference Manual {$\text{[}$}1995, Â§9.6{$\text{]}$})
\item{}20 milliseconds for Duration\textquotesingle{}Small (as specified in Ada Reference Manual {$\text{[}$}1995, Â§9.6{$\text{]}$})



\subsubsection{rationale}

Some assumptions must be made with respect to certain implementation-{}specific values. The exact values assumed should cover the majority of the target equipment of interest. Choosing the lowest common denominator for values improves portability. Implementations may supply an alternate character set specific to a locale or environment. For instance, the implementation on an IBM-{}compatible PC may support that machine\textquotesingle{}s native character set rather than Latin 1. As a result, some character values may or may not be supported, for example, the smiley face.
\subsubsection{notes}

Of the microcomputers currently available for incorporation within embedded systems, 16-{}bit and 32-{}bit processors are prevalent. Using current representation schemes, 6 decimal digits of floating point accuracy imply a representation mantissa at least 21 bits wide, leaving 11 bits for exponent and sign within a 32-{}bit representation. This correlates with the data widths of floating point hardware currently available for the embedded systems market. A 32-{}bit minimum on fixed-{}point numbers correlates with the accuracy and storage requirements of floating point numbers. The 16-{}bit example for Root_Integer expressions matches that for Integer storage. (The 32-{}bit integers can be assumed if the application will only be considered for 32-{}bit processors with a corresponding 32-{}bit operating system and supporting compiler.)
The values for the range and accuracy of values of the predefined type Duration are the limits expressed in the Ada Reference Manual (1995, Â§9.6). You should not expect an implementation to provide a wider range or a finer granularity.
A standard-{}mode Ada character set of Latin 1 can be assumed in most cases for the contents and internal behavior of type Character and packages Character.Latin_1, Character.Handling, and Strings.Maps. However, this does not mean that the target hardware platform is capable of displaying the entire character set. You should not use a nonstandard Ada character set unless intentionally producing a nonportable user interface with a specific purpose.
\subsection{Comments}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use highlighting comments for each package, subprogram, and task where any nonportable features are present.
\item{}For each nonportable feature employed, describe the expectations for that feature.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Memory_Mapped_IO\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}WARNING\ensuremath{\text{ }}-\ensuremath{\text{ }}This\ensuremath{\text{ }}package\ensuremath{\text{ }}is\ensuremath{\text{ }}implementation\ensuremath{\text{ }}specific.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}It\ensuremath{\text{ }}uses\ensuremath{\text{ }}absolute\ensuremath{\text{ }}memory\ensuremath{\text{ }}addresses\ensuremath{\text{ }}to\ensuremath{\text{ }}interface\ensuremath{\text{ }}with\ensuremath{\text{ }}the\ensuremath{\text{ }}I/O}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}system.\ensuremath{\text{ }}It\ensuremath{\text{ }}assumes\ensuremath{\text{ }}a\ensuremath{\text{ }}particular\ensuremath{\text{ }}printer{\char13}s\ensuremath{\text{ }}line\ensuremath{\text{ }}length.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Change\ensuremath{\text{ }}memory\ensuremath{\text{ }}mapping\ensuremath{\text{ }}and\ensuremath{\text{ }}printer\ensuremath{\text{ }}details\ensuremath{\text{ }}when\ensuremath{\text{ }}porting.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Printer_Line_Length\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\DecValTok{132}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Data\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{array}\ensuremath{\text{ }}\NormalTok{(}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}Printer_Line_Length)\ensuremath{\text{ }}}\KeywordTok{of}\ensuremath{\text{ }}\NormalTok{Character;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Write_Line\ensuremath{\text{ }}(Line\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Data);}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Memory_Mapped_IO;}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{System;}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{System.Storage_Elements;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Memory_Mapped_IO\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}WARNING:\ensuremath{\text{ }}Implementation\ensuremath{\text{ }}specific\ensuremath{\text{ }}memory\ensuremath{\text{ }}address}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Buffer_Address\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{System.Address}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}System.Storage_Elements.To_Address(}\DecValTok{16}\NormalTok{#}\DecValTok{200}\NormalTok{#);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Write_Line\ensuremath{\text{ }}(Line\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Data)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Buffer\ensuremath{\text{ }}:\ensuremath{\text{ }}Data;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{Buffer{\char13}Address\ensuremath{\text{ }}}\KeywordTok{use}\ensuremath{\text{ }}\NormalTok{Buffer_Address;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Write_Line}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}perform\ensuremath{\text{ }}output\ensuremath{\text{ }}operation\ensuremath{\text{ }}through\ensuremath{\text{ }}specific\ensuremath{\text{ }}memory\ensuremath{\text{ }}locations.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Write_Line;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Memory_Mapped_IO;}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Explicitly commenting each breach of portability will raise its visibility and aid in the porting process. A description of the nonportable feature\textquotesingle{}s expectations covers the common case where vendor documentation of the original implementation is not available to the person performing the porting process.
\subsection{Main Subprogram}

\subsubsection{guideline}


\begin{myitemize}
\item{}Consider using only a parameterless procedure as the main subprogram.
\item{}Consider using Ada.Command_Line for accessing values from the environment, but recognize that this package\textquotesingle{}s behavior and even its specification are nonportable (see Guideline 7.1.6).
\item{}Encapsulate and document all uses of package Ada.Command_Line.

\end{myitemize}

\subsubsection{example}

The following example encapsulates the arguments for a hypothetical \symbol{34}execution mode\symbol{34} argument passed from the environment. It encapsulates both the expected position and the expected values of the argument, as well as provides a default in cases where the environment was unable to provide the information:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Environment\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Execution_Mode\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{(Unspecified,\ensuremath{\text{ }}Interactive,\ensuremath{\text{ }}Batch);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Execution_Argument\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Execution_Mode;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Environment;}\newline
\ensuremath{\text{ }}\newline
\NormalTok{-}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Ada.Command_Line;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{use}\ensuremath{\text{ }}\NormalTok{Ada.Command_Line;}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Ada.Strings.Unbounded;\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{use}\ensuremath{\text{ }}\NormalTok{Ada.Strings.Unbounded;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Environment\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Execution_Argument\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Execution_Mode\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Execution_Argument_Number\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Interactive_Mode_String\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\DataTypeTok{String}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\StringTok{"-i"}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Batch_Mode_String\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\DataTypeTok{String}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\StringTok{"-b"}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Argument_Count\ensuremath{\text{ }}\ensuremath{\text{ }}Execution_Argument_Number\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Unspecified;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elsif}\ensuremath{\text{ }}\NormalTok{To_Unbounded_String\ensuremath{\text{ }}(Argument}\newline
\ensuremath{\text{ }}\NormalTok{(Execution_Argument_Number))\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Interactive_Mode_String\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Interactive;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elsif}\ensuremath{\text{ }}\NormalTok{To_Unbounded_String\ensuremath{\text{ }}(Argument}\newline
\ensuremath{\text{ }}\NormalTok{(Execution_Argument_Number))\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Batch_Mode_String\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Batch;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Unspecified;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Execution_Argument;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Environment;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

The predefined language environment declares the package Ada.Command_Line, providing a standardized way for a program to obtain the values of a command line. Because all Ada compilers must implement the packages in the predefined language environment, you can create a program that is more portable, maintainable, and readable by using this package. You should, however, be aware that even though the language defines the objects and type profiles of this package, it does not force a relationship between the function results and any other entity or operation, and thus, allows the possibility of a nonportable behavior and specification.
The value returned by the function Ada.Command_Line.Argument_Count is implementation-{}dependent. Different operating systems follow different conventions regarding the parsing and meaning of command line parameters. To enhance your program\textquotesingle{}s portability, assume the simplest case: that the external execution environment does not support passing arguments to a program.
Some operating systems are capable of acquiring and interpreting returned integer values near 0 from a function, but many others cannot. Further, many real-{}time, embedded systems will not be designed to terminate, so a function or a procedure having parameters with modes out or in out will be inappropriate to such applications.
This leaves procedures with in parameters. Although some operating systems can pass parameters into a program as it starts, others are not. Also, an implementation may not be able to perform type checking on such parameters even if the surrounding environment is capable of providing them.
\subsubsection{notes}

Real-{}time, embedded applications may not have an \symbol{34}operator\symbol{34} initiating the program to supply the parameters, in which case it would be more appropriate for the program to have been compiled with a package containing the appropriate constant values or for the program to read the necessary values from switch settings or a downloaded auxiliary file. In any case, the variation in surrounding initiating environments is far too great to depend upon the kind of last-{}minute (program) parameterization implied by (subprogram) parameters to the main subprogram. POSIX 5 provides a standard operating system command line interface that might be a more appropriate alternative to the Ada command line facility depending on the implementation family of an application.
\subsection{Encapsulating Implementation Dependencies}

\subsubsection{guideline}


\begin{myitemize}
\item{}Create packages specifically designed to isolate hardware and implementation dependencies and designed so that their specification will not change when porting.
\item{}Clearly indicate the objectives if machine or solution efficiency is the reason for hardware or implementation-{}dependent code.
\item{}For the packages that hide implementation dependencies, maintain different package bodies for different target environments.
\item{}Isolate interrupt receiving tasks into implementation-{}dependent packages.
\item{}Refer to Annex M of the Ada Reference Manual (1995) for a list of implementation-{}dependent features.

\end{myitemize}

\subsubsection{example}

See Guideline 7.1.3.
\subsubsection{rationale}

Encapsulating hardware and implementation dependencies in a package allows the remainder of the code to ignore them and, thus, to be fully portable. It also localizes the dependencies, making it clear exactly which parts of the code may need to change when porting the program.
Some implementation-{}dependent features may be used to achieve particular performance or efficiency objectives. Commenting these objectives ensures that the programmer can find an appropriate way to achieve them when porting to a different implementation or explicitly recognize that they cannot be achieved.
Interrupt entries are implementation-{}dependent features that may not be supported (e.g., VAX Ada uses pragmas to assign system traps to \symbol{34}normal\symbol{34} rendezvous). However, interrupt entries cannot be avoided in most embedded, real-{}time systems, and it is reasonable to assume that they are supported by an Ada implementation. The value for an interrupt is implementation-{}defined. Isolate it.
\subsubsection{notes}

You can use Ada to write machine-{}dependent programs that take advantage of an implementation in a manner consistent with the Ada model but that make particular choices where Ada allows implementation freedom. These machine dependencies should be treated in the same way as any other implementation-{}dependent features of the code.
\subsection{Implementation-{}Added Features}

\subsubsection{guideline}


\begin{myitemize}
\item{}Avoid the use of vendor-{}supplied packages.
\item{}Avoid the use of features added to the predefined packages that are not specified in the Ada language definition or Specialized Needs Annexes.

\end{myitemize}

\subsubsection{rationale}

Vendor-{}added features are not likely to be provided by other implementations. Even if a majority of vendors eventually provide similar additional features, they are unlikely to have identical formulations. Indeed, different vendors may use the same formulation for (semantically) entirely different features. See Guideline 7.5.2 for further information on vendor-{}supplied exceptions.
Ada has introduced a number of new pragmas and attributes that were not present in Ada 83 (Ada Reference Manual 1983). These new pragmas and attributes may clash with implementation-{}defined pragmas and attributes.
\subsubsection{exceptions}

There are many kinds of applications that require the use of these features. Examples include multilingual systems that standardize on a vendor\textquotesingle{}s file system, applications that are closely integrated with vendor products (i.e., user interfaces), and embedded systems for performance reasons. Isolate the use of these features into packages.
If a vendor-{}supplied package is provided in compilable source code form, use of the package does not make a program nonportable provided that the package does not contain any nonportable code and can be lawfully included in your program.
\subsection{Specialized Needs Annexes}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use features defined in the Specialized Needs Annexes rather than vendor-{}defined features.
\item{}Document clearly the use of any features from the Specialized Needs Annexes (systems programming, real-{}time systems, distributed systems, information systems, numerics, and safety and security).

\end{myitemize}

\subsubsection{rationale}

The Specialized Needs Annexes define standards for specific application areas without extending the syntax of the language. You can port a program with specific domain needs (e.g., distributed systems, information systems) across vendor implementations more easily if they support the features standardized in an annex rather than rely on specific vendor extensions. The purpose of the annexes is to provide a consistent and uniform way to address issues faced in several application areas where Ada is expected to be used. Because different compilers will support different sets of annexes if any, you may have portability problems if you rely on the features defined in any given annex.
The Specialized Needs Annexes provide special capabilities that go beyond the core language definition. Because compilers are not required to support the special-{}purpose annexes, you should localize your use of these features where possible. By documenting their usage, you are leaving a record of potential porting difficulties for future programmers.
\subsection{Dependence on Parameter Passing Mechanism}

\subsubsection{guideline}


\begin{myitemize}
\item{}Do not write code whose correct execution depends on the particular parameter passing mechanism used by an implementation (Ada Reference Manual 1995, Â§6.2; Cohen 1986).
\item{}If a subprogram has more than one formal parameter of a given subtype, at least one of which is {$\text{[}$}in{$\text{]}$} out, make sure that the subprogram can properly handle the case when both formal parameters denote the same actual object.

\end{myitemize}

\subsubsection{example}

The output of this program depends on the particular parameter passing mechanism that was used:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Ada.Integer_Text_IO;}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Outer\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Coordinates\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{X\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Integer}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Y\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Integer}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Outer_Point\ensuremath{\text{ }}:\ensuremath{\text{ }}Coordinates;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Inner\ensuremath{\text{ }}(Inner_Point\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Coordinates)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Inner_Point.X\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}The\ensuremath{\text{ }}following\ensuremath{\text{ }}line\ensuremath{\text{ }}causes\ensuremath{\text{ }}the\ensuremath{\text{ }}output\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}program\ensuremath{\text{ }}to}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}depend\ensuremath{\text{ }}on\ensuremath{\text{ }}the\ensuremath{\text{ }}parameter\ensuremath{\text{ }}passing\ensuremath{\text{ }}mechanism.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Integer_Text_IO.Put(Outer_Point.X);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Inner;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{begin}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Outer}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Integer_Text_IO.Put(Outer_Point.X);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Inner(Outer_Point);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Integer_Text_IO.Put(Outer_Point.X);}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Outer;}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


If the parameter passing mechanism is by copy, the results on the standard output file are:
0 0 5
If the parameter passing mechanism is by reference, the results are:
0 5 5
The following code fragment shows where there is a potential for bounded error when a procedure is called with actual parameters denoting the same object:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Test_Bounded_Error\ensuremath{\text{ }}(Parm_1\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{Integer}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Parm_2\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\DataTypeTok{Integer}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Inner\ensuremath{\text{ }}(Parm\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\DataTypeTok{Integer}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Parm\ensuremath{\text{ }}:=\ensuremath{\text{ }}Parm\ensuremath{\text{ }}*\ensuremath{\text{ }}}\DecValTok{10}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Inner;}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Parm_2\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Inner\ensuremath{\text{ }}(Parm_1);}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Test_Bounded_Error;}\newline
\end{Highlighting}
\end{Shaded}


In executing the procedure Test_Bounded_Error, both Parm_1 and Parm_2 denote the object Actual_Parm. After executing the first statement, the object Actual_Parm has the value 5. When the procedure Inner is called, its formal parameter Parm denotes Actual_Parm. It cannot be determined whether it denotes the old value of Parm_1, in this case 1, or the new value, in this case 5.


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{Actual_Parm\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Integer}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;}\newline
\NormalTok{...}\newline
\NormalTok{Test_Bounded_Error\ensuremath{\text{ }}(Actual_Parm,\ensuremath{\text{ }}Actual_Parm);\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}potential\ensuremath{\text{ }}bounded}\newline
\ensuremath{\text{ }}\NormalTok{error}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Certain composite types (untagged records and arrays) can be passed either by copy or by reference. If there are two or more formal parameters of the same type, one or more of which is writable, then you should document whether you assume that these formal parameters do not denote the same actual object. Similarly, if a subprogram that has a formal parameter of a given subtype also makes an up-{}level reference to an object of this same type, you should document whether you assume that the formal parameter denotes a different object from the object named in the up-{}level reference. In these situations where an object can be accessed through distinct formal parameter paths, the exception Program_Error may be raised, the new value may be read, or the old value of the object may be used (Ada Reference Manual 1995, Â§6.2).
See also Guideline 8.2.7.
\subsubsection{exceptions}

Frequently, when interfacing Ada to foreign code, dependence on parameter-{}passing mechanisms used by a particular implementation is unavoidable. In this case, isolate the calls to the foreign code in an interface package that exports operations that do not depend on the parameter-{}passing mechanism.
\subsection{Arbitrary Order Dependencies}

\subsubsection{guideline}


\begin{myitemize}
\item{}Avoid depending on the order in which certain constructs in Ada are evaluated.

\end{myitemize}

\subsubsection{example}

The output of this program depends upon the order of evaluation of subprogram parameters, but the Ada Reference Manual (1995, Â§6.4) specifies that these evaluations are done in an arbitrary order:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Utilities\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Unique_ID\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Integer}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Utilities;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Utilities\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{ID\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Integer}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Unique_ID\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Integer}\ensuremath{\text{ }}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{ID\ensuremath{\text{ }}:=\ensuremath{\text{ }}ID\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{ID;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Unique_ID;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Utilities;}\newline
\ensuremath{\text{ }}\newline
\CommentTok{-----------}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO;}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Utilities;\ensuremath{\text{ }}}\KeywordTok{use}\ensuremath{\text{ }}\NormalTok{Utilities;}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{P\ensuremath{\text{ }}}\KeywordTok{is}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.Put_Line\ensuremath{\text{ }}(Integer{\char13}Image(Unique_ID)\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\NormalTok{Integer{\char13}Image(Unique_ID));}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{P;}\newline
\end{Highlighting}
\end{Shaded}


If the parameters to the \symbol{34}{\mbox{$\&$}}\symbol{34} function are evaluated in textual order, the output is:
1 2
If the parameters are evaluated in the reverse order, the output is:
2 1
\subsubsection{rationale}

The Ada language defines certain evaluations to occur in arbitrary order (e.g., subprogram parameters). While a dependency on the order of evaluation may not adversely affect the program on a certain implementation, the code might not execute correctly when it is ported. For example, if two actual parameters of a subprogram call have side effects, the effect of the program could depend on the order of evaluation (Ada Reference Manual 1995, Â§1.1.4). Avoid arbitrary order dependencies, but also recognize that even an unintentional error of this kind could prohibit portability.
\section{Numeric Types and Expressions}

A great deal of care was taken with the design of the Ada features related to numeric computations to ensure that the language could be used in embedded systems and mathematical applications where precision was important. As far as possible, these features were made portable. However, there is an inevitable tradeoff between maximally exploiting the available precision of numeric computation on a particular machine and maximizing the portability of Ada numeric constructs. This means that these Ada features, particularly numeric types and expressions, must be used with great care if full portability of the resulting program is to be guaranteed.
\subsection{Predefined Numeric Types}

\subsubsection{guideline}


\begin{myitemize}
\item{}Avoid using the predefined numeric types in package Standard. Use range and digits declarations and let the implementation pick the appropriate representation.
\item{}For programs that require greater accuracy than that provided by the global assumptions, define a package that declares a private type and operations as needed; see Pappas (1985) for a full explanation and examples.
\item{}Consider using predefined numeric types (Integer, Natural, Positive) for:

\end{myitemize}
\item{}
Indexes into arrays where the index type is not significant, such as type String
\item{}\symbol{34}Pure\symbol{34} numbers, that is, numbers with no associated physical unit (e.g., exponents)
\item{}Values whose purpose is to control a repeat or iteration count



\subsubsection{example}

The second and third examples below are not representable as subranges of Integer on a machine with a 16-{}bit word. The first example below allows a compiler to choose a multiword representation, if necessary.
Use:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Second_Of_Day\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{0}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}86_400;}\newline
\end{Highlighting}
\end{Shaded}


rather than:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Second_Of_Day\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\DataTypeTok{Integer}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}86_400;}\newline
\end{Highlighting}
\end{Shaded}


or:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Second_Of_Day\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{Integer}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}86_400;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

An implementor is free to define the range of the predefined numeric types. Porting code from an implementation with greater accuracy to one of lesser accuracy is a time consuming and error-{}prone process. Many of the errors are not reported until run-{}time.
This applies to more than just numerical computation. An easy-{}to-{}overlook instance of this problem occurs if you neglect to use explicitly declared types for integer discrete ranges (array sizes, loop ranges, etc.) (see Guidelines 5.5.1 and 5.5.2). If you do not provide an explicit type when specifying index constraints and other discrete ranges, a predefined integer type is assumed.
The predefined numeric types are useful when you use them wisely. You should not use them to avoid declaring numeric typesâ��then you lose the benefits of strong typing. When your application deals with different kinds of quantities and units, you should definitely separate them through the use of distinct numeric types. However, if you are simply counting the number of iterations in an iterative approximation algorithm, declaring a special integer type is probably overkill. The predefined exponentiation operators ** require an integer as the type of its right operand.
You should use the predefined types Natural and Positive for manipulating certain kinds of values in the predefined language environment. The types String and Wide_String use an index of type Positive. If your code indexes into a string using an incompatible integer type, you will be forced to do type conversion, reducing its readability. If you are performing operations like slices and concatenation, the subtype of your numeric array index is probably insignificant and you are better off using a predefined subtype. On the other hand, if your array represents a table (e.g., a hash table), then your index subtype is significant, and you should declare a distinct index type.
\subsubsection{notes}

There is an alternative that this guideline permits. As Guideline 7.1.5 suggests, implementation dependencies can be encapsulated in packages intended for that purpose. This could include the definition of a 32-{}bit integer type. It would then be possible to derive additional types from that 32-{}bit type.
\subsection{Accuracy Model}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use an implementation that supports the Numerics Annex (Ada Reference Manual 1995, Annex G) when performance and accuracy are overriding concerns.

\end{myitemize}

\subsubsection{rationale}

The Numerics Annex defines the accuracy and performance requirements for floating-{} and fixed-{}point arithmetic. The Annex provides a \symbol{34}strict\symbol{34} mode in which the compiler must support these requirements. To guarantee that your program\textquotesingle{}s numerical performance is portable, you should compile and link in the strict mode. If your program relies upon the numeric properties of the strict mode, then it will only be portable to other environments that support the strict numerics mode.
The accuracy of floating-{}point numbers is based on what machine numbers can be represented exactly in storage. A computational result in a register can fall between two machine numbers when the register contains more bits than storage. You can step through the machine numbers using the attributes \textquotesingle{}Pred and \textquotesingle{}Succ. Other attributes return values of the mantissa, exponent, radix, and other characteristics of floating-{} and fixed-{}point numbers.
\subsection{Accuracy Analysis}

\subsubsection{guideline}


\begin{myitemize}
\item{}Carefully analyze what accuracy and precision you really need.

\end{myitemize}

\subsubsection{rationale}

Floating-{}point calculations are done with the equivalent of the implementation\textquotesingle{}s predefined floating-{}point types. The effect of extra \symbol{34}guard\symbol{34} digits in internal computations can sometimes lower the number of digits that must be specified in an Ada declaration. This may not be consistent over implementations where the program is intended to be run. It may also lead to the false conclusion that the declared types are sufficient for the accuracy required.
You should choose the numeric type declarations to satisfy the lowest precision (smallest number of digits) that will provide the required accuracy. Careful analysis will be necessary to show that the declarations are adequate. When you move to a machine with less precision, you probably can use the same type declaration.
\subsection{Accuracy Constraints}

\subsubsection{guideline}


\begin{myitemize}
\item{}Do not press the accuracy limits of the machine(s).

\end{myitemize}

\subsubsection{rationale}

Just because two different machines use the same number of digits in the mantissa of a floating-{}point number does not imply they will have the same arithmetic properties. Some Ada implementations may give slightly better accuracy than required by Ada because they make efficient use of the machine. Do not write programs that depend on this.
\subsection{Comments}

\subsubsection{guideline}


\begin{myitemize}
\item{}Comment the analysis and derivation of the numerical aspects of a program.

\end{myitemize}

\subsubsection{rationale}

Decisions and background about why certain precisions are required in a program are important to program revision or porting. The underlying numerical analysis leading to the program should be commented.
\subsection{Subexpression Evaluation}

\subsubsection{guideline}


\begin{myitemize}
\item{}Anticipate the range of values of subexpressions to avoid exceeding the underlying range of their base type. Use derived types, subtypes, factoring, and range constraints on numeric types (see Guidelines 3.4.1, 5.3.1, and 5.5.3).

\end{myitemize}

\subsubsection{example}

This example is adapted from the Rationale (1995, Â§3.3):


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO;}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Ada.Integer_Text_IO;}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Demo_Overflow\ensuremath{\text{ }}}\KeywordTok{is}\newline
\CommentTok{--\ensuremath{\text{ }}assume\ensuremath{\text{ }}the\ensuremath{\text{ }}predefined\ensuremath{\text{ }}type\ensuremath{\text{ }}Integer\ensuremath{\text{ }}has\ensuremath{\text{ }}a\ensuremath{\text{ }}16-bit\ensuremath{\text{ }}range}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{X\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Integer}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}24_000;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Y\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Integer}\NormalTok{;}\newline
\KeywordTok{begin}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Demo_Overflow}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{y\ensuremath{\text{ }}:=\ensuremath{\text{ }}(}\DecValTok{3}\ensuremath{\text{ }}\NormalTok{*\ensuremath{\text{ }}X)\ensuremath{\text{ }}/\ensuremath{\text{ }}}\DecValTok{4}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}raises\ensuremath{\text{ }}Constraint_Error\ensuremath{\text{ }}if\ensuremath{\text{ }}the\ensuremath{\text{ }}machine}\newline
\ensuremath{\text{ }}\NormalTok{registers\ensuremath{\text{ }}used\ensuremath{\text{ }}are\ensuremath{\text{ }}}\DecValTok{16}\NormalTok{-bit}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}mathematically\ensuremath{\text{ }}correct\ensuremath{\text{ }}intermediate\ensuremath{\text{ }}result\ensuremath{\text{ }}if\ensuremath{\text{ }}32-bit\ensuremath{\text{ }}registers}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.Put\ensuremath{\text{ }}(}\StringTok{"("}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Integer_Text_IO.Put\ensuremath{\text{ }}(X);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.Put\ensuremath{\text{ }}(}\StringTok{"\ensuremath{\text{ }}*\ensuremath{\text{ }}3\ensuremath{\text{ }})\ensuremath{\text{ }}/\ensuremath{\text{ }}4\ensuremath{\text{ }}=\ensuremath{\text{ }}"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Integer_Text_IO.Put\ensuremath{\text{ }}(Y);}\newline
\KeywordTok{exception}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Constraint_Error\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.Put_Line\ensuremath{\text{ }}(}\StringTok{"3\ensuremath{\text{ }}*\ensuremath{\text{ }}X\ensuremath{\text{ }}too\ensuremath{\text{ }}big\ensuremath{\text{ }}for\ensuremath{\text{ }}register!"}\NormalTok{);}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Demo_Overflow;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

The Ada language does not require that an implementation perform range checks on subexpressions within an expression. Ada does require that overflow checks be performed. Thus, depending on the order of evaluation and the size of the registers, a subexpression will either overflow or produce the mathematically correct result. In the event of an overflow, you will get the exception Constraint_Error. Even if the implementation on your program\textquotesingle{}s current target does not result in an overflow on a subexpression evaluation, your program might be ported to an implementation that does.
\subsection{Relational Tests}

\subsubsection{guideline}


\begin{myitemize}
\item{}Consider using {\mbox{$<$}}= and {\mbox{$>$}}= to do relational tests on real valued arguments, avoiding the {\mbox{$<$}}, {\mbox{$>$}}, =, and /= operations.
\item{}Use values of type attributes in comparisons and checking for small values.

\end{myitemize}

\subsubsection{example}

The following examples test for (1) absolute \symbol{34}equality\symbol{34} in storage, (2) absolute \symbol{34}equality\symbol{34} in computation, (3) relative \symbol{34}equality\symbol{34} in storage, and (4) relative \symbol{34}equality\symbol{34} in computation:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{abs}\ensuremath{\text{ }}\NormalTok{(X\ensuremath{\text{ }}-\ensuremath{\text{ }}Y)\ensuremath{\text{ }}=\ensuremath{\text{ }}Float_Type{\char13}Model_Small\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}(1)}\newline
\KeywordTok{abs}\ensuremath{\text{ }}\NormalTok{(X\ensuremath{\text{ }}-\ensuremath{\text{ }}Y)\ensuremath{\text{ }}=\ensuremath{\text{ }}Float_Type{\char13}Base{\char13}Model_Small\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}(2)}\newline
\KeywordTok{abs}\ensuremath{\text{ }}\NormalTok{(X\ensuremath{\text{ }}-\ensuremath{\text{ }}Y)\ensuremath{\text{ }}=\ensuremath{\text{ }}}\KeywordTok{abs}\ensuremath{\text{ }}\NormalTok{X\ensuremath{\text{ }}*\ensuremath{\text{ }}Float_Type{\char13}Model_Epsilon\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}(3)}\newline
\KeywordTok{abs}\ensuremath{\text{ }}\NormalTok{(X\ensuremath{\text{ }}-\ensuremath{\text{ }}Y)\ensuremath{\text{ }}=\ensuremath{\text{ }}}\KeywordTok{abs}\ensuremath{\text{ }}\NormalTok{X\ensuremath{\text{ }}*\ensuremath{\text{ }}Float_Type{\char13}Base{\char13}Model_Epsilon\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}(4)}\newline
\end{Highlighting}
\end{Shaded}


And, specifically, for \symbol{34}equality\symbol{34} to 0:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{abs}\ensuremath{\text{ }}\NormalTok{X\ensuremath{\text{ }}=\ensuremath{\text{ }}Float_Type{\char13}Model_Small\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}(1)}\newline
\KeywordTok{abs}\ensuremath{\text{ }}\NormalTok{X\ensuremath{\text{ }}=\ensuremath{\text{ }}Float_Type{\char13}Base{\char13}Model_Small\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}(2)}\newline
\KeywordTok{abs}\ensuremath{\text{ }}\NormalTok{X\ensuremath{\text{ }}=\ensuremath{\text{ }}}\KeywordTok{abs}\ensuremath{\text{ }}\NormalTok{X\ensuremath{\text{ }}*\ensuremath{\text{ }}Float_Type{\char13}Model_Epsilon\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}(3)}\newline
\KeywordTok{abs}\ensuremath{\text{ }}\NormalTok{X\ensuremath{\text{ }}=\ensuremath{\text{ }}}\KeywordTok{abs}\ensuremath{\text{ }}\NormalTok{X\ensuremath{\text{ }}*\ensuremath{\text{ }}Float_Type{\char13}Base{\char13}Model_Epsilon\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}(4)}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Strict relational comparisons ( {\mbox{$<$}}, {\mbox{$>$}}, =, /= ) are a general problem with computations involving real numbers. Because of the way comparisons are defined in terms of model intervals, it is possible for the values of the comparisons to depend on the implementation. Within a model interval, the result of comparing two values is nondeterministic if the values are not model numbers. In general, you should test for proximity rather than equality as shown in the examples. See also Rationale (1995, Â§Â§G.4.1 and G.4.2.).
Type attributes are the primary means of symbolically accessing the implementation of the Ada numeric model. When the characteristics of the model numbers are accessed by type attributes, the source code is portable. The appropriate model numbers of any implementation will then be used by the generated code.
Although 0 is technically not a special case, it is often overlooked because it looks like the simplest and, therefore, safest case. But in reality, each time comparisons involve small values, you should evaluate the situation to determine which technique is appropriate.
\subsubsection{notes}

Regardless of language, real-{}valued computations have inaccuracy. That the corresponding mathematical operations have algebraic properties usually introduces some confusion. This guideline explains how Ada deals with the problem that most languages face.
\subsection{Decimal Types and the Information Systems Annex}

\subsubsection{guideline}


\begin{myitemize}
\item{}In information systems, declare different numeric decimal types to correspond to different scales (Brosgol, Eachus, and Emery 1994).
\item{}Create objects of different decimal types to reflect different units of measure (Brosgol, Eachus, and Emery 1994).
\item{}Declare subtypes of the appropriately scaled decimal type to provide appropriate range constraints for application-{}specific types.
\item{}Encapsulate each measure category in a package (Brosgol, Eachus, and Emery 1994).
\item{}Declare as few decimal types as possible for unitless data (Brosgol, Eachus, and Emery 1994).
\item{}For decimal calculations, determine whether the result should be truncated toward 0 or rounded.
\item{}Avoid decimal types and arithmetic on compilers that do not support the Information Systems Annex (Ada Reference Manual 1995, Annex F) in full.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{--\ensuremath{\text{ }}The\ensuremath{\text{ }}salary\ensuremath{\text{ }}cap\ensuremath{\text{ }}today\ensuremath{\text{ }}is\ensuremath{\text{ }}\$500,000;\ensuremath{\text{ }}however\ensuremath{\text{ }}this\ensuremath{\text{ }}can\ensuremath{\text{ }}be\ensuremath{\text{ }}expanded\ensuremath{\text{ }}to}\newline
\ensuremath{\text{ }}\NormalTok{\$}\DecValTok{99}\NormalTok{,}\DecValTok{999}\NormalTok{,}\FloatTok{999.99}\NormalTok{.}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Executive_Salary\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{delta}\ensuremath{\text{ }}\FloatTok{0.01}\ensuremath{\text{ }}\KeywordTok{digits}\ensuremath{\text{ }}\DecValTok{10}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{0}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}500_000}\FloatTok{.00}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\CommentTok{---------}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Currency\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Dollars\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{delta}\ensuremath{\text{ }}\FloatTok{0.01}\ensuremath{\text{ }}\KeywordTok{digits}\ensuremath{\text{ }}\DecValTok{12}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Marks\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{delta}\ensuremath{\text{ }}\FloatTok{0.01}\ensuremath{\text{ }}\KeywordTok{digits}\ensuremath{\text{ }}\DecValTok{12}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Yen\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{delta}\ensuremath{\text{ }}\FloatTok{0.01}\ensuremath{\text{ }}\KeywordTok{digits}\ensuremath{\text{ }}\DecValTok{12}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{To_Dollars\ensuremath{\text{ }}(M\ensuremath{\text{ }}:\ensuremath{\text{ }}Marks)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Dollars;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{To_Dollars\ensuremath{\text{ }}(Y\ensuremath{\text{ }}:\ensuremath{\text{ }}Yen)\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Dollars;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{To_Marks\ensuremath{\text{ }}(D\ensuremath{\text{ }}:\ensuremath{\text{ }}Dollars)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Marks;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{To_Marks\ensuremath{\text{ }}(Y\ensuremath{\text{ }}:\ensuremath{\text{ }}Yen)\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Marks;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{To_Yen\ensuremath{\text{ }}(D\ensuremath{\text{ }}:\ensuremath{\text{ }}Dollars)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Yen;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{To_Yen\ensuremath{\text{ }}(M\ensuremath{\text{ }}:\ensuremath{\text{ }}Marks)\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Yen;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Currency;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

The Ada language does not provide any predefined decimal types. Therefore, you need to declare decimal types for the different scales you will need to use. Differences in scale and precision must be considered in deciding whether or not a common type will suffice (Brosgol, Eachus, and Emery 1994).
You need different types for objects measured in different units. This allows the compiler to detect mismatched values in expressions. If you declare all decimal objects to be of a single type, you forego the benefits of strong typing. For example, in an application that involves several currencies, each currency should be declared as a separate type. You should provide appropriate conversions between different currencies.
You should map data with no particular unit of measure to a small set of types or a single type to avoid the explosion of conversions between numeric types.
Separate the range requirement on a decimal type from its precision, i.e., the number of significant digits required. From the point of view of planning for change and ease of maintenance, you can use the digit\textquotesingle{}s value to accommodate future growth in the values to be stored in objects of the type. For example, you may want to anticipate growth for database values and report formats. You can constrain the values of the type through a range constraint that matches current needs. It is easier to modify the range and avoid redefining databases and reports.
Ada automatically truncates toward 0. If your requirements are to round the decimal result, you must explicitly do so using the \textquotesingle{}Round attribute.
The core language defines the basic syntax of and operations on decimal types. It does not specify, however, the minimum number of significant digits that must be supported. Nor does the core language require the compiler to support values of Small other than powers of 2, thus enabling the compiler effectively to reject a decimal declaration (Ada Reference Manual 1995, Â§3.5.9). The Information Systems Annex provides additional support for decimal types. It requires a minimum of 18 significant digits. It also specifies a Text_IO.Editing package that provides support analogous to the COBOL picture approach.
\subsection{Storage Control}

The management of dynamic storage can vary between Ada environments. In fact, some environments do not provide any deallocation. The following Ada storage control mechanisms are implementation-{}dependent and should be used with care in writing portable programs.
\subsection{Representation Clause}

\subsubsection{guideline}


\begin{myitemize}
\item{}Do not use a representation clause to specify number of storage units.

\end{myitemize}

\subsubsection{rationale}

The meaning of the \textquotesingle{}Storage_Size attribute is ambiguous; specifying a particular value will not improve portability. It may or may not include space allocated for parameters, data, etc. Save the use of this feature for designs that must depend on a particular vendor\textquotesingle{}s implementation.
\subsubsection{notes}

During a porting activity, it can be assumed that any occurrence of storage specification indicates an implementation dependency that must be redesigned.
\subsection{Access-{}to-{}Subprogram Values}

\subsubsection{guideline}


\begin{myitemize}
\item{}Do not compare access-{}to-{}subprogram values.

\end{myitemize}

\subsubsection{rationale}

The Ada Reference Manual (1995, Â§3.10.2) explains that an \symbol{34}implementation may consider two access-{}to-{}subprogram values to be unequal, even though they designate the same subprogram. This might be because one points directly to the subprogram, while the other points to a special prologue that performs an Elaboration_Check and then jumps to the subprogram.\symbol{34} The Ada Reference Manual (1995, Â§4.5.2) states that it is \symbol{34}unspecified whether two access values that designate the same subprogram but are the result of distinct evaluations of Access attribute references are equal or unequal.\symbol{34}
See also Guideline 5.3.4.
\subsubsection{exceptions}

If you must compare an access-{}to-{}subprogram value, you should define a constant using the access-{}to-{}subprogram value and make all future comparisons against the constant. However, if you attempt to compare access-{}to-{}subprogram values with different levels of indirection, the values might still be unequal, even if designating the same subprogram.
\subsection{Storage Pool Mechanisms}

\subsubsection{guideline}


\begin{myitemize}
\item{}Consider using explicitly defined storage pool mechanisms.

\end{myitemize}

\subsubsection{example}

See the Ada Reference Manual 1995, Â§13.11.2).
You use allocators as before. Instead of using unchecked deallocation, you maintain your own free lists of objects that are no longer in use and available for reuse.
You use allocators and possibly unchecked deallocation; however, you implement a storage pool and associate it with the access type(s) via a Storage_Pool clause. You can use this technique to implement a mark/release storage management paradigm, which might be significantly faster than an allocate/deallocate paradigm. Some vendors may provide a mark/release package as part of their Ada environment.
You do not use allocators, but instead use unchecked conversion from the address and do all your own default initialization, etc. It is unlikely you would use this last option because you lose automatic default initialization.
\section{Tasking}

The definition of tasking in the Ada language leaves many characteristics of the tasking model up to the implementor. This allows a vendor to make appropriate tradeoffs for the intended application domain, but it also diminishes the portability of designs and code employing the tasking features. In some respects, this diminished portability is an inherent characteristic of concurrency approaches (see Nissen and Wallis 1984, 37). A discussion of Ada tasking dependencies when employed in a distributed target environment is beyond the scope of this book. For example, multiprocessor task scheduling, interprocessor rendezvous, and the distributed sense of time through package Calendar are all subject to differences between implementations. For more information, Nissen and Wallis (1984) and ARTEWG (1986) touch on these issues, and Volz et al. (1985) is one of many research articles available.
If the Real-{}Time Systems Annex is supported, then many concurrency aspects are fully defined and, therefore, a program can rely on these features while still being portable to other implementations that conform to the Real-{}Time Systems Annex. The following sections provide guidelines based on the absence of this annex.
\subsection{Task Activation Order}

\subsubsection{guideline}


\begin{myitemize}
\item{}Do not depend on the order in which task objects are activated when declared in the same declarative list.

\end{myitemize}

\subsubsection{rationale}

The order in which task objects are activated is left undefined in the Ada Reference Manual (1995, Â§9.2). See also Guideline 6.1.5.
\subsection{Delay Statements}

\subsubsection{guideline}


\begin{myitemize}
\item{}Do not depend on a particular delay being achievable (Nissen and Wallis 1984).
\item{}Never use knowledge of the execution pattern of tasks to achieve timing requirements.

\end{myitemize}

\subsubsection{rationale}

The rationale for this appears in Guideline 6.1.7. In addition, the treatment of delay statements varies from implementation to implementation, thereby hindering portability.
Using knowledge of the execution pattern of tasks to achieve timing requirements is nonportable. Ada does not specify the underlying scheduling algorithm, and there is no guarantee that system clock ticks will be consistently precise between different systems. Thus, when you change system clocks, your delay behavior also changes.
\subsection{Package Calendar, Type Duration, and System.Tick}

\subsubsection{guideline}


\begin{myitemize}
\item{}Do not assume a correlation between System.Tick and type Duration (see Guidelines 6.1.7 and 7.4.2).

\end{myitemize}

\subsubsection{rationale}

Such a correlation is not required, although it may exist in some implementations.
\subsection{Select Statement Evaluation Order}

\subsubsection{guideline}


\begin{myitemize}
\item{}Do not depend on the order in which guard conditions are evaluated or on the algorithm for choosing among several open select alternatives.

\end{myitemize}

\subsubsection{rationale}

The language does not define the order of these conditions, so assume that they are arbitrary.
$\text{ }$\newline{}

\subsection{Task Scheduling Algorithm}

\subsubsection{guideline}


\begin{myitemize}
\item{}Do not assume that tasks execute uninterrupted until they reach a synchronization point.
\item{}Use pragma Priority to distinguish general levels of importance only (see Guideline 6.1.6).

\end{myitemize}

\subsubsection{rationale}

The Ada tasking model requires that tasks be synchronized only through the explicit means provided in the language (i.e., rendezvous, task dependence, pragma Atomic). The scheduling algorithm is not defined by the language and may vary from time sliced to preemptive priority. Some implementations provide several choices that a user may select for the application.
\subsubsection{notes}

The number of priorities may vary between implementations. In addition, the manner in which tasks of the same priority are handled may vary between implementations even if the implementations use the same general scheduling algorithm.
\subsubsection{exceptions}

In real-{}time systems, it is often necessary to tightly control the tasking algorithm to obtain the required performance. For example, avionics systems are frequently driven by cyclic events with limited asynchronous interruptions. A nonpreemptive tasking model is traditionally used to obtain the greatest performance in these applications. Cyclic executives can be programmed in Ada, as can a progression of scheduling schemes from cyclic through multiple-{}frame-{}rate to full asynchrony (MacLaren 1980), although an external clock is usually required.
\subsection{Abort}

\subsubsection{guideline}


\begin{myitemize}
\item{}Avoid using the abort statement.

\end{myitemize}

\subsubsection{rationale}

The rationale for this appears in Guideline 6.3.3. In addition, treatment of the abort statement varies from implementation to implementation, thereby hindering portability.
\subsection{Unprotected Shared Variables and Pragmas Atomic and Volatile}

\subsubsection{guideline}


\begin{myitemize}
\item{}Do not use unprotected shared variables.
\item{}Consider using protected types to provide data synchronization.
\item{}Have tasks communicate through the rendezvous mechanism.
\item{}Do not use unprotected shared variables as a task synchronization device.
\item{}Consider using protected objects to encapsulate shared data.
\item{}Use pragma Atomic or Volatile only when you are forced to by run-{}time system deficiencies.

\end{myitemize}

\subsubsection{example}

See Guidelines 6.1.1 and 6.1.2.
\subsubsection{rationale}

The rationale for this appears in Guidelines 6.1.1 and 6.2.4. In addition, the treatment of unprotected shared variables varies from implementation to implementation, thereby hindering portability.
\section{Exceptions}

You should exercise care when using predefined exceptions because aspects of their treatment may vary between implementations. Implementation-{}specific exceptions must, of course, be avoided. See Guidelines 4.3 an 5.8 for further information on exceptions. See Guideline 7.1.6 for further information on vendor-{}supplied features.
\subsection{Predefined and User-{}Defined Exceptions}

\subsubsection{guideline}


\begin{myitemize}
\item{}Do not depend on the exact locations at which predefined exceptions are raised.
\item{}Do not rely on the behavior of Ada.Exceptions beyond the minimum defined in the language.

\end{myitemize}

\subsubsection{rationale}

The Ada Reference Manual (1995, Â§11) states that, among implementations, a predefined exception for the same cause may be raised from different locations. You will not be able to discriminate between the exceptions. Further, each of the predefined exceptions is associated with a variety of conditions. Any exception handler written for a predefined exception must be prepared to deal with any of these conditions.
Guideline 5.6.9 discusses the use of blocks to define local exception handlers that can catch exceptions close to their point of origin.
\subsection{Implementation-{}Specific Exceptions}

\subsubsection{guideline}


\begin{myitemize}
\item{}Do not raise implementation-{}specific exceptions.
\item{}Convert implementation-{}specific exceptions within interface packages to visible user-{}defined exceptions.

\end{myitemize}

\subsubsection{rationale}

No exception defined specifically by an implementation can be guaranteed to be portable to other implementations whether or not they are from the same vendor. Not only may the names be different, but the range of conditions triggering the exceptions may be different also.
If you create interface packages for the implementation-{}specific portions of your program, those packages can catch or recognize implementation-{}specific exceptions and convert them into user-{}defined exceptions that have been declared in the specification. Do not allow yourself to be forced to find and change the name of every handler you have written for these exceptions when the program is ported.
\section{Representation Clauses And Implementation-{}Dependent Features}

Ada provides many implementation-{}dependent features that permit greater control over and interaction with the underlying hardware architecture than is normally provided by a high-{}order language. These mechanisms are intended to assist in systems programming and real-{}time programming to obtain greater efficiency (e.g., specific size and layout of variables through representation clauses) and direct hardware interaction (e.g., interrupt entries) without having to resort to assembly level programming. Given the objectives for these features, it is not surprising that you must usually pay a significant price in portability to use them. In general, where portability is the main objective, do not use these features. When you must use these features, encapsulate them in packages that are well-{}commented as interfacing to the particular target environment. This section identifies the various features and their recommended use with respect to portability.
\subsection{Representation Clauses}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use algorithms that do not depend on the representation of the data and, therefore, do not need representation clauses.
\item{}Consider using representation clauses when accessing or defining interface data or when a specific representation is needed to implement a design.
\item{}Do not assume that sharing source files between programs guarantees the same representation of data types in those files.

\end{myitemize}

\subsubsection{rationale}

In many cases, it is easy to use representation clauses to implement an algorithm, even when it is not necessary. There is also a tendency to document the original programmer\textquotesingle{}s assumptions about the representation for future reference. But there is no guarantee that another implementation will support the representation chosen. Unnecessary representation clauses also confuse porting or maintenance efforts, which must assume that the programmer depends on the documented representation.
Interfaces to external systems and devices are the most common situations where a representation clause is needed. Uses of pragma Import and address clauses should be evaluated during design and porting to determine whether a representation clause is needed.
Without representation clauses, the language does not require two compilations of an unchanged file to result in the same data representation. Things that can change the representation between compilations include:

\begin{myitemize}
\item{}A change in a file earlier in the compilation order
\item{}A change in the optimization strategy or level
\item{}A change in versions of the compiler
\item{}A change in actual compilers
\item{}A change in the availability of system resources

\end{myitemize}

Therefore, two independently linked programs or partitions should only share data that has their representations explicitly controlled.
\subsubsection{notes}

During a porting effort, all representation clauses can be evaluated as either design artifacts or specifications for accessing interface data that might change with a new implementation.
\subsection{Package System}

\subsubsection{guideline}


\begin{myitemize}
\item{}Avoid using package System constants except in attempting to generalize other machine-{}dependent constructs.

\end{myitemize}

\subsubsection{rationale}

Because the values in this package are implementation-{}provided, unexpected effects can result from their use.
\subsubsection{notes}

If you must guarantee that physical record layouts will remain the same between implementations, you can express record fields by their first and last bit positions as shown in the Ada Reference Manual (1995, Â§13.5.1). Static expressions and named numbers should be used to let the compiler compute the endpoints of each range in terms of earlier fields. In this case, greater portability can be achieved by using System.Storage_Unit to let the compiler compute the value of the named number. However, this method might not work for all values of System.Storage_Unit.
\subsubsection{exceptions}

Do use package System constants to parameterize other implementation-{}dependent features (see Pappas (1985, Â§13.7.1).
\subsection{Machine Code Inserts}

\subsubsection{guideline}


\begin{myitemize}
\item{}Avoid machine code inserts.

\end{myitemize}

\subsubsection{rationale}

The Ada Reference Manual (1995, Annex C) suggests that the package that implements machine code inserts is optional. Additionally, it is not standardized so that machine code inserts are most likely not portable. In fact, it is possible that two different vendors\textquotesingle{} syntax will differ for an identical target, and differences in lower-{}level details, such as register conventions, will hinder portability.
\subsubsection{exceptions}

If machine code inserts must be used to meet another project requirement, recognize and document the portability decreasing effects.
In the declarative region of the body of the routine where machine code inserts are being used, insert comments explaining what functions inserts provide and (especially) why the inserts are necessary. Comment the necessity of using machine code inserts by delineating what went wrong with attempts to use other higher level constructs.
\subsection{Interfacing to Foreign Languages}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use the package Interfaces and its language-{}defined child packages rather than implementation-{}specific mechanisms.
\item{}Consider using pragma Import rather than access-{}to-{}subprogram types for interfacing to subprograms in other languages. (Preferably using the \symbol{34}External_Name ={\mbox{$>$}}\symbol{34} argument.)
\item{}Isolate all subprograms employing pragmas Import, Export, and Convention to implementation-{}specific (interface) package bodies.

\end{myitemize}

\subsubsection{example}

This example shows how to interface with the following cube root function written in C:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\DataTypeTok{double}\ensuremath{\text{ }}\NormalTok{cbrt\ensuremath{\text{ }}(}\DataTypeTok{double}\ensuremath{\text{ }}\NormalTok{x);}\newline
\end{Highlighting}
\end{Shaded}




\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Math_Utilities\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Argument_Error\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{exception}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Cube_Root\ensuremath{\text{ }}(X\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Float}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Math_Utilities;}\newline
\ensuremath{\text{ }}\newline
\CommentTok{---------}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Interfaces.C;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Math_Utilities\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Cube_Root\ensuremath{\text{ }}(X\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Float}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\ensuremath{\text{ }}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{C_Cbrt\ensuremath{\text{ }}(X\ensuremath{\text{ }}:\ensuremath{\text{ }}Interfaces.C.Double)\ensuremath{\text{ }}}\KeywordTok{return}\newline
\ensuremath{\text{ }}\NormalTok{Interfaces.C.Double;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{pragma}\ensuremath{\text{ }}\KeywordTok{Import}\ensuremath{\text{ }}\NormalTok{(}\KeywordTok{Convention}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{=\ensuremath{\text{ }}C,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Entity\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}C_Cbrt,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{External_Name\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"cbrt"}\NormalTok{);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{X\ensuremath{\text{ }}\ensuremath{\text{ }}}\FloatTok{0.0}\ensuremath{\text{ }}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{raise}\ensuremath{\text{ }}\NormalTok{Argument_Error;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\ensuremath{\text{ }}\NormalTok{(C_Cbrt\ensuremath{\text{ }}(Interfaces.C.Double\ensuremath{\text{ }}(X)));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Cube_Root;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Math_Utilities;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

For static interfacing to subprograms in other languages, the pragma Import provides a better solution than access to subprograms because no indirection is required. The pragma Interface (Ada Reference Manual 1983) has been replaced by pragmas Import, Export, and Convention. Annex B of the Rationale (1995) discusses how to use these pragmas in conjunction with the access-{}to-{}subprogram types in interfacing to other languages.
Note especially the distinction between the \symbol{34}External_Name ={\mbox{$>$}}\symbol{34} and \symbol{34}Link_Name ={\mbox{$>$}}\symbol{34} parameters to pragma Import which are frequently confused. External_Name specifies the procedure name as it appears in the source code of the other language (such as C or Fortran). Link_Name specifies the name used by the linker. Typically, only one of these parameters is specified, and generally External_Name is the preferred choice for portability.
Access to subprogram types is useful for implementing callbacks in a separate subsystem, such as the X Window system.
The problems with interfacing to foreign languages are complex. These problems include pragma syntax differences, conventions for linking/binding Ada to other languages, and mapping Ada variables to foreign language variables. By hiding these dependencies within interface packages, the amount of code modification can be reduced.
\subsubsection{exceptions}

It is often necessary to interact with other languages, if only an assembly language, to reach certain hardware features. In these cases, clearly comment the requirements and limitations of the interface and pragma Import, Export, and Conventions usage.
\subsection{Implementation-{}Specific Pragmas and Attributes}

\subsubsection{guideline}


\begin{myitemize}
\item{}Avoid pragmas and attributes added by the compiler implementor.

\end{myitemize}

\subsubsection{rationale}

The Ada Reference Manual (1995) permits an implementor to add pragmas and attributes to exploit a particular hardware architecture or software environment. These are obviously even more implementation-{}specific and therefore less portable than an implementor\textquotesingle{}s interpretations of the predefined pragmas and attributes. However, the Ada Reference Manual (1995) defines a set of annexes that have a uniform and consistent approach to certain specialized needs, namely, real-{}time systems, distributed systems, information systems, numerics, interfacing to foreign languages, and safety and security. You should always prefer the facilities defined in the annexes to any vendor-{}defined pragmas and attributes.
\subsection{Unchecked Deallocation}

\subsubsection{guideline}


\begin{myitemize}
\item{}Avoid dependence on Ada.Unchecked_Deallocation (see Guideline 5.9.2).

\end{myitemize}

\subsubsection{rationale}

The unchecked storage deallocation mechanism is one method for overriding the default time at which allocated storage is reclaimed. The earliest default time is when an object is no longer accessible, for example, when control leaves the scope where an access type was declared (the exact point after this time is implementation-{}dependent). Any unchecked deallocation of storage performed prior to this may result in an erroneous Ada program if an attempt is made to access the object.
This guideline is stronger than Guideline 5.9.2 because of the extreme dependence on the implementation of Ada.Unchecked_Deallocation. Using it could cause considerable difficulty with portability.
\subsubsection{notes}

Ada.Unchecked_Deallocation is a supported feature in all Ada implementations. The portability issue arises in that unchecked storage deallocations might cause varying results in different implementations.
\subsubsection{exceptions}

Using unchecked deallocation of storage can be beneficial in local control of highly iterative or recursive algorithms where available storage may be exceeded.
\subsection{Unchecked Access}

\subsubsection{guideline}


\begin{myitemize}
\item{}Avoid dependence on the attribute Unchecked_Access (see Guideline 5.9.2).

\end{myitemize}

\subsubsection{rationale}

Access values are subject to accessibility restrictions. Using the attribute Unchecked_Access prevents these rules from being checked, and the programmer runs the risk of having dangling references.
\subsection{Unchecked Conversion}

\subsubsection{guideline}


\begin{myitemize}
\item{}Avoid dependence on Ada.Unchecked_Conversion (see Guideline 5.9.1).

\end{myitemize}

\subsubsection{rationale}

The unchecked type conversion mechanism is, in effect, a means of bypassing the strong typing facilities in Ada. An implementation is free to limit the types that may be matched and the results that occur when object sizes differ.
\subsubsection{exceptions}

Unchecked type conversion is useful in implementation-{}dependent parts of Ada programs where lack of portability is isolated and where low-{}level programming and foreign language interfacing are the objectives.
If an enumeration representation clause is used, unchecked type conversion is the only language-{}provided way to retrieve the internal integer code of an enumeration value.
\subsection{Run-{}Time Dependencies}

\subsubsection{guideline}


\begin{myitemize}
\item{}Avoid the direct invocation of or implicit dependence upon an underlying host operating system or Ada run-{}time support system, except where the interface is explicitly defined in the language (e.g., Annex C or D of the Ada Reference Manual {$\text{[}$}1995{$\text{]}$}).
\item{}Use standard bindings and the package Ada.Command_Line when you need to invoke the underlying run-{}time support system.
\item{}Use features defined in the Annexes rather than vendor-{}defined features.

\end{myitemize}

\subsubsection{rationale}

Features of an implementation not specified in the Ada Reference Manual (1995) will usually differ between implementations. Specific implementation-{}dependent features are not likely to be provided in other implementations. In addition to the mandatory predefined language environment, the annexes define various packages, attributes, and pragmas to standardize implementation-{}dependent features for several specialized domains. You enhance portability when you use the features declared in the packages in the Annexes because you can port your program to other vendor environments that implement the same Annexes you have used. Even if a majority of vendors eventually provide similar features, they are unlikely to have identical formulations. Indeed, different vendors may use the same formulation for (semantically) entirely different features.
When coding, try to avoid depending on the underlying operating system. Consider the consequences of including system calls in a program on a host development system. If these calls are not flagged for removal and replacement, the program could go through development and testing only to be unusable when moved to a target environment that lacks the facilities provided by those system calls on the host.
Guideline 7.1.5 discusses the use of the package Ada.Command_Line. If an Ada environment implements a standard binding to operating system services, such as POSIX/Ada, and you write POSIX-{}compliant calls, your program should be portable across more systems.
\subsubsection{exceptions}

In real-{}time, embedded systems, making calls to low-{}level support system facilities may often be unavoidable. Isolating the uses of these facilities may be too difficult. Comment them as you would machine code inserts (see Guideline 7.6.3); they are, in a sense, instructions for the virtual machine provided by the support system. When isolating the uses of these features, provide an interface for the rest of your program to use, which can be ported through replacement of the interface\textquotesingle{}s implementation.
\section{Input/Output}

I/O facilities in Ada are not a part of the syntactic definition of the language. The constructs in the language have been used to define a set of packages for this purpose. These packages are not expected to meet all the I/O needs of all applications, in particular, embedded systems. They serve as a core subset that may be used on straightforward data and that can be used as examples of building I/O facilities upon the low-{}level constructs provided by the language. Providing an I/O definition that could meet the requirements of all applications and integrate with the many existing operating systems would result in unacceptable implementation dependencies. The types of portability problems encountered with I/O tend to be different for applications running with a host operating system versus embedded targets where the Ada run-{}time is self-{}sufficient. Interacting with a host operating system offers the added complexity of coexisting with the host file system structures (e.g., hierarchical directories), access methods (e.g., indexed sequential access method {$\text{[}$}ISAM{$\text{]}$}), and naming conventions (e.g., logical names and aliases based on the current directory). The section on Input/Output in ARTEWG (1986) provides some examples of this kind of dependency. Embedded applications have different dependencies that often tie them to the low-{}level details of their hardware devices.
The major defense against these inherent implementation dependencies in I/O is to try to isolate their functionality in any given application. The majority of the following guidelines are focused in this direction.
\subsection{Name and Form Parameters}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use constants and variables as symbolic actuals for the Name and Form parameters on the predefined I/O packages. Declare and initialize them in an implementation dependency package.

\end{myitemize}

\subsubsection{rationale}

The format and allowable values of these parameters on the predefined I/O packages can vary greatly between implementations. Isolation of these values facilitates portability. Not specifying a Form string or using a null value does not guarantee portability because the implementation is free to specify defaults.
\subsubsection{notes}

It may be desirable to further abstract the I/O facilities by defining additional Create and Open procedures that hide the visibility of the Form parameter entirely (see Pappas 1985, 54-{}55).
\subsection{File Closing}

\subsubsection{guideline}


\begin{myitemize}
\item{}Close all files explicitly.

\end{myitemize}

\subsubsection{rationale}

The Ada Reference Manual (1995, Â§A.7) does not define what happens to external files after completion of the main subprogram (in particular, if corresponding files have not been closed).
The disposition of a closed temporary file may vary, perhaps affecting performance and space availability (ARTEWG 1986).
\subsection{Input/Output on Access Types}

\subsubsection{guideline}


\begin{myitemize}
\item{}Avoid performing I/O on access types.

\end{myitemize}

\subsubsection{rationale}

The Ada Reference Manual (1995, Â§A.7) does not specify the effects of I/O on access types. When such a value is written, it is placed out of reach of the implementation. Thus, it is out of reach of the reliability-{}enhancing controls of strong type checking.
Consider the meaning of this operation. One possible implementation of the values of access types is virtual addresses. If you write such a value, how can you expect another program to read that value and make any sensible use of it? The value cannot be construed to refer to any meaningful location within the reader\textquotesingle{}s address space, nor can a reader infer any information about the writer\textquotesingle{}s address space from the value read. The latter is the same problem that the writer would have trying to interpret or use the value if it is read back in. To wit, a garbage collection and/or heap compaction scheme may have moved the item formerly accessed by that value, leaving that value \symbol{34}pointing\symbol{34} at space that is now being put to indeterminable uses by the underlying implementation.
\subsection{Package Ada.Streams.Stream_IO}

\subsubsection{guideline}


\begin{myitemize}
\item{}Consider using Sequential_IO or Direct_IO instead of Stream_IO unless you need the low-{}level, heterogeneous I/O features provided by Stream_IO.

\end{myitemize}

\subsubsection{rationale}

Sequential_IO and Direct_IO are still well suited for processing homogeneous files. Additionally, in cases where the intent is to process homogeneous files, the use of Sequential_IO or Direct_IO has the advantage of enforcing this intent at compile time.
Stream_IO should be reserved for processing heterogeneous files. In this case, a file is not a sequence of objects of all the same type but rather a sequence of objects of varying types. To read a heterogeneous sequence of objects in the correct order requires some application-{}specific knowledge.
\subsection{Current Error Files}

\subsubsection{guideline}


\begin{myitemize}
\item{}Consider using Current_Error and Set_Error for run-{}time error messages.

\end{myitemize}

\subsubsection{example}
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\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO;}\newline
\ensuremath{\text{ }}\newline
\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.Open\ensuremath{\text{ }}(File\ensuremath{\text{ }}=\ensuremath{\text{ }}Configuration_File,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Mode\ensuremath{\text{ }}=\ensuremath{\text{ }}Ada.Text_IO.In_File,}\newline
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\KeywordTok{exception}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.Name_Error\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.Put_Line\ensuremath{\text{ }}(File\ensuremath{\text{ }}=\ensuremath{\text{ }}Ada.Text_IO.Standard_Error,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Item\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"Can{\char13}t\ensuremath{\text{ }}open\ensuremath{\text{ }}configuration\ensuremath{\text{ }}file."}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\NormalTok{;}\newline
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\subsubsection{rationale}

The package Text_IO includes the concept of a current error file. You should report errors to the user through the associated subprograms Current_Error and Set_Error instead of the standard output facilities. In interactive applications, using the Text_IO error facilities increases the portability of your user interface.
\subsubsection{notes}

In a program with multiple tasks for I/O, you need to be careful of two or more tasks trying to set Current_Input, Current_Output, or Current_Error. The potential problem lies in unprotected updates to the \symbol{34}shared\symbol{34} state associated with a package, in this case, the package Text_IO. Guidelines 6.1.1 and 6.2.4 discuss the related issues of unprotected shared variables.
\section{Summary}

\subsection{fundamentals}


\begin{myitemize}
\item{}In programs or components intended to have a long life, avoid using the features of Ada declared as \symbol{34}obsolescent\symbol{34} by Annex J of the Ada Reference Manual (1995), unless the use of the feature is needed for backward compatibility with Ada 83 (Ada Reference Manual 1983).
\item{}Document the use of any obsolescent features.
\item{}Avoid using the following features:

\end{myitemize}
\item{}
The short renamings of the packages in the predefined environment (e.g., Text_IO as opposed to Ada.Text_IO)
\item{}The character replacements of{\mbox{$~$}}! for |,{\mbox{$~$}}: for \#, and{\mbox{$~$}}\% for quotation marks
\item{}Reduced accuracy subtypes of floating-{}point types
\item{}The \textquotesingle{}Constrained attribute as applied to private types
\item{}The predefined package ASCII
\item{}The exception Numeric_Error
\item{}Various representation specifications, including at clauses, mod clauses, interrupt entries, and the Storage_Size attribute


\item{}Make informed assumptions about the support provided for the following on potential target platforms:

\begin{myitemize}

\end{myitemize}

\begin{myitemize}Number of bits available for type Integer (range constraints)
\item{}Number of decimal digits of precision available for floating-{}point types
\item{}Number of bits available for fixed-{}point types (delta and range constraints)
\item{}Number of characters per line of source text
\item{}Number of bits for Root_Integer expressions
\item{}Number of seconds for the range of Duration
\item{}Number of milliseconds for Duration\textquotesingle{}Small
\item{}Minimum and maximum scale for decimal types

\end{myitemize}


\item{}Avoid assumptions about the values and the number of values included in the type Character.
\item{}Use highlighting comments for each package, subprogram, and task where any nonportable features are present.
\item{}For each nonportable feature employed, describe the expectations for that feature.
\item{}Consider using only a parameterless procedure as the main subprogram.
\item{}Consider using Ada.Command_Line for accessing values from the environment, but recognize that this package\textquotesingle{}s behavior and even its specification are nonportable.
\item{}Encapsulate and document all uses of package Ada.Command_Line.
\item{}Create packages specifically designed to isolate hardware and implementation dependencies and designed so that their specification will not change when porting.
\item{}Clearly indicate the objectives if machine or solution efficiency is the reason for hardware or implementation-{}dependent code.
\item{}For the packages that hide implementation dependencies, maintain different package bodies for different target environments.
\item{}Isolate interrupt receiving tasks into implementation-{}dependent packages.
\item{}Refer to Annex M of the Ada Reference Manual (1995) for a list of implementation-{}dependent features.
\item{}Avoid the use of vendor-{}supplied packages.
\item{}Avoid the use of features added to the predefined packages that are not specified in the Ada language definition or Specialized Needs Annexes.
\item{}Use features defined in the Specialized Needs Annexes rather than vendor-{}defined features.
\item{}Document clearly the use of any features from the Specialized Needs Annexes (systems programming, real-{}time systems, distributed systems, information systems, numerics, and safety and security).
\item{}Do not write code whose correct execution depends on the particular parameter passing mechanism used by an implementation (Ada Reference Manual 1995, Â§6.2; Cohen 1986).
\item{}If a subprogram has more than one formal parameter of a given subtype, at least one of which is {$\text{[}$}in{$\text{]}$} out, make sure that the subprogram can properly handle the case when both formal parameters denote the same actual object.
\item{}Avoid depending on the order in which certain constructs in Ada are evaluated .

\subsection{numeric types and expressions}


\begin{myitemize}
\item{}Avoid using the predefined numeric types in package Standard . Use range and digits declarations and let the implementation pick the appropriate representation.
\item{}For programs that require greater accuracy than that provided by the global assumptions, define a package that declares a private type and operations as needed; see Pappas (1985) for a full explanation and examples.
\item{}Consider using predefined numeric types (Integer, Natural, Positive) for:

\end{myitemize}
\item{}
Indexes into arrays where the index type is not significant, such as type String
\item{}\symbol{34}Pure\symbol{34} numbers, that is, numbers with no associated physical unit (e.g., exponents)
\item{}Values whose purpose is to control a repeat or iteration count


\item{}Use an implementation that supports the Numerics Annex (Ada Reference Manual 1995, Annex G) when performance and accuracy are overriding concerns .
\item{}Carefully analyze what accuracy and precision you really need.
\item{}Do not press the accuracy limits of the machine(s).
\item{}Comment the analysis and derivation of the numerical aspects of a program.
\item{}Anticipate the range of values of subexpressions to avoid exceeding the underlying range of their base type. Use derived types, subtypes, factoring, and range constraints on numeric types.
\item{}Consider using {\mbox{$<$}}= and {\mbox{$>$}}= to do relational tests on real valued arguments, avoiding the {\mbox{$<$}}, {\mbox{$>$}}, =, and /= operations.
\item{}Use values of type attributes in comparisons and checking for small values.
\item{}In information systems, declare different numeric decimal types to correspond to different scales (Brosgol, Eachus, and Emery 1994).
\item{}Create objects of different decimal types to reflect different units of measure (Brosgol, Eachus, and Emery 1994).
\item{}Declare subtypes of the appropriately scaled decimal type to provide appropriate range constraints for application-{}specific types.
\item{}Encapsulate each measure category in a package (Brosgol, Eachus, and Emery 1994).
\item{}Declare as few decimal types as possible for unitless data (Brosgol, Eachus, and Emery 1994).
\item{}For decimal calculations, determine whether the result should be truncated toward 0 or rounded.
\item{}Avoid decimal types and arithmetic on compilers that do not support the Information Systems Annex (Ada Reference Manual 1995, Annex F) in full.

\subsection{storage control}


\begin{myitemize}
\item{}Do not use a representation clause to specify number of storage units.
\item{}Do not compare access-{}to-{}subprogram values.
\item{}Consider using explicitly defined storage pool mechanisms.

\end{myitemize}

\subsection{tasking}


\begin{myitemize}
\item{}Do not depend on the order in which task objects are activated when declared in the same declarative list.
\item{}Do not depend on a particular delay being achievable (Nissen and Wallis 1984).
\item{}Never use knowledge of the execution pattern of tasks to achieve timing requirements.
\item{}Do not assume a correlation between System.Tick and type Duration.
\item{}Do not depend on the order in which guard conditions are evaluated or on the algorithm for choosing among several open select alternatives.
\item{}Do not assume that tasks execute uninterrupted until they reach a synchronization point.
\item{}Use pragma Priority to distinguish general levels of importance only.
\item{}Avoid using the abort statement.
\item{}Do not use unprotected shared variables.
\item{}Consider using protected types to provide data synchronization.
\item{}Have tasks communicate through the rendezvous mechanism.
\item{}Do not use unprotected shared variables as a task synchronization device.
\item{}Consider using protected objects to encapsulate shared data.
\item{}Use pragma Atomic or Volatile only when you are forced to by run-{}time system deficiencies.

\end{myitemize}

\subsubsection{exceptions}


\begin{myitemize}
\item{}Do not depend on the exact locations at which predefined exceptions are raised.
\item{}Do not rely on the behavior of Ada.Exceptions beyond the minimum defined in the language.
\item{}Do not raise implementation-{}specific exceptions.
\item{}Convert implementation-{}specific exceptions within interface packages to visible user-{}defined exceptions.

\end{myitemize}

\subsection{representation clauses and implementation-{}dependent features}


\begin{myitemize}
\item{}Use algorithms that do not depend on the representation of the data and, therefore, do not need representation clauses.
\item{}Consider using representation clauses when accessing or defining interface data or when a specific representation is needed to implement a design .
\item{}Do not assume that sharing source files between programs guarantees the same representation of data types in those files.
\item{}Avoid using package System constants except in attempting to generalize other machine-{}dependent constructs.
\item{}Avoid machine code inserts.
\item{}Use the package Interfaces and its language-{}defined child packages rather than implementation-{}specific mechanisms.
\item{}Consider using pragma Import rather than access-{}to-{}subprogram types for interfacing to subprograms in other languages.
\item{}Isolate all subprograms employing pragmas Import, Export, and Convention to implementation-{}specific (interface) package bodies.
\item{}Avoid pragmas and attributes added by the compiler implementor.
\item{}Avoid dependence on Ada.Unchecked_Deallocation.
\item{}Avoid dependence on the attribute Unchecked_Access.
\item{}Avoid dependence on Ada.Unchecked_Conversion.
\item{}Avoid the direct invocation of or implicit dependence upon an underlying host operating system or Ada run-{}time support system, except where the interface is explicitly defined in the language (e.g., Annex C or D of the Ada Reference Manual {$\text{[}$}1995{$\text{]}$}).
\item{}Use standard bindings and the package Ada.Command_Line when you need to invoke the underlying

\end{myitemize}

run-{}time support system.

\begin{myitemize}
\item{}Use features defined in the Annexes rather than vendor-{}defined features.

\end{myitemize}

\subsection{input/output}


\begin{myitemize}
\item{}Use constants and variables as symbolic actuals for the Name and Form parameters on the predefined I/O packages. Declare and initialize them in an implementation dependency package.
\item{}Close all files explicitly.
\item{}Avoid performing I/O on access types.
\item{}Consider using Sequential_IO or Direct_IO instead of Stream_IO unless you need the low-{}level, heterogeneous I/O features provided by Stream_IO.
\item{}Consider using Current_Error and Set_Error for run-{}time error messages.

\end{myitemize}

$\text{ }$\newline{}
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\section{Introduction}

Reusability is the extent to which code can be used in different applications with minimal change. As code is reused in a new application, that new application partially inherits the attributes of that code. If the code is maintainable, the application is more maintainable. If it is portable, then the application is more portable. So this chapter\textquotesingle{}s guidelines are most useful when all of the other guidelines in this book are also applied. Several guidelines are directed at the issue of maintainability. Maintainable code is easy to change to meet new or changing requirements. Maintainability plays a special role in reuse. When attempts are made to reuse code, it is often necessary to change it to suit the new application. If the code cannot be changed easily, it is less likely to be reused.
There are many issues involved in software reuse: whether to reuse parts, how to store and retrieve reusable parts in a library, how to certify parts, how to maximize the economic value of reuse, how to provide incentives to engineers and entire companies to reuse parts rather than reinvent them, and so on. This chapter ignores these managerial, economic, and logistic issues to focus on the single technical issue of how to write software parts in Ada to increase reuse potential. The other issues are just as important but are outside of the scope of this book.
One of the design goals of Ada was to facilitate the creation and use of reusable parts to improve productivity. To this end, Ada provides features to develop reusable parts and to adapt them once they are available. Packages, visibility control, and separate compilation support modularity and information hiding (see guidelines in Sections 4.1, 4.2, 5.3, and 5.7). This allows the separation of application-{}specific parts of the code, maximizes the general purpose parts suitable for reuse, and allows the isolation of design decisions within modules, facilitating change. The Ada type system supports localization of data definitions so that consistent changes are easy to make. The Ada inheritance features support type extension so that data definitions and interfaces may be customized for an application. Generic units directly support the development of general purpose, adaptable code that can be instantiated to perform specific functions. The Ada 95 improvements for object-{}oriented techniques and abstraction support all of the above goals. Using these features carefully and in conformance to the guidelines in this book, produces code that is more likely to be reusable.
Reusable code is developed in many ways. Code may be scavenged from a previous project. A reusable library of code may be developed from scratch for a particularly well-{}understood domain, such as a math library. Reusable code may be developed as an intentional byproduct of a specific application. Reusable code may be developed a certain way because a design method requires it. These guidelines are intended to apply in all of these situations.
The experienced programmer recognizes that software reuse is much more a requirements and design issue than a coding issue. The guidelines in this section are intended to work within an overall method for developing reusable code. This section will not deal with artifacts of design, testing, etc. Some research into reuse issues related specifically to the Ada language can be found in AIRMICS (1990), Edwards (1990), and Wheeler (1992).

\begin{myitemize}
\item{}Regardless of development method, experience indicates that reusable code has certain characteristics, and this chapter makes the following assumptions:
\item{}Reusable parts must be understandable. A reusable part should be a model of clarity. The requirements for commenting reusable parts are even more stringent than those for parts specific to a particular application.
\item{}Reusable parts must be of the highest possible quality. They must be correct, reliable, and robust. An error or weakness in a reusable part may have far-{}reaching consequences, and it is important that other programmers can have a high degree of confidence in any parts offered for reuse.
\item{}Reusable parts must be adaptable. To maximize its reuse potential, a reusable part must be able to adapt to the needs of a wide variety of users.
\item{}Reusable parts should be independent. It should be possible to reuse a single part without also adopting many other parts that are apparently unrelated.

\end{myitemize}

In addition to these criteria, a reusable part must be easier to reuse than to reinvent, must be efficient, and must be portable. If it takes more effort to reuse a part than to create one from scratch or if the reused part is simply not efficient enough, reuse does not occur as readily. For guidelines on portability, see Chapter 7. This chapter should not be read in isolation. In many respects, a well-{}written, reusable component is simply an extreme example of a well-{}written component. All of the guidelines in the previous chapters and in Chapter 9 apply to reusable components as well as components specific to a single application. As experience increases with the 1995 revision to the Ada standard, new guidelines may emerge while others may change. The guidelines listed here apply specifically to reusable components.
Guidelines in this chapter are frequently worded \symbol{34}consider . . .\symbol{34} because hard and fast rules cannot apply in all situations. The specific choice you can make in a given situation involves design tradeoffs. The rationale for these guidelines is intended to give you insight into some of these tradeoffs.
\section{Understanding and Clarity}

It is particularly important that parts intended for reuse should be easy to understand. What the part does, how to use it, what anticipated changes might be made to it in the future, and how it works are facts that must be immediately apparent from inspection of the comments and the code itself. For maximum readability of reusable parts, follow the guidelines in Chapter 3, some of which are repeated more strongly below.
\subsection{Application-{}Independent Naming}

\subsubsection{guideline}


\begin{myitemize}
\item{}Select the least restrictive names possible for reusable parts and their identifiers .
\item{}Select the generic name to avoid conflicting with the naming conventions of instantiations of the generic.
\item{}Use names that indicate the behavioral characteristics of the reusable part, as well as its abstraction.

\end{myitemize}

\subsubsection{example}

General-{}purpose stack abstraction:
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\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Bounded_Stack\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Push\ensuremath{\text{ }}(New_Item\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Item);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Pop\ensuremath{\text{ }}\ensuremath{\text{ }}(Newest_Item\ensuremath{\text{ }}:\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Item);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Bounded_Stack;}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


Renamed appropriately for use in current application:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Bounded_Stack;}\newline
\ensuremath{\text{ }}\newline
\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Tray\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Tray_Stack\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Bounded_Stack\ensuremath{\text{ }}(Item\ensuremath{\text{ }}=\ensuremath{\text{ }}Tray);}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Choosing a general or application-{}independent name for a reusable part encourages its wide reuse. When the part is used in a specific context, it can be instantiated (if generic) or renamed with a more specific name.
When there is an obvious choice for the simplest, clearest name for a reusable part, it is a good idea to leave that name for use by the reuser of the part, choosing a longer, more descriptive name for the reusable part. Thus, Bounded_Stack is a better name than Stack for a generic stack package because it leaves the simpler name Stack available to be used by an instantiation.
Include indications of the behavioral characteristics (but not indications of the implementation) in the name of a reusable part so that multiple parts with the same abstraction (e.g., multiple stack packages) but with different restrictions (bounded, unbounded, etc.) can be stored in the same Ada library and used as part of the same Ada program.
\subsection{Abbreviations}

\subsubsection{guideline}


\begin{myitemize}
\item{}Do not use abbreviations in identifier or unit names.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Ada.Calendar;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Greenwich_Mean_Time\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Clock\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Ada.Calendar.Time;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Greenwich_Mean_Time;}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


The following abbreviation may not be clear when used in an application:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Ada.Calendar;}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Greenwich_Mean_Time;}\newline
\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Get_GMT\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Ada.Calendar.Time\ensuremath{\text{ }}}\KeywordTok{renames}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Greenwich_Mean_Time.Clock;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

This is a stronger guideline than Guideline 3.1.4. However well commented, an abbreviation may cause confusion in some future reuse context. Even universally accepted abbreviations, such as GMT for Greenwich Mean Time, can cause problems and should be used only with great caution.
The difference between this guideline and Guideline 3.1.4 involves issues of domain. When the domain is well-{}defined, abbreviations and acronyms that are accepted in that domain will clarify the meaning of the application. When that same code is removed from its domain-{}specific context, those abbreviations may become meaningless.
In the example above, the package, Greenwich_Mean_Time, could be used in any application without loss of meaning. But the function Get_GMT could easily be confused with some other acronym in a different domain.
\subsubsection{notes}

See Guideline 5.7.2 concerning the proper use of the renames clause. If a particular application makes extensive use of the Greenwich_Mean_Time domain, it may be appropriate to rename the package GMT within that application:
with Greenwich_Mean_Time; ...
\TemplatePreformat{$\text{ }$\newline{}
$\text{ }${}$\text{ }${}package$\text{ }${}GMT$\text{ }${}renames$\text{ }${}Greenwich_Mean_Time;$\text{ }$\newline{}
}
\subsection{Generic Formal Parameters}

\subsubsection{guideline}


\begin{myitemize}
\item{}Document the expected behavior of generic formal parameters just as you document any package specification.

\end{myitemize}

\subsubsection{example}

The following example shows how a very general algorithm can be developed but must be clearly documented to be used:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{generic}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Index\ensuremath{\text{ }}provides\ensuremath{\text{ }}access\ensuremath{\text{ }}to\ensuremath{\text{ }}values\ensuremath{\text{ }}in\ensuremath{\text{ }}a\ensuremath{\text{ }}structure.\ensuremath{\text{ }}\ensuremath{\text{ }}For\ensuremath{\text{ }}example,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}an\ensuremath{\text{ }}array,\ensuremath{\text{ }}A.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Index\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{();}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Element\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Element_Array\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{array}\ensuremath{\text{ }}\NormalTok{(Index\ensuremath{\text{ }}}\KeywordTok{range}\ensuremath{\text{ }}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{of}\ensuremath{\text{ }}\NormalTok{Element;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}The\ensuremath{\text{ }}function,\ensuremath{\text{ }}Should_Precede,\ensuremath{\text{ }}does\ensuremath{\text{ }}NOT\ensuremath{\text{ }}compare\ensuremath{\text{ }}the\ensuremath{\text{ }}indexes}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}themselves;\ensuremath{\text{ }}it\ensuremath{\text{ }}compares\ensuremath{\text{ }}the\ensuremath{\text{ }}elements\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}structure.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}The\ensuremath{\text{ }}function\ensuremath{\text{ }}Should_Precede\ensuremath{\text{ }}is\ensuremath{\text{ }}provided\ensuremath{\text{ }}rather\ensuremath{\text{ }}than\ensuremath{\text{ }}a}\newline
\ensuremath{\text{ }}\StringTok{"Less_Than"}\ensuremath{\text{ }}\KeywordTok{function}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}because\ensuremath{\text{ }}the\ensuremath{\text{ }}sort\ensuremath{\text{ }}criterion\ensuremath{\text{ }}need\ensuremath{\text{ }}not\ensuremath{\text{ }}be\ensuremath{\text{ }}smallest\ensuremath{\text{ }}first.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Should_Precede\ensuremath{\text{ }}(Left\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Element;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Right\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Element)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}This\ensuremath{\text{ }}procedure\ensuremath{\text{ }}swaps\ensuremath{\text{ }}values\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}structure\ensuremath{\text{ }}(the\ensuremath{\text{ }}mode\ensuremath{\text{ }}won{\char13}t}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}allow\ensuremath{\text{ }}the\ensuremath{\text{ }}indexes\ensuremath{\text{ }}themselves\ensuremath{\text{ }}to\ensuremath{\text{ }}be\ensuremath{\text{ }}swapped!)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Swap\ensuremath{\text{ }}(Index1\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Index;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Index2\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Index;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{A\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Element_Array);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}After\ensuremath{\text{ }}the\ensuremath{\text{ }}call\ensuremath{\text{ }}to\ensuremath{\text{ }}Quick_Sort,\ensuremath{\text{ }}the\ensuremath{\text{ }}indexed\ensuremath{\text{ }}structure\ensuremath{\text{ }}will\ensuremath{\text{ }}be}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}sorted:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}For\ensuremath{\text{ }}all\ensuremath{\text{ }}i,j\ensuremath{\text{ }}in\ensuremath{\text{ }}First..Last\ensuremath{\text{ }}:\ensuremath{\text{ }}\ensuremath{\text{ }}ij\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}\ensuremath{\text{ }}A(i)\ensuremath{\text{ }}\ensuremath{\text{ }}A(j).}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Quick_Sort\ensuremath{\text{ }}(First\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Index\ensuremath{\text{ }}:=\ensuremath{\text{ }}Index{\char13}First;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Last\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Index\ensuremath{\text{ }}:=\ensuremath{\text{ }}Index{\char13}Last);}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

The generic capability is one of Ada\textquotesingle{}s strongest features because of its formalization. However, not all of the assumptions made about generic formal parameters can be expressed directly in Ada. It is important that any user of a generic know exactly what that generic needs in order to behave correctly.
In a sense, a generic specification is a contract where the instantiator must supply the formal parameters and, in return, receives a working instance of the specification. Both parties are best served when the contract is complete and clear about all assumptions.
\section{Robustness}

The following guidelines improve the robustness of Ada code. It is easy to write code that depends on an assumption that you do not realize that you are making. When such a part is reused in a different environment, it can break unexpectedly. The guidelines in this section show some ways in which Ada code can be made to automatically conform to its environment and some ways in which it can be made to check for violations of assumptions. Finally, some guidelines are given to warn you about errors that Ada does not catch as soon as you might like.
\subsection{Named Numbers}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use named numbers and static expressions to allow multiple dependencies to be linked to a small number of symbols.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Disk_Driver\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}In\ensuremath{\text{ }}this\ensuremath{\text{ }}procedure,\ensuremath{\text{ }}a\ensuremath{\text{ }}number\ensuremath{\text{ }}of\ensuremath{\text{ }}important\ensuremath{\text{ }}disk\ensuremath{\text{ }}parameters\ensuremath{\text{ }}are}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}linked.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Number_Of_Sectors\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\DecValTok{4}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Number_Of_Tracks\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\DecValTok{200}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Number_Of_Surfaces\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\DecValTok{18}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Sector_Capacity\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}4_096;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Track_Capacity\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}Number_Of_Sectors\ensuremath{\text{ }}\ensuremath{\text{ }}*}\newline
\ensuremath{\text{ }}\NormalTok{Sector_Capacity;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Surface_Capacity\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}Number_Of_Tracks\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*}\newline
\ensuremath{\text{ }}\NormalTok{Track_Capacity;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Disk_Capacity\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}Number_Of_Surfaces\ensuremath{\text{ }}*}\newline
\ensuremath{\text{ }}\NormalTok{Surface_Capacity;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Sector_Range\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}Number_Of_Sectors;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Track_Range\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}Number_Of_Tracks;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Surface_Range\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}Number_Of_Surfaces;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Track_Map\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{array}\ensuremath{\text{ }}\NormalTok{(Sector_Range)\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{of}\ensuremath{\text{ }}\NormalTok{...;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Surface_Map\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{array}\ensuremath{\text{ }}\NormalTok{(Track_Range)\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{of}\ensuremath{\text{ }}\NormalTok{Track_Map;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Disk_Map\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{array}\ensuremath{\text{ }}\NormalTok{(Surface_Range)\ensuremath{\text{ }}}\KeywordTok{of}\ensuremath{\text{ }}\NormalTok{Surface_Map;}\newline
\KeywordTok{begin}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Disk_Driver}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Disk_Driver;}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

To reuse software that uses named numbers and static expressions appropriately, just one or a small number of constants need to be reset, and all declarations and associated code are changed automatically. Apart from easing reuse, this reduces the number of opportunities for error and documents the meanings of the types and constants without using error-{}prone comments.
\subsection{Unconstrained Arrays}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use unconstrained array types for array formal parameters and array return values.
\item{}Make the size of local variables depend on actual parameter size, where appropriate.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Vector\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{array}\ensuremath{\text{ }}\NormalTok{(Vector_Index\ensuremath{\text{ }}}\KeywordTok{range}\ensuremath{\text{ }}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{of}\ensuremath{\text{ }}\NormalTok{Element;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Matrix\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{array}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{(Vector_Index\ensuremath{\text{ }}}\KeywordTok{range}\ensuremath{\text{ }}\NormalTok{,\ensuremath{\text{ }}Vector_Index\ensuremath{\text{ }}}\KeywordTok{range}\ensuremath{\text{ }}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{of}\ensuremath{\text{ }}\NormalTok{Element;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Matrix_Operation\ensuremath{\text{ }}(Data\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Matrix)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Workspace\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Matrix\ensuremath{\text{ }}(Data{\char13}Range(}\DecValTok{1}\NormalTok{),\ensuremath{\text{ }}Data{\char13}Range(}\DecValTok{2}\NormalTok{));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Temp_Vector\ensuremath{\text{ }}:\ensuremath{\text{ }}Vector\ensuremath{\text{ }}(Data{\char13}First(}\DecValTok{1}\NormalTok{)\ensuremath{\text{ }}..\ensuremath{\text{ }}}\DecValTok{2}\ensuremath{\text{ }}\NormalTok{*\ensuremath{\text{ }}Data{\char13}Last(}\DecValTok{1}\NormalTok{));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Unconstrained arrays can be declared with their sizes dependent on formal parameter sizes. When used as local variables, their sizes change automatically with the supplied actual parameters. This facility can be used to assist in the adaptation of a part because necessary size changes in local variables are taken care of automatically.
\subsection{Minimizing and Documenting Assumptions}

\subsubsection{guideline}


\begin{myitemize}
\item{}Minimize the number of assumptions made by a unit.
\item{}For assumptions that cannot be avoided, use subtypes or constraints to automatically enforce conformance.
\item{}For assumptions that cannot be automatically enforced by subtypes, add explicit checks to the code.
\item{}Document all assumptions.
\item{}If the code depends upon the implementation of a specific Special Needs Annex for proper operation, document this assumption in the code.

\end{myitemize}

\subsubsection{example}

The following poorly written function documents but does not check its assumption:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Assumption:\ensuremath{\text{ }}\ensuremath{\text{ }}BCD\ensuremath{\text{ }}value\ensuremath{\text{ }}is\ensuremath{\text{ }}less\ensuremath{\text{ }}than\ensuremath{\text{ }}4\ensuremath{\text{ }}digits.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Binary_To_BCD\ensuremath{\text{ }}(Binary_Value\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Natural)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{BCD;}\newline
\end{Highlighting}
\end{Shaded}


The next example enforces conformance with its assumption, making the checking automatic and the comment unnecessary:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Binary_Values\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{Natural\ensuremath{\text{ }}}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{0}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}9_999;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Binary_To_BCD\ensuremath{\text{ }}(Binary_Value\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Binary_Values)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{BCD;}\newline
\end{Highlighting}
\end{Shaded}


The next example explicitly checks and documents its assumption:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Out_Of_Range\ensuremath{\text{ }}raised\ensuremath{\text{ }}when\ensuremath{\text{ }}BCD\ensuremath{\text{ }}value\ensuremath{\text{ }}exceeds\ensuremath{\text{ }}4\ensuremath{\text{ }}\ensuremath{\text{ }}digits.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Binary_To_BCD\ensuremath{\text{ }}(Binary_Value\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Natural)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{BCD\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Maximum_Representable\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{Natural\ensuremath{\text{ }}:=\ensuremath{\text{ }}9_999;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Binary_To_BCD}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Binary_Value\ensuremath{\text{ }}\ensuremath{\text{ }}Maximum_Representable\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{raise}\ensuremath{\text{ }}\NormalTok{Out_Of_Range;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Binary_To_BCD;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Any part that is intended to be used again in another program, especially if the other program is likely to be written by other people, should be robust. It should defend itself against misuse by defining its interface to enforce as many assumptions as possible and by adding explicit defensive checks on anything that cannot be enforced by the interface. By documenting dependencies on a Special Needs Annex, you warn the user that he should only reuse the component in a compilation environment that provides the necessary support.
\subsubsection{notes}

You can restrict the ranges of values of the inputs by careful selection or construction of the subtypes of the formal parameters. When you do so, the compiler-{}generated checking code may be more efficient than any checks you might write. Indeed, such checking is part of the intent of the strong typing in the language. This presents a challenge, however, for generic units where the user of your code selects the types of the parameters. Your code must be constructed to deal with any value of any subtype the user may choose to select for an instantiation.
\subsection{Subtypes in Generic Specifications}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use first subtypes when declaring generic formal objects of mode in out.
\item{}Beware of using subtypes as subtype marks when declaring parameters or return values of generic formal subprograms.
\item{}Use attributes rather than literal values.

\end{myitemize}

\subsubsection{example}

In the following example, it appears that any value supplied for the generic formal object Object would be constrained to the range 1..10. It also appears that parameters passed at run-{}time to the Put routine in any instantiation and values returned by the Get routine would be similarly constrained:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Range_1_10\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\DataTypeTok{Integer}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}}\DecValTok{10}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{generic}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Object\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Range_1_10;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Put\ensuremath{\text{ }}(Parameter\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Range_1_10);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Get\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Range_1_10;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Input_Output\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Input_Output;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


However, this is not the case. Given the following legal instantiation:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Range_15_30\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\DataTypeTok{Integer}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{15}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}}\DecValTok{30}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Constrained_Object\ensuremath{\text{ }}:\ensuremath{\text{ }}Range_15_30\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\DecValTok{15}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Constrained_Put\ensuremath{\text{ }}(Parameter\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Range_15_30);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Constrained_Get\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Range_15_30;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Constrained_Input_Output\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Input_Output\ensuremath{\text{ }}(Object\ensuremath{\text{ }}=\ensuremath{\text{ }}Constrained_Object,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Put\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}Constrained_Put,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Get\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}Constrained_Get);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\end{Highlighting}
\end{Shaded}


Object, Parameter, and the return value of Get are constrained to the range 15..30. Thus, for example, if the body of the generic package contains an assignment statement:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{Object\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


Constraint_Error is raised when this instantiation is executed.
\subsubsection{rationale}

The language specifies that when constraint checking is performed for generic formal objects and parameters and return values of generic formal subprograms, the constraints of the actual subtype (not the formal subtype) are enforced (Ada Reference Manual 1995, Â§Â§12.4\symbol{34}{\mbox{$>$}} and 12.6).Thus, the subtype specified in a formal in out object parameter and the subtypes specified in the profile of a formal subprogram need not match those of the actual object or subprogram.
Thus, even with a generic unit that has been instantiated and tested many times and with an instantiation that reported no errors at instantiation time, there can be a run-{}time error. Because the subtype constraints of the generic formal are ignored, the Ada Reference Manual (1995, Â§Â§12.4 and 12.6) suggests using the name of a base type in such places to avoid confusion. Even so, you must be careful not to assume the freedom to use any value of the base type because the instantiation imposes the subtype constraints of the generic actual parameter. To be safe, always refer to specific values of the type via symbolic expressions containing attributes like \textquotesingle{}First, \textquotesingle{}Last, \textquotesingle{}Pred, and \textquotesingle{}Succ rather than via literal values.
For generics, attributes provide the means to maintain generality. It is possible to use literal values, but literals run the risk of violating some constraint. For example, assuming that an array\textquotesingle{}s index starts at 1 may cause a problem when the generic is instantiated for a zero-{}based array type.
\subsubsection{notes}

Adding a generic formal parameter that defines the subtype of the generic formal object does not address the ramifications of the constraint checking rule discussed in the above rationale. You can instantiate the generic formal type with any allowable subtype, and you are not guaranteed that this subtype is the first subtype:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{generic}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Object_Range\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Objects\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Object_Range;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{X\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{X;}\newline
\end{Highlighting}
\end{Shaded}


You can instantiate the subtype Object_Range with any Integer subtype, for example, Positive. However, the actual variable Object can be of Positive\textquotesingle{}Base, i.e., Integer and its value are not guaranteed to be greater than 0.
\subsection{Overloading in Generic Units}

\subsubsection{guideline}


\begin{myitemize}
\item{}Be careful about overloading the names of subprograms exported by the same generic package.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{generic}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Item\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{limited}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Input_Output\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Put\ensuremath{\text{ }}(Value\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{Integer}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Put\ensuremath{\text{ }}(Value\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Item);}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Input_Output;}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

If the generic package shown in the example above is instantiated with Integer (or any subtype of Integer) as the actual type corresponding to generic formal Item, then the two Put procedures have identical interfaces, and all calls to Put are ambiguous. Therefore, this package cannot be used with type Integer. In such a case, it is better to give unambiguous names to all subprograms. See the Ada Reference Manual (1995, Â§12.3) for more information.
\subsection{Hidden Tasks}

\subsubsection{guideline}


\begin{myitemize}
\item{}Within a specification , document any tasks that would be activated by with\textquotesingle{}ing the specification and by using any part of the specification.
\item{}Document which generic formal parameters are accessed from a task hidden inside the generic unit.
\item{}Document any multithreaded components.

\end{myitemize}

\subsubsection{rationale}

The effects of tasking become a major factor when reusable code enters the domain of real-{}time systems. Even though tasks may be used for other purposes, their effect on scheduling algorithms is still a concern and must be clearly documented. With the task clearly documented, the real-{}time programmer can then analyze performance, priorities, and so forth to meet timing requirements, or, if necessary, he can modify or even redesign the component.
Concurrent access to datastructures must be carefully planned to avoid errors, especially for data structures that are not atomic (see Chapter 6 for details). If a generic unit accesses one of its generic formal parameters (reads or writes the value of a generic formal object or calls a generic formal subprogram that reads or writes data) from within a task contained in the generic unit, then there is the possibility of concurrent access for which the user may not have planned. In such a case, the user should be warned by a comment in the generic specification.
\subsection{Exceptions}

\subsubsection{guideline}


\begin{myitemize}
\item{}Propagate exceptions out of reusable parts. Handle exceptions within reusable parts only when you are certain that the handling is appropriate in all circumstances.
\item{}Propagate exceptions raised by generic formal subprograms after performing any cleanup necessary to the correct operation of future invocations of the generic instantiation.
\item{}Leave state variables in a valid state when raising an exception.
\item{}Leave parameters unmodified when raising an exception.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{generic}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Number\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{limited}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Get\ensuremath{\text{ }}(Value\ensuremath{\text{ }}:\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Number);}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Process_Numbers;}\newline
\ensuremath{\text{ }}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Process_Numbers\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Local\ensuremath{\text{ }}:\ensuremath{\text{ }}Number;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Perform_Cleanup_Necessary_For_Process_Numbers\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\KeywordTok{separate}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{begin}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Process_Numbers}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Catch_Exceptions_Generated_By_Get:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Get\ensuremath{\text{ }}(Local);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{exception}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\KeywordTok{others}\ensuremath{\text{ }}\NormalTok{=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Perform_Cleanup_Necessary_For_Process_Numbers;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{raise}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Catch_Exceptions_Generated_By_Get;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Process_Numbers;}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

On most occasions, an exception is raised because an undesired event (such as floating-{}point overflow) has occurred. Such events often need to be dealt with entirely differently with different uses of a particular software part. It is very difficult to anticipate all the ways that users of the part may wish to have the exceptions handled. Passing the exception out of the part is the safest treatment.
In particular, when an exception is raised by a generic formal subprogram, the generic unit is in no position to understand why or to know what corrective action to take. Therefore, such exceptions should always be propagated back to the caller of the generic instantiation. However, the generic unit must first clean up after itself, restoring its internal data structures to a correct state so that future calls may be made to it after the caller has dealt with the current exception. For this reason, all calls to generic formal subprograms should be within the scope of a when others exception handler if the internal state is modified, as shown in the example above.
When a reusable part is invoked, the user of the part should be able to know exactly what operation (at the appropriate level of abstraction) has been performed. For this to be possible, a reusable part must always do all or none of its specified function; it must never do half. Therefore, any reusable part that terminates early by raising or propagating an exception should return to the caller with no effect on the internal or external state. The easiest way to do this is to test for all possible exceptional conditions before making any state changes (modifying internal state variables, making calls to other reusable parts to modify their states, updating files, etc.). When this is not possible, it is best to restore all internal and external states to the values that were current when the part was invoked before raising or propagating the exception. Even when this is not possible, it is important to document this potentially hazardous situation in the comment header of the specification of the part.
A similar problem arises with parameters of mode out or in out when exceptions are raised. The Ada language distinguishes between \symbol{34}by-{}copy\symbol{34} and \symbol{34}by-{}reference\symbol{34} parameter passing. In some cases, \symbol{34}by-{}copy\symbol{34} is required; in other cases, \symbol{34}by-{}reference\symbol{34} is required; and in the remaining cases, either mechanism is allowed. The potential problem arises in those cases where the language does not specify the parameter passing mechanism to use. When an exception is raised, the copy-{}back does not occur, but for an Ada compiler, which passes parameters by reference (in those cases where a choice is allowed), the actual parameter has already been updated. When parameters are passed by copy, the update does not occur. To reduce ambiguity, increase portability, and avoid situations where some but not all of the actual parameters are updated when an exception is raised, it is best to treat values of out and in out parameters like state variables, updating them only after it is certain that no exception will be raised. See also Guideline 7.1.8.
\subsubsection{notes}

A reusable part could range from a low-{}level building block (e.g., data structure, sorting algorithm, math function) to a large reusable subsystem. The lower level the building block, the less likely that the reusable part will know how to handle exceptions or produce meaningful results. Thus, the low-{}level parts should propagate exceptions. A large reusable subsystem, however, should be able to handle any anticipated exceptions independently of the variations across which it is reused.
\section{Adaptability}

Reusable parts often need to be changed before they can be used in a specific application. They should be structured so that change is easy and as localized as possible. One way of achieving adaptability is to create general parts with complete functionality, only a subset of which might be needed in a given application. Another way to achieve adaptability is to use Ada\textquotesingle{}s generic construct to produce parts that can be appropriately instantiated with different parameters. Both of these approaches avoid the error-{}prone process of adapting a part by changing its code but have limitations and can carry some overhead. Anticipated changes, that is, changes that can be reasonably foreseen by the developer of the part, should be provided for as far as possible. Unanticipated changes can only be accommodated by carefully structuring a part to be adaptable. Many of the considerations pertaining to maintainability apply. If the code is of high quality, clear, and conforms to well-{}established design principles such as information hiding, it is easier to adapt in unforeseen ways.
\subsection{Complete Functionality}

\subsubsection{guideline}


\begin{myitemize}
\item{}Provide core functionality in a reusable part or set of parts so that the functionality in this abstraction can be meaningfully extended by its reusers.
\item{}More specifically, provide initialization and finalization procedures for every data structure that may contain dynamic data.
\item{}For data structures needing initialization and finalization, consider deriving them, when possible, from the types Ada.Finalization.Controlled or Ada.Finalization.Limited_Controlled.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Incoming\ensuremath{\text{ }}:\ensuremath{\text{ }}Queue;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Set_Initial\ensuremath{\text{ }}(Incoming);\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}initialization\ensuremath{\text{ }}operation}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Is_Full\ensuremath{\text{ }}(Incoming)\ensuremath{\text{ }}}\KeywordTok{then}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}query\ensuremath{\text{ }}operation}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Clean_Up\ensuremath{\text{ }}(Incoming);\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}finalization\ensuremath{\text{ }}operation}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

This functionality is particularly important in designing/programming an abstraction. You have to balance the completeness of the abstraction against its extensibility. Completeness ensures that you have configured the abstraction correctly, without built-{}in assumptions about its execution environment. It also ensures the proper separation of functions so that they are useful to the current application and, in other combinations, to other applications. Extensibility ensures that reusers can add functionality by extension, using tagged type hierarchies (see Guideline 8.4.8 and Chapter 9) or child library packages (see Guidelines 4.1.6, 8.4.1, and 9.4.1).
In designing for reuse, you need to think in terms of clean abstractions. If you provide too little functionality and rely on your reusers to extend the abstraction, they risk having an abstraction that lacks cohesion. This hodgepodge abstraction has inherited many operations, not all of which are necessary or work together.
When a reusable part can be implemented reasonably using dynamic data, then any application that must control memory can use the initialization and finalization routines to guard against memory leakage. Then, if data structures become dynamic, the applications that are sensitive to these concerns can be easily adapted.
The predefined types Ada.Finalization.Controlled or Ada.Finalization.Limited_Controlled provide automatic, user-{}definable initialization, adjustment, and finalization procedures. When you declare controlled types and objects, you are guaranteed that the compiler will insert the necessary calls to initialization, adjustment, and finalization, making your code less error-{}prone and more maintainable. When overriding the Initialize and Finalize routines on the controlled types, make sure to call the parent Initialize or Finalize.
\subsubsection{notes}

The example illustrates end condition functions. An abstraction should be automatically initialized before its user gets a chance to damage it. When that is not possible, it should be supplied with initialization operations. In any case, it needs finalization operations. One way to supply the initialization and finalization operations is to derive the abstraction from the predefined types Ada.Finalization.Controlled or Ada.Finalization.Limited_Controlled. Wherever possible, query operations should be provided to determine when limits are about to be exceeded, so that the user can avoid causing exceptions to be raised.
It is also useful to provide reset operations for many objects. To see that a reset and an initiation can be different, consider the analogous situation of a \symbol{34}warm boot\symbol{34} and a \symbol{34}cold boot\symbol{34} on a personal computer.
Even if all of these operations are not appropriate for the abstraction, the exercise of considering them aids in formulating a complete set of operations, others of which may be used by another application.
Some implementations of the language link all subprograms of a package into the executable file, ignoring whether they are used or not, making unused operations a liability (see Guideline 8.4.5). In such cases, where the overhead is significant, create a copy of the fully functional part and comment out the unused operations with an indication that they are redundant in this application.
\subsection{Generic Units}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use generic units to avoid code duplication.
\item{}Parameterize generic units for maximum adaptability.
\item{}Reuse common instantiations of generic units, as well as the generic units themselves.

\end{myitemize}

\subsubsection{rationale}

Ada does not allow data types to be passed as actual parameters to subprograms during execution. Such parameters must be specified as generic formal parameters to a generic unit when it is instantiated. Therefore, if you want to write a subprogram for which there is variation from call to call in the data type of objects on which it operates, then you must write the subprogram as a generic unit and instantiate it once for each combination of data type parameters. The instantiations of the unit can then be called as regular subprograms.
You can pass subprograms as actual parameters either by declaring access-{}to-{}subprogram values or generic formal subprogram parameters. See Guideline 5.3.4 for a discussion of the tradeoffs.
If you find yourself writing two very similar routines differing only in the data type they operate on or the subprograms they call, then it is probably better to write the routine once as a generic unit and instantiate it twice to get the two versions you need. When the need arises later to modify the two routines, the change only needs to be made in one place. This greatly facilitates maintenance.
Once you have made such a choice, consider other aspects of the routine that these two instances may have in common but that are not essential to the nature of the routine. Factor these out as generic formal parameters. When the need arises later for a third similar routine, it can be automatically produced by a third instantiation if you have foreseen all the differences between it and the other two. A parameterized generic unit can be very reusable.
It may seem that the effort involved in writing generic rather than nongeneric units is substantial. However, making units generic is not much more difficult or time-{}consuming than making them nongeneric once you become familiar with the generic facilities. It is, for the most part, a matter of practice. Also, any effort put into the development of the unit will be recouped when the unit is reused, as it surely will be if it is placed in a reuse library with sufficient visibility. Do not limit your thinking about potential reuse to the application you are working on or to other applications with which you are very familiar. Applications with which you are not familiar or future applications might be able to reuse your software.
After writing a generic unit and placing it in your reuse library, the first thing you are likely to do is to instantiate it once for your particular needs. At this time, it is a good idea to consider whether there are instantiations that are very likely to be widely used. If so, place each such instantiation in your reuse library so that they can be found and shared by others.
See also Guideline 9.3.5.
\subsection{Formal Private and Limited Private Types}

\subsubsection{guideline}


\begin{myitemize}
\item{}Consider using a limited private type for a generic formal type when you do not need assignment on objects of the type inside the generic body.
\item{}Consider using a nonlimited private type for a generic formal type when you need normal assignment on objects of the type inside the body of the generic.
\item{}Consider using a formal tagged type derived from Ada.Finalization.Controlled when you need to enforce special assignment semantics on objects of the type in the body of the generic.
\item{}Export the least restrictive type that maintains the integrity of the data and abstraction while allowing alternate implementations.
\item{}Consider using a limited private abstract type for generic formal types of a generic that extends a formal private tagged type.

\end{myitemize}

\subsubsection{example}

The first example shows a case of a template providing only a data structure, a case in which assignment is clearly not needed in the body of the generic:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{generic}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Element_Type\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{limited}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Generic_Doubly_Linked_Lists\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Cell_Type;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{List_Type\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{access}\ensuremath{\text{ }}\KeywordTok{all}\ensuremath{\text{ }}\NormalTok{Element_Type;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Cell_Type\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Data\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Element_Type;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Next\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}List_Type;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Previous\ensuremath{\text{ }}:\ensuremath{\text{ }}List_Type;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Generic_Doubly_Linked_Lists;}\newline
\end{Highlighting}
\end{Shaded}


The second example shows a template that composes new operations out of (nonassignment) operations passed as generic formal parameters:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{generic}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Element_Type\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{limited}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Process_Element\ensuremath{\text{ }}(X\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Element_Type);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{List_Type\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{array}\ensuremath{\text{ }}\NormalTok{(Positive\ensuremath{\text{ }}}\KeywordTok{range}\ensuremath{\text{ }}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{of}\ensuremath{\text{ }}\NormalTok{Element_Type;}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Process_List\ensuremath{\text{ }}(L\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{List_Type);}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Process_List\ensuremath{\text{ }}(L\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{List_Type)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\KeywordTok{begin}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Process_List}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{I\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{L{\char13}Range\ensuremath{\text{ }}}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Process_Element\ensuremath{\text{ }}(L(I));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Process_List;}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{generic}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Domain_Type\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{limited}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Intermediate_Type\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{limited}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Range_Type\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{limited}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Left\ensuremath{\text{ }}(X\ensuremath{\text{ }}:\ensuremath{\text{ }}Intermediate_Type)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Range_Type;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Right\ensuremath{\text{ }}(X\ensuremath{\text{ }}:\ensuremath{\text{ }}Domain_Type)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Intermediate_Type;}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Generic_Composition\ensuremath{\text{ }}(X\ensuremath{\text{ }}:\ensuremath{\text{ }}Domain_Type)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Range_Type;}\newline
\CommentTok{--\ensuremath{\text{ }}the\ensuremath{\text{ }}function\ensuremath{\text{ }}Left\ensuremath{\text{ }}o\ensuremath{\text{ }}Right}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Generic_Composition\ensuremath{\text{ }}(X\ensuremath{\text{ }}:\ensuremath{\text{ }}Domain_Type)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Range_Type\ensuremath{\text{ }}}\KeywordTok{is}\newline
\KeywordTok{begin}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}generic_Composition}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Left\ensuremath{\text{ }}(Right\ensuremath{\text{ }}(X));}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Generic_Composition;}\newline
\end{Highlighting}
\end{Shaded}


The third example shows how to use Ada\textquotesingle{}s controlled types to provide special assignment semantics:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Ada.Finalization;}\newline
\KeywordTok{generic}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Any_Element\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Ada.Finalization.}\KeywordTok{Controlled}\ensuremath{\text{ }}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Maximum_Stack_Size\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Natural\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\DecValTok{100}\NormalTok{;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Bounded_Stack\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Stack\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Push\ensuremath{\text{ }}(On_Top\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Stack;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{New_Element\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Any_Element);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Pop\ensuremath{\text{ }}\ensuremath{\text{ }}(From_Top\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Stack;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Top_Element\ensuremath{\text{ }}:\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Any_Element);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Overflow\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{exception}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Underflow\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{exception}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Stack_Information;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Stack\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{access}\ensuremath{\text{ }}\NormalTok{Stack_Information;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Bounded_Stack;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

For a generic component to be usable in as many contexts as possible, it should minimize the assumptions that it makes about its environment and should make explicit any assumptions that are necessary. In Ada, the assumptions made by generic units can be stated explicitly by the types of the generic formal parameters. A limited private generic formal type prevents the generic unit from making any assumptions about the structure of objects of the type or about operations defined for such objects. A private (nonlimited) generic formal type allows the assumption that assignment and equality comparison operations are defined for the type. Thus, a limited private data type cannot be specified as the actual parameter for a private generic formal type.
In general, you should choose the private or limited private generic formal type based on the need for assignment inside a generic. Limited private types should be used for abstractions that do not need assignment, as in the first two examples above. In the third example, where assignment is needed, a type derived from a controlled type is specified to ensure that the correct assignment semantics will be available. If you need equality in the body of the generic, you may need to redefine equality as well to get the correct semantics; you would then need to include a formal generic subprogram parameter for the = function.
The situation is reversed for types exported by a reusable part. For exported types, the restrictions specified by limited and limited private are restrictions on the user of the part, not on the part itself. To provide maximum capability to the user of a reusable part, export types with as few restrictions as possible. Apply restrictions as necessary to protect the integrity of the exported data structures and the abstraction for the various implementations envisioned for that generic.
Because they are so restrictive, limited private types are not always the best choice for types exported by a reusable part. In a case where it makes sense to allow the user to make copies of and compare data objects, and when the underlying data type does not involve access types (so that the entire data structure gets copied or compared), then it is better to export a (nonlimited) private type. In a case where it makes sense to allow the user to make copies of and compare data objects and when the underlying data type involves access types (so that the entire data structure gets copied or compared), then it is better to export a controlled type and an (overridden) equality operation. In cases where it does not detract from the abstraction to reveal even more about the type, then a nonprivate type (e.g., a numeric, enumerated, record, or array type) should be used.
One use of generic units is to create a mixin generic (see Guideline 8.3.8) to extend a tagged type. In this situation, you want to use the most restrictive type as the generic formal type, that is, a formal type that is both limited and abstract. When you instantiate the generic, if the actual type is nonlimited, the type extension will also be nonlimited. In the generic package, you must declare the type extension as abstract. The instantiator of the generic can then extend the type again to achieve the desired mixin configuration.
\subsubsection{notes}

The predefined packages, Sequential_IO and Direct_IO, take private types. This will complicate I/O requirements for limited private types and should be considered during design.
There are also some cases where you must use a limited private formal type. These cases arise when the formal type has an access discriminant, or the formal is used as the parent type in defining a type extension that itself includes a component of a limited type (e.g., task type), or the formal defines a new discriminant part with an access discriminant.
\subsection{Using Generic Units to Encapsulate Algorithms}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use generic units to encapsulate algorithms independently of data type.

\end{myitemize}

\subsubsection{example}

This is the specification of a generic sort procedure:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{generic}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Element\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Data\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{array}\ensuremath{\text{ }}\NormalTok{(Positive\ensuremath{\text{ }}}\KeywordTok{range}\ensuremath{\text{ }}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{of}\ensuremath{\text{ }}\NormalTok{Element;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Should_Precede\ensuremath{\text{ }}(Left\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Element;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Right\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Element)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Boolean}\ensuremath{\text{ }}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{;}\newline
\ensuremath{\text{ }}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Swap\ensuremath{\text{ }}(Left\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Element;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Right\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Element)\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{;}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Generic_Sort\ensuremath{\text{ }}(Data_To_Sort\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Data);}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


The generic body looks just like a regular procedure body and can make full use of the generic formal parameters in implementing the sort algorithm:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Generic_Sort\ensuremath{\text{ }}(Data_To_Sort\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Data)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{I\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Data_To_Sort{\char13}Range\ensuremath{\text{ }}}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Should_Precede\ensuremath{\text{ }}(Data_To_Sort(J),\ensuremath{\text{ }}Data_To_Sort(I))\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Swap(Data_To_Sort(I),\ensuremath{\text{ }}Data_To_Sort(J));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Generic_Sort;}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


The generic procedure can be instantiated as:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Integer_Array\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{array}\ensuremath{\text{ }}\NormalTok{(Positive\ensuremath{\text{ }}}\KeywordTok{range}\ensuremath{\text{ }}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{of}\ensuremath{\text{ }}\DataTypeTok{Integer}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Should_Precede\ensuremath{\text{ }}(Left\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{Integer}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Right\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{Integer}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Swap\ensuremath{\text{ }}(Left\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\DataTypeTok{Integer}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Right\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\DataTypeTok{Integer}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Sort\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Generic_Sort\ensuremath{\text{ }}(Element\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{Integer}\NormalTok{,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Data\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}Integer_Array);}\newline
\end{Highlighting}
\end{Shaded}


or:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{String_80\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\DataTypeTok{String}\ensuremath{\text{ }}\NormalTok{(}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}}\DecValTok{80}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{String_Array\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{array}\ensuremath{\text{ }}\NormalTok{(Positive\ensuremath{\text{ }}}\KeywordTok{range}\ensuremath{\text{ }}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{of}\ensuremath{\text{ }}\NormalTok{String_80;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Should_Precede\ensuremath{\text{ }}(Left\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{String_80;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Right\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{String_80)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Swap\ensuremath{\text{ }}(Left\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{String_80;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Right\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{String_80);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Sort\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Generic_Sort\ensuremath{\text{ }}(Element\ensuremath{\text{ }}=\ensuremath{\text{ }}String_80,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Data\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}String_Array);}\newline
\end{Highlighting}
\end{Shaded}


and called as:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Integer_Array_1\ensuremath{\text{ }}:\ensuremath{\text{ }}Integer_Array\ensuremath{\text{ }}(}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}}\DecValTok{100}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Sort\ensuremath{\text{ }}(Integer_Array_1);}\newline
\end{Highlighting}
\end{Shaded}


or:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{String_Array_1\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}String_Array\ensuremath{\text{ }}\ensuremath{\text{ }}(}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}}\DecValTok{100}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Sort\ensuremath{\text{ }}(String_Array_1);}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

A sort algorithm can be described independently of the data type being sorted. This generic procedure takes the Element data type as a generic limited private type parameter so that it assumes as little as possible about the data type of the objects actually being operated on. It also takes Data as a generic formal parameter so that instantiations can have entire arrays passed to them for sorting. Finally, it explicitly requires the two operators that it needs to do the sort: Should_Precede and Swap. The sort algorithm is encapsulated without reference to any data type. The generic can be instantiated to sort an array of any data type. 8.3.5 Using Generic Units for Data Abstraction
\subsubsection{guideline}


\begin{myitemize}
\item{}Consider using abstract data types (not to be confused with Ada\textquotesingle{}s abstract types) in preference to abstract data objects.
\item{}Consider using generic units to implement abstract data types independently of their component data type.

\end{myitemize}

\subsubsection{example}

This example presents a series of different techniques that can be used to generate abstract data types and objects. A discussion of the merits of each follows in the rationale section below. The first is an abstract data object (ADO), which can be used to encapsulate an abstract state machine. It encapsulates one stack of integers:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Bounded_Stack\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Element\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\DataTypeTok{Integer}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Maximum_Stack_Size\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\DecValTok{100}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Push\ensuremath{\text{ }}(New_Element\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Element);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Pop\ensuremath{\text{ }}\ensuremath{\text{ }}(Top_Element\ensuremath{\text{ }}:\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Element);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Overflow\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{exception}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Underflow\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{exception}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Bounded_Stack;}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


The second example is an abstract data type (ADT). It differs from the ADO by exporting the Stack type, which allows the user to declare any number of stacks of integers. Because multiple stacks may now exist, it is necessary to specify a Stack argument on calls to Push and Pop:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Bounded_Stack\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Element\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\DataTypeTok{Integer}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Stack\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{limited}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Maximum_Stack_Size\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\DecValTok{100}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Push\ensuremath{\text{ }}(On_Top\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Stack;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{New_Element\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Element);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Pop\ensuremath{\text{ }}\ensuremath{\text{ }}(From_Top\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Stack;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Top_Element\ensuremath{\text{ }}:\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Element);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Overflow\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{exception}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Underflow\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{exception}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Stack_Information;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Stack\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{access}\ensuremath{\text{ }}\NormalTok{Stack_Information;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Bounded_Stack;}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


The third example is a parameterless generic abstract data object (GADO). It differs from the ADO (the first example) simply by being generic, so that the user can instantiate it multiple times to obtain multiple stacks of integers:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{generic}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Bounded_Stack\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Element\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\DataTypeTok{Integer}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Maximum_Stack_Size\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\DecValTok{100}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Push\ensuremath{\text{ }}(New_Element\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Element);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Pop\ensuremath{\text{ }}\ensuremath{\text{ }}(Top_Element\ensuremath{\text{ }}:\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Element);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Overflow\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{exception}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Underflow\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{exception}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Bounded_Stack;}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


The fourth example is a slight variant on the third, still a GADO but with parameters. It differs from the third example by making the data type of the stack a generic parameter so that stacks of data types other than Integer can be created. Also, Maximum_Stack_Size has been made a generic parameter that defaults to 100 but can be specified by the user, rather than a constant defined by the package:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{generic}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Element\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Maximum_Stack_Size\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Natural\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\DecValTok{100}\NormalTok{;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Bounded_Stack\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Push\ensuremath{\text{ }}(New_Element\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Element);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Pop\ensuremath{\text{ }}\ensuremath{\text{ }}(Top_Element\ensuremath{\text{ }}:\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Element);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Overflow\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{exception}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Underflow\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{exception}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Bounded_Stack;}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


The fifth example is a generic abstract data type (GADT). It differs from the GADO in the fourth example in the same way that the ADT in the second example differed from the ADO in the first example; it exports the Stack type, which allows the user to declare any number of stacks:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{generic}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Element\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Maximum_Stack_Size\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Natural\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\DecValTok{100}\NormalTok{;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Bounded_Stack\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Stack\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Push\ensuremath{\text{ }}(On_Top\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Stack;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{New_Element\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Element);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Pop\ensuremath{\text{ }}\ensuremath{\text{ }}(From_Top\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Stack;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Top_Element\ensuremath{\text{ }}:\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Element);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Overflow\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{exception}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Underflow\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{exception}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Stack_Information;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Stack\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{access}\ensuremath{\text{ }}\NormalTok{Stack_Information;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Bounded_Stack;}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

The biggest advantage of an ADT over an ADO (or a GADT over a GADO) is that the user of the package can declare as many objects as desired with an ADT. These objects can be declared as standalone variables or as components of arrays and records. They can also be passed as parameters. None of this is possible with an ADO, where the single data object is encapsulated inside of the package. Furthermore, an ADO provides no more protection of the data structure than an ADT. When a private type is exported by the ADT package, as in the example above, then for both the ADO and ADT, the only legal operations that can modify the data are those defined explicitly by the package (in this case, Push and Pop). For these reasons, an ADT or GADT is almost always preferable to an ADO or GADO, respectively.
A GADO is similar to an ADT in one way: it allows multiple objects to be created by the user. With an ADT, multiple objects can be declared using the type defined by the ADT package. With a GADO (even a GADO with no generic formal parameters, as shown in the third example), the package can be instantiated multiple times to produce multiple objects. However, the similarity ends there. The multiple objects produced by the instantiations suffer from all restrictions described above for ADOs; they cannot be used in arrays or records or passed as parameters. Furthermore, the objects are each of a different type, and no operations are defined to operate on more than one of them at a time. For example, there cannot be an operation to compare two such objects or to assign one to another. The multiple objects declared using the type defined by an ADT package suffer from no such restrictions; they can be used in arrays and records and can be passed as parameters. Also, they are all declared to be of the same type, so that it is possible for the ADT package to provide operations to assign, compare, copy, etc. For these reasons, an ADT is almost always preferable to a parameterless GADO.
The biggest advantage of a GADT or GADO over an ADT or ADO, respectively, is that the GADT and GADO are generic and can thus be parameterized with types, subprograms, and other configuration information. Thus, as shown above, a single generic package can support bounded stacks of any data type and any stack size, while the ADT and ADO above are restricted to stacks of Integer, no more than 100 in size. For this reason, a GADO or GADT is almost always preferable to an ADO or ADT.
The list of examples above is given in order of increasing power and flexibility, starting with an ADO and ending with a GADT. These advantages are not expensive in terms of complexity or development time. The specification of the GADT above is not significantly harder to write or understand than the specification of the ADO. The bodies are also nearly identical.
Compare the body for the simplest version, the ADO:

package body Bounded_Stack is
\TemplatePreformat{$\text{ }$\newline{}
$\text{ }${}$\text{ }${}type$\text{ }${}Stack_Slots$\text{ }${}is$\text{ }${}array$\text{ }${}(Natural$\text{ }${}range$\text{ }${}{\mbox{$<$}}{\mbox{$>$}})$\text{ }${}of$\text{ }${}Element;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}type$\text{ }${}Stack_Information$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}record$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Slots$\text{ }${}:$\text{ }${}Stack_Slots$\text{ }${}(1$\text{ }${}..$\text{ }${}Maximum_Stack_Size);$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Index$\text{ }${}:$\text{ }${}Natural$\text{ }${}:=$\text{ }${}0;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}record;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}Stack$\text{ }${}:$\text{ }${}Stack_Information;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }$\newline{}
-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}procedure$\text{ }${}Push$\text{ }${}(New_Element$\text{ }${}:$\text{ }${}in$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Element)$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}begin$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}if$\text{ }${}Stack.Index$\text{ }${}{\mbox{$>$}}=$\text{ }${}Maximum_Stack_Size$\text{ }${}then$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}raise$\text{ }${}Overflow;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}if;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Stack.Index$\text{ }${}:=$\text{ }${}Stack.Index$\text{ }${}+$\text{ }${}1;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Stack.Slots(Stack.Index)$\text{ }${}:=$\text{ }${}New_Element;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}end$\text{ }${}Push;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }$\newline{}
-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}procedure$\text{ }${}Pop$\text{ }${}(Top_Element$\text{ }${}:$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}out$\text{ }${}Element)$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}begin$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}if$\text{ }${}Stack.Index$\text{ }${}{\mbox{$<$}}=$\text{ }${}0$\text{ }${}then$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}raise$\text{ }${}Underflow;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}if;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Top_Element$\text{ }${}:=$\text{ }${}Stack.Slots(Stack.Index);$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Stack.Index$\text{ }${}:=$\text{ }${}Stack.Index$\text{ }${}-{}$\text{ }${}1;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}end$\text{ }${}Pop;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }$\newline{}
-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}...$\text{ }$\newline{}
}
end Bounded_Stack;

with the body for the most powerful and flexible version, the GADT:

package body Bounded_Stack is
\TemplatePreformat{$\text{ }$\newline{}
$\text{ }${}$\text{ }${}type$\text{ }${}Stack_Slots$\text{ }${}is$\text{ }${}array$\text{ }${}(Natural$\text{ }${}range$\text{ }${}{\mbox{$<$}}{\mbox{$>$}})$\text{ }${}of$\text{ }${}Element;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}type$\text{ }${}Stack_Information$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}record$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Slots$\text{ }${}:$\text{ }${}Stack_Slots$\text{ }${}(1$\text{ }${}..$\text{ }${}Maximum_Stack_Size);$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Index$\text{ }${}:$\text{ }${}Natural$\text{ }${}:=$\text{ }${}0;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}record;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }$\newline{}
-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}procedure$\text{ }${}Push$\text{ }${}(On_Top$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}:$\text{ }${}in$\text{ }${}out$\text{ }${}Stack;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}New_Element$\text{ }${}:$\text{ }${}in$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Element)$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}begin$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}if$\text{ }${}On_Top.Index$\text{ }${}{\mbox{$>$}}=$\text{ }${}Maximum_Stack_Size$\text{ }${}then$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}raise$\text{ }${}Overflow;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}if;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}On_Top.Index$\text{ }${}:=$\text{ }${}On_Top.Index$\text{ }${}+$\text{ }${}1;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}On_Top.Slots(On_Top.Index)$\text{ }${}:=$\text{ }${}New_Element;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}end$\text{ }${}Push;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }$\newline{}
-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}procedure$\text{ }${}Pop$\text{ }${}(From_Top$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}:$\text{ }${}in$\text{ }${}out$\text{ }${}Stack;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Top_Element$\text{ }${}:$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}out$\text{ }${}Element)$\text{ }${}is$\text{ }$\newline{}
$\text{ }${}$\text{ }${}begin$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}if$\text{ }${}From_Top.Index$\text{ }${}{\mbox{$<$}}=$\text{ }${}0$\text{ }${}then$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}raise$\text{ }${}Underflow;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}end$\text{ }${}if;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Top_Element$\text{ }${}:=$\text{ }${}From_Top.Slots(From_Top.Index);$\text{ }$\newline{}
}
\TemplatePreformat{$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}From_Top.Index$\text{ }${}:=$\text{ }${}From_Top.Index$\text{ }${}-{}$\text{ }${}1;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}end$\text{ }${}Pop;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }$\newline{}
-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}-{}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}...$\text{ }$\newline{}
}
end Bounded_Stack;

There is only one difference. The ADO declares a local object called Stack, while the GADT has one additional parameter (called Stack) on each of the exported procedures Push and Pop.
\subsection{Iterators}

\subsubsection{guideline}


\begin{myitemize}
\item{}Provide iterators for traversing complex data structures within reusable parts.
\item{}Consider providing both active and passive iterators.
\item{}Protect the iterators from errors due to modification of the data structure during iteration.
\item{}Document the behavior of the iterators when the data structure is modified during traversal.

\end{myitemize}

\subsubsection{example}

Ada provides several mechanisms for building reusable iterators. The following examples discuss the alternatives of \symbol{34}simple\symbol{34} generics, access discriminants, and type extension. The terms active and passive are used to differentiate whether the iteration mechanism (i.e., the way in which the complex data structure is traversed) is exposed or hidden. A passive iterator hides the traversal (e.g., looping mechanism) and consists of a single operation, iterate, that is parameterized by the processing you do on each element of the data structure. By contrast, an active iterator exposes the primitive operations by which you traverse the data structure (Booch 1987).
The first example shows a generic package that defines an abstract list data type, with both active and passive iterators for traversing a list:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{generic}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Element\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{limited}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Unbounded_List\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\KeywordTok{List}\ensuremath{\text{ }}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{limited}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Insert\ensuremath{\text{ }}(New_Element\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Element;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Into\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\KeywordTok{List}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Passive\ensuremath{\text{ }}(generic)\ensuremath{\text{ }}iterator.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{generic}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Process\ensuremath{\text{ }}(Each\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Element);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Iterate\ensuremath{\text{ }}(Over\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{List}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Active\ensuremath{\text{ }}iterator}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Iterator\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{limited}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Initialize\ensuremath{\text{ }}(Index\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Iterator;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Existing_List\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{List}\NormalTok{);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{More\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}(Index\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Iterator)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}The\ensuremath{\text{ }}procedure\ensuremath{\text{ }}Get_Next\ensuremath{\text{ }}combines\ensuremath{\text{ }}an\ensuremath{\text{ }}"Advance"\ensuremath{\text{ }}and\ensuremath{\text{ }}"Current"}\newline
\ensuremath{\text{ }}\KeywordTok{function}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Get_Next\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}(Index\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Iterator;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Current_Element\ensuremath{\text{ }}:\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Element);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Unbounded_List;}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


After instantiating the generic package and declaring a list as:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Unbounded_List;}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{List_User\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Employee\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{...;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Roster\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Unbounded_List\ensuremath{\text{ }}(Element\ensuremath{\text{ }}=\ensuremath{\text{ }}Employee,\ensuremath{\text{ }}...);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Employee_List\ensuremath{\text{ }}:\ensuremath{\text{ }}Roster.}\KeywordTok{List}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


the passive iterator is instantiated, specifying the name of the routine that should be called for each list element when the iterator is called.


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Process_Employee\ensuremath{\text{ }}(Each\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Employee)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Perform\ensuremath{\text{ }}the\ensuremath{\text{ }}required\ensuremath{\text{ }}action\ensuremath{\text{ }}for\ensuremath{\text{ }}EMPLOYEE\ensuremath{\text{ }}here.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Process_Employee;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Process_All\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Roster.Iterate\ensuremath{\text{ }}(Process\ensuremath{\text{ }}=\ensuremath{\text{ }}Process_Employee);}\newline
\end{Highlighting}
\end{Shaded}


The passive iterator can then be called as:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{begin}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}List_User}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Process_All\ensuremath{\text{ }}(Employee_List);}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{List_User;}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


Alternatively, the active iterator can be used without the second instantiation required by the passive iterator:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Iterator\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Roster.Iterator;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Current_Employee\ensuremath{\text{ }}:\ensuremath{\text{ }}Employee;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Process_Employee\ensuremath{\text{ }}(Each\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Employee)\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{separate}\NormalTok{;}\newline
\KeywordTok{begin}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}List_User}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Roster.Initialize\ensuremath{\text{ }}(Index\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}Iterator,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Existing_List\ensuremath{\text{ }}=\ensuremath{\text{ }}Employee_List);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\NormalTok{Roster.More\ensuremath{\text{ }}(Iterator)\ensuremath{\text{ }}}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Roster.Get_Next\ensuremath{\text{ }}(Index\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}Iterator,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Current_Element\ensuremath{\text{ }}=\ensuremath{\text{ }}Current_Employee);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Process_Employee\ensuremath{\text{ }}(Current_Employee);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{List_User;}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


The second example shows a code excerpt from Rationale (1995, Â§3.7.1) on how to construct iterators using access discriminants:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{generic}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Element\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Sets\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Set\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{limited}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}various\ensuremath{\text{ }}set\ensuremath{\text{ }}operations}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Iterator\ensuremath{\text{ }}(S\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{access}\ensuremath{\text{ }}\NormalTok{Set)\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{limited}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Start\ensuremath{\text{ }}(I\ensuremath{\text{ }}:\ensuremath{\text{ }}Iterator);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Done\ensuremath{\text{ }}(I\ensuremath{\text{ }}:\ensuremath{\text{ }}Iterator)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Next\ensuremath{\text{ }}(I\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Iterator);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}other\ensuremath{\text{ }}iterator\ensuremath{\text{ }}operations}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Node;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Ptr\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{access}\ensuremath{\text{ }}\NormalTok{Node;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Node\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{E\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Element;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Next\ensuremath{\text{ }}:\ensuremath{\text{ }}Ptr;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Set\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Ptr;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Iterator\ensuremath{\text{ }}(S\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{access}\ensuremath{\text{ }}\NormalTok{Set)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{This\ensuremath{\text{ }}:\ensuremath{\text{ }}Ptr;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Sets;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Sets\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}bodies\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}various\ensuremath{\text{ }}set\ensuremath{\text{ }}operations}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Start\ensuremath{\text{ }}(I\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Iterator)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{I.This\ensuremath{\text{ }}:=\ensuremath{\text{ }}Ptr(I.S.}\KeywordTok{all}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Start;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Done\ensuremath{\text{ }}(I\ensuremath{\text{ }}:\ensuremath{\text{ }}Iterator)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Boolean}\ensuremath{\text{ }}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{I.This\ensuremath{\text{ }}=\ensuremath{\text{ }}}\KeywordTok{null}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Done;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Next\ensuremath{\text{ }}(I\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Iterator)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{I.This\ensuremath{\text{ }}:=\ensuremath{\text{ }}I.This.Next;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Next;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Sets;}\newline
\end{Highlighting}
\end{Shaded}


The iterator operations allow you to iterate over the elements of the set with the component This of the iterator object accessing the current element. The access discriminant always points to the enclosing set to which the current element belongs.
The third example uses code fragments from Rationale (1995, Â§4.4.4) to show an iterator using type extension and dispatching:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Element\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Sets\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Set\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{limited}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}various\ensuremath{\text{ }}set\ensuremath{\text{ }}operations}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Iterator\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\ensuremath{\text{ }}\KeywordTok{tagged}\ensuremath{\text{ }}\KeywordTok{null}\ensuremath{\text{ }}\KeywordTok{record}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Iterate\ensuremath{\text{ }}(S\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Set;\ensuremath{\text{ }}IC\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Iterator{\char13}Class);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Action\ensuremath{\text{ }}(E\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Element;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{I\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Iterator)\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}definition\ensuremath{\text{ }}of\ensuremath{\text{ }}Node,\ensuremath{\text{ }}Ptr\ensuremath{\text{ }}(to\ensuremath{\text{ }}Node),\ensuremath{\text{ }}and\ensuremath{\text{ }}Set}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Sets;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Sets\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Iterate\ensuremath{\text{ }}(S\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Set;\ensuremath{\text{ }}IC\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Iterator{\char13}Class)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{This\ensuremath{\text{ }}:\ensuremath{\text{ }}Ptr\ensuremath{\text{ }}:=\ensuremath{\text{ }}Ptr\ensuremath{\text{ }}(S);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\NormalTok{This\ensuremath{\text{ }}/=\ensuremath{\text{ }}}\KeywordTok{null}\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Action\ensuremath{\text{ }}(This.E,\ensuremath{\text{ }}IC);\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}dispatch}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{This\ensuremath{\text{ }}:=\ensuremath{\text{ }}This.Next;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Iterate;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Sets;}\newline
\end{Highlighting}
\end{Shaded}


The general purpose iterator looks like this:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Sets.Something\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Do_Something\ensuremath{\text{ }}(S\ensuremath{\text{ }}:\ensuremath{\text{ }}Set;\ensuremath{\text{ }}P\ensuremath{\text{ }}:\ensuremath{\text{ }}Parameters);}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Sets.Something;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Sets.Something\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{My_Iterator\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Iterator\ensuremath{\text{ }}}\KeywordTok{with}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}components\ensuremath{\text{ }}for\ensuremath{\text{ }}parameters\ensuremath{\text{ }}and\ensuremath{\text{ }}workspace}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Action\ensuremath{\text{ }}(E\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Element;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{I\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{My_Iterator)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}do\ensuremath{\text{ }}something\ensuremath{\text{ }}to\ensuremath{\text{ }}element\ensuremath{\text{ }}E\ensuremath{\text{ }}using\ensuremath{\text{ }}data\ensuremath{\text{ }}from\ensuremath{\text{ }}iterator\ensuremath{\text{ }}I}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Action;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Do_Something\ensuremath{\text{ }}(S\ensuremath{\text{ }}:\ensuremath{\text{ }}Set;\ensuremath{\text{ }}P\ensuremath{\text{ }}:\ensuremath{\text{ }}Parameters)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{I\ensuremath{\text{ }}:\ensuremath{\text{ }}My_Iterator;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Do_Something}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}copy\ensuremath{\text{ }}parameters\ensuremath{\text{ }}into\ensuremath{\text{ }}iterator}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Iterate\ensuremath{\text{ }}(S,\ensuremath{\text{ }}I);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...\ensuremath{\text{ }}copy\ensuremath{\text{ }}any\ensuremath{\text{ }}results\ensuremath{\text{ }}from\ensuremath{\text{ }}iterator\ensuremath{\text{ }}back\ensuremath{\text{ }}to\ensuremath{\text{ }}parameters}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Do_Something;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Sets.Something;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Iteration over complex data structures is often required and, if not provided by the part itself, can be difficult to implement without violating information hiding principles.
Active and passive iterators each have their advantages, but neither is appropriate in all situations. Therefore, it is recommended that both be provided to give the user a choice of which to use in each situation.
Passive iterators are simpler and less error-{}prone than active iterators, in the same way that the for loop is simpler and less error-{}prone than the while loop. There are fewer mistakes that the user can make in using a passive iterator. Simply instantiate it with the routine to be executed for each list element, and call the instantiation for the desired list. Active iterators require more care by the user. Care must be taken to invoke the iterator operations in the proper sequence and to associate the proper iterator variable with the proper list variable. It is possible for a change made to the software during maintenance to introduce an error, perhaps an infinite loop.
On the other hand, active iterators are more flexible than passive iterators. With a passive iterator, it is difficult to perform multiple, concurrent, synchronized iterations. For example, it is much easier to use active iterators to iterate over two sorted lists, merging them into a third sorted list. Also, for multidimensional data structures, a small number of active iterator routines may be able to replace a large number of passive iterators, each of which implements one combination of the active iterators. Finally, active iterators can be passed as generic formal parameters while passive iterators cannot because passive iterators are themselves generic, and generic units cannot be passed as parameters to other generic units.
For either type of iterator, semantic questions can arise about what happens when the data structure is modified as it is being iterated. When writing an iterator, be sure to consider this possibility, and indicate with comments the behavior that occurs in such a case. It is not always obvious to the user what to expect. For example, to determine the \symbol{34}closure\symbol{34} of a mathematical \symbol{34}set\symbol{34} with respect to some operation, a common algorithm is to iterate over the members of the set, generating new elements and adding them to the set. In such a case, it is important that elements added to the set during the iteration be encountered subsequently during the iteration. On the other hand, for other algorithms, it may be important that the iterated set is the same set that existed at the beginning of the iteration. In the case of a prioritized list data structure, if the list is iterated in priority order, it may be important that elements inserted at lower priority than the current element during iteration not be encountered subsequently during the iteration but that elements inserted at a higher priority should be encountered. In any case, make a conscious decision about how the iterator should operate, and document that behavior in the package specification.
Deletions from the data structure also pose a problem for iterators. It is a common mistake for a user to iterate over a data structure, deleting it piece by piece during the iteration. If the iterator is not prepared for such a situation, it is possible to end up dereferencing a null pointer or committing a similar error. Such situations can be prevented by storing extra information with each data structure, which indicates whether it is currently being iterated, and using this information to disallow any modifications to the data structure during iteration. When the data structure is declared as a limited private type, as should usually be the case when iterators are involved, the only operations defined on the type are declared explicitly in the package that declares the type, making it possible to add such tests to all modification operations.
The Rationale (1995, Â§4.4.4) notes that the access discriminant and type extension techniques are inversions of each other. In the access discriminant approach, you have to write out the looping mechanism for each action. In the type extension approach, you write one loop and dispatch to the desired action. Thus, an iterator that uses the access discriminant technique would be considered active, while an iterator that uses the type extension technique would be considered passive.
\subsubsection{notes}

You can use an access to subprogram type as an alternative to generic instantiation, using a nongeneric parameter as a pointer to subprogram. You would then apply the referenced subprogram to every element in a collection ( Rationale 1995, Â§3.7.2). There are drawbacks to this approach, however, because you cannot use it to create a general purpose iterator. Anonymous access to subprogram parameters is not allowed in Ada; thus, the following fragment is illegal:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Iterate\ensuremath{\text{ }}(C\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Collection;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Action\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{access}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{(E\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Element));}\newline
\end{Highlighting}
\end{Shaded}


The formal parameter Action must be of a named access subtype, as in:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Action_Type\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{access}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{(E\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Element);}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Iterate\ensuremath{\text{ }}(C\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Collection;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Action\ensuremath{\text{ }}:\ensuremath{\text{ }}Action_Type);}\newline
\end{Highlighting}
\end{Shaded}


In order for this to work, you must make sure that the action subprogram is in scope and not defined internal to another subprogram. If it is defined as a nested procedure, it would be illegal to access it. See the Rationale (1995, Â§4.4.4) for a more complete example.
For further discussion of passive and active iterators, see the Rationale (1995, Â§3.7.1 and Â§4.4.4), Ross (1989), and Booch (1987).
\subsection{Decimal Type Output and Information Systems Annex}

\subsubsection{guideline}


\begin{myitemize}
\item{}Localize the currency symbol, digits separator, radix mark, and fill character in picture output.
\item{}Consider using the \# character in picture layouts so that the edited numeric output lengths are invariant across currency symbols of different lengths.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.Editing;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Currency\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Dollars\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{delta}\ensuremath{\text{ }}\FloatTok{0.01}\ensuremath{\text{ }}\KeywordTok{digits}\ensuremath{\text{ }}\DecValTok{10}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Marks\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{delta}\ensuremath{\text{ }}\FloatTok{0.01}\ensuremath{\text{ }}\KeywordTok{digits}\ensuremath{\text{ }}\DecValTok{10}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Dollar_Output\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.Editing.Decimal_Output}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{(Num\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}Dollars,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Default_Currency\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"\$"}\NormalTok{,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Default_Fill\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}}\CharTok{{\char13}*{\char13}}\NormalTok{,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Default_Separator\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}}\CharTok{{\char13},{\char13}}\NormalTok{,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Default_Radix_Mark\ensuremath{\text{ }}=\ensuremath{\text{ }}}\CharTok{{\char13}.{\char13}}\NormalTok{);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Mark_Output\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.Editing.Decimal_Output}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{(Num\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}Marks,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Default_Currency\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"DM"}\NormalTok{,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Default_Fill\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}}\CharTok{{\char13}*{\char13}}\NormalTok{,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Default_Separator\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}}\CharTok{{\char13}.{\char13}}\NormalTok{,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Default_Radix_Mark\ensuremath{\text{ }}=\ensuremath{\text{ }}}\CharTok{{\char13},{\char13}}\NormalTok{);}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Currency;}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.Editing;}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Currency;\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{use}\ensuremath{\text{ }}\NormalTok{Currency;}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Test_Picture_Editing\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{DM_Amount\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Marks;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Dollar_Amount\ensuremath{\text{ }}:\ensuremath{\text{ }}Dollars;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Amount_Picture\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.Editing.Picture\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}Ada.Text_IO.Editing.To_Picture\ensuremath{\text{ }}(}\StringTok{"##ZZ_ZZZ_ZZ9.99"}\NormalTok{);}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{begin}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Test_Picture_Editing}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{DM_Amount\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:=\ensuremath{\text{ }}1_234_567}\FloatTok{.89}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Dollar_Amount\ensuremath{\text{ }}:=\ensuremath{\text{ }}1_234_567}\FloatTok{.89}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{DM_Output.Put\ensuremath{\text{ }}(Item\ensuremath{\text{ }}=\ensuremath{\text{ }}DM_Amount,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Pic\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}Amount_Picture);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Dollar_Output.Put\ensuremath{\text{ }}(Item\ensuremath{\text{ }}=\ensuremath{\text{ }}Dollar_Amount,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Pic\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}Amount_Picture);}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Test_Picture_Editing;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Currencies differ in how they are displayed in a report. Currencies use different symbols of different lengths (e.g., the American \${}, the German DM, and the Austrian Ã�S). They use different symbols to separate digits. The United States and the United Kingdom use the comma to separate groups of thousands, whereas Continental Europe uses the period. The United States and the United Kingdom use a period as a decimal point; Continental Europe uses the comma. For a program involving financial calculations that is to be reused across countries, you need to take these differences into account. By encapsulating them, you limit the impact of change in adapting the financial package.
\subsection{Implementing Mixins}

\subsubsection{guideline}


\begin{myitemize}
\item{}Consider using abstract tagged types and generics to define reusable units of functionality that can be \symbol{34}mixed into\symbol{34} core abstractions (also known as mixins).

\end{myitemize}

\subsubsection{example}

Note the use of an abstract tagged type as a generic formal parameter and as the exported extended type in the pattern that follows, excerpted from the Rationale (1995, Â§4.6.2):


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{generic}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{S\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\ensuremath{\text{ }}\KeywordTok{tagged}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{P\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{T\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{S\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}operations\ensuremath{\text{ }}on\ensuremath{\text{ }}T}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{T\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{S\ensuremath{\text{ }}}\KeywordTok{with}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}additional\ensuremath{\text{ }}components}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{P;}\newline
\end{Highlighting}
\end{Shaded}


The following code shows how the generic might be instantiated to \symbol{34}mixin\symbol{34} the desired features in the final type extension. See also Guideline 9.5.1 for a related example of code.


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{--\ensuremath{\text{ }}Assume\ensuremath{\text{ }}that\ensuremath{\text{ }}packages\ensuremath{\text{ }}P1,\ensuremath{\text{ }}P2,\ensuremath{\text{ }}P3,\ensuremath{\text{ }}and\ensuremath{\text{ }}P4\ensuremath{\text{ }}are\ensuremath{\text{ }}generic\ensuremath{\text{ }}packages\ensuremath{\text{ }}which}\newline
\ensuremath{\text{ }}\NormalTok{take\ensuremath{\text{ }}a\ensuremath{\text{ }}}\KeywordTok{tagged}\newline
\CommentTok{--\ensuremath{\text{ }}type\ensuremath{\text{ }}as\ensuremath{\text{ }}generic\ensuremath{\text{ }}formal\ensuremath{\text{ }}type\ensuremath{\text{ }}parameter\ensuremath{\text{ }}and\ensuremath{\text{ }}which\ensuremath{\text{ }}export\ensuremath{\text{ }}a\ensuremath{\text{ }}tagged}\newline
\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{T}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Q\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{My_T\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Basic_T\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}exported\ensuremath{\text{ }}operations}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Feature_1\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{P1\ensuremath{\text{ }}(Basic_T);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Feature_2\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{P2\ensuremath{\text{ }}(Feature_1.T);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Feature\ensuremath{\text{ }}}\DecValTok{3}\ensuremath{\text{ }}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{P3\ensuremath{\text{ }}(Feature_2.T);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Feature_4\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{P4\ensuremath{\text{ }}(Feature_3.T);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}etc.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{My_T\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Feature_4.T\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{null}\ensuremath{\text{ }}\KeywordTok{record}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Q;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

The Rationale (1995, Â§4.6.2) discusses the use of a generic template to define the properties to be mixed in to your abstraction:
The generic template defines the mixin. The type supplied as generic actual parameter determines the parent . . . the body provides the operations and the specification exports the extended type.
If you have defined a series of generic mixin packages, you would then serialize the instantiations. The actual parameter to the next instantiation is the exported tagged type from the previous instantiation. This is shown in the second code segment in the example. Each extension is derived from a previous extension, so you have a linearized succession of overriding subprograms. Because they are linearized, you have a derivation order you can use to resolve any conflicts.
You should encapsulate one extension (and related operations) per generic package. This provides a better separation of concerns and more maintainable, reusable components.
See Guideline 9.5.1 for a full discussion of the use of mixins.
\section{Independence}

A reusable part should be as independent as possible from other reusable parts. A potential user is less inclined to reuse a part if that part requires the use of other parts that seem unnecessary. The \symbol{34}extra baggage\symbol{34} of the other parts wastes time and space. A user would like to be able to reuse only that part that is perceived as useful. The concept of a \symbol{34}part\symbol{34} is intentionally vague here. A single package does not need to be independent of each other package in a reuse library if the \symbol{34}parts\symbol{34} from that library that are typically reused are entire subsystems. If the entire subsystem is perceived as providing a useful function, the entire subsystem is reused. However, the subsystem should not be tightly coupled to all the other subsystems in the reuse library so that it is difficult or impossible to reuse the subsystem without reusing the entire library. Coupling between reusable parts should only occur when it provides a strong benefit perceptible to the user.
\subsection{Subsystem Design}

\subsubsection{guideline}


\begin{myitemize}
\item{}Consider structuring subsystems so that operations that are only used in a particular context are in different child packages than operations used in a different context.
\item{}Consider declaring context-{}independent functionality in the parent package and context-{}dependent functionality in child packages.

\end{myitemize}

\subsubsection{rationale}

The generic unit is a basic building block. Generic parameterization can be used to break dependencies between program units so that they can be reused separately. However, it is often the case that a set of units, particularly a set of packages, are to be reused together as a subsystem. In this case, the packages can be collected into a hierarchy of child packages, with private packages to hide internal details. The hierarchy may or may not be generic. Using the child packages allows subsystems to be reused without incorporating too many extraneous operations because the unused child packages can be discarded in the new environment.
See also Guidelines 4.1.6 and 8.3.1.
\subsection{Using Generic Parameters to Reduce Coupling}

\subsubsection{guideline}


\begin{myitemize}
\item{}Minimize with clauses on reusable parts, especially on their specifications.
\item{}Consider using generic parameters instead of with statements to reduce the number of context clauses on a reusable part.
\item{}Consider using generic formal package parameters to import directly all the types and operations defined in an instance of a preexisting generic.

\end{myitemize}

\subsubsection{example}

A procedure like the following:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Package_A;}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Produce_And_Store_A\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{begin}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Produce_And_Store_A}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Package_A.Produce\ensuremath{\text{ }}(...);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Package_A.Store\ensuremath{\text{ }}(...);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Produce_And_Store_A;}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


can be rewritten as a generic unit:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{generic}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Produce\ensuremath{\text{ }}(...);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Store\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}(...);}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Produce_And_Store;}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Produce_And_Store\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{begin}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Produce_And_Store}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Produce\ensuremath{\text{ }}(...);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Store\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}(...);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Produce_And_Store;}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


and then instantiated:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Package_A;}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Produce_And_Store;}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Produce_And_Store_A\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Produce_And_Store\ensuremath{\text{ }}(Produce\ensuremath{\text{ }}=\ensuremath{\text{ }}Package_A.Produce,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Store\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}Package_A.Store);}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Context (with) clauses specify the names of other units upon which this unit depends. Such dependencies cannot and should not be entirely avoided, but it is a good idea to minimize the number of them that occur in the specification of a unit. Try to move them to the body, leaving the specification independent of other units so that it is easier to understand in isolation. Also, organize your reusable parts in such a way that the bodies of the units do not contain large numbers of dependencies on each other. Partitioning your library into independent functional areas with no dependencies spanning the boundaries of the areas is a good way to start. Finally, reduce dependencies by using generic formal parameters instead of with statements, as shown in the example above. If the units in a library are too tightly coupled, then no single part can be reused without reusing most or all of the library.
The first (nongeneric) version of Produce_And_Store_A above is difficult to reuse because it depends on Package_A that may not be general purpose or generally available. If the operation Produce_And_Store has reuse potential that is reduced by this dependency, a generic unit and an instantiation should be produced as shown above. The with clause for Package_A has been moved from the Produce_And_Store generic procedure, which encapsulates the reusable algorithm to the Produce_And_Store_A instantiation. Instead of naming the package that provides the required operations, the generic unit simply lists the required operations themselves. This increases the independence and reusability of the generic unit.
This use of generic formal parameters in place of with clauses also allows visibility at a finer granularity. The with clause on the nongeneric version of Produce_And_Store_A makes all of the contents of Package_A visible to Produce_And_Store_A, while the generic parameters on the generic version make only the Produce and Store operations available to the generic instantiation.
Generic formal packages allow for \symbol{34}safer and simpler composition of generic abstractions\symbol{34} ( Rationale 1995, Â§12.6). The generic formal package allows you to group a set of related types and their operations into a single unit, avoiding having to list each type and operation as an individual generic formal parameter. This technique allows you to show clearly that you are extending the functionality of one generic with another generic, effectively parameterizing one abstraction with another.
\subsection{Coupling Due to Pragmas}

\subsubsection{guideline}


\begin{myitemize}
\item{}In the specification of a generic library unit, use pragma Elaborate_Body.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{------}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{generic}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Stack\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{pragma}\ensuremath{\text{ }}\KeywordTok{Elaborate_Body}\ensuremath{\text{ }}\NormalTok{(Stack);\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}in\ensuremath{\text{ }}case\ensuremath{\text{ }}the\ensuremath{\text{ }}body\ensuremath{\text{ }}is\ensuremath{\text{ }}not\ensuremath{\text{ }}yet}\newline
\ensuremath{\text{ }}\NormalTok{elaborated}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Stack;}\newline
\CommentTok{------}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Stack;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{My_Stack\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Stack\ensuremath{\text{ }}(...);}\newline
\CommentTok{------}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Stack\ensuremath{\text{ }}}\KeywordTok{is}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Stack;}\newline
\CommentTok{------}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

The elaboration order of compilation units is only constrained to follow the compilation order. Furthermore, any time you have an instantiation as a library unit or an instantiation in a library package, Ada requires that you elaborate the body of the generic being instantiated before elaborating the instantiation itself. Because a generic library unit body may be compiled after an instantiation of that generic, the body may not necessarily be elaborated at the time of the instantiation, causing a Program_Error. Using pragma Elaborate_Body avoids this by requiring that the generic unit body be elaborated immediately after the specification, whatever the compilation order.
When there is clear requirement for a recursive dependency, you should use pragma Elaborate_Body. This situation arises, for example, when you have a recursive dependency (i.e., package A\textquotesingle{}s body depends on package B\textquotesingle{}s specification and package B\textquotesingle{}s body depends on package A\textquotesingle{}s specification).
\subsubsection{notes}

Pragma Elaborate_All controls the order of elaboration of one unit with respect to another. This is another way of coupling units and should be avoided when possible in reusable parts because it restricts the number of configurations in which the reusable parts can be combined. Recognize, however, that pragma Elaborate_All provides a better guarantee of elaboration order because if using this pragma uncovers elaboration problems, they will be reported at link time (as opposed to a run-{}time execution error).
Any time you call a subprogram (typically a function) during the elaboration of a library unit, the body of the subprogram must have been elaborated before the library unit. You can ensure this elaboration happens by adding a pragma Elaborate_Body for the unit containing the function. If, however, that function calls other functions, then it is safer to put a pragma Elaborate_All on the unit containing the function.
For a discussion of the pragmas Pure and Preelaborate, see also the Ada Reference Manual (1995, Â§10.2.1) and the Rationale (1995, Â§10.3). If you use either pragma Pure or Preelaborate, you will not need the pragma Elaborate_Body.
The idea of a registry is fundamental to many object-{}oriented programming frameworks. Because other library units will need to call it during their elaboration, you need to make sure that the registry itself is elaborated early. Note that the registry should only depend on the root types of the type hierarchies and that the registry should only hold \symbol{34}class-{}wide\symbol{34} pointers to the objects, not more specific pointers. The root types should not themselves depend on the registry. See Chapter 9 for a more complete discussion of the use of object-{}oriented features.
\subsection{Part Families}

\subsubsection{guideline}


\begin{myitemize}
\item{}Create families of generic or other parts with similar specifications.

\end{myitemize}

\subsubsection{example}

The Booch parts (Booch 1987) are an example of the application of this guideline.
\subsubsection{rationale}

Different versions of similar parts (e.g., bounded versus unbounded stacks) may be needed for different applications or to change the properties of a given application. Often, the different behaviors required by these versions cannot be obtained using generic parameters. Providing a family of parts with similar specifications makes it easy for the programmer to select the appropriate one for the current application or to substitute a different one if the needs of the application change.
\subsubsection{notes}

A reusable part that is structured from subparts that are members of part families is particularly easy to tailor to the needs of a given application by substitution of family members.
Guideline 9.2.4 discusses the use of tagged types in building different versions of similar parts (i.e., common interface, multiple implementations).
\subsection{Conditional Compilation}

\subsubsection{guideline}


\begin{myitemize}
\item{}Structure reusable code to take advantage of dead code removal by the compiler.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Matrix_Math\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Algorithm\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{(Gaussian,\ensuremath{\text{ }}Pivoting,\ensuremath{\text{ }}Choleski,\ensuremath{\text{ }}Tri_Diagonal);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{generic}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Which_Algorithm\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Algorithm\ensuremath{\text{ }}:=\ensuremath{\text{ }}Gaussian;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Invert\ensuremath{\text{ }}(\ensuremath{\text{ }}...\ensuremath{\text{ }});}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Matrix_Math;}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Matrix_Math\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Invert\ensuremath{\text{ }}(\ensuremath{\text{ }}...\ensuremath{\text{ }})\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Invert}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{case}\ensuremath{\text{ }}\NormalTok{Which_Algorithm\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Gaussian\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}...\ensuremath{\text{ }};}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Pivoting\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}...\ensuremath{\text{ }};}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Choleski\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}...\ensuremath{\text{ }};}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Tri_Diagonal\ensuremath{\text{ }}=\ensuremath{\text{ }}...\ensuremath{\text{ }};}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}case}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Invert;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Matrix_Math;}\newline
\CommentTok{---}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Some compilers omit object code corresponding to parts of the program that they detect can never be executed. Constant expressions in conditional statements take advantage of this feature where it is available, providing a limited form of conditional compilation. When a part is reused in an implementation that does not support this form of conditional compilation, this practice produces a clean structure that is easy to adapt by deleting or commenting out redundant code where it creates an unacceptable overhead.
This feature should be used when other factors prevent the code from being separated into separate program units. In the above example, it would be preferable to have a different procedure for each algorithm. But the algorithms may differ in slight but complex ways to make separate procedures difficult to maintain.
\subsubsection{caution}

Be aware of whether your implementation supports dead code removal, and be prepared to take other steps to eliminate the overhead of redundant code if necessary.
\subsection{Table-{}Driven Programming}

\subsubsection{guideline}


\begin{myitemize}
\item{}Write table-{}driven reusable parts wherever possible and appropriate.

\end{myitemize}

\subsubsection{example}

The epitome of table-{}driven reusable software is a parser generation system. A specification of the form of the input data and of its output, along with some specialization code, is converted to tables that are to be \symbol{34}walked\symbol{34} by preexisting code using predetermined algorithms in the parser produced. Other forms of \symbol{34}application generators\symbol{34} work similarly.
\subsubsection{rationale}

Table-{}driven (sometimes known as data-{}driven) programs have behavior that depends on data with\textquotesingle{}ed at compile time or read from a file at run-{}time. In appropriate circumstances, table-{}driven programming provides a very powerful way of creating general-{}purpose, easily tailorable, reusable parts.
See Guideline 5.3.4 for a short discussion of using access-{}to-{}subprogram types in implementing table-{}driven programs.
\subsubsection{notes}

Consider whether differences in the behavior of a general-{}purpose part could be defined by some data structure at compile-{} or run-{}time, and if so, structure the part to be table-{}driven. The approach is most likely to be applicable when a part is designed for use in a particular application domain but needs to be specialized for use in a specific application within the domain. Take particular care in commenting the structure of the data needed to drive the part.
Table-{}driven programs are often more efficient and easier to read than the corresponding case or if-{}elsif-{}else networks to compute the item being sought or looked up.
\subsection{String Handling}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use the predefined packages for string handling.

\end{myitemize}

\subsubsection{example}

Writing code such as the following is no longer necessary in Ada 95:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Upper_Case\ensuremath{\text{ }}(S\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{String}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{String}\ensuremath{\text{ }}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Lower_Case_Range\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{Character\ensuremath{\text{ }}}\KeywordTok{range}\ensuremath{\text{ }}\CharTok{{\char13}a{\char13}}\NormalTok{..}\CharTok{{\char13}z{\char13}}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Temp\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{String}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}S;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Offset\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}Character{\char13}Pos(}\CharTok{{\char13}A{\char13}}\NormalTok{)\ensuremath{\text{ }}-\ensuremath{\text{ }}Character{\char13}Pos(}\CharTok{{\char13}a{\char13}}\NormalTok{);}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{Index\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Temp{\char13}Range\ensuremath{\text{ }}}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Temp(Index)\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Lower_Case_Range\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Temp(Index)\ensuremath{\text{ }}:=\ensuremath{\text{ }}Character{\char13}Val\ensuremath{\text{ }}(Character{\char13}Pos(Temp(Index))\ensuremath{\text{ }}+}\newline
\ensuremath{\text{ }}\NormalTok{Offset);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Temp;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Upper_Case;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Ada.Characters.Latin_1;}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Trim\ensuremath{\text{ }}(S\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{String}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{String}\ensuremath{\text{ }}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Left_Index\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Positive\ensuremath{\text{ }}:=\ensuremath{\text{ }}S{\char13}First;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Right_Index\ensuremath{\text{ }}:\ensuremath{\text{ }}Positive\ensuremath{\text{ }}:=\ensuremath{\text{ }}S{\char13}Last;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Space\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{Character\ensuremath{\text{ }}:=\ensuremath{\text{ }}Ada.Characters.Latin_1.Space;}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\NormalTok{(Left_Index\ensuremath{\text{ }}\ensuremath{\text{ }}S{\char13}Last)\ensuremath{\text{ }}}\KeywordTok{and}\ensuremath{\text{ }}\KeywordTok{then}\ensuremath{\text{ }}\NormalTok{(S(Left_Index)\ensuremath{\text{ }}=\ensuremath{\text{ }}Space)\ensuremath{\text{ }}}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Left_Index\ensuremath{\text{ }}:=\ensuremath{\text{ }}Positive{\char13}Succ(Left_Index);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\NormalTok{(Right_Index\ensuremath{\text{ }}\ensuremath{\text{ }}S{\char13}First)\ensuremath{\text{ }}}\KeywordTok{and}\ensuremath{\text{ }}\KeywordTok{then}\ensuremath{\text{ }}\NormalTok{(S(Right_Index)\ensuremath{\text{ }}=\ensuremath{\text{ }}Space)}\newline
\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Right_Index\ensuremath{\text{ }}:=\ensuremath{\text{ }}Positive{\char13}Pred(Right_Index);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{S(Left_Index..Right_Index);}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Trim;}\newline
\end{Highlighting}
\end{Shaded}


Assuming a variable S of type String, the following expression:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{Upper_Case(Trim(S))}\newline
\end{Highlighting}
\end{Shaded}


can now be replaced by more portable and preexisting language-{}defined operations such as:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Ada.Characters.Handling;\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{use}\ensuremath{\text{ }}\NormalTok{Ada.Characters.Handling;}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Ada.Strings;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{use}\ensuremath{\text{ }}\NormalTok{Ada.Strings;}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Ada.Strings.Fixed;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{use}\ensuremath{\text{ }}\NormalTok{Ada.Strings.Fixed;}\newline
\ensuremath{\text{ }}\newline
\NormalTok{...}\newline
\NormalTok{To_Upper\ensuremath{\text{ }}(Trim\ensuremath{\text{ }}(Source\ensuremath{\text{ }}=\ensuremath{\text{ }}S,\ensuremath{\text{ }}Side\ensuremath{\text{ }}=\ensuremath{\text{ }}Both))}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

The predefined Ada language environment includes string handling packages to encourage portability. They support different categories of strings: fixed length, bounded length, and unbounded length. They also support subprograms for string construction, concatenation, copying, selection, ordering, searching, pattern matching, and string transformation. You no longer need to define your own string handling packages.
\subsection{Tagged Type Hierarchies}

\subsubsection{guideline}


\begin{myitemize}
\item{}Consider using hierarchies of tagged types to promote generalization of software for reuse.
\item{}Consider using a tagged type hierarchy to decouple a generalized algorithm from the details of dependency on specific types.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Wage_Info;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Personnel\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Employee\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\ensuremath{\text{ }}\KeywordTok{tagged}\ensuremath{\text{ }}\KeywordTok{limited}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Employee_Ptr\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{access}\ensuremath{\text{ }}\KeywordTok{all}\ensuremath{\text{ }}\NormalTok{Employee{\char13}Class;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Compute_Wage\ensuremath{\text{ }}(E\ensuremath{\text{ }}:\ensuremath{\text{ }}Employee)\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Employee\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{tagged}\ensuremath{\text{ }}\KeywordTok{limited}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Name\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}...;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{SSN\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}...\ensuremath{\text{ }};}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Rates\ensuremath{\text{ }}:\ensuremath{\text{ }}Wage_Info.Tax_Info;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Personnel;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Personnel.Part_Time\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Part_Timer\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Employee\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Compute_Wage\ensuremath{\text{ }}(E\ensuremath{\text{ }}:\ensuremath{\text{ }}Part_Timer);}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Personnel.Part_Time;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Personnel.Full_Time\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Full_Timer\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Employee\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Compute_Wage\ensuremath{\text{ }}(E\ensuremath{\text{ }}:\ensuremath{\text{ }}Full_Timer);}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Personnel.Full_Time;}\newline
\end{Highlighting}
\end{Shaded}


Given the following array declaration:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Employee_List\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{array}\ensuremath{\text{ }}\NormalTok{(Positive\ensuremath{\text{ }}}\KeywordTok{range}\ensuremath{\text{ }}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{of}\newline
\ensuremath{\text{ }}\NormalTok{Personnel.Employee_Ptr;}\newline
\end{Highlighting}
\end{Shaded}


you can write a procedure that computes the wage of each employee, regardless of the different types of employees that you create. The Employee_List consists of an array of pointers to the various kinds of employees, each of which has an individual Compute_Wage procedure. (The primitive Compute_Wage is declared as an abstract procedure and, therefore, must be overridden by all descendants.) You will not need to modify the payroll code as you specialize the kinds of employees:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Compute_Payroll\ensuremath{\text{ }}(Who\ensuremath{\text{ }}:\ensuremath{\text{ }}Employee_List)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\KeywordTok{begin}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Compute_Payroll}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{E\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Who{\char13}Range\ensuremath{\text{ }}}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Compute_Wage\ensuremath{\text{ }}(Who(E).}\KeywordTok{all}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Compute_Payroll;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

The general algorithm can depend polymorphically on objects of the class-{}wide type of the root tagged type without caring what specialized types are derived from the root type. The generalized algorithm does not need to be changed if additional types are added to the type hierarchy. See also Guideline 5.4.2. Furthermore, the child package hierarchy then mirrors the inheritance hierarchy.
A general root tagged type can define the common properties and have common operations for a hierarchy of more specific types. Software that depends only on this root type will be general, in that it can be used with objects of any of the more specific types. Further, the general algorithms of clients of the root type do not have to be changed as more specific types are added to the type hierarchy. This is a particularly effective way to organize object-{}oriented software for reuse.
Separating the hierarchy of derived tagged types into individual packages enhances reusability by reducing the number of items in package interfaces. It also allows you to with only the capabilities needed.
See also Guidelines 9.2, 9.3.1, 9.3.5, and 9.4.1.
\section{Summary}

\subsection{understanding and clarity}


\begin{myitemize}
\item{}Select the least restrictive names possible for reusable parts and their identifiers.
\item{}Select the generic name to avoid conflicting with the naming conventions of instantiations of the generic.
\item{}Use names that indicate the behavioral characteristics of the reusable part, as well as its abstraction .
\item{}Do not use abbreviations in identifier or unit names.
\item{}Document the expected behavior of generic formal parameters just as you document any package specification.

\end{myitemize}

\subsection{robustness}


\begin{myitemize}
\item{}Use named numbers and static expressions to allow multiple dependencies to be linked to a small number of symbols.
\item{}Use unconstrained array types for array formal parameters and array return values.
\item{}Make the size of local variables depend on actual parameter size, where appropriate.
\item{}Minimize the number of assumptions made by a unit.
\item{}For assumptions that cannot be avoided, use subtypes or constraints to automatically enforce conformance.
\item{}For assumptions that cannot be automatically enforced by subtypes, add explicit checks to the code.
\item{}Document all assumptions.
\item{}If the code depends upon the implementation of a specific Special Needs Annex for proper operation, document this assumption in the code.
\item{}Use first subtypes when declaring generic formal objects of mode in out.
\item{}Beware of using subtypes as subtype marks when declaring parameters or return values of generic formal subprograms.
\item{}Use attributes rather than literal values.
\item{}Be careful about overloading the names of subprograms exported by the same generic package.
\item{}Within a specification, document any tasks that would be activated by with\textquotesingle{}ing the specification and by using any part of the specification.
\item{}Document which generic formal parameters are accessed from a task hidden inside the generic unit.
\item{}Document any multithreaded components.
\item{}Propagate exceptions out of reusable parts. Handle exceptions within reusable parts only when you are certain that the handling is appropriate in all circumstances.
\item{}Propagate exceptions raised by generic formal subprograms after performing any cleanup necessary to the correct operation of future invocations of the generic instantiation.
\item{}Leave state variables in a valid state when raising an exception.
\item{}Leave parameters unmodified when raising an exception.

\end{myitemize}

\subsection{adaptability}


\begin{myitemize}
\item{}Provide core functionality in a reusable part or set of parts so that the functionality in this abstraction can be meaningfully extended by its reusers.
\item{}More specifically, provide initialization and finalization procedures for every data structure that may contain dynamic data.
\item{}For data structures needing initialization and finalization, consider deriving them, when possible, from the types Ada.Finalization.Controlled or Ada.Finalization.Limited_Controlled.
\item{}Use generic units to avoid code duplication.
\item{}Parameterize generic units for maximum adaptability.
\item{}Reuse common instantiations of generic units, as well as the generic units themselves.
\item{}Consider using a limited private type for a generic formal type when you do not need assignment on objects of the type inside the generic body.
\item{}Consider using a nonlimited private type for a generic formal type when you need normal assignment on objects of the type inside the body of the generic.
\item{}Consider using a formal tagged type derived from Ada.Finalization.Controlled when you need to enforce special assignment semantics on objects of the type in the body of the generic.
\item{}Export the least restrictive type that maintains the integrity of the data and abstraction while allowing alternate implementations.
\item{}Consider using a limited private abstract type for generic formal types of a generic that extends a formal private tagged type.
\item{}Use generic units to encapsulate algorithms independently of data type.
\item{}Consider using abstract data types (not to be confused with Ada\textquotesingle{}s abstract types) in preference to abstract data objects.
\item{}Consider using generic units to implement abstract data types independently of their component data type.
\item{}Provide iterators for traversing complex data structures within reusable parts.
\item{}Consider providing both active and passive iterators.
\item{}Protect the iterators from errors due to modification of the data structure during iteration.
\item{}Document the behavior of the iterators when the data structure is modified during traversal.
\item{}Localize the currency symbol, digits separator, radix mark, and fill character in picture output.
\item{}Consider using the \# character in picture layouts so that the edited numeric output lengths are invariant across currency symbols of different lengths.
\item{}Consider using abstract tagged types and generics to define reusable units of functionality that can be \symbol{34}mixed into\symbol{34} core abstractions (also known as mixins).
\item{}Consider structuring subsystems so that operations that are only used in a particular context are in different child packages than operations used in a different context.
\item{}Consider declaring context-{}independent functionality in the parent package and context-{}dependent functionality in child packages.

\end{myitemize}

\subsection{independence}


\begin{myitemize}
\item{}Minimize with clauses on reusable parts, especially on their specifications.
\item{}Consider using generic parameters instead of with statements to reduce the number of context clauses on a reusable part.
\item{}Consider using generic formal package parameters to import directly all the types and operations defined in an instance of a preexisting generic.
\item{}In the specification of a generic library unit, use pragma Elaborate_Body.
\item{}Create families of generic or other parts with similar specifications.
\item{}Structure reusable code to take advantage of dead code removal by the compiler.
\item{}Write table-{}driven reusable parts wherever possible and appropriate.
\item{}Use the predefined packages for string handling.
\item{}Consider using hierarchies of tagged types to promote generalization of software for reuse.
\item{}Consider using a tagged type hierarchy to decouple a generalized algorithm from the details of dependency on specific types.

\end{myitemize}



\chapter{Object-{}Oriented Features}

\myminitoc




\section{Introduction}

This chapter recommends ways of using Ada\textquotesingle{}s object-{}oriented features. Ada supports inheritance and polymorphism, providing the programmer some effective techniques and building blocks. Disciplined use of these features will promote programs that are easier to read and modify. These features also give the programmer flexibility in building reusable components.
The following definitions are provided in order to make this chapter more understandable. The essential characteristics of object-{}oriented programming are encapsulation, inheritance, and polymorphism. These are defined as follows in the Rationale (1995, Â§Â§4.1 and III.1.2):

{\bfseries Inheritance}

\begin{myquote}
\item{}A means for incrementally building new abstractions from an existing one by \symbol{34}inheriting\symbol{34} their properties without disturbing the implementation of the original abstraction or the existing clients.
\end{myquote}

{\bfseries Multiple Inheritance}

\begin{myquote}
\item{}The means of inheriting components and operations from two or more parent abstractions.
\end{myquote}

{\bfseries Mixin Inheritance}

\begin{myquote}
\item{}Multiple inheritance in which one or more of the parent abstractions cannot have instances of their own and exist only to provide a set of properties for abstractions inheriting from them.
\end{myquote}

{\bfseries Polymorphism}

\begin{myquote}
\item{}A means of factoring out the differences among a collection of abstractions, such that programs may be written in terms of the common properties.
\end{myquote}



\begin{myitemize}
\item{}Static polymorphism is provided through the generic parameter mechanism whereby a generic unit may be instantiated at compile time with any type from a class of types.
\item{}Dynamic polymorphism is provided through the use of so-{}called class-{}wide types and the distinction is then made at runtime on the basis of the value of the tag (\symbol{34}effectively a hidden discriminant identifying the type\symbol{34} {$\text{[}$}Rationale 1995, Â§II.1{$\text{]}$}).

\end{myitemize}

As stated in the Ada Reference Manual (1995, Annex N):


\begin{myquote}
\item{}A type has an associated set of values and a set of primitive operations that implement the fundamental aspects of its semantics.
\end{myquote}


A class is a set of types that is closed under derivation, which means that if a given type is in the class, then all types derived from that type are also in the class. The set of types of a class share common properties, such as their primitive operations. The semantics of a class include expected behavior and exceptions.
An object is either a constant or variable defined from a type (class). An object contains a value. A subcomponent of an object is itself an object.
Guidelines in this chapter are frequently worded \symbol{34}consider ...\symbol{34} because hard and fast rules cannot apply in all situations. The specific choice you make in a given situation involves design tradeoffs. The rationale for these guidelines is intended to give you insight into some of these tradeoffs.
\section{Object-{}Oriented Design}

You will find it easier to take advantage of many of the concepts in this chapter if you have done an object-{}oriented design. The results of an object-{}oriented design would include a set of meaningful abstractions and hierarchy of classes. The abstractions need to include the definition of the design objects, including structure and state, the operations on the objects, and the intended encapsulation for each object. The details on designing these abstractions and the hierarchy of classes are beyond the scope of this book. A number of good sources exist for this detail, including Rumbaugh et al. (1991), Jacobson et al. (1992), Software Productivity Consortium (1993), and Booch (1994).
An important part of the design process is deciding on the overall organization of the system. Looking at a single type, a single package, or even a single class of types by itself is probably the wrong place to start. The appropriate level to start is more at the level of \symbol{34}subsystem\symbol{34} or \symbol{34}framework.\symbol{34} You should use child packages (Guidelines 4.1.1 and 4.2.2) to group sets of abstractions into subsystems representing reusable frameworks. You should distinguish the \symbol{34}abstract\symbol{34} reusable core of the framework from the particular \symbol{34}instantiation\symbol{34} of the framework. Presuming the framework is constructed properly, the abstract core and its instantiation can be separated into distinct subsystems within the package hierarchy because the internals of an abstract reusable framework probably do not need to be visible to a particular instantiation of the framework.
\section{Tagged Type Hierarchies}

You should use inheritance primarily as a mechanism for implementing a class hierarchy from an object-{}oriented design. A class hierarchy should be a generalization/specialization (\symbol{34}is-{}a\symbol{34}) relationship. This relationship may also be referred to as \symbol{34}is-{}a-{}kind-{}of,\symbol{34} not to be confused with \symbol{34}is an instance of.\symbol{34} This \symbol{34}is-{}a\symbol{34} usage of inheritance is in contrast to other languages in which inheritance is used also to provide the equivalent of the Ada context clauses with and use. In Ada, you first identify the external modules of interest via with clauses and then choose selectively whether to make only the name of the module (package) visible or its contents (via a use clause).
\subsection{Tagged Types}

\subsubsection{guideline}


\begin{myitemize}
\item{}Consider using type extension when designing an is-{}a (generalization/specialization) hierarchy.
\item{}Use tagged types to preserve a common interface across differing implementations (Taft 1995a).
\item{}When defining a tagged type in a package, consider including a definition of a general access type to the corresponding class-{}wide type.
\item{}In general, define only one tagged type per package.

\end{myitemize}

\subsubsection{example}

Consider the type structure for a set of two-{}dimensional geometric objects positioned in a Cartesian coordinate system (Barnes 1996). The ancestor or root type Object is a tagged record. The components common to this type and all its descendants are an x and y coordinate. Various descendant types include points, circles, and arbitrary shapes. Except for points, these descendant types extend the root type with additional components; for example, the circle adds a radius component:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Object\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{tagged}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{X_Coord\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Float}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Y_Coord\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Float}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Circle\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Object\ensuremath{\text{ }}}\KeywordTok{with}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Radius\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Float}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Point\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Object\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{null}\ensuremath{\text{ }}\KeywordTok{record}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Shape\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Object\ensuremath{\text{ }}}\KeywordTok{with}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}other\ensuremath{\text{ }}components}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


The following is an example of general access type to the corresponding class-{}wide type:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Employee\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Object\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{tagged}\ensuremath{\text{ }}\KeywordTok{limited}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Reference\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{access}\ensuremath{\text{ }}\KeywordTok{all}\ensuremath{\text{ }}\NormalTok{Object{\char13}class;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Employee;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

You can derive new types from both tagged and untagged types, but the effects of this derivation are different. When you derive from an untagged type, you are creating a new type whose implementation is identical to the parent. Values of the derived types are subject to strong type checking; thus, you cannot mix the proverbial apples and oranges. When you derive a new type from an untagged type, you are not allowed to extend it with new components. You are effectively creating a new interface without changing the underlying implementation (Taft 1995a).
In deriving from a tagged type, you can extend the type with new components. Each descendant can extend a common interface (the parent\textquotesingle{}s). The union of a tagged type and its descendants form a class, and a class offers some unique features not available to untagged derivations. You can write class-{}wide operations that can be applied to any object that is a member of the class. You can also provide new implementations for the descendants of tagged types, either by overriding inherited primitive operations or by creating new primitive operations. Finally, tagged types can be used as the basis for multiple inheritance building blocks (see Guideline 9.5.1).
Reference semantics are very commonly used in object-{}oriented programming. In particular, heterogeneous polymorphic data structures based on tagged types require the use of access types. It is convenient to have a common definition for such a type provided to any client of the package defining the tagged type. A heterogeneous polymorphic data structure is a composite data structure (such as an array) whose elements have a homogeneous interface (i.e., an access to class-{}wide type) and whose elements\textquotesingle{} implementations are heterogeneous (i.e., the implementation of the elements uses different specific types). See also Guidelines 9.3.5 on polymorphism and 9.4.1 on managing visibility of tagged type hierarchies.
In Ada, the primitive operations of a type are implicitly associated with the type through scoping rules. The definition of a tagged type and a set of operations corresponds together to the \symbol{34}traditional\symbol{34} object-{}oriented programming concept of a \symbol{34}class.\symbol{34} Putting these into a package provides a clean encapsulation mechanism.
\subsubsection{exceptions}

If the root of the hierarchy does not define a complete set of values and operations, then use an abstract tagged type (see Guideline 9.2.4). This abstract type can be thought of as the least common denominator of the class, essentially a conceptual and incomplete type.
If a descendant needs to remove one of the components or primitive operations of its ancestor, it may not be appropriate to extend the tagged type.
An exception to using reference semantics is when a type is exported that would not be used in a data structure or made part of a collection.
If the implementation of two tagged types requires mutual visibility and the two types are generally used together, then it may be best to define them together in one package, though thought should be given to using child packages instead (see Guideline 9.4.1). Also, it can be convenient to define a small hierarchy of (completely) abstract types (or a small part of a larger hierarchy) all in one package specification; however, the negative impact on maintainability may outweigh the convenience. You do not provide a package body in this situation unless you have declared nonabstract operations on members of the hierarchy.
\subsection{Properties of Dispatching Operations}

\subsubsection{guideline}


\begin{myitemize}
\item{}The implementation of the dispatching operations of each type in a derivation class rooted in a tagged type T should conform to the expected semantics of the corresponding dispatching operations of the class-{}wide type T\textquotesingle{}Class.

\end{myitemize}

\subsubsection{example}

The key point of both of the alternatives in the following example is that it must be possible to use the class-{}wide type Transaction.Object\textquotesingle{}Class polymorphically without having to study the implementations of each of the types derived from the root type Transaction.Object. In addition, new transactions can be added to the derivation class without invalidating the existing transaction processing code. These are the important practical consequences of the design rule captured in the guideline:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Database;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Transaction\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Object\ensuremath{\text{ }}(Data\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{access}\ensuremath{\text{ }}\NormalTok{Database.Object{\char13}Class)\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\newline
\ensuremath{\text{ }}\KeywordTok{tagged}\ensuremath{\text{ }}\KeywordTok{limited}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Has_Executed\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Boolean}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}False;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Is_Valid\ensuremath{\text{ }}(T\ensuremath{\text{ }}:\ensuremath{\text{ }}Object)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}checks\ensuremath{\text{ }}that\ensuremath{\text{ }}Has_Executed\ensuremath{\text{ }}is\ensuremath{\text{ }}False}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Execute\ensuremath{\text{ }}(T\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Object);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}sets\ensuremath{\text{ }}Has_Executed\ensuremath{\text{ }}to\ensuremath{\text{ }}True}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Is_Not_Valid\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{exception}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Transaction;}\newline
\end{Highlighting}
\end{Shaded}


The precondition of Execute(T) for all T in Transaction.Object\textquotesingle{}Class is that Is_Valid(T) is True. The postcondition is the T.Has_Executed = True. This model is trivially satisfied by the root type Transaction.Object.
Consider the following derived type:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Transaction;}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Personnel;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Pay_Transaction\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Object\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Transaction.Object\ensuremath{\text{ }}}\KeywordTok{with}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Employee\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Personnel.Name;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Hours_Worked\ensuremath{\text{ }}:\ensuremath{\text{ }}Personnel.Time;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Is_Valid\ensuremath{\text{ }}(T\ensuremath{\text{ }}:\ensuremath{\text{ }}Object)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}checks\ensuremath{\text{ }}that\ensuremath{\text{ }}Employee\ensuremath{\text{ }}is\ensuremath{\text{ }}a\ensuremath{\text{ }}valid\ensuremath{\text{ }}name,\ensuremath{\text{ }}Hours_Worked\ensuremath{\text{ }}is\ensuremath{\text{ }}a\ensuremath{\text{ }}valid}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}amount\ensuremath{\text{ }}of\ensuremath{\text{ }}work\ensuremath{\text{ }}time\ensuremath{\text{ }}and\ensuremath{\text{ }}Has_Executed\ensuremath{\text{ }}=\ensuremath{\text{ }}False}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Has_Executed\ensuremath{\text{ }}(T\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Object);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}computes\ensuremath{\text{ }}the\ensuremath{\text{ }}pay\ensuremath{\text{ }}earned\ensuremath{\text{ }}by\ensuremath{\text{ }}the\ensuremath{\text{ }}Employee\ensuremath{\text{ }}for\ensuremath{\text{ }}the\ensuremath{\text{ }}given}\newline
\ensuremath{\text{ }}\NormalTok{Hours_Worked}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}and\ensuremath{\text{ }}updates\ensuremath{\text{ }}this\ensuremath{\text{ }}in\ensuremath{\text{ }}the\ensuremath{\text{ }}database\ensuremath{\text{ }}T.Data,\ensuremath{\text{ }}then\ensuremath{\text{ }}sets\ensuremath{\text{ }}Has_Executed}\newline
\ensuremath{\text{ }}\NormalTok{to\ensuremath{\text{ }}True}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Pay_Transaction;}\newline
\end{Highlighting}
\end{Shaded}


The precondition for the specific operation Pay_Transaction.Execute(T) is that Pay_Transaction.Is_Valid(T) is True, which is the same precondition as for the dispatching operation Execute on the class-{}wide type. (The actual validity check is different, but the statement of the \symbol{34}precondition\symbol{34} is the same.) The postcondition for Pay_Transaction.Execute(T) includes T.Has_Executed = True but also includes the appropriate condition on T.Data for computation of pay.
The class-{}wide transaction type can then be properly used as follows:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Transaction_Reference\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{access}\ensuremath{\text{ }}\KeywordTok{all}\ensuremath{\text{ }}\NormalTok{Transaction.Object{\char13}Class;}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Transaction_List\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{array}\ensuremath{\text{ }}\NormalTok{(Positive\ensuremath{\text{ }}}\KeywordTok{range}\ensuremath{\text{ }}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{of}\newline
\ensuremath{\text{ }}\NormalTok{Transaction_Reference;}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Process\ensuremath{\text{ }}(Action\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Transaction_List)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{I\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Action{\char13}Range\ensuremath{\text{ }}}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Note\ensuremath{\text{ }}that\ensuremath{\text{ }}calls\ensuremath{\text{ }}to\ensuremath{\text{ }}Is_Valid\ensuremath{\text{ }}and\ensuremath{\text{ }}Execute\ensuremath{\text{ }}are\ensuremath{\text{ }}dispatching}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Transaction.Is_Valid(Action(I).}\KeywordTok{all}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}the\ensuremath{\text{ }}precondition\ensuremath{\text{ }}for\ensuremath{\text{ }}Execute\ensuremath{\text{ }}is\ensuremath{\text{ }}satisfied}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Transaction.Execute(Action(I).}\KeywordTok{all}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}the\ensuremath{\text{ }}postcondition\ensuremath{\text{ }}Action(I).Has_Executed\ensuremath{\text{ }}=\ensuremath{\text{ }}True\ensuremath{\text{ }}is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}guaranteed\ensuremath{\text{ }}to\ensuremath{\text{ }}be\ensuremath{\text{ }}satisfied\ensuremath{\text{ }}(as\ensuremath{\text{ }}well\ensuremath{\text{ }}as\ensuremath{\text{ }}any\ensuremath{\text{ }}stronger}\newline
\ensuremath{\text{ }}\NormalTok{conditions}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}depending\ensuremath{\text{ }}on\ensuremath{\text{ }}the\ensuremath{\text{ }}specific\ensuremath{\text{ }}value\ensuremath{\text{ }}of\ensuremath{\text{ }}Action(I))}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}deal\ensuremath{\text{ }}with\ensuremath{\text{ }}the\ensuremath{\text{ }}error}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Process;}\newline
\end{Highlighting}
\end{Shaded}


If you had not defined the operation Is_Valid on transactions, then the validity condition for pay computation (valid name and hours worked) would have to directly become the precondition for Pay_Transaction.Execute. But this would be a \symbol{34}stronger\symbol{34} precondition than that on the class-{}wide dispatching operation, violating the guideline. As a result of this violation, there would be no way to guarantee the precondition of a dispatching call to Execute, leading to unexpected failures.
An alternative resolution to this problem is to define an exception to be raised by an Execute operation when the transaction is not valid. This behavior becomes part of the semantic model for the class-{}wide type: the precondition for Execute(T) becomes simply True (i.e., always valid), but the postcondition becomes \symbol{34}either\symbol{34} the exception is not raised and Has_Executed = True \symbol{34}or\symbol{34} the exception is raised and Has_Executed = False. The implementations of Execute in all derived transaction types would then need to satisfy the new postcondition. It is important that the \symbol{34}same\symbol{34} exception be raised by \symbol{34}all\symbol{34} implementations because this is part of the expected semantic model of the class-{}wide type.
With the alternative approach, the above processing loop becomes:
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\ensuremath{\text{ }}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Process\ensuremath{\text{ }}(Action\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Transaction_List)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{I\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Action{\char13}Range\ensuremath{\text{ }}}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Process_A_Transaction:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}there\ensuremath{\text{ }}is\ensuremath{\text{ }}no\ensuremath{\text{ }}precondition\ensuremath{\text{ }}for\ensuremath{\text{ }}Execute}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Transaction.Execute\ensuremath{\text{ }}(Action(I).}\KeywordTok{all}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}since\ensuremath{\text{ }}no\ensuremath{\text{ }}exception\ensuremath{\text{ }}was\ensuremath{\text{ }}raised,\ensuremath{\text{ }}the\ensuremath{\text{ }}postcondition}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Action(I).Has_Executed\ensuremath{\text{ }}=\ensuremath{\text{ }}True\ensuremath{\text{ }}is\ensuremath{\text{ }}guaranteed\ensuremath{\text{ }}(as\ensuremath{\text{ }}well\ensuremath{\text{ }}as}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}any\ensuremath{\text{ }}stronger\ensuremath{\text{ }}condition\ensuremath{\text{ }}depending\ensuremath{\text{ }}on\ensuremath{\text{ }}the\ensuremath{\text{ }}specific\ensuremath{\text{ }}value\ensuremath{\text{ }}of}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Action(I))}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{exception}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Transaction.Is_Not_Valid\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}the\ensuremath{\text{ }}exception\ensuremath{\text{ }}was\ensuremath{\text{ }}raised,\ensuremath{\text{ }}so\ensuremath{\text{ }}Action(I).Has_Executed\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\NormalTok{False}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}deal\ensuremath{\text{ }}with\ensuremath{\text{ }}the\ensuremath{\text{ }}error}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Process_A_Transaction;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Process;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

All the properties expected of a class-{}wide type by clients of that type should be meaningful for any specific types in the derivation class of the class-{}wide type. This rule is related to the object-{}oriented programming \symbol{34}substitutability principle\symbol{34} for consistency between the semantics of an object-{}oriented superclass and its subclasses (Wegner and Zdonik 1988). However, the separation of the polymorphic class-{}wide type T\textquotesingle{}Class from the root specific type T in Ada 95 clarifies this principle as a design rule on derivation classes rather than a correctness principle for derivation itself.
When a dispatching operation is used on a variable of a class-{}wide type T\textquotesingle{}Class, the actual implementation executed will depend dynamically on the actual tag of the value in the variable. In order to rationally use T\textquotesingle{}Class, it must be possible to understand the semantics of the operations on T\textquotesingle{}Class without having to study the implementation of the operations for each of the types in the derivation class rooted in T. Further, a new type added to this derivation class should not invalidate this overall understanding of T\textquotesingle{}Class because this could invalidate existing uses of the class-{}wide type. Thus, there needs to be an overall set of semantic properties of the operations of T\textquotesingle{}Class that is preserved by the implementations of the corresponding dispatching operations of all the types in the derivation class.
One way to capture the semantic properties of an operation is to define a \symbol{34}precondition\symbol{34} that must be true before the operation is invoked and a \symbol{34}postcondition\symbol{34} that must be true (given the precondition) after the operation has executed. You can (formally or informally) define pre-{} and postconditions for each operation of T\textquotesingle{}Class without reference to the implementations of dispatching operations of specific types. These semantic properties define the \symbol{34}minimum\symbol{34} set of properties common to all types in the derivation class. To preserve this minimum set of properties, the implementation of the dispatching operations of all the types in the derivation class rooted in T (including the root type T) should have (the same or) weaker preconditions than the corresponding operations of T\textquotesingle{}Class and (the same or) stronger postconditions than the T\textquotesingle{}Class operations. This means that any invocation of a dispatching operation on T\textquotesingle{}Class will result in the execution of an implementation that requires no more than what is expected of the dispatching operation in general (though it could require less) and delivers a result that is no less than what is expected (though it could do more).
\subsubsection{exceptions}

Tagged types and type extension may sometimes be used primarily for type implementation reasons rather than for polymorphism and dispatching. In particular, a nontagged private type may be implemented using a type extension of a tagged type. In such cases, it may not be necessary for the implementation of the derived type to preserve the semantic properties of the class-{}wide type because the membership of the new type in the tagged type derivation class will not generally be known to clients of the type.
\subsection{Controlled Types}

\subsubsection{guideline}


\begin{myitemize}
\item{}Consider using a controlled type whenever a type allocates resources that must be deallocated or otherwise \symbol{34}cleaned up\symbol{34} on destruction or overwriting.
\item{}Use a derivation from a controlled type in preference to providing an explicit \symbol{34}cleanup\symbol{34} operation that must be called by clients of the type.
\item{}When overriding the adjustment and finalization procedures derived from controlled types, define the finalization procedure to undo the effects of the adjustment procedure.
\item{}Derived type initialization procedures should call the initialization procedure of their parent as part of their type-{}specific initialization.
\item{}Derived type finalization procedures should call the finalization procedure of their parent as part of their type-{}specific finalization.
\item{}Consider deriving a data structure\textquotesingle{}s components rather than the enclosing data structure from a controlled type.

\end{myitemize}

\subsubsection{example}

The following example demonstrates the use of controlled types in the implementation of a simple linked list. Because the Linked_List type is derived from Ada.Finalization.Controlled, the Finalize procedure will be called automatically when objects of the Linked_List type complete their scope of execution:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Ada.Finalization;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Linked_List_Package\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Iterator\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Data_Type\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Linked_List\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Ada.Finalization.}\KeywordTok{Controlled}\ensuremath{\text{ }}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Head\ensuremath{\text{ }}(}\KeywordTok{List}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}Linked_List)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Iterator;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Get_Next\ensuremath{\text{ }}(Element\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Iterator;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Data\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Data_Type);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Add\ensuremath{\text{ }}(}\KeywordTok{List}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Linked_List;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{New_Data\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Data_Type);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Finalize\ensuremath{\text{ }}(}\KeywordTok{List}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Linked_List);\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}reset}\newline
\ensuremath{\text{ }}\NormalTok{Linked_List\ensuremath{\text{ }}structure}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Initialize\ensuremath{\text{ }}and\ensuremath{\text{ }}Adjust\ensuremath{\text{ }}are\ensuremath{\text{ }}left\ensuremath{\text{ }}to\ensuremath{\text{ }}the\ensuremath{\text{ }}default\ensuremath{\text{ }}implementation.}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Node;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Node_Ptr\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{access}\ensuremath{\text{ }}\NormalTok{Node;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Node\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Data\ensuremath{\text{ }}:\ensuremath{\text{ }}Data_Type;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Next\ensuremath{\text{ }}:\ensuremath{\text{ }}Node_Ptr;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Iterator\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Node_Ptr;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Linked_List\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Ada.Finalization.}\KeywordTok{Controlled}\ensuremath{\text{ }}\KeywordTok{with}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Number_Of_Items\ensuremath{\text{ }}:\ensuremath{\text{ }}Natural\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Root\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Node_Ptr;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Linked_List_Package;}\newline
\CommentTok{-----}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Linked_List_Package\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Head\ensuremath{\text{ }}(}\KeywordTok{List}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}Linked_List)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Iterator\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Head_Node_Ptr\ensuremath{\text{ }}:\ensuremath{\text{ }}Iterator;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Head_Node_Ptr\ensuremath{\text{ }}:=\ensuremath{\text{ }}Iterator\ensuremath{\text{ }}(}\KeywordTok{List}\NormalTok{.Root);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Head_Node_Ptr;\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}Return\ensuremath{\text{ }}the\ensuremath{\text{ }}head\ensuremath{\text{ }}element\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}list}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Head;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Get_Next\ensuremath{\text{ }}(Element\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Iterator;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Data\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Data_Type)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Given\ensuremath{\text{ }}an\ensuremath{\text{ }}element,\ensuremath{\text{ }}return\ensuremath{\text{ }}the\ensuremath{\text{ }}next\ensuremath{\text{ }}element\ensuremath{\text{ }}(or\ensuremath{\text{ }}null)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Get_Next;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Add\ensuremath{\text{ }}(}\KeywordTok{List}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Linked_List;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{New_Data\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Data_Type)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Add\ensuremath{\text{ }}a\ensuremath{\text{ }}new\ensuremath{\text{ }}element\ensuremath{\text{ }}to\ensuremath{\text{ }}the\ensuremath{\text{ }}head\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}list}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Add;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Finalize\ensuremath{\text{ }}(}\KeywordTok{List}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Linked_List)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Release\ensuremath{\text{ }}all\ensuremath{\text{ }}storage\ensuremath{\text{ }}used\ensuremath{\text{ }}by\ensuremath{\text{ }}the\ensuremath{\text{ }}linked\ensuremath{\text{ }}list}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}and\ensuremath{\text{ }}reinitialize.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Finalize;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Linked_List_Package;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

The three controlling operations, Initialize, Adjust, and Finalize, serve as automatically called procedures that control three primitive activities in the life of an object (Ada Reference Manual 1995, Â§7.6). When an assignment to an object of a type derived from Controlled occurs, adjustment and finalization work in tandem. Finalization cleans up the object being overwritten (e.g., reclaims heap space), then adjustment finishes the assignment work once the value being assigned has been copied (e.g., to implement a deep copy).
You can ensure that the derived type\textquotesingle{}s initialization is consistent with that of the parent by calling the parent type\textquotesingle{}s initialization from the derived type\textquotesingle{}s initialization.
You can ensure that the derived type\textquotesingle{}s finalization is consistent with that of the parent by calling the parent type\textquotesingle{}s finalization from the derived type\textquotesingle{}s finalization.
In general, you should call parent initialization before descendant-{}specific initialization. Similarly, you should call parent finalization after descendant-{}specific finalization. (You may position the parent initialization and/or finalization at the beginning or end of the procedure.)
\subsection{Abstract Types}

\subsubsection{guideline}


\begin{myitemize}
\item{}Consider using abstract types and operations in creating classification schemes, for example, a taxonomy, in which only the leaf objects will be meaningful in the application.
\item{}Consider declaring root types and internal nodes in a type tree as abstract.
\item{}Consider using abstract types for generic formal derived types.
\item{}Consider using abstract types to develop different implementations of a single abstraction.

\end{myitemize}

\subsubsection{example}

In a banking application, there are a wide variety of account types, each with different features and restrictions. Some of the variations are fees, overdraft protection, minimum balances, allowable account linkages (e.g., checking and savings), and rules on opening the account. Common to all bank accounts are ownership attributes: unique account number, owner name(s), and owner tax identification number(s). Common operations across all types of accounts are opening, depositing, withdrawing, providing current balance, and closing. The common attributes and operations describe the conceptual bank account. This idealized bank account can form the root of a generalization/specialization hierarchy that describes the bank\textquotesingle{}s array of products. By using abstract tagged types, you ensure that only account objects corresponding to a specific product will be created. Because any abstract operations must be overridden with each derivation, you ensure that any restrictions for a specialized account are implemented (e.g., how and when the account-{}specific fee structure is applied):


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{-----}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Bank_Account_Package\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Bank_Account_Type\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\ensuremath{\text{ }}\KeywordTok{tagged}\ensuremath{\text{ }}\KeywordTok{limited}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Money\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{delta}\ensuremath{\text{ }}\FloatTok{0.01}\ensuremath{\text{ }}\KeywordTok{digits}\ensuremath{\text{ }}\DecValTok{15}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}The\ensuremath{\text{ }}following\ensuremath{\text{ }}abstract\ensuremath{\text{ }}operations\ensuremath{\text{ }}must\ensuremath{\text{ }}be\ensuremath{\text{ }}overridden\ensuremath{\text{ }}for}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}each\ensuremath{\text{ }}derivation,\ensuremath{\text{ }}thus\ensuremath{\text{ }}ensuring\ensuremath{\text{ }}that\ensuremath{\text{ }}any\ensuremath{\text{ }}restrictions}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}for\ensuremath{\text{ }}specialized\ensuremath{\text{ }}accounts\ensuremath{\text{ }}will\ensuremath{\text{ }}be\ensuremath{\text{ }}implemented.}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Open\ensuremath{\text{ }}(Account\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Bank_Account_Type)\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Close\ensuremath{\text{ }}(Account\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Bank_Account_Type)\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Deposit\ensuremath{\text{ }}(Account\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Bank_Account_Type;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Amount\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Money)\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Withdraw\ensuremath{\text{ }}(Account\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Bank_Account_Type;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Amount\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Money)\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Balance\ensuremath{\text{ }}(Account\ensuremath{\text{ }}:\ensuremath{\text{ }}Bank_Account_Type)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Money\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Account_Number_Type\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Account_Owner_Type\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Tax_ID_Number_Type\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Bank_Account_Type\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\ensuremath{\text{ }}\KeywordTok{tagged}\ensuremath{\text{ }}\KeywordTok{limited}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Account_Number\ensuremath{\text{ }}:\ensuremath{\text{ }}Account_Number_Type;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Account_Owner\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Account_Owner_Type;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Tax_ID_Number\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Tax_ID_Number_Type;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Bank_Account_Package;}\newline
\CommentTok{-----}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\CommentTok{--\ensuremath{\text{ }}Now,\ensuremath{\text{ }}other\ensuremath{\text{ }}specialized\ensuremath{\text{ }}accounts\ensuremath{\text{ }}such\ensuremath{\text{ }}as\ensuremath{\text{ }}a\ensuremath{\text{ }}savings\ensuremath{\text{ }}account\ensuremath{\text{ }}can}\newline
\CommentTok{--\ensuremath{\text{ }}be\ensuremath{\text{ }}derived\ensuremath{\text{ }}from\ensuremath{\text{ }}Bank_Account_Type\ensuremath{\text{ }}as\ensuremath{\text{ }}in\ensuremath{\text{ }}the\ensuremath{\text{ }}following\ensuremath{\text{ }}example.}\newline
\CommentTok{--\ensuremath{\text{ }}Note\ensuremath{\text{ }}that\ensuremath{\text{ }}abstract\ensuremath{\text{ }}types\ensuremath{\text{ }}are\ensuremath{\text{ }}still\ensuremath{\text{ }}used\ensuremath{\text{ }}to\ensuremath{\text{ }}ensure\ensuremath{\text{ }}that\ensuremath{\text{ }}only}\newline
\CommentTok{--\ensuremath{\text{ }}account\ensuremath{\text{ }}objects\ensuremath{\text{ }}corresponding\ensuremath{\text{ }}to\ensuremath{\text{ }}specific\ensuremath{\text{ }}products\ensuremath{\text{ }}will\ensuremath{\text{ }}be}\newline
\CommentTok{--\ensuremath{\text{ }}created.with\ensuremath{\text{ }}Bank_Account_Package;}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Bank_Account_Package;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Savings_Account_Package\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Savings_Account_Type\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Bank_Account_Package.Bank_Account_Type\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}We\ensuremath{\text{ }}must\ensuremath{\text{ }}override\ensuremath{\text{ }}the\ensuremath{\text{ }}abstract\ensuremath{\text{ }}operations\ensuremath{\text{ }}provided}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}by\ensuremath{\text{ }}Bank_Account_Package.\ensuremath{\text{ }}\ensuremath{\text{ }}Since\ensuremath{\text{ }}we\ensuremath{\text{ }}are\ensuremath{\text{ }}still\ensuremath{\text{ }}declaring}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}these\ensuremath{\text{ }}operations\ensuremath{\text{ }}to\ensuremath{\text{ }}be\ensuremath{\text{ }}abstract,\ensuremath{\text{ }}they\ensuremath{\text{ }}must\ensuremath{\text{ }}also\ensuremath{\text{ }}be}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}overridden\ensuremath{\text{ }}by\ensuremath{\text{ }}the\ensuremath{\text{ }}specializations\ensuremath{\text{ }}of\ensuremath{\text{ }}Savings_Account_Type.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Open\ensuremath{\text{ }}(Account\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Savings_Account_Type)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Close\ensuremath{\text{ }}(Account\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Savings_Account_Type)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Deposit\ensuremath{\text{ }}(Account\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Savings_Account_Type;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Amount\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Bank_Account_Package.Money)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Withdraw\ensuremath{\text{ }}(Account\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Savings_Account_Type;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Amount\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Bank_Account_Package.Money)}\newline
\ensuremath{\text{ }}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Balance\ensuremath{\text{ }}(Account\ensuremath{\text{ }}:\ensuremath{\text{ }}Savings_Account_Type)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Bank_Account_Package.Money\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Savings_Account_Type\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Bank_Account_Package.Bank_Account_Type\ensuremath{\text{ }}}\KeywordTok{with}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Minimum_Balance\ensuremath{\text{ }}:\ensuremath{\text{ }}Bank_Account_Package.Money;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Savings_Account_Package;}\newline
\ensuremath{\text{ }}\newline
\CommentTok{-----}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


See the abstract set package in Guideline 9.5.1 for an example of creating an abstraction with a single interface and the potential for multiple implementations. The example only shows one possible implementation; however, you could provide an alternate implementation of the Hashed_Set abstraction using other data structures.
\subsubsection{rationale}

In many classification schemes, for example, a taxonomy, only objects at the leaves of the classification tree are meaningful in the application. In other words, the root of the hierarchy does not define a complete set of values and operations for use by the application. The use of \symbol{34}abstract\symbol{34} guarantees that there will be no objects of the root or intermediate nodes. Concrete derivations of the abstract types and subprograms are required so that the leaves of the tree become objects that a client can manipulate.
You can only declare abstract subprograms when the root type is also abstract. This is useful as you build an abstraction that forms the basis for a family of abstractions. By declaring the primitive subprograms to be abstract, you can write the \symbol{34}common class-{}wide parts of a system . . . without being dependent on the properties of any specific type at all\symbol{34} (Rationale 1995, Â§4.2).
Abstract types and operations can help you resolve problems when your tagged type hierarchy violates the expected semantics of the class-{}wide type dispatching operations. The Rationale (1995, Â§4.2) explains:


\begin{myquote}
\item{}When building an abstraction that is to form the basis of a class of types, it is often convenient not to provide actual subprograms for the root type but just abstract subprograms which can be replaced when inherited. This is only allowed if the root type is declared as abstract; objects of an abstract type cannot exist. This technique enables common class-{}wide parts of a system to be written without being dependent on the properties of any specific type at all. Dispatching always works because it is known that there can never be any objects of the abstract type and so the abstract subprograms could never be called.
\end{myquote}


See Guidelines 8.3.8 and 9.2.1.
The multiple inheritance techniques discussed in Guideline 9.5.1 make use of abstract tagged types. The basic abstraction is defined using an abstract tagged (limited) private type (whose full type declaration is a null record) with a small set of abstract primitive operations. While abstract operations have no bodies and thus cannot be called, they are inherited. Derivatives of the abstraction then extend the root type with components that provide the data representation and override the abstract operations to provide callable implementations (Rationale 1995, Â§4.4.3). This technique allows you to build multiple implementations of a single abstraction. You declare a single interface and vary the specifics of the data representation and operation implementation.
\subsubsection{notes}

When you use abstract data types as described in this guideline, you can have multiple implementations of the same abstraction available to you within a single program. This technique differs from the idea of writing multiple package bodies to provide different implementations of the abstraction defined in a package specification because with the package body technique, you can only include one of the implementations (i.e., bodies) in your program.
\section{Tagged Type Operations}

You can use three options when you define the operations on a tagged type and its descendants. These categories are primitive abstract, primitive nonabstract, and class-{}wide operations. An abstract operation must be overridden for a nonabstract derived type. A nonabstract operation may be redefined for a subclass. A class-{}wide operation cannot be overridden by a subclass definition. A class-{}wide operation can be redefined for the derivation class rooted in the derived type; however, this practice is discouraged because of the ambiguities it introduces in the code. Through careful usage of these options, you can ensure that your abstractions preserve class-{}wide properties, as discussed in Guideline 9.2.1. As stated above, this principle requires that any type that is visibly derived from some parent type must fully support the semantics of the parent type.
\subsection{Primitive Operations and Redispatching}

\subsubsection{guideline}


\begin{myitemize}
\item{}Consider declaring a primitive abstract operation based on the absence of a meaningful \symbol{34}default\symbol{34} behavior.
\item{}Consider declaring a primitive nonabstract operation based on the presence of a meaningful \symbol{34}default\symbol{34} behavior.
\item{}When overriding an operation, the overriding subprogram should not raise exceptions that are not known to the users of the overridden subprogram.
\item{}If redispatching is used in the implementation of the operations of a type, with the specific intent that some of the redispatched-{}to operations be overridden by specializations for the derived types, then document this intent clearly in the specification as part of the \symbol{34}interface\symbol{34} of a parent type with its derived types.
\item{}When redispatching is used (for any reason) in the implementation of a primitive operation of a tagged type, then document (in some project-{}consistent way) this use in the body of the operation subprogram so that it can be easily found during maintenance.

\end{myitemize}

\subsubsection{example}

This example (Volan 1994) is intended to show a clean derivation of a square from a rectangle. You do not want to derive Square from Rectangle because Rectangle has semantics that are inappropriate for Square. (For instance, you can make a rectangle with any arbitrary height and width, but you should not be able to make a square this way.) Instead, both Square and Rectangle should be derived from some common abstract type, such as:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{Any_Rectangle:}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Figure\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\ensuremath{\text{ }}\KeywordTok{tagged}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Any_Rectangle\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Figure\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\CommentTok{--\ensuremath{\text{ }}No\ensuremath{\text{ }}Make\ensuremath{\text{ }}function\ensuremath{\text{ }}for\ensuremath{\text{ }}this;\ensuremath{\text{ }}it{\char13}s\ensuremath{\text{ }}abstract.}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Area\ensuremath{\text{ }}(R:\ensuremath{\text{ }}Any_Rectangle)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Overrides\ensuremath{\text{ }}abstract\ensuremath{\text{ }}Area\ensuremath{\text{ }}function\ensuremath{\text{ }}inherited\ensuremath{\text{ }}from\ensuremath{\text{ }}Figure.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Computes\ensuremath{\text{ }}area\ensuremath{\text{ }}as\ensuremath{\text{ }}Width(R)\ensuremath{\text{ }}*\ensuremath{\text{ }}Height(R),\ensuremath{\text{ }}which\ensuremath{\text{ }}it\ensuremath{\text{ }}will}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}invoke\ensuremath{\text{ }}via\ensuremath{\text{ }}dispatching\ensuremath{\text{ }}calls.}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Width\ensuremath{\text{ }}(R:\ensuremath{\text{ }}Any_Rectangle)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\ensuremath{\text{ }}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Height\ensuremath{\text{ }}(R:\ensuremath{\text{ }}Any_Rectangle)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\ensuremath{\text{ }}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Rectangle\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Any_Rectangle\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Make_Rectangle\ensuremath{\text{ }}(Width,\ensuremath{\text{ }}Height:\ensuremath{\text{ }}}\DataTypeTok{Float}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Rectangle;}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Width\ensuremath{\text{ }}(R:\ensuremath{\text{ }}Rectangle)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\NormalTok{;}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Height\ensuremath{\text{ }}(R:\ensuremath{\text{ }}Rectangle)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\NormalTok{;}\newline
\CommentTok{--\ensuremath{\text{ }}Area\ensuremath{\text{ }}for\ensuremath{\text{ }}Rectangle\ensuremath{\text{ }}inherited\ensuremath{\text{ }}from\ensuremath{\text{ }}Any_Rectangle}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Square\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Any_Rectangle\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Make_Square\ensuremath{\text{ }}(Side_Length:\ensuremath{\text{ }}}\DataTypeTok{Float}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Square;}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Side_Length\ensuremath{\text{ }}(S:\ensuremath{\text{ }}Square)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\NormalTok{;}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Width\ensuremath{\text{ }}(S:\ensuremath{\text{ }}Square)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\NormalTok{;}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Height\ensuremath{\text{ }}(S:\ensuremath{\text{ }}Square)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\NormalTok{;}\newline
\CommentTok{--\ensuremath{\text{ }}Area\ensuremath{\text{ }}for\ensuremath{\text{ }}Square\ensuremath{\text{ }}inherited\ensuremath{\text{ }}from\ensuremath{\text{ }}Any_Rectangle}\newline
\NormalTok{...}\newline
\CommentTok{--\ensuremath{\text{ }}In\ensuremath{\text{ }}the\ensuremath{\text{ }}body,\ensuremath{\text{ }}you\ensuremath{\text{ }}could\ensuremath{\text{ }}just\ensuremath{\text{ }}implement\ensuremath{\text{ }}Width\ensuremath{\text{ }}and\ensuremath{\text{ }}Height\ensuremath{\text{ }}for}\newline
\CommentTok{--\ensuremath{\text{ }}Square\ensuremath{\text{ }}as\ensuremath{\text{ }}renamings\ensuremath{\text{ }}of\ensuremath{\text{ }}Side_Length:}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Width\ensuremath{\text{ }}(S:\ensuremath{\text{ }}Square)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\ensuremath{\text{ }}\KeywordTok{renames}\ensuremath{\text{ }}\NormalTok{Side_Length;}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Height\ensuremath{\text{ }}(S:\ensuremath{\text{ }}Square)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\ensuremath{\text{ }}\KeywordTok{renames}\ensuremath{\text{ }}\NormalTok{Side_Length;}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Area\ensuremath{\text{ }}(R:\ensuremath{\text{ }}Any_Rectangle)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\ensuremath{\text{ }}\KeywordTok{is}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Width(Any_Rectangle{\char13}Class(R))\ensuremath{\text{ }}*}\newline
\ensuremath{\text{ }}\NormalTok{Height(Any_Rectangle{\char13}Class(R));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Casting\ensuremath{\text{ }}[sic,\ensuremath{\text{ }}i.e.,\ensuremath{\text{ }}converting]\ensuremath{\text{ }}to\ensuremath{\text{ }}the\ensuremath{\text{ }}class-wide\ensuremath{\text{ }}type\ensuremath{\text{ }}causes}\newline
\ensuremath{\text{ }}\NormalTok{the\ensuremath{\text{ }}}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{calls\ensuremath{\text{ }}to}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}dynamically\ensuremath{\text{ }}dispatch\ensuremath{\text{ }}on\ensuremath{\text{ }}the\ensuremath{\text{ }}{\char13}Tag\ensuremath{\text{ }}of\ensuremath{\text{ }}R.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}[sic,\ensuremath{\text{ }}i.e.,\ensuremath{\text{ }}redispatch\ensuremath{\text{ }}on\ensuremath{\text{ }}the\ensuremath{\text{ }}tag\ensuremath{\text{ }}of\ensuremath{\text{ }}R.]}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Area;}\newline
\ensuremath{\text{ }}\newline
\NormalTok{Alternatively,\ensuremath{\text{ }}you\ensuremath{\text{ }}could\ensuremath{\text{ }}just\ensuremath{\text{ }}wait\ensuremath{\text{ }}}\KeywordTok{until}\ensuremath{\text{ }}\NormalTok{defining\ensuremath{\text{ }}types\ensuremath{\text{ }}Rectangle\ensuremath{\text{ }}}\KeywordTok{and}\newline
\ensuremath{\text{ }}\NormalTok{Square\ensuremath{\text{ }}to\ensuremath{\text{ }}provide\ensuremath{\text{ }}actual\ensuremath{\text{ }}Area\ensuremath{\text{ }}functions:\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Any_Rectangle\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Figure\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\CommentTok{--\ensuremath{\text{ }}Inherits\ensuremath{\text{ }}abstract\ensuremath{\text{ }}Area\ensuremath{\text{ }}function\ensuremath{\text{ }}from\ensuremath{\text{ }}Figure,}\newline
\CommentTok{--\ensuremath{\text{ }}but\ensuremath{\text{ }}that{\char13}s\ensuremath{\text{ }}okay,\ensuremath{\text{ }}Any_Rectangle\ensuremath{\text{ }}is\ensuremath{\text{ }}abstract\ensuremath{\text{ }}too.}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Width\ensuremath{\text{ }}(R:\ensuremath{\text{ }}Any_Rectangle)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\ensuremath{\text{ }}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Height\ensuremath{\text{ }}(R:\ensuremath{\text{ }}Any_Rectangle)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\ensuremath{\text{ }}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Rectangle\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Any_Rectangle\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Make_Rectangle\ensuremath{\text{ }}(Width,\ensuremath{\text{ }}Height:\ensuremath{\text{ }}}\DataTypeTok{Float}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Rectangle;}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Width\ensuremath{\text{ }}(R:\ensuremath{\text{ }}Rectangle)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\NormalTok{;}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Height\ensuremath{\text{ }}(R:\ensuremath{\text{ }}Rectangle)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\NormalTok{;}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Area\ensuremath{\text{ }}(R:\ensuremath{\text{ }}Rectangle)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\NormalTok{;\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}Overrides\ensuremath{\text{ }}Area\ensuremath{\text{ }}from}\newline
\ensuremath{\text{ }}\NormalTok{Figure}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Square\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Any_Rectangle\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Make_Square\ensuremath{\text{ }}(Side_Length:\ensuremath{\text{ }}}\DataTypeTok{Float}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Square;}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Side_Length\ensuremath{\text{ }}(S:\ensuremath{\text{ }}Square)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\NormalTok{;}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Width\ensuremath{\text{ }}(S:\ensuremath{\text{ }}Square)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\NormalTok{;}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Height\ensuremath{\text{ }}(S:\ensuremath{\text{ }}Square)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\NormalTok{;}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Area\ensuremath{\text{ }}(S:\ensuremath{\text{ }}Square)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}Overrides\ensuremath{\text{ }}Area\ensuremath{\text{ }}from}\newline
\ensuremath{\text{ }}\NormalTok{Figure}\newline
\NormalTok{...}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Area\ensuremath{\text{ }}(R:\ensuremath{\text{ }}Rectangle)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\ensuremath{\text{ }}\KeywordTok{is}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Width(R)\ensuremath{\text{ }}*\ensuremath{\text{ }}Height(R);\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}Non-dispatching\ensuremath{\text{ }}calls}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Area;}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Area\ensuremath{\text{ }}(S:\ensuremath{\text{ }}Square)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\ensuremath{\text{ }}\KeywordTok{is}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Side_Length(S)\ensuremath{\text{ }}**\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Area;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

The behavior of a nonabstract operation can be interpreted as the expected behavior for all members of the class; therefore, the behavior must be a meaningful default for all descendants. If the operation must be tailored based on the descendant abstraction (e.g., computing the area of a geometric shape depends on the specific shape), then the operation should be primitive and possibly abstract. The effect of making the operation abstract is that it guarantees that each descendant must define its own version of the operation. Thus, when there is no acceptable basic behavior, an abstract operation is appropriate because a new version of the operation must be provided with each derivation.
All operations declared in the same package as the tagged type and following the tagged type\textquotesingle{}s declaration but before the next type declaration are considered its primitive operations. Therefore, when a new type is derived from the tagged type, it inherits the primitive operations. If there are any operations that you do not want to be inherited, you must choose whether to declare them as class-{}wide operations (see Guideline 9.3.2) or to declare them in a separate package (e.g., a child package).
Exceptions are part of the semantics of the class. By modifying the exceptions, you are violating the semantic properties of the class-{}wide type (see Guideline 9.2.1).
There are (at least) two distinct users of a tagged type and its primitives. The \symbol{34}ordinary\symbol{34} user uses the type and its primitives without enhancement. The \symbol{34}extending\symbol{34} user extends the type by deriving a type based on the existing (tagged) type. Extending users and maintainers must determine the ramifications of a possibly incorrect extension. The guidelines here try to strike a balance between too much documentation (that can then easily get out of synch with the actual code) and an appropriate level of documentation to enhance the maintainability of the code.
One of the major maintenance headaches associated with inheritance and dynamic binding relates to undocumented interdependencies among primitive (dispatching) operations of tagged types (the equivalent of \symbol{34}methods\symbol{34} in typical object-{}oriented terminology). If a derived type inherits some and overrides other primitive operations, there is the question of what indirect effects on the inherited primitives are produced. If no redispatching is used, the primitives may be inherited as \symbol{34}black boxes.\symbol{34} If redispatching is used internally, then when inherited, the externally visible behavior of an operation may change, depending on what other primitives are overridden. Maintenance problems (here, finding and fixing bugs) occur when someone overrides incorrectly (on purpose or by accident) an operation used in redispatching. Because this overriding can invalidate the functioning of another operation defined perhaps several levels of inheritance up from the incorrect operation, it can be extremely difficult to track down.
In the object-{}oriented paradigm, redispatching is often used to parameterize abstractions. In other words, certain primitives are intended to be overridden precisely because they are redispatching. These primitives may even be declared as abstract, requiring that they be overridden. Because they are redispatching, they act as \symbol{34}parameters\symbol{34} for the other operations. Although in Ada much of this parameterization can be done using generics, there are cases where the redispatching approach leads to a clearer object-{}oriented design. When you document the redispatching connection between the operations that are to be overridden and the operations that use them, you make the intended use of the type much clearer.
Hence, any use of redispatching within a primitive should be considered part of the \symbol{34}interface\symbol{34} of the primitive, at least as far as any inheritor, and requires documentation at the specification level. The alternative (i.e., not providing such documentation in the specification) is to have to delve deep into the code of all the classes in the derivation hierarchy in order to map out the redispatching calls. Such detective work compromises the black-{}box nature of object-{}oriented class definitions. Note that if you follow Guideline 9.2.1 on preserving the semantics of the class-{}wide dispatching operations in the extensions of derived types, you will minimize or avoid the problems discussed here about redispatching.
\subsection{Class-{}Wide Operations}

\subsubsection{guideline}


\begin{myitemize}
\item{}Consider using a class-{}wide operation (i.e., an operation with parameter{$\text{[}$}s{$\text{]}$} of a class-{}wide type) when an operation can be written, compiled, and tested without knowing all the possible descendants of a given tagged type (Barnes 1996).
\item{}Consider using a class-{}wide operation when you do not want an operation to be inherited and/or overridden.

\end{myitemize}

\subsubsection{example}

The following example is adapted from Barnes (1996) using the geometric objects from the example of Guideline 9.2.1 and declaring the following functions as primitives in the package specification:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Area\ensuremath{\text{ }}(O\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Object)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Area\ensuremath{\text{ }}(C\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Circle)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Area\ensuremath{\text{ }}(S\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Shape)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


A function for computing the moment of a force about a fulcrum can now be created using a class-{}wide type as follows:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Moment\ensuremath{\text{ }}(OC\ensuremath{\text{ }}:\ensuremath{\text{ }}Object{\char13}Class)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\ensuremath{\text{ }}\KeywordTok{is}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{OC.X_Coord*Area(OC);}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Moment;}\newline
\end{Highlighting}
\end{Shaded}


Because Moment accepts the class-{}wide formal parameter of Object\textquotesingle{}Class, it can be called with an actual parameter that is any derivation of type Object. Assuming that all derivations of type object have defined a function for Area, Moment will dispatch to the appropriate function when called. For example:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\NormalTok{C\ensuremath{\text{ }}:\ensuremath{\text{ }}Circle;}\newline
\NormalTok{M\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Float}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\CommentTok{--\ensuremath{\text{ }}Moment\ensuremath{\text{ }}will\ensuremath{\text{ }}dispatch\ensuremath{\text{ }}to\ensuremath{\text{ }}the\ensuremath{\text{ }}Area\ensuremath{\text{ }}function\ensuremath{\text{ }}for\ensuremath{\text{ }}the\ensuremath{\text{ }}Circle\ensuremath{\text{ }}type.}\newline
\NormalTok{M\ensuremath{\text{ }}:=\ensuremath{\text{ }}Moment(C);}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

The use of class-{}wide operations avoids unnecessary duplication of code. Run-{}time dispatching may be used where necessary to invoke appropriate type-{}specific operations based on an operand\textquotesingle{}s tag.
See also Guideline 8.4.3 for a discussion of class-{}wide pointers in an object-{}oriented programming framework registry.
\subsection{Constructors}

Ada does not define a unique syntax for constructors. In Ada a constructor for a type is defined as an operation that produces as a result a constructed object, i.e., an initialized instance of the type.
\subsubsection{guideline}


\begin{myitemize}
\item{}Avoid declaring a constructor as a primitive abstract operation.
\item{}Use a primitive abstract operation to declare an initialization function or constructor only when objects of the inheriting derived types will not require additional parameters for initialization.
\item{}Consider using access discriminants to provide parameters to default initialization.
\item{}Use constructors for explicit initialization.
\item{}Consider splitting the initialization and construction of an object.
\item{}Consider declaring a constructor operation in a child package.
\item{}Consider declaring a constructor operation to return an access value to the constructed object (Dewar 1995).

\end{myitemize}

\subsubsection{example}

The following example illustrates the declaration of a constructor in a child package:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{-----}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Game\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Game_Piece\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{tagged}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Game;}\newline
\CommentTok{-----}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Game.Constructors\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Make_Piece\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Game_Piece;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Game.Constructors;}\newline
\CommentTok{-----}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\end{Highlighting}
\end{Shaded}


The following example shows how to split the initialization and construction of an object:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Vehicle\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{tagged}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Initialize\ensuremath{\text{ }}(Self\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Vehicle;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Make\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{String}\NormalTok{);}\newline
\ensuremath{\text{ }}\newline
\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Car\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Vehicle\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{...\ensuremath{\text{ }};}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Car_Ptr\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{access}\ensuremath{\text{ }}\KeywordTok{all}\ensuremath{\text{ }}\NormalTok{Car{\char13}Class;}\newline
\ensuremath{\text{ }}\newline
\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Initialize\ensuremath{\text{ }}(Self\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Car_Ptr;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Make\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{String}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Model\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{String}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\KeywordTok{begin}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Initialize}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Initialize\ensuremath{\text{ }}(Vehicle\ensuremath{\text{ }}(Self.}\KeywordTok{all}\NormalTok{),\ensuremath{\text{ }}Make);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}initialization\ensuremath{\text{ }}of\ensuremath{\text{ }}Car}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Initialize;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Create\ensuremath{\text{ }}(Make\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\DataTypeTok{String}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Model\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\DataTypeTok{String}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Car_Ptr\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Temp_Ptr\ensuremath{\text{ }}:\ensuremath{\text{ }}Car_Ptr;}\newline
\KeywordTok{begin}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Create}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Temp_Ptr\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Car;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Initialize\ensuremath{\text{ }}(Temp_Ptr,\ensuremath{\text{ }}Make,\ensuremath{\text{ }}Model);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Temp_Ptr;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Create;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Constructor operations for the types in a type hierarchy (assuming tagged types and their derivatives) usually differ in their parameter profiles. The constructor will typically need more parameters because of the added components in the descendant types. You run into a problem when you let constructor operations be inherited because you now have operations for which there is no meaningful implementation (default or overridden). Effectively, you violate the class-{}wide properties (see Guideline 9.2.1) because the root constructor will not successfully construct a descendant object. Inherited operations cannot add parameters to their parameter profile, so these are inappropriate to use as constructors.
You cannot initialize a limited type at its declaration, so you may need to use an access discriminant and rely on default initialization. For a tagged type, however, you should not assume that any default initialization is sufficient, and you should declare constructors. For limited types, the constructors must be separate procedures or functions that return an access to the limited type.
The example shows using a constructor in a child package. By declaring constructor operations in either a child package or a nested package, you avoid the problems associated with making them primitive operations. Because they are no longer primitive operations, they cannot be inherited. By declaring them in a child package (see also Guidelines 4.1.6 and 4.2.2 on using child packages versus nested packages), you gain the ability to change them without affecting the clients of the parent package (Taft 1995b).
You should put the construction logic and initialization logic in distinct subprograms so that you are able to call the initialization routine for the parent tagged type.
\subsubsection{notes}

When you extend a tagged type (regardless whether it is an abstract type), you can choose to declare as abstract some of the additional operations. Doing so, however, means that the derived type must also be declared as abstract. If this newly derived type has inherited any functions that name it as the return type, these inherited functions now also become abstract (Barnes 1996). If one of these primitive functions served as the constructor function, you have now violated the first guideline in that the constructor has become a primitive abstract operation.
\subsection{Equality}

\subsubsection{guideline}


\begin{myitemize}
\item{}When you redefine the \symbol{34}=\symbol{34} operator on a tagged type, make sure that it has the expected behavior in extensions of this type and override it if necessary.

\end{myitemize}

\subsubsection{example}

The following example is adapted from the discussion of equality and inheritance in Barnes (1996):


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{-------}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Object_Package\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Epsilon\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\DataTypeTok{Float}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\FloatTok{0.01}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Object\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{tagged}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{X_Coordinate\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Float}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Y_Coordinate\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Float}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\StringTok{"="}\ensuremath{\text{ }}\NormalTok{(A,\ensuremath{\text{ }}B\ensuremath{\text{ }}:\ensuremath{\text{ }}Object)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Object_Package;}\newline
\CommentTok{-------}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Object_Package\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}redefine\ensuremath{\text{ }}equality\ensuremath{\text{ }}to\ensuremath{\text{ }}be\ensuremath{\text{ }}when\ensuremath{\text{ }}two\ensuremath{\text{ }}objects\ensuremath{\text{ }}are\ensuremath{\text{ }}located\ensuremath{\text{ }}within\ensuremath{\text{ }}a}\newline
\ensuremath{\text{ }}\KeywordTok{delta}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}same\ensuremath{\text{ }}point}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\StringTok{"="}\ensuremath{\text{ }}\NormalTok{(A,\ensuremath{\text{ }}B\ensuremath{\text{ }}:\ensuremath{\text{ }}Object)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Boolean}\ensuremath{\text{ }}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{(A.X_Coordinate\ensuremath{\text{ }}-\ensuremath{\text{ }}B.X_Coordinate)\ensuremath{\text{ }}**\ensuremath{\text{ }}}\DecValTok{2}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{+\ensuremath{\text{ }}(A.Y_Coordinate\ensuremath{\text{ }}-\ensuremath{\text{ }}B.Y_Coordinate)\ensuremath{\text{ }}**\ensuremath{\text{ }}}\DecValTok{2}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Epsilon**}\DecValTok{2}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\StringTok{"="}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Object_Package;}\newline
\ensuremath{\text{ }}\newline
\CommentTok{-------}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Object_Package;\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{use}\ensuremath{\text{ }}\NormalTok{Object_Package;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Circle_Package_1\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Circle\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Object\ensuremath{\text{ }}}\KeywordTok{with}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Radius\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Float}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\StringTok{"="}\ensuremath{\text{ }}\NormalTok{(A,\ensuremath{\text{ }}B\ensuremath{\text{ }}:\ensuremath{\text{ }}Circle)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Circle_Package_1;}\newline
\CommentTok{-------}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Circle_Package_1\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Equality\ensuremath{\text{ }}is\ensuremath{\text{ }}overridden,\ensuremath{\text{ }}otherwise\ensuremath{\text{ }}two\ensuremath{\text{ }}circles\ensuremath{\text{ }}must\ensuremath{\text{ }}have\ensuremath{\text{ }}exactly}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}equal\ensuremath{\text{ }}radii\ensuremath{\text{ }}to\ensuremath{\text{ }}be\ensuremath{\text{ }}considered\ensuremath{\text{ }}equal.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\StringTok{"="}\ensuremath{\text{ }}\NormalTok{(A,\ensuremath{\text{ }}B\ensuremath{\text{ }}:\ensuremath{\text{ }}Circle)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Boolean}\ensuremath{\text{ }}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{(Object(A)\ensuremath{\text{ }}=\ensuremath{\text{ }}Object(B))\ensuremath{\text{ }}}\KeywordTok{and}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{(}\KeywordTok{abs}\ensuremath{\text{ }}\NormalTok{(A.Radius\ensuremath{\text{ }}-\ensuremath{\text{ }}B.Radius)\ensuremath{\text{ }}\ensuremath{\text{ }}Epsilon);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\StringTok{"="}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Circle_Package_1;}\newline
\CommentTok{-------}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Object_Package;\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{use}\ensuremath{\text{ }}\NormalTok{Object_Package;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Circle_Package_2\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Circle\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Object\ensuremath{\text{ }}}\KeywordTok{with}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Radius\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Float}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}don{\char13}t\ensuremath{\text{ }}override\ensuremath{\text{ }}equality\ensuremath{\text{ }}in\ensuremath{\text{ }}this\ensuremath{\text{ }}package}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Circle_Package_2;}\newline
\CommentTok{-------}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Object_Package;}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Circle_Package_1;}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Circle_Package_2;}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO;}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Equality_Test\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{use}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Object_Package.Object;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{use}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Circle_Package_1.Circle;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{use}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Circle_Package_2.Circle;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Object_1\ensuremath{\text{ }}:\ensuremath{\text{ }}Object_Package.Object;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Object_2\ensuremath{\text{ }}:\ensuremath{\text{ }}Object_Package.Object;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Circle_1\ensuremath{\text{ }}:\ensuremath{\text{ }}Circle_Package_1.Circle;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Circle_2\ensuremath{\text{ }}:\ensuremath{\text{ }}Circle_Package_1.Circle;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Circle_3\ensuremath{\text{ }}:\ensuremath{\text{ }}Circle_Package_2.Circle;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Circle_4\ensuremath{\text{ }}:\ensuremath{\text{ }}Circle_Package_2.Circle;}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Object_1\ensuremath{\text{ }}:=\ensuremath{\text{ }}(X_Coordinate\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{1.000}\NormalTok{,\ensuremath{\text{ }}Y_Coordinate\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{2.000}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Object_2\ensuremath{\text{ }}:=\ensuremath{\text{ }}(X_Coordinate\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{1.005}\NormalTok{,\ensuremath{\text{ }}Y_Coordinate\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{2.000}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}These\ensuremath{\text{ }}Objects\ensuremath{\text{ }}are\ensuremath{\text{ }}considered\ensuremath{\text{ }}equal.\ensuremath{\text{ }}\ensuremath{\text{ }}Equality\ensuremath{\text{ }}has\ensuremath{\text{ }}been}\newline
\ensuremath{\text{ }}\NormalTok{redefined\ensuremath{\text{ }}to\ensuremath{\text{ }}be}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}when\ensuremath{\text{ }}two\ensuremath{\text{ }}objects\ensuremath{\text{ }}are\ensuremath{\text{ }}located\ensuremath{\text{ }}within\ensuremath{\text{ }}a\ensuremath{\text{ }}delta\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}same\ensuremath{\text{ }}point.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Object_1\ensuremath{\text{ }}=\ensuremath{\text{ }}Object_2\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.Put_Line\ensuremath{\text{ }}(}\StringTok{"Objects\ensuremath{\text{ }}equal."}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.Put_Line\ensuremath{\text{ }}(}\StringTok{"Objects\ensuremath{\text{ }}not\ensuremath{\text{ }}equal."}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Circle_1\ensuremath{\text{ }}:=\ensuremath{\text{ }}(X_Coordinate\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{1.000}\NormalTok{,\ensuremath{\text{ }}Y_Coordinate\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{2.000}\NormalTok{,\ensuremath{\text{ }}Radius\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\FloatTok{5.000}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Circle_2\ensuremath{\text{ }}:=\ensuremath{\text{ }}(X_Coordinate\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{1.005}\NormalTok{,\ensuremath{\text{ }}Y_Coordinate\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{2.000}\NormalTok{,\ensuremath{\text{ }}Radius\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\FloatTok{5.005}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}These\ensuremath{\text{ }}Circles\ensuremath{\text{ }}are\ensuremath{\text{ }}considered\ensuremath{\text{ }}equal.\ensuremath{\text{ }}\ensuremath{\text{ }}Equality\ensuremath{\text{ }}has\ensuremath{\text{ }}been}\newline
\ensuremath{\text{ }}\NormalTok{redefined\ensuremath{\text{ }}to\ensuremath{\text{ }}be}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}when\ensuremath{\text{ }}the\ensuremath{\text{ }}X-Y\ensuremath{\text{ }}locations\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}circles\ensuremath{\text{ }}and\ensuremath{\text{ }}their\ensuremath{\text{ }}radii\ensuremath{\text{ }}are\ensuremath{\text{ }}both}\newline
\ensuremath{\text{ }}\NormalTok{within}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}the\ensuremath{\text{ }}delta.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Circle_1\ensuremath{\text{ }}=\ensuremath{\text{ }}Circle_2\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.Put_Line\ensuremath{\text{ }}(}\StringTok{"Circles\ensuremath{\text{ }}equal."}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.Put_Line\ensuremath{\text{ }}(}\StringTok{"Circles\ensuremath{\text{ }}not\ensuremath{\text{ }}equal."}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Circle_3\ensuremath{\text{ }}:=\ensuremath{\text{ }}(X_Coordinate\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{1.000}\NormalTok{,\ensuremath{\text{ }}Y_Coordinate\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{2.000}\NormalTok{,\ensuremath{\text{ }}Radius\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\FloatTok{5.000}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Circle_4\ensuremath{\text{ }}:=\ensuremath{\text{ }}(X_Coordinate\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{1.005}\NormalTok{,\ensuremath{\text{ }}Y_Coordinate\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{2.000}\NormalTok{,\ensuremath{\text{ }}Radius\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\FloatTok{5.005}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}These\ensuremath{\text{ }}Circles\ensuremath{\text{ }}are\ensuremath{\text{ }}not\ensuremath{\text{ }}considered\ensuremath{\text{ }}equal\ensuremath{\text{ }}because\ensuremath{\text{ }}predefined}\newline
\ensuremath{\text{ }}\NormalTok{equality\ensuremath{\text{ }}}\KeywordTok{of}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}the\ensuremath{\text{ }}extension\ensuremath{\text{ }}component\ensuremath{\text{ }}Radius\ensuremath{\text{ }}will\ensuremath{\text{ }}evaluate\ensuremath{\text{ }}to\ensuremath{\text{ }}False.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Circle_3\ensuremath{\text{ }}=\ensuremath{\text{ }}Circle_4\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.Put_Line\ensuremath{\text{ }}(}\StringTok{"Circles\ensuremath{\text{ }}equal."}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada.Text_IO.Put_Line\ensuremath{\text{ }}(}\StringTok{"Circles\ensuremath{\text{ }}not\ensuremath{\text{ }}equal."}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Equality_Test;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Equality is applied to all components of a record. When you extend a tagged type and compare two objects of the derived type for equality, the parent components as well as the new extension components will be compared. Therefore, when you redefine equality on a tagged type and define extensions on this type, the parent components are compared using the redefined equality. The extension components are also compared, using either predefined equality or some other redefined equality if appropriate. The behavior of inherited equality differs from the behavior of other inherited operations. When other primitives are inherited, if you do not override the inherited primitive, it can only operate on the parent components of the object of the extended type. Equality, on the other hand, generally does the right thing.
\subsection{Polymorphism}

\subsubsection{guideline}


\begin{myitemize}
\item{}Consider using class-{}wide programming to provide run-{}time, dynamic polymorphism when constructing larger, reusable, extensible frameworks.
\item{}When possible, use class-{}wide programming rather than variant records.
\item{}Use class-{}wide programming to provide a consistent interface across the set of types in the tagged type hierarchy (i.e., class).
\item{}Consider using generics to define a new type in terms of an existing type, either as an extension or as a container, collection, or composite data structure.
\item{}Avoid using type extensions for parameterized abstractions when generics provide a more appropriate mechanism.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{generic}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Element\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Stack\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Stack;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{preferable\ensuremath{\text{ }}to:\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Stack\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Element\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{tagged}\ensuremath{\text{ }}\KeywordTok{null}\ensuremath{\text{ }}\KeywordTok{record}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Elements\ensuremath{\text{ }}to\ensuremath{\text{ }}be\ensuremath{\text{ }}put\ensuremath{\text{ }}on\ensuremath{\text{ }}the\ensuremath{\text{ }}stack\ensuremath{\text{ }}must\ensuremath{\text{ }}be\ensuremath{\text{ }}of\ensuremath{\text{ }}a\ensuremath{\text{ }}descendant\ensuremath{\text{ }}type}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}of\ensuremath{\text{ }}this\ensuremath{\text{ }}type.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Stack;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Both generics and class-{}wide types allow a single algorithm to be applicable to multiple, specific types. With generics, you achieve polymorphism across unrelated types because the type used in the instantiation must match the generic formal part. You specify required operations using generic formal subprograms, constructing them as needed for a given instantiation. Generics are ideal for capturing relatively small, reusable algorithms and programming idioms, for example, sorting algorithms, maps, bags, and iterators. As generics become large, however, they become unwieldy, and each instantiation may involve additional generated code. Class-{}wide programming, including class-{}wide types and type extension, is more appropriate for building a large subsystem because you avoid the additional generated code and unwieldy properties of generics.
Class-{}wide programming enables you to take a set of heterogeneous data structures and provide a homogeneous-{}looking interface across the whole set. See also Guideline 9.2.1 on using tagged types to describe heterogeneous polymorphic data.
In object-{}oriented programming languages without generic capabilities, it was common to use inheritance to achieve much the same effect. However, this technique is generally less clear and more cumbersome to use than the equivalent explicit generic definition. The nongeneric, inheritance approach can always be recovered using a specific instantiation of the generic. Also see Guidelines 5.3.2 and 5.4.7 for a discussion of self-{}referential data structures.
\section{Managing Visibility}

\subsection{Derived Tagged Types}

\subsubsection{guideline}


\begin{myitemize}
\item{}Consider giving derived tagged types the same visibility to the parent type as other clients of the parent.
\item{}Define a derived tagged type in a child of the package that defines the base type if the implementation of the derived type requires greater visibility into the implementation of the base type than other clients of the base type require.

\end{myitemize}

\subsubsection{example}

The following example illustrates the need for a derived type to have greater visibility into the implementation of the base type than other clients of the base type. In this example of a stack class hierarchy, Push and Pop routines provide a homogeneous interface for all variations of stacks. However, the implementation of these operations requires greater visibility into the base types due to the differences in the data elements. This example is adapted from Barbey, Kempe, and Strohmeier (1994):


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{generic}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Item_Type\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Generic_Stack\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Abstract_Stack_Type\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\ensuremath{\text{ }}\KeywordTok{tagged}\ensuremath{\text{ }}\KeywordTok{limited}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Push\ensuremath{\text{ }}(Stack\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Abstract_Stack_Type;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Item\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Item_Type)\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Pop\ensuremath{\text{ }}(Stack\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Abstract_Stack_Type;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Item\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Item_Type)\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Size\ensuremath{\text{ }}(Stack\ensuremath{\text{ }}:\ensuremath{\text{ }}Abstract_Stack_Type)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Natural;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Full_Error\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{exception}\NormalTok{;\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}May\ensuremath{\text{ }}be\ensuremath{\text{ }}raised\ensuremath{\text{ }}by\ensuremath{\text{ }}Push}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Empty_Error\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{exception}\NormalTok{;\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}May\ensuremath{\text{ }}be\ensuremath{\text{ }}raised\ensuremath{\text{ }}by\ensuremath{\text{ }}Pop}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Abstract_Stack_Type\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\ensuremath{\text{ }}\KeywordTok{tagged}\ensuremath{\text{ }}\KeywordTok{limited}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Size\ensuremath{\text{ }}:\ensuremath{\text{ }}Natural\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Generic_Stack;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Generic_Stack\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Size\ensuremath{\text{ }}(Stack\ensuremath{\text{ }}:\ensuremath{\text{ }}Abstract_Stack_Type)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Natural\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Stack.Size;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Size;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Generic_Stack;}\newline
\CommentTok{--}\newline
\CommentTok{--\ensuremath{\text{ }}Now,\ensuremath{\text{ }}a\ensuremath{\text{ }}bounded\ensuremath{\text{ }}stack\ensuremath{\text{ }}can\ensuremath{\text{ }}be\ensuremath{\text{ }}derived\ensuremath{\text{ }}in\ensuremath{\text{ }}a\ensuremath{\text{ }}child\ensuremath{\text{ }}package\ensuremath{\text{ }}as\ensuremath{\text{ }}follows:}\newline
\CommentTok{--}\newline
\NormalTok{-}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{generic}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Generic_Stack.Generic_Bounded_Stack\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Stack_Type\ensuremath{\text{ }}(Max\ensuremath{\text{ }}:\ensuremath{\text{ }}Positive)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Abstract_Stack_Type\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}override\ensuremath{\text{ }}all\ensuremath{\text{ }}abstract\ensuremath{\text{ }}subprograms}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Push\ensuremath{\text{ }}(Stack\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Stack_Type;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Item\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Item_Type);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Pop\ensuremath{\text{ }}(Stack\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Stack_Type;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Item\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Item_Type);}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Table_Type\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{array}\ensuremath{\text{ }}\NormalTok{(Positive\ensuremath{\text{ }}}\KeywordTok{range}\ensuremath{\text{ }}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{of}\ensuremath{\text{ }}\NormalTok{Item_Type;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Stack_Type\ensuremath{\text{ }}(Max\ensuremath{\text{ }}:\ensuremath{\text{ }}Positive)\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Abstract_Stack_Type\ensuremath{\text{ }}}\KeywordTok{with}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Table\ensuremath{\text{ }}:\ensuremath{\text{ }}Table_Type\ensuremath{\text{ }}(}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}Max);\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Generic_Stack.Generic_Bounded_Stack;}\newline
\NormalTok{-}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Generic_Stack.Generic_Bounded_Stack\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Push\ensuremath{\text{ }}(Stack\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Stack_Type;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Item\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Item_Type)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}The\ensuremath{\text{ }}new\ensuremath{\text{ }}bounded\ensuremath{\text{ }}stack\ensuremath{\text{ }}needs\ensuremath{\text{ }}visibility\ensuremath{\text{ }}into\ensuremath{\text{ }}the\ensuremath{\text{ }}base\ensuremath{\text{ }}type}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}in\ensuremath{\text{ }}order\ensuremath{\text{ }}to\ensuremath{\text{ }}update\ensuremath{\text{ }}the\ensuremath{\text{ }}Size\ensuremath{\text{ }}element\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}stack\ensuremath{\text{ }}type}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}when\ensuremath{\text{ }}adding\ensuremath{\text{ }}or\ensuremath{\text{ }}removing\ensuremath{\text{ }}items.}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(Stack.Size\ensuremath{\text{ }}=\ensuremath{\text{ }}Stack.Max)\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{raise}\ensuremath{\text{ }}\NormalTok{Full_Error;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Stack.Size\ensuremath{\text{ }}:=\ensuremath{\text{ }}Stack.Size\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Stack.Table(Stack.Size)\ensuremath{\text{ }}:=\ensuremath{\text{ }}Item;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Push;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Pop\ensuremath{\text{ }}(Stack\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Stack_Type;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Item\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Item_Type)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Pop;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Generic_Stack.Generic_Bounded_Stack;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

If the derived type can be defined without any special visibility of the base type, this provides for the best possible decoupling of the implementation of the derived type from changes in the implementation of the base type. On the other hand, the operations of an extension of a tagged type may need additional information from the base type that is not commonly needed by other clients.
When the implementation of a derived tagged type requires visibility of the implementation of the base type, use a child package to define the derived type. Rather than providing additional public operations for this information, it is better to place the definition of the derived type in a child package. This gives the derived type the necessary visibility without risking misuse by other clients.
This situation is likely to arise when you build a data structure with a homogeneous interface but whose data elements have a heterogeneous implementation. See also Guidelines 8.4.8, 9.2.1, and 9.3.5.
\section{Multiple Inheritance}

Ada provides several mechanisms to support multiple inheritance, where multiple inheritance is a means for incrementally building new abstractions from existing ones, as defined at the beginning of this chapter. Specifically, Ada supports multiple inheritance module inclusion (via multiple with/use clauses), multiple inheritance \symbol{34}is-{}implemented-{}using\symbol{34} via private extensions and record composition, and multiple inheritance mixins via the use of generics, formal packages, and access discriminants (Taft 1994).
\subsection{Multiple Inheritance Techniques}

\subsubsection{guideline}


\begin{myitemize}
\item{}Consider using type composition for implementation, as opposed to interface, inheritance.
\item{}Consider using a generic to \symbol{34}mix in\symbol{34} functionality to a derivative of some core abstraction.
\item{}Consider using access discriminants to support \symbol{34}full\symbol{34} multiple inheritance where an object must be referenceable as an entity of two or more distinct unrelated abstractions.

\end{myitemize}

\subsubsection{example}

Both examples that follow are taken directly from Taft (1994). The first shows how to use multiple inheritance techniques to create an abstract type whose interface inherits from one type and whose implementation inherits from another type. The second example shows how to enhance the functionality of a basic abstraction by mixing in new features.
The abstract type Set_Of_Strings provides the interface to inherit:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Set_Of_Strings\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\ensuremath{\text{ }}\KeywordTok{tagged}\ensuremath{\text{ }}\KeywordTok{limited}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Element_Index\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Natural;\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}Index\ensuremath{\text{ }}within\ensuremath{\text{ }}set.}\newline
\NormalTok{No_Element\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{Element_Index\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
\NormalTok{Invalid_Index\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{exception}\NormalTok{;}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Enter(}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Enter\ensuremath{\text{ }}an\ensuremath{\text{ }}element\ensuremath{\text{ }}into\ensuremath{\text{ }}the\ensuremath{\text{ }}set,\ensuremath{\text{ }}return\ensuremath{\text{ }}the\ensuremath{\text{ }}index}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Set\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Set_Of_Strings;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{S\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{String}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Index\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Element_Index)\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Remove(}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Remove\ensuremath{\text{ }}an\ensuremath{\text{ }}element\ensuremath{\text{ }}from\ensuremath{\text{ }}the\ensuremath{\text{ }}set;\ensuremath{\text{ }}ignore\ensuremath{\text{ }}if\ensuremath{\text{ }}not\ensuremath{\text{ }}there}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Set\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Set_Of_Strings;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{S\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{String}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Combine(}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Combine\ensuremath{\text{ }}Additional_Set\ensuremath{\text{ }}into\ensuremath{\text{ }}Union_Set}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Union_Set\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Set_Of_Strings;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Additional_Set\ensuremath{\text{ }}:\ensuremath{\text{ }}Set_Of_Strings)\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Intersect(}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Remove\ensuremath{\text{ }}all\ensuremath{\text{ }}elements\ensuremath{\text{ }}of\ensuremath{\text{ }}Removal_Set\ensuremath{\text{ }}from\ensuremath{\text{ }}Intersection_Set}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Intersection_Set\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Set_Of_Strings;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Removal_Set\ensuremath{\text{ }}:\ensuremath{\text{ }}Set_Of_Strings)\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Size(Set\ensuremath{\text{ }}:\ensuremath{\text{ }}Set_Of_Strings)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Element_Index\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Return\ensuremath{\text{ }}a\ensuremath{\text{ }}count\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}number\ensuremath{\text{ }}of\ensuremath{\text{ }}elements\ensuremath{\text{ }}in\ensuremath{\text{ }}the\ensuremath{\text{ }}set}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Index(}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Return\ensuremath{\text{ }}the\ensuremath{\text{ }}index\ensuremath{\text{ }}of\ensuremath{\text{ }}a\ensuremath{\text{ }}given\ensuremath{\text{ }}element;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}return\ensuremath{\text{ }}No_Element\ensuremath{\text{ }}if\ensuremath{\text{ }}not\ensuremath{\text{ }}there.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Set\ensuremath{\text{ }}:\ensuremath{\text{ }}Set_Of_Strings;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{S\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{String}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Element_Index\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Element(Index\ensuremath{\text{ }}:\ensuremath{\text{ }}Element_Index)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{String}\ensuremath{\text{ }}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Return\ensuremath{\text{ }}element\ensuremath{\text{ }}at\ensuremath{\text{ }}given\ensuremath{\text{ }}index\ensuremath{\text{ }}position}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}raise\ensuremath{\text{ }}Invalid_Index\ensuremath{\text{ }}if\ensuremath{\text{ }}no\ensuremath{\text{ }}element\ensuremath{\text{ }}there.}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Set_Of_Strings\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\ensuremath{\text{ }}\KeywordTok{tagged}\ensuremath{\text{ }}\KeywordTok{limited}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\NormalTok{The\ensuremath{\text{ }}}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Hashed_Set\ensuremath{\text{ }}derives\ensuremath{\text{ }}its\ensuremath{\text{ }}}\KeywordTok{interface}\ensuremath{\text{ }}\NormalTok{from\ensuremath{\text{ }}Set_of_Strings\ensuremath{\text{ }}}\KeywordTok{and}\ensuremath{\text{ }}\NormalTok{its}\newline
\ensuremath{\text{ }}\NormalTok{implementation\ensuremath{\text{ }}from\ensuremath{\text{ }}an\ensuremath{\text{ }}existing\ensuremath{\text{ }}(concrete)\ensuremath{\text{ }}}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Hash_Table:\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Hashed_Set(Table_Size\ensuremath{\text{ }}:\ensuremath{\text{ }}Positive)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Set_Of_Strings\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\CommentTok{--\ensuremath{\text{ }}Now\ensuremath{\text{ }}we\ensuremath{\text{ }}give\ensuremath{\text{ }}the\ensuremath{\text{ }}specs\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}operations\ensuremath{\text{ }}being\ensuremath{\text{ }}implemented}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Enter(}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Enter\ensuremath{\text{ }}an\ensuremath{\text{ }}element\ensuremath{\text{ }}into\ensuremath{\text{ }}the\ensuremath{\text{ }}set,\ensuremath{\text{ }}return\ensuremath{\text{ }}the\ensuremath{\text{ }}index}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Set\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Hashed_Set;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{S\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{String}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Index\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Element_Index);}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Remove(}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Remove\ensuremath{\text{ }}an\ensuremath{\text{ }}element\ensuremath{\text{ }}from\ensuremath{\text{ }}the\ensuremath{\text{ }}set;\ensuremath{\text{ }}ignore\ensuremath{\text{ }}if\ensuremath{\text{ }}not\ensuremath{\text{ }}there}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Set\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Hashed_Set;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{S\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{String}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}.\ensuremath{\text{ }}.\ensuremath{\text{ }}.\ensuremath{\text{ }}etc.}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Hashed_Set(Table_Size\ensuremath{\text{ }}:\ensuremath{\text{ }}Positive)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Set_Of_Strings\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Table\ensuremath{\text{ }}:\ensuremath{\text{ }}Hash_Table(}\DecValTok{1}\NormalTok{..Table_Size);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


In the package body, you define the bodies of the operations (i.e., Enter, Remove,Combine, Size, etc.) using the operations available on Hash_Table. You must also provide any necessary \symbol{34}glue\symbol{34} code.
In this second example, the type Basic_Window responds to various events and calls:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Basic_Window\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{tagged}\ensuremath{\text{ }}\KeywordTok{limited}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Display(W\ensuremath{\text{ }}:\ensuremath{\text{ }}Basic_Window);}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Mouse_Click(W\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Basic_Window;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Where\ensuremath{\text{ }}:\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Mouse_Coords);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{.\ensuremath{\text{ }}.\ensuremath{\text{ }}.}\newline
\end{Highlighting}
\end{Shaded}


You use mixins to add features such as labels, borders, menu bar, etc.:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{generic}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Some_Window\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Window\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}take\ensuremath{\text{ }}in\ensuremath{\text{ }}any\ensuremath{\text{ }}descendant\ensuremath{\text{ }}of\ensuremath{\text{ }}Window}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Label_Mixin\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Window_With_Label\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Some_Window\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Jazz\ensuremath{\text{ }}it\ensuremath{\text{ }}up\ensuremath{\text{ }}somehow.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Overridden\ensuremath{\text{ }}operations:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Display(W\ensuremath{\text{ }}:\ensuremath{\text{ }}Window_With_Label);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}New\ensuremath{\text{ }}operations:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Set_Label(W\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Window_With_Label;\ensuremath{\text{ }}S\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{String}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Set\ensuremath{\text{ }}the\ensuremath{\text{ }}label}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Label(W\ensuremath{\text{ }}:\ensuremath{\text{ }}Window_With_Label)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{String}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Fetch\ensuremath{\text{ }}the\ensuremath{\text{ }}label}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Window_With_Label\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Some_Window\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Label\ensuremath{\text{ }}:\ensuremath{\text{ }}String_Quark\ensuremath{\text{ }}:=\ensuremath{\text{ }}Null_Quark;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}An\ensuremath{\text{ }}XWindows-Like\ensuremath{\text{ }}unique\ensuremath{\text{ }}ID\ensuremath{\text{ }}for\ensuremath{\text{ }}a\ensuremath{\text{ }}string}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


In the generic body, you implement any overridden operations as well as the new operations. For example, you could implement the overridden Display operation using some of the inherited operations:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Display(W\ensuremath{\text{ }}:\ensuremath{\text{ }}Window_With_Label)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Display(Some_Window(W));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}First\ensuremath{\text{ }}display\ensuremath{\text{ }}the\ensuremath{\text{ }}window\ensuremath{\text{ }}normally,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}by\ensuremath{\text{ }}passing\ensuremath{\text{ }}the\ensuremath{\text{ }}buck\ensuremath{\text{ }}to\ensuremath{\text{ }}the\ensuremath{\text{ }}parent\ensuremath{\text{ }}type.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{W.Label\ensuremath{\text{ }}/=\ensuremath{\text{ }}Null_Quark\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Now\ensuremath{\text{ }}display\ensuremath{\text{ }}the\ensuremath{\text{ }}label\ensuremath{\text{ }}if\ensuremath{\text{ }}it\ensuremath{\text{ }}is\ensuremath{\text{ }}not\ensuremath{\text{ }}null}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Display_On_Screen(XCoord(W),\ensuremath{\text{ }}YCoord(W)-}\DecValTok{5}\NormalTok{,\ensuremath{\text{ }}Value(W.Label));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Use\ensuremath{\text{ }}two\ensuremath{\text{ }}inherited\ensuremath{\text{ }}functions\ensuremath{\text{ }}on\ensuremath{\text{ }}Basic_Window}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}to\ensuremath{\text{ }}get\ensuremath{\text{ }}the\ensuremath{\text{ }}coordinates\ensuremath{\text{ }}where\ensuremath{\text{ }}to\ensuremath{\text{ }}display\ensuremath{\text{ }}the\ensuremath{\text{ }}label.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Display;}\newline
\end{Highlighting}
\end{Shaded}


Assuming you have defined several generics with these additional features, to create the desired window, you use a combination of generic instantiations and private type extension, as shown in the following code:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{My_Window\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Basic_Window\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{.\ensuremath{\text{ }}.\ensuremath{\text{ }}.}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Add_Label\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Label_Mixin(Basic_Window);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Add_Border\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Border_Mixin(Add_Label.Window_With_Label);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Add_Menu_Bar\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Menu_Bar_Mixin(Add_Border.Window_With_Border);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{My_Window\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Add_Menu_Bar.Window_With_Menu_Bar\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{null}\ensuremath{\text{ }}\KeywordTok{record}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Final\ensuremath{\text{ }}window\ensuremath{\text{ }}is\ensuremath{\text{ }}a\ensuremath{\text{ }}null\ensuremath{\text{ }}extension\ensuremath{\text{ }}of\ensuremath{\text{ }}Window_With_Menu_Bar.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}We\ensuremath{\text{ }}could\ensuremath{\text{ }}instead\ensuremath{\text{ }}make\ensuremath{\text{ }}a\ensuremath{\text{ }}record\ensuremath{\text{ }}extension\ensuremath{\text{ }}and}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}add\ensuremath{\text{ }}components\ensuremath{\text{ }}for\ensuremath{\text{ }}My_Window\ensuremath{\text{ }}over\ensuremath{\text{ }}and\ensuremath{\text{ }}above\ensuremath{\text{ }}those}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}needed\ensuremath{\text{ }}by\ensuremath{\text{ }}the\ensuremath{\text{ }}mixins.}\newline
\end{Highlighting}
\end{Shaded}


The following example shows \symbol{34}full\symbol{34} multiple inheritance.
Assume previous definition of packages for Savings_Account and Checking_Account. The following example shows the definition of an interest-{}bearing checking account (NOW account):


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Savings_Account;}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Checking_Account;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{NOW_Account\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Object\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{tagged}\ensuremath{\text{ }}\KeywordTok{limited}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Savings\ensuremath{\text{ }}(Self\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{access}\ensuremath{\text{ }}\NormalTok{Object{\char13}Class)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Savings_Account.Object\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{null}\ensuremath{\text{ }}\KeywordTok{record}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}These\ensuremath{\text{ }}need\ensuremath{\text{ }}to\ensuremath{\text{ }}be\ensuremath{\text{ }}overridden\ensuremath{\text{ }}to\ensuremath{\text{ }}call\ensuremath{\text{ }}through\ensuremath{\text{ }}to\ensuremath{\text{ }}"Self"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Deposit\ensuremath{\text{ }}(Into_Account\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Savings;\ensuremath{\text{ }}...);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Withdraw\ensuremath{\text{ }}(...);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Earn_Interest\ensuremath{\text{ }}(...);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Interest\ensuremath{\text{ }}(...)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Balance\ensuremath{\text{ }}(...)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Checking\ensuremath{\text{ }}(Self\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{access}\ensuremath{\text{ }}\NormalTok{Object{\char13}Class)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Checking_Account.Object\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{null}\ensuremath{\text{ }}\KeywordTok{record}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Deposit\ensuremath{\text{ }}(Into_Account\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Checking;\ensuremath{\text{ }}...);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Balance\ensuremath{\text{ }}(...)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}These\ensuremath{\text{ }}operations\ensuremath{\text{ }}will\ensuremath{\text{ }}call-through\ensuremath{\text{ }}to\ensuremath{\text{ }}Savings_Account\ensuremath{\text{ }}or}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Checking_Account\ensuremath{\text{ }}operations.\ensuremath{\text{ }}"Inherits"\ensuremath{\text{ }}in\ensuremath{\text{ }}this\ensuremath{\text{ }}way\ensuremath{\text{ }}all\ensuremath{\text{ }}savings}\newline
\ensuremath{\text{ }}\KeywordTok{and}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}checking\ensuremath{\text{ }}operations}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Deposit\ensuremath{\text{ }}(Into_Account\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Object;\ensuremath{\text{ }}...);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Earn_Interest\ensuremath{\text{ }}(...);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Balance\ensuremath{\text{ }}(...)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Could\ensuremath{\text{ }}alternatively\ensuremath{\text{ }}have\ensuremath{\text{ }}Object\ensuremath{\text{ }}be\ensuremath{\text{ }}derived\ensuremath{\text{ }}from\ensuremath{\text{ }}either}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Savings_Account.Object\ensuremath{\text{ }}or\ensuremath{\text{ }}Checking_Account.Object}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Object\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{tagged}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{As_Savings\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Savings\ensuremath{\text{ }}(Object{\char13}Access);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{As_Checking\ensuremath{\text{ }}:\ensuremath{\text{ }}Checking\ensuremath{\text{ }}(Object{\char13}Access);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{NOW_Account;}\newline
\end{Highlighting}
\end{Shaded}


Another possibility is that the savings and checking accounts are both implemented based on a common Account abstraction, resulting in inheriting a Balance state twice for NOW_Account.Object. To resolve this ambiguity, you need to use an abstract type hierarchy for the multiple inheritance of interface and separate mixins for the multiple inheritance of implementation.
\subsubsection{rationale}

In other languages such as Eiffel and C++, multiple inheritance serves many purposes. In Eiffel, for instance, you must use inheritance both for module inclusion and for inheritance itself (Taft 1994). Ada provides context clauses for module inclusion and child libraries for finer modularization control. Ada does not provide a separate syntax for multiple inheritance. Rather, it provides a set of building blocks in type extension and composition that allow you to mix in additional behaviors.
A library of mixins allows the client to mix and match in order to develop an implementation. Also see Guideline 8.3.8 about implementing mixins.
You should not use multiple inheritance to derive an abstraction that is essentially unrelated to its parent(s). Thus, you should not try to derive a menu abstraction by inheriting from a command line type and a window type. However, if you have a basic abstraction such as a window, you can use multiple inheritance mixins to create a more sophisticated abstraction, where a mixin is the package containing the type(s) and operations that will extend the parent abstraction.
Use self-{}referential data structures to implement types with \symbol{34}full\symbol{34} multiple inheritance (\symbol{34}multiple polymorphism\symbol{34}).
A common mistake is to use multiple inheritance for parts-{}of relations. When a type is composed of several others types, you should use heterogeneous data structuring techniques, discussed in Guideline 5.4.2.
\section{Summary}

\subsection{tagged type hierarchies}


\begin{myitemize}
\item{}Consider using type extension when designing an is-{}a (generalization/specialization) hierarchy.
\item{}Use tagged types to preserve a common interface across differing implementations (Taft 1995a).
\item{}When defining a tagged type in a package, consider including a definition of a general access type to the corresponding class-{}wide type.
\item{}In general, define only one tagged type per package.
\item{}The implementation of the dispatching operations of each type in a derivation class rooted in a tagged type T should conform to the expected semantics of the corresponding dispatching operations of the class-{}wide type T\textquotesingle{}Class.
\item{}Consider using a controlled type whenever a type allocates resources that must be deallocated or otherwise \symbol{34}cleaned up\symbol{34} on destruction or overwriting.
\item{}Use a derivation from a controlled type in preference to providing an explicit \symbol{34}cleanup\symbol{34} operation that must be called by clients of the type.
\item{}When overriding the adjustment and finalization procedures derived from controlled types, define the finalization procedure to undo the effects of the adjustment procedure.
\item{}Derived type initialization procedures should call the initialization procedure of their parent as part of their type-{}specific initialization.
\item{}Derived type finalization procedures should call the finalization procedure of their parent as part of their type-{}specific finalization.
\item{}Consider deriving a data structure\textquotesingle{}s components rather than the enclosing data structure from a controlled type.
\item{}Consider using abstract types and operations in creating classification schemes, for example, a taxonomy, in which only the leaf objects will be meaningful in the application.
\item{}Consider declaring root types and internal nodes in a type tree as abstract.
\item{}Consider using abstract types for generic formal derived types.
\item{}Consider using abstract types to develop different implementations of a single abstraction.

\end{myitemize}

\subsection{tagged type operations}


\begin{myitemize}
\item{}Consider declaring a primitive abstract operation based on the absence of a meaningful \symbol{34}default\symbol{34} behavior.
\item{}Consider declaring a primitive nonabstract operation based on the presence of a meaningful \symbol{34}default\symbol{34} behavior.
\item{}When overriding an operation, the overriding subprogram should not raise exceptions that are not known to the users of the overridden subprogram.
\item{}If redispatching is used in the implementation of the operations of a type, with the specific intent that some of the redispatched-{}to operations be overridden by specializations for the derived types, then document this intent clearly in the specification as part of the \symbol{34}interface\symbol{34} of a parent type with its derived types.
\item{}When redispatching is used (for any reason) in the implementation of a primitive operation of a tagged type, then document (in some project-{}consistent way) this use in the body of the operation subprogram so that it can be easily found during maintenance.
\item{}Consider using a class-{}wide operation (i.e., an operation with parameter{$\text{[}$}s{$\text{]}$} of a class-{}wide type) when an operation can be written, compiled, and tested without knowing all the possible descendants of a given tagged type (Barnes 1996).
\item{}Consider using a class-{}wide operation when you do not want an operation to be inherited and/or overridden.
\item{}Avoid declaring a constructor as a primitive abstract operation.
\item{}Use a primitive abstract operation to declare an initialization function or constructor only when objects of the inheriting derived types will not require additional parameters for initialization.
\item{}Consider using access discriminants to provide parameters to default initialization.
\item{}Use constructors for explicit initialization.
\item{}Consider splitting the initialization and construction of an object.
\item{}Consider declaring a constructor operation in a child package.
\item{}Consider declaring a constructor operation to return an access value to the constructed object (Dewar 1995).
\item{}When you redefine the \symbol{34}=\symbol{34} operator on a tagged type, make sure that it has the expected behavior in extensions of this type and override it if necessary.
\item{}Consider using class-{}wide programming to provide run-{}time, dynamic polymorphism when constructing larger, reusable, extensible frameworks.
\item{}When possible, use class-{}wide programming rather than variant records.
\item{}Use class-{}wide programming to provide a consistent interface across the set of types in the tagged type hierarchy (i.e., class).
\item{}Consider using generics to define a new type in terms of an existing type, either as an extension or as a container, collection, or composite data structure.
\item{}Avoid using type extensions for parameterized abstractions when generics provide a more appropriate mechanism.

\end{myitemize}

\subsection{managing visibility}


\begin{myitemize}
\item{}Consider giving derived tagged types the same visibility to the parent type as other clients of the parent.
\item{}Define a derived tagged type in a child of the package that defines the base type if the implementation of the derived type requires greater visibility into the implementation of the base type than other clients of the base type require.

\end{myitemize}

\subsection{multiple inheritance}


\begin{myitemize}
\item{}Consider using type composition for implementation, as opposed to interface, inheritance.
\item{}Consider using a generic to \symbol{34}mix in\symbol{34} functionality to a derivative of some core abstraction.
\item{}Consider using access discriminants to support \symbol{34}full\symbol{34} multiple inheritance where an object must be referenceable as an entity of two or more distinct unrelated abstractions.

\end{myitemize}

$\text{ }$\newline{}
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\section{Introduction}

In many ways, performance is at odds with maintainability and portability. To achieve improved speed or memory usage, the most clear algorithm sometimes gives way to confusing code. To exploit special purpose hardware or operating system services, non-{}portable implementation dependencies are introduced. When concerned about performance, you must decide how well each algorithm meets its performance and maintainability goals. Use the guidelines in this chapter with care; they may be hazardous to your software.
The best way to build a system that satisfies its performance requirements is through good design. You should not assume that speeding up your code will result in a visible increase in system execution. In most applications, the overall throughput of the system is not defined by the execution speed of the code but by the interaction between concurrent processes and the response time of the system peripherals.
Most of the guidelines in this chapter read \symbol{34}... when measured performance indicates.\symbol{34} \symbol{34}Indicates\symbol{34} means that you have determined that the benefit in increased performance to your application in your environment outweighs the negative side effects on understandability, maintainability, and portability of the resulting code. Many of the guideline examples show the alternatives that you will need to measure in order to determine if the guideline is indicated.
\section{Performance Issues}

Performance has at least four aspects: execution speed, code size, compilation speed, and linking speed. Although all four are important, most people think of execution speed when performance is mentioned, and most of the guidelines in this chapter focus on execution speed.
Performance is influenced by many factors, including the compilation software, hardware, system load, and coding style. While only coding style is typically under the control of the programmer, the other factors have so much influence that it is impossible to make flat statements such as \symbol{34}case statements are more efficient than if-{}then-{}else structures.\symbol{34} When performance is critical, you cannot assume that a coding style that proves more efficient on one system will also be more efficient on another. Decisions made for the sake of performance must be made on the basis of testing the alternatives on the actual system on which the application will be fielded.
\section{Performance Measurement}

While most well-{}known tools for measuring performance are stand-{}alone programs that concentrate on execution speed, there is a comprehensive tool that covers all four aspects of performance. The Ada Compiler Evaluation System (ACES) is the result of merging two earlier products: the United States Department of Defense\textquotesingle{}s Ada Compiler Evaluation Capability and the United Kingdom Ministry of Defence\textquotesingle{}s Ada Evaluation System. It offers a comprehensive set of nearly 2,000 performance tests along with automated setup, test management, and analysis software. This system reports (and statistically analyzes) compilation time, linking time, execution time, and code size. The analysis tools make comparisons among multiple compilation-{}execution systems and also provide comparisons of the run-{}time performance of tests using different coding styles to achieve similar purposes.
Performance Issues Working Group (PIWG) suite. The Quick-{}Look facility is advertised as being easy to download, install, and execute in less than a day, while providing information that is as useful as that generated by the PIWG suite. In addition, sw-{}eng.falls-{}church.va.us, directory /public/AdaIC/testing/aces. For World Wide Web access, use the following uniform resource locator (URL): \myhref{http://sw-eng.falls-church.va.us/AdaIC/testing/aces/}{ }.
While measuring performance may seem to be a relatively straightforward matter, there are significant issues that must be addressed by any person or toolset planning to do such measurement. For detailed information, see the following sources: ACES (1995a, 1995b, 1995c); Clapp, Mudge, and Roy (1990); Goforth, Collard, and Marquardt (1990); Knight (1990); Newport (1995); and Weidermann (1990).
\section{Program Structure}

\subsection{Blocks}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use blocks (see Guideline 5.6.9) to introduce late initialization when measured performance indicates.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Initial\ensuremath{\text{ }}:\ensuremath{\text{ }}Matrix;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{begin}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Find_Solution}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Initialize_Solution_Matrix:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{Row\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Initial{\char13}Range(}\DecValTok{1}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{Col\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Initial{\char13}Range(}\DecValTok{2}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Initial\ensuremath{\text{ }}(Row,\ensuremath{\text{ }}Col)\ensuremath{\text{ }}:=\ensuremath{\text{ }}Get_Value\ensuremath{\text{ }}(Row,\ensuremath{\text{ }}Col);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\ensuremath{\text{ }}\NormalTok{Initialize_Solution_Matrix;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Converge_To_The_Solution:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{declare}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Solution\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Matrix\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:=\ensuremath{\text{ }}Identity;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Min_Iterations\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{Natural\ensuremath{\text{ }}:=\ensuremath{\text{ }}...;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Converge_To_The_Solution}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{Iterations\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}Min_Iterations\ensuremath{\text{ }}}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Converge\ensuremath{\text{ }}(Solution,\ensuremath{\text{ }}Initial);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Converge_To_The_Solution;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Find_Solution;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Late initialization allows a compiler more choices in register usage optimization. Depending on the circumstance, this may introduce a significant performance improvement.
Some compilers incur a performance penalty when declarative blocks are introduced. Careful analysis and timing tests by the programmer may identify those declarative blocks that should be removed.
\subsubsection{notes}

It is difficult to accurately predict through code inspections which declarative blocks improve performance and which degrade performance. However, with these general guidelines and a familiarity with the particular implementation, performance can be improved.
\section{Data Structures}

\subsection{Dynamic Arrays}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use constrained arrays when measured performance indicates.

\end{myitemize}

\subsubsection{rationale}

If array bounds are not known until run-{}time, then calculations of these bounds may affect run-{}time performance. Using named constants or static expressions as array bounds may provide better performance than using variables or nonstatic expressions. Thus, if the values of Lower and Upper are not determined until run-{}time, then:
... is array (Lower .. Upper) of ...
may cause address and offset calculations to be delayed until run-{}time, introducing a performance penalty. See NASA (1992) for a detailed discussion of the tradeoffs and alternatives.
\subsection{Zero-{}Based Arrays}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use zero-{}based indexing for arrays when measured performance indicates.

\end{myitemize}

\subsubsection{rationale}

For some compilers, offset calculations for an array whose lower bound is 0 (either the integer zero or the first value of an enumeration type) are simplified. For other compilers, optimization is more likely if the lower bound is 1.
\subsection{Unconstrained Records}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use fixed-{}size components for records when measured performance indicates.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Line_Range\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\DataTypeTok{Integer}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{0}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}Max_Lines;}\newline
\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Length_Range\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\DataTypeTok{Integer}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{0}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}Max_Length;}\newline
\ensuremath{\text{ }}\newline
\CommentTok{--\ensuremath{\text{ }}Note\ensuremath{\text{ }}that\ensuremath{\text{ }}Max_Lines\ensuremath{\text{ }}and\ensuremath{\text{ }}Max_Length\ensuremath{\text{ }}need\ensuremath{\text{ }}to\ensuremath{\text{ }}be\ensuremath{\text{ }}static}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Paragraph_Body\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{array}\ensuremath{\text{ }}\NormalTok{(Line_Range\ensuremath{\text{ }}}\KeywordTok{range}\ensuremath{\text{ }}\NormalTok{,\ensuremath{\text{ }}Length_Range\ensuremath{\text{ }}}\KeywordTok{range}\ensuremath{\text{ }}\NormalTok{)}\newline
\ensuremath{\text{ }}\KeywordTok{of}\ensuremath{\text{ }}\NormalTok{Character;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Paragraph\ensuremath{\text{ }}(Lines\ensuremath{\text{ }}:\ensuremath{\text{ }}Line_Range\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}Line_Length\ensuremath{\text{ }}:\ensuremath{\text{ }}Length_Range}\newline
\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Text\ensuremath{\text{ }}:\ensuremath{\text{ }}Paragraph_Body\ensuremath{\text{ }}(}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}Lines,\ensuremath{\text{ }}}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}Line_Length);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Determine the size and speed impact of unconstrained records having components depending on discriminants. Some compilers will allocate the maximum possible size to each object of the type; others will use pointers to the dependent components, incurring a possible heap performance penalty. Consider the possibility of using fixed-{}size components.
\subsection{Records and Arrays}

\subsubsection{guideline}


\begin{myitemize}
\item{}Define arrays of records as parallel arrays when measured performance indicates.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Array\ensuremath{\text{ }}of\ensuremath{\text{ }}records}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Process\ensuremath{\text{ }}(Student\ensuremath{\text{ }}(Index).Name,\ensuremath{\text{ }}Student\ensuremath{\text{ }}(Index).Grade);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Record\ensuremath{\text{ }}of\ensuremath{\text{ }}arrays}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Process\ensuremath{\text{ }}(Student.Name\ensuremath{\text{ }}(Index),\ensuremath{\text{ }}Student.Grade\ensuremath{\text{ }}(Index));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Parallel\ensuremath{\text{ }}arrays}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Process\ensuremath{\text{ }}(Name\ensuremath{\text{ }}(Index),\ensuremath{\text{ }}Grade\ensuremath{\text{ }}(Index));}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Determine the impact of structuring data as arrays of records, records containing arrays, or parallel arrays. Some implementations of Ada will show significant performance differences among these examples.
\subsection{Record and Array Aggregates}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use a sequence of assignments for an aggregation when measured performance indicates.

\end{myitemize}

\subsubsection{rationale}

Determine the impact of using an aggregate versus a sequence of assignments. Using an aggregate generally requires the use of a temporary variable. If the aggregate is \symbol{34}static\symbol{34} (i.e., its size and components are known at compile-{} or link-{}time, allowing link-{}time allocation and initialization), then it will generally be more efficient than a sequence of assignments. If the aggregate is \symbol{34}dynamic,\symbol{34} then a series of assignments may be more efficient because no temporary variable is needed.
See Guideline 5.6.10 for a discussion of aggregates from the point of view of readability and maintainability.
See Guideline 10.6.1 for a discussion of extension aggregates.
\section{Algorithms}

\subsection{Mod and rem Operators}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use incremental schemes instead of mod and rem when measured performance indicates.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Using\ensuremath{\text{ }}mod}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{I\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\DecValTok{0}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}N\ensuremath{\text{ }}}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Update\ensuremath{\text{ }}(Arr\ensuremath{\text{ }}(I\ensuremath{\text{ }}}\KeywordTok{mod}\ensuremath{\text{ }}\NormalTok{Modulus));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Avoiding\ensuremath{\text{ }}mod}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{J\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{I\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\DecValTok{0}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}N\ensuremath{\text{ }}}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Update\ensuremath{\text{ }}(Arr\ensuremath{\text{ }}(J));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{J\ensuremath{\text{ }}:=\ensuremath{\text{ }}J\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{J\ensuremath{\text{ }}=\ensuremath{\text{ }}Modulus\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{J\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Determine the impact of using the mod and rem operators. One of the above styles may be significantly more efficient than the other.
\subsection{Short-{}Circuit Operators}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use the short-{}circuit control form when measured performance indicates.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Nested\ensuremath{\text{ }}"if"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Last\ensuremath{\text{ }}=\ensuremath{\text{ }}Target_Length\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Buffer\ensuremath{\text{ }}(}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}Target_Length)\ensuremath{\text{ }}=\ensuremath{\text{ }}Target\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}"and\ensuremath{\text{ }}then"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Last\ensuremath{\text{ }}=\ensuremath{\text{ }}Target_Length\ensuremath{\text{ }}}\KeywordTok{and}\ensuremath{\text{ }}\KeywordTok{then}\ensuremath{\text{ }}\NormalTok{Buffer\ensuremath{\text{ }}(}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}Target_Length)\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\NormalTok{Target\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Determine the impact of using nested if statements versus using the {\ttfamily and then} or {\ttfamily or else} operator. One of the above may be significantly more efficient than the other.
\subsection{Case Statement Versus elsif}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use the case statement when measured performance indicates.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Small_Int\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\DataTypeTok{Integer}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Switch\ensuremath{\text{ }}:\ensuremath{\text{ }}Small_Int;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Case\ensuremath{\text{ }}statement}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{case}\ensuremath{\text{ }}\NormalTok{Switch\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{=\ensuremath{\text{ }}...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\DecValTok{2}\ensuremath{\text{ }}\NormalTok{=\ensuremath{\text{ }}...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\DecValTok{3}\ensuremath{\text{ }}\NormalTok{=\ensuremath{\text{ }}...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\DecValTok{4}\ensuremath{\text{ }}\NormalTok{=\ensuremath{\text{ }}...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\DecValTok{5}\ensuremath{\text{ }}\NormalTok{=\ensuremath{\text{ }}...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}case}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}"elsif\ensuremath{\text{ }}construct"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Switch\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{1}\ensuremath{\text{ }}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elsif}\ensuremath{\text{ }}\NormalTok{Switch\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{2}\ensuremath{\text{ }}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elsif}\ensuremath{\text{ }}\NormalTok{Switch\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{3}\ensuremath{\text{ }}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elsif}\ensuremath{\text{ }}\NormalTok{Switch\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{4}\ensuremath{\text{ }}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elsif}\ensuremath{\text{ }}\NormalTok{Switch\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{5}\ensuremath{\text{ }}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Determine the impact of using case statements versus the elsif construct. If the case statement is implemented using a small jump table, then it may be significantly more efficient than the if .. then .. elsif construct.
See also Guideline 8.4.6 for a discussion of the table-{}driven programming alternative.
\subsection{Checking for Constraint Errors}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use hard-{}coded constraint checking when measured performance indicates.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Small_Int\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{Positive\ensuremath{\text{ }}}\KeywordTok{range}\ensuremath{\text{ }}\NormalTok{Lower\ensuremath{\text{ }}..\ensuremath{\text{ }}Upper;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Var\ensuremath{\text{ }}:\ensuremath{\text{ }}Small_Int;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Using\ensuremath{\text{ }}exception\ensuremath{\text{ }}handler}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Double:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Var\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\DecValTok{2}\ensuremath{\text{ }}\NormalTok{*\ensuremath{\text{ }}Var;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{exception}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Constraint_Error\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Double;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Using\ensuremath{\text{ }}hard-coded\ensuremath{\text{ }}check}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Var\ensuremath{\text{ }}\ensuremath{\text{ }}Upper\ensuremath{\text{ }}/\ensuremath{\text{ }}}\DecValTok{2}\ensuremath{\text{ }}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Var\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\DecValTok{2}\ensuremath{\text{ }}\NormalTok{*\ensuremath{\text{ }}Var;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Determine the impact of using exception handlers to detect constraint errors. If the exception handling mechanism is slow, then hard-{}coded checking may be more efficient.
\subsection{Order of Array Processing}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use column-{}first processing of two-{}dimensional arrays when measured performance indicates.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Table_Type\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{array}\ensuremath{\text{ }}\NormalTok{(Row_Min\ensuremath{\text{ }}..\ensuremath{\text{ }}Row_Max,\ensuremath{\text{ }}Col_Min\ensuremath{\text{ }}..\ensuremath{\text{ }}Col_Max)}\newline
\ensuremath{\text{ }}\KeywordTok{of}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Table\ensuremath{\text{ }}:\ensuremath{\text{ }}Table_Type;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Row-order\ensuremath{\text{ }}processing}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{Row\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Row_Min\ensuremath{\text{ }}..\ensuremath{\text{ }}Row_Max\ensuremath{\text{ }}}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{Col\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Col_Min\ensuremath{\text{ }}..\ensuremath{\text{ }}Col_Max\ensuremath{\text{ }}}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Process\ensuremath{\text{ }}Table\ensuremath{\text{ }}(Row,\ensuremath{\text{ }}Col)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Column-order\ensuremath{\text{ }}processing}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{Col\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Col_Min\ensuremath{\text{ }}..\ensuremath{\text{ }}Col_Max\ensuremath{\text{ }}}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{Row\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Row_Min\ensuremath{\text{ }}..\ensuremath{\text{ }}Row_Max\ensuremath{\text{ }}}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Process\ensuremath{\text{ }}Table\ensuremath{\text{ }}(Row,\ensuremath{\text{ }}Col)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Determine the impact of processing two-{}dimensional arrays in row-{}major order versus column-{}major order. While most Ada compilers are likely to use row-{}major order, it is not a requirement. In the presence of good optimization, there may be no significant difference in the above examples. Using static array bounds is also likely to be significant here. See Guidelines 10.4.1 and 10.4.2.
\subsection{Assigning Alternatives}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use overwriting for conditional assignment when measured performance indicates.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Using\ensuremath{\text{ }}"if\ensuremath{\text{ }}..\ensuremath{\text{ }}else"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Condition\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Var\ensuremath{\text{ }}:=\ensuremath{\text{ }}One_Value;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Var\ensuremath{\text{ }}:=\ensuremath{\text{ }}Other_Value;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Using\ensuremath{\text{ }}overwriting}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Var\ensuremath{\text{ }}:=\ensuremath{\text{ }}Other_Value;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Condition\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Var\ensuremath{\text{ }}:=\ensuremath{\text{ }}One_Value;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Determine the impact of styles of assigning alternative values. The examples illustrate two common methods of doing this; for many systems, the performance difference is significant.
\subsection{Packed Boolean Array Shifts}

\subsubsection{guideline}


\begin{myitemize}
\item{}When measured performance indicates, perform packed Boolean array shift operations by using slice assignments rather than repeated bit-{}wise assignment.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Word_Range\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\DataTypeTok{Integer}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{0}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}}\DecValTok{15}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Flag_Word\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{array}\ensuremath{\text{ }}\NormalTok{(Word_Range)\ensuremath{\text{ }}}\KeywordTok{of}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{pragma}\ensuremath{\text{ }}\KeywordTok{Pack}\ensuremath{\text{ }}\NormalTok{(Flag_Word);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Word\ensuremath{\text{ }}:\ensuremath{\text{ }}Flag_Word;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Loop\ensuremath{\text{ }}to\ensuremath{\text{ }}shift\ensuremath{\text{ }}by\ensuremath{\text{ }}one\ensuremath{\text{ }}bit}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{Index\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\DecValTok{0}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}}\DecValTok{14}\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Word\ensuremath{\text{ }}(Index)\ensuremath{\text{ }}:=\ensuremath{\text{ }}Word\ensuremath{\text{ }}(Index\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Word\ensuremath{\text{ }}(}\DecValTok{15}\NormalTok{)\ensuremath{\text{ }}:=\ensuremath{\text{ }}False;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Use\ensuremath{\text{ }}slice\ensuremath{\text{ }}assignment\ensuremath{\text{ }}to\ensuremath{\text{ }}shift\ensuremath{\text{ }}by\ensuremath{\text{ }}one\ensuremath{\text{ }}bit}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Word\ensuremath{\text{ }}(}\DecValTok{0}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}}\DecValTok{14}\NormalTok{)\ensuremath{\text{ }}:=\ensuremath{\text{ }}Word\ensuremath{\text{ }}(}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}}\DecValTok{15}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Word\ensuremath{\text{ }}(}\DecValTok{15}\NormalTok{)\ensuremath{\text{ }}:=\ensuremath{\text{ }}False;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Determine the impact of slice manipulation when shifting packed Boolean arrays. For Ada 83 implementations using packed Boolean arrays, shift operations may be much faster when slice assignments are used as opposed to for loop moving one component at a time. For Ada 95 implementations, consider using modular types instead (see Guideline 10.6.3).
\subsection{Subprogram Dispatching}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use static subprogram dispatching when measured performance indicates.

\end{myitemize}

\subsubsection{example}

The term \symbol{34}static dispatching\symbol{34} in this example refers to the use of if/elsif sequences to explicitly determine which subprograms to call based on certain conditions:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}(1)\ensuremath{\text{ }}Dispatching\ensuremath{\text{ }}where\ensuremath{\text{ }}tag\ensuremath{\text{ }}is\ensuremath{\text{ }}not\ensuremath{\text{ }}known\ensuremath{\text{ }}at\ensuremath{\text{ }}compile\ensuremath{\text{ }}time}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}(See\ensuremath{\text{ }}ACES\ensuremath{\text{ }}V2.0\ensuremath{\text{ }}test\ensuremath{\text{ }}"a9_ob_class_wide_dynamic_01")}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Object_Type\ensuremath{\text{ }}is\ensuremath{\text{ }}a\ensuremath{\text{ }}tagged\ensuremath{\text{ }}type}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}The_Pointer\ensuremath{\text{ }}designates\ensuremath{\text{ }}Object_Type{\char13}Class;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Subclass1_Pointer\ensuremath{\text{ }}designates\ensuremath{\text{ }}Subclass1\ensuremath{\text{ }}(derived\ensuremath{\text{ }}from}\newline
\ensuremath{\text{ }}\NormalTok{Object_Type)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Subclass2_Pointer\ensuremath{\text{ }}designates\ensuremath{\text{ }}Subclass2\ensuremath{\text{ }}(derived\ensuremath{\text{ }}from}\newline
\ensuremath{\text{ }}\NormalTok{Subclass1)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Subclass3_Pointer\ensuremath{\text{ }}designates\ensuremath{\text{ }}Subclass3\ensuremath{\text{ }}(derived\ensuremath{\text{ }}from}\newline
\ensuremath{\text{ }}\NormalTok{Subclass2)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Random_Value\ensuremath{\text{ }}:=\ensuremath{\text{ }}Simple_Random;\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}Call\ensuremath{\text{ }}to\ensuremath{\text{ }}a\ensuremath{\text{ }}random\ensuremath{\text{ }}number}\newline
\ensuremath{\text{ }}\NormalTok{generator}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Random_Value\ensuremath{\text{ }}\ensuremath{\text{ }}}\FloatTok{1.0}\NormalTok{/}\FloatTok{3.0}\ensuremath{\text{ }}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{The_Pointer\ensuremath{\text{ }}:=\ensuremath{\text{ }}Subclass1_Pointer;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elsif}\ensuremath{\text{ }}\NormalTok{Random_Value\ensuremath{\text{ }}\ensuremath{\text{ }}}\FloatTok{2.0}\NormalTok{/}\FloatTok{3.0}\ensuremath{\text{ }}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{The_Pointer\ensuremath{\text{ }}:=\ensuremath{\text{ }}Subclass2_Pointer;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{The_Pointer\ensuremath{\text{ }}:=\ensuremath{\text{ }}Subclass3_Pointer;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Process\ensuremath{\text{ }}(The_Pointer.}\KeywordTok{all}\NormalTok{);\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}Tag\ensuremath{\text{ }}is\ensuremath{\text{ }}unknown}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}(2)\ensuremath{\text{ }}Tag\ensuremath{\text{ }}is\ensuremath{\text{ }}determinable\ensuremath{\text{ }}at\ensuremath{\text{ }}compile\ensuremath{\text{ }}time\ensuremath{\text{ }}(static\ensuremath{\text{ }}dispatching)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}(See\ensuremath{\text{ }}ACES\ensuremath{\text{ }}V2.0,\ensuremath{\text{ }}test\ensuremath{\text{ }}"a9_ob_class_wide_static_01")}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Object_Type\ensuremath{\text{ }}is\ensuremath{\text{ }}a\ensuremath{\text{ }}tagged\ensuremath{\text{ }}type}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}The_Pointer\ensuremath{\text{ }}designates\ensuremath{\text{ }}Object_Type{\char13}Class;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Subclass1_Pointer\ensuremath{\text{ }}designates\ensuremath{\text{ }}Subclass1\ensuremath{\text{ }}(derived\ensuremath{\text{ }}from}\newline
\ensuremath{\text{ }}\NormalTok{Object_Type)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Subclass2_Pointer\ensuremath{\text{ }}designates\ensuremath{\text{ }}Subclass2\ensuremath{\text{ }}(derived\ensuremath{\text{ }}from}\newline
\ensuremath{\text{ }}\NormalTok{Subclass1)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Subclass3_Pointer\ensuremath{\text{ }}designates\ensuremath{\text{ }}Subclass3\ensuremath{\text{ }}(derived\ensuremath{\text{ }}from}\newline
\ensuremath{\text{ }}\NormalTok{Subclass2)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Random_Value\ensuremath{\text{ }}:=\ensuremath{\text{ }}Simple_Random;\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}Call\ensuremath{\text{ }}to\ensuremath{\text{ }}a\ensuremath{\text{ }}random\ensuremath{\text{ }}number}\newline
\ensuremath{\text{ }}\NormalTok{generator}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Random_Value\ensuremath{\text{ }}\ensuremath{\text{ }}}\FloatTok{1.0}\NormalTok{/}\FloatTok{3.0}\ensuremath{\text{ }}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Process\ensuremath{\text{ }}(Subclass1_Pointer.}\KeywordTok{all}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elsif}\ensuremath{\text{ }}\NormalTok{Random_Value\ensuremath{\text{ }}\ensuremath{\text{ }}}\FloatTok{2.0}\NormalTok{/}\FloatTok{3.0}\ensuremath{\text{ }}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Process\ensuremath{\text{ }}(Subclass2_Pointer.}\KeywordTok{all}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Process\ensuremath{\text{ }}(Subclass3_Pointer.}\KeywordTok{all}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}(3)\ensuremath{\text{ }}No\ensuremath{\text{ }}tagged\ensuremath{\text{ }}types\ensuremath{\text{ }}are\ensuremath{\text{ }}involved\ensuremath{\text{ }}(no\ensuremath{\text{ }}dispatching)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}(See\ensuremath{\text{ }}ACES\ensuremath{\text{ }}V2.0,\ensuremath{\text{ }}test\ensuremath{\text{ }}"ap_ob_class_wide_01")}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Object_type\ensuremath{\text{ }}is\ensuremath{\text{ }}a\ensuremath{\text{ }}discriminated\ensuremath{\text{ }}type\ensuremath{\text{ }}with\ensuremath{\text{ }}variants;\ensuremath{\text{ }}possible}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}discriminant\ensuremath{\text{ }}values\ensuremath{\text{ }}are\ensuremath{\text{ }}Subclass1,\ensuremath{\text{ }}Subclass2,\ensuremath{\text{ }}and\ensuremath{\text{ }}Subclass3}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}All\ensuremath{\text{ }}the\ensuremath{\text{ }}pointers\ensuremath{\text{ }}designate\ensuremath{\text{ }}values\ensuremath{\text{ }}of\ensuremath{\text{ }}Object_Type}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Subclass1_Pointer\ensuremath{\text{ }}:=\ensuremath{\text{ }}new\ensuremath{\text{ }}Object_Type\ensuremath{\text{ }}(Subclass1);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Subclass2_Pointer\ensuremath{\text{ }}:=\ensuremath{\text{ }}new\ensuremath{\text{ }}Object_Type\ensuremath{\text{ }}(Subclass2);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Subclass3_Pointer\ensuremath{\text{ }}:=\ensuremath{\text{ }}new\ensuremath{\text{ }}Object_Type\ensuremath{\text{ }}(Subclass3);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}There\ensuremath{\text{ }}is\ensuremath{\text{ }}only\ensuremath{\text{ }}one\ensuremath{\text{ }}"Process"\ensuremath{\text{ }}procedure\ensuremath{\text{ }}(operating\ensuremath{\text{ }}on}\newline
\ensuremath{\text{ }}\NormalTok{Object_Type)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Random_Value\ensuremath{\text{ }}:=\ensuremath{\text{ }}Simple_Random;\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}Call\ensuremath{\text{ }}to\ensuremath{\text{ }}a\ensuremath{\text{ }}random\ensuremath{\text{ }}number}\newline
\ensuremath{\text{ }}\NormalTok{generator}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Random_Value\ensuremath{\text{ }}\ensuremath{\text{ }}}\FloatTok{1.0}\NormalTok{/}\FloatTok{3.0}\ensuremath{\text{ }}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Process\ensuremath{\text{ }}(Subclass1_Pointer.}\KeywordTok{all}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elsif}\ensuremath{\text{ }}\NormalTok{Random_Value\ensuremath{\text{ }}\ensuremath{\text{ }}}\FloatTok{2.0}\NormalTok{/}\FloatTok{3.0}\ensuremath{\text{ }}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Process\ensuremath{\text{ }}(Subclass2_Pointer.}\KeywordTok{all}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Process\ensuremath{\text{ }}(Subclass3_Pointer.}\KeywordTok{all}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Determine the impact of dynamic and static subprogram dispatching. The compiler may generate much more efficient code for one form of dispatching than the other.
\subsubsection{notes}

Dynamic dispatching will almost certainly be more efficient than an explicit if . . . elsif sequence. However, you should be aware of any optimizing decisions made by a compiler that might affect this situation.
\section{Types}

\subsection{Aggregates for Type Extensions}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use only simple aggregates when measured performance indicates.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Parent\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{tagged}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{C1\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Float}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{C2\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Float}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Extension\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Parent\ensuremath{\text{ }}}\KeywordTok{with}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{C3\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Float}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{C4\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Float}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Parent_Var\ensuremath{\text{ }}:\ensuremath{\text{ }}Parent\ensuremath{\text{ }}:=\ensuremath{\text{ }}(C1\ensuremath{\text{ }}=\ensuremath{\text{ }}Float_Var1,\ensuremath{\text{ }}C2\ensuremath{\text{ }}=\ensuremath{\text{ }}Float_Var2);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Exten_Var\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Extension;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Simple\ensuremath{\text{ }}aggregate}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}(See\ensuremath{\text{ }}ACES\ensuremath{\text{ }}V2.0,\ensuremath{\text{ }}test\ensuremath{\text{ }}"a9_ob_simp_aggregate_02")}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Exten_Var\ensuremath{\text{ }}:=\ensuremath{\text{ }}(C1\ensuremath{\text{ }}=\ensuremath{\text{ }}Float_Var1,\ensuremath{\text{ }}C2\ensuremath{\text{ }}=\ensuremath{\text{ }}Float_Var2,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{C3\ensuremath{\text{ }}=\ensuremath{\text{ }}Float_Var3,\ensuremath{\text{ }}C4\ensuremath{\text{ }}=\ensuremath{\text{ }}Float_Var4);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Extension\ensuremath{\text{ }}aggregate}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}(See\ensuremath{\text{ }}ACES\ensuremath{\text{ }}V2.0,\ensuremath{\text{ }}test\ensuremath{\text{ }}"a9_ob_ext_aggregate_02")}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Exten_Var\ensuremath{\text{ }}:=\ensuremath{\text{ }}(Parent_Var\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{C3\ensuremath{\text{ }}=\ensuremath{\text{ }}Float_Var3,\ensuremath{\text{ }}C4\ensuremath{\text{ }}=\ensuremath{\text{ }}Float_Var4);}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Determine the impact of using extension aggregates. There may be a significant performance difference between evaluation of simple aggregates and evaluation of extension aggregates.
\subsection{Protected Types}

\subsubsection{guideline}


\begin{myitemize}
\item{}For mutual exclusion, when measured performance indicates, use protected types as an alternative to tasking rendezvous.
\item{}To implement an interrupt handler, when performance measurement indicates, use a protected procedure.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}(1)\ensuremath{\text{ }}Using\ensuremath{\text{ }}protected\ensuremath{\text{ }}objects}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}(See\ensuremath{\text{ }}ACES\ensuremath{\text{ }}V2.0,\ensuremath{\text{ }}test\ensuremath{\text{ }}"a9_pt_prot_access_02")}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{protected}\ensuremath{\text{ }}\NormalTok{Object\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Read\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Write\ensuremath{\text{ }}(Value\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\DataTypeTok{Float}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Data\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Float}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Object;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{protected}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Object\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Read\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DataTypeTok{Float}\ensuremath{\text{ }}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Data;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Read;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Write\ensuremath{\text{ }}(Value\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\DataTypeTok{Float}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Data\ensuremath{\text{ }}:=\ensuremath{\text{ }}Value;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Write;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Object;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Modify\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Modify;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Mod_Bunch\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{array}\ensuremath{\text{ }}\NormalTok{(}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{of}\ensuremath{\text{ }}\NormalTok{Modify;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Modify\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Modify}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{I\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}}\DecValTok{200}\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{The_Value\ensuremath{\text{ }}:=\ensuremath{\text{ }}Object.Read;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Object.Write\ensuremath{\text{ }}(The_Value\ensuremath{\text{ }}-\ensuremath{\text{ }}}\FloatTok{0.125}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{The_Value\ensuremath{\text{ }}\ensuremath{\text{ }}-}\FloatTok{1.0E7}\ensuremath{\text{ }}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{The_Value\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\FloatTok{1.0}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Modify;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Block\ensuremath{\text{ }}statement\ensuremath{\text{ }}to\ensuremath{\text{ }}be\ensuremath{\text{ }}timed}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{declare}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Contending_Tasks\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{array}\ensuremath{\text{ }}\NormalTok{(}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{of}\ensuremath{\text{ }}\NormalTok{Modify;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{null}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}5\ensuremath{\text{ }}tasks\ensuremath{\text{ }}contend\ensuremath{\text{ }}for\ensuremath{\text{ }}access\ensuremath{\text{ }}to\ensuremath{\text{ }}protected\ensuremath{\text{ }}data}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{---------}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}(2)\ensuremath{\text{ }}Using\ensuremath{\text{ }}monitor\ensuremath{\text{ }}task}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}(See\ensuremath{\text{ }}ACES\ensuremath{\text{ }}V2.0,\ensuremath{\text{ }}test\ensuremath{\text{ }}"tk_rz_entry_access_02")}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{Task}\ensuremath{\text{ }}\NormalTok{Object\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{entry}\ensuremath{\text{ }}\NormalTok{Write\ensuremath{\text{ }}(Value\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{Float}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{entry}\ensuremath{\text{ }}\NormalTok{Read\ensuremath{\text{ }}\ensuremath{\text{ }}(Value\ensuremath{\text{ }}:\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{out}\ensuremath{\text{ }}\DataTypeTok{Float}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Object;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Object\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Data\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Float}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Object}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{select}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{Write\ensuremath{\text{ }}(Value\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{Float}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{do}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Data\ensuremath{\text{ }}:=\ensuremath{\text{ }}Value;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Write;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{or}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{Read\ensuremath{\text{ }}\ensuremath{\text{ }}(Value\ensuremath{\text{ }}:\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{out}\ensuremath{\text{ }}\DataTypeTok{Float}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{do}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Value\ensuremath{\text{ }}:=\ensuremath{\text{ }}Data;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Read;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{or}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{terminate}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}select}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Object;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Task\ensuremath{\text{ }}type\ensuremath{\text{ }}Modify\ensuremath{\text{ }}declared\ensuremath{\text{ }}as\ensuremath{\text{ }}above}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Block\ensuremath{\text{ }}statement\ensuremath{\text{ }}to\ensuremath{\text{ }}be\ensuremath{\text{ }}timed\ensuremath{\text{ }}as\ensuremath{\text{ }}above}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Protected objects are meant to be much faster than tasks used for the same purpose (see Guideline 6.1.1). Determine the impact of using protected objects to provide access safely to encapsulated data in a concurrent program.
\subsection{Bit Operations on Modular Types}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use modular types rather than packed Boolean arrays when measured performance indicates.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}(1)\ensuremath{\text{ }}Packed\ensuremath{\text{ }}Boolean\ensuremath{\text{ }}arrays}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}(See\ensuremath{\text{ }}ACES\ensuremath{\text{ }}V2.0,\ensuremath{\text{ }}test\ensuremath{\text{ }}"dr_ba_bool_arrays_11")}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Set\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{array}\ensuremath{\text{ }}\NormalTok{(}\DecValTok{0}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}}\DecValTok{15}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{of}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{pragma}\ensuremath{\text{ }}\KeywordTok{Pack}\ensuremath{\text{ }}\NormalTok{(Set);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{S1\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Set;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{S2\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Set;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Empty\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Set\ensuremath{\text{ }}:=\ensuremath{\text{ }}(Set{\char13}Range\ensuremath{\text{ }}=\ensuremath{\text{ }}False);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Result\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Boolean}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Is\ensuremath{\text{ }}S1\ensuremath{\text{ }}a\ensuremath{\text{ }}subset\ensuremath{\text{ }}of\ensuremath{\text{ }}S2?}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Result\ensuremath{\text{ }}:=\ensuremath{\text{ }}((S1\ensuremath{\text{ }}}\KeywordTok{and}\ensuremath{\text{ }}\KeywordTok{not}\ensuremath{\text{ }}\NormalTok{S2)\ensuremath{\text{ }}=\ensuremath{\text{ }}Empty);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{---------------------------------------------------------------------}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}(2)\ensuremath{\text{ }}Modular\ensuremath{\text{ }}types}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}(See\ensuremath{\text{ }}ACES\ensuremath{\text{ }}V2.0,\ensuremath{\text{ }}test\ensuremath{\text{ }}"a9_ms_modular_oper_02")}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Set\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{mod}\ensuremath{\text{ }}\DecValTok{16}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{S1\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Set;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{S2\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Set;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Empty\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Set\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Result\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Boolean}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Is\ensuremath{\text{ }}S1\ensuremath{\text{ }}a\ensuremath{\text{ }}subset\ensuremath{\text{ }}of\ensuremath{\text{ }}S2?}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Result\ensuremath{\text{ }}:=\ensuremath{\text{ }}((S1\ensuremath{\text{ }}}\KeywordTok{and}\ensuremath{\text{ }}\KeywordTok{not}\ensuremath{\text{ }}\NormalTok{S2)\ensuremath{\text{ }}=\ensuremath{\text{ }}Empty);}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Determine the impact of performing bit-{}wise operations on modular types. The performance of these operations may be significantly different from similar operations on packed Boolean arrays. See also Guideline 10.5.7.
\subsection{Bounded Strings}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use the predefined bounded strings when predictable performance is an issue and measured performance indicates.

\end{myitemize}

\subsubsection{rationale}

The unbounded strings may be allocated on the heap. If bounded strings are not allocated on the heap, then they may provide better performance. Determine the impact of using the string type declared in instantiations of Ada.Strings.Bounded.Generic_Bounded_Length versus the type declared in Ada.Strings.Unbounded.
The predefined Ada 95 language environment defines packages that support both bounded and unbounded strings. Using bounded strings may avoid the unpredictable duration of delays associated with using heap storage.
\subsection{String Handling Subprograms}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use the procedural form of the string handling subprograms when measured performance indicates.

\end{myitemize}

\subsubsection{rationale}

Determine the relative performance cost of functions and procedures having the same name and functionality in Ada.Strings.Fixed, Ada.Strings.Bounded, Ada.Strings.Unbounded and the corresponding child packages whose names include Wide.
While functional notation typically leads to clearer code, it may cause the compiler to generate additional copying operations.
\subsection{Constraint Checking}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use strong typing with carefully selected constraints to reduce run-{}time constraint checking when measured performance indicates.

\end{myitemize}

\subsubsection{example}

In this example, two potential constraint checks are eliminated. If the function Get_Response returns String, then the initialization of the variable Input would require constraint checking. If the variable Last is type Positive, then the assignment inside the loop would require constraint checking:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Name_Index\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{Positive\ensuremath{\text{ }}}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}}\DecValTok{32}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Name\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\DataTypeTok{String}\ensuremath{\text{ }}\NormalTok{(Name_Index);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Get_Response\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Name\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{separate}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Find_Last_Period:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{declare}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}No\ensuremath{\text{ }}Constraint\ensuremath{\text{ }}Checking\ensuremath{\text{ }}needed\ensuremath{\text{ }}for\ensuremath{\text{ }}initialization}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Input\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{Name\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:=\ensuremath{\text{ }}Get_Response;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Last_Period\ensuremath{\text{ }}:\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Name_Index\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Find_Last_Period}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{I\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Input{\char13}Range\ensuremath{\text{ }}}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Input(I)\ensuremath{\text{ }}=\ensuremath{\text{ }}}\CharTok{{\char13}.{\char13}}\ensuremath{\text{ }}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}No\ensuremath{\text{ }}Constraint\ensuremath{\text{ }}Checking\ensuremath{\text{ }}needed\ensuremath{\text{ }}in\ensuremath{\text{ }}\ensuremath{\text{ }}this\ensuremath{\text{ }}{\char18}tight{\char13}\ensuremath{\text{ }}loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Last_Period\ensuremath{\text{ }}:=\ensuremath{\text{ }}I;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Find_Last_Period;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

Because run-{}time constraint checking is associated with slow performance, it is not intuitive that the addition of constrained subtypes could actually improve performance. However, the need for constraint checking appears in many places regardless of the use of constrained subtypes. Even assignments to variables that use the predefined subtypes may need constraint checks. By consistently using constrained subtypes, many of the unnecessary run-{}time checking can be eliminated. Instead, the checking is usually moved to less frequently executed code involved in system input. In the example, the function Get_Response may need to check the length of a user-{}supplied string and raise an exception.
Some compilers can do additional optimizations based on the information provided by constrained subtypes. For example, although an unconstrained array does not have a fixed size, it has a maximum size that can be determined from the range of its index. Performance can be improved by limiting this maximum size to a \symbol{34}reasonable\symbol{34} number. Refer to the discussion on unconstrained arrays found in NASA (1992).
\subsection{Real-{}Time System Annex}

\subsubsection{guideline}


\begin{myitemize}
\item{}For cases where both rendezvous and protected types are inefficient, consider the use of the Real-{}Time Systems Annex (Ada Reference Manual 1995, Annex D).

\end{myitemize}

\subsubsection{rationale}

The packages Ada.Synchronous_Task_Control and Ada.Asynchronous_Task_Control have been defined to provide an alternative to tasking and protected types for use in applications where a minimal run-{}time is desired (Ada Reference Manual 1995, Annex D).
\section{Pragmas}

\subsection{Pragma Inline}

\subsubsection{guideline}


\begin{myitemize}
\item{}When measured performance indicates, use pragma Inline when calling overhead is a significant portion of the routine\textquotesingle{}s execution time.

\end{myitemize}

\subsubsection{example}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Assign\ensuremath{\text{ }}(Variable\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\DataTypeTok{Integer}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Value\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{Integer}\NormalTok{);}\newline
\KeywordTok{pragma}\ensuremath{\text{ }}\KeywordTok{Inline}\ensuremath{\text{ }}\NormalTok{(Assign);}\newline
\NormalTok{...}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Assign\ensuremath{\text{ }}(Variable\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\DataTypeTok{Integer}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Value\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{Integer}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Variable\ensuremath{\text{ }}:=\ensuremath{\text{ }}Value;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Assign;}\newline
\end{Highlighting}
\end{Shaded}


\subsubsection{rationale}

If calling overhead is a significant portion of a subprogram\textquotesingle{}s execution time, then using pragma Inline may reduce execution time.
Procedure and function invocations include overhead that is unnecessary when the code involved is very small. These small routines are usually written to maintain the implementation hiding characteristics of a package. They may also simply pass their parameters unchanged to another routine. When one of these routines appears in some code that needs to run faster, either the implementation-{}hiding principle needs to be violated or a pragma Inline can be introduced.
The use of pragma Inline does have its disadvantages. It can create compilation dependencies on the body; that is, when the specification uses a pragma Inline, both the specification and corresponding body may need to be compiled before the specification can be used. As updates are made to the code, a routine may become more complex (larger) and the continued use of a pragma Inline may no longer be justified.
\subsubsection{exceptions}

Although it is rare, inlining code may increase code size, which can lead to slower performance caused by additional paging. A pragma Inline may actually thwart a compiler\textquotesingle{}s attempt to use some other optimization technique, such as register optimization.
When a compiler is already doing a good job of selecting routines to be inlined, the pragma may accomplish little, if any, improvement in execution speed.
\subsection{Pragma Restrictions}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use pragma Restrictions to express the user\textquotesingle{}s intent to abide by certain restrictions.

\end{myitemize}

\subsubsection{rationale}

This may facilitate the construction of simpler run-{}time environments (Ada Reference Manual 1995, Â§Â§13.12, D.7, and H.4).
\subsection{Pragma Preelaborate}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use pragma Preelaborate where allowed.

\end{myitemize}

\subsubsection{rationale}

This may reduce memory write operations after load time (Ada Reference Manual 1995, Â§Â§10.2.1 and C.4).
\subsection{Pragma Pure}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use pragma Pure where allowed.

\end{myitemize}

\subsubsection{rationale}

This may permit the compiler to omit calls on library-{}level subprograms of the library unit if the results are not needed after the call (Ada Reference Manual 1995, Â§10.2.1).
\subsection{Pragma Discard_Names}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use pragma Discard_Names when the names are not needed by the application and data space is at a premium.

\end{myitemize}

\subsubsection{rationale}

This may reduce the memory needed to store names of Ada entities, where no operation uses those names (Ada Reference Manual 1995, Â§C.5).
\subsection{Pragma Suppress}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use pragma Suppress where necessary to achieve performance requirements.

\end{myitemize}

\subsubsection{rationale}

See Guideline 5.9.5.
\subsection{Pragma Reviewable}

\subsubsection{guideline}


\begin{myitemize}
\item{}Use pragma Reviewable to aid in the analysis of the generated code.

\end{myitemize}

\subsubsection{rationale}

See the Ada Reference Manual (1995, Annex H).
\section{Summary}


\begin{myitemize}
\item{}Use the guidelines in this chapter with care; they may be hazardous to your software.

\end{myitemize}

\subsubsection{program structure}


\begin{myitemize}
\item{}Use blocks to introduce late initialization when measured performance indicates .

\end{myitemize}

\subsection{data structures}


\begin{myitemize}
\item{}Use constrained arrays when measured performance indicates.
\item{}Use zero-{}based indexing for arrays when measured performance indicates.
\item{}Use fixed-{}size components for records when measured performance indicates.
\item{}Define arrays of records as parallel arrays when measured performance indicates.
\item{}Use a sequence of assignments for an aggregation when measured performance indicates.

\end{myitemize}

\subsection{algorithms}


\begin{myitemize}
\item{}Use incremental schemes instead of mod and rem when measured performance indicates.
\item{}Use the short-{}circuit control form when measured performance indicates.
\item{}Use the case statement when measured performance indicates.
\item{}Use hard-{}coded constraint checking when measured performance indicates.
\item{}Use column-{}first processing of two-{}dimensional arrays when measured performance indicates.
\item{}Use overwriting for conditional assignment when measured performance indicates.
\item{}When measured performance indicates, perform packed Boolean array shift operations by using slice assignments rather than repeated bit-{}wise assignment.
\item{}Use static subprogram dispatching when measured performance indicates.{\mbox{$<$}}

\end{myitemize}

\subsection{types}


\begin{myitemize}
\item{}Use only simple aggregates when measured performance indicates.
\item{}For mutual exclusion, when measured performance indicates, use protected types as an alternative to tasking rendezvous.
\item{}To implement an interrupt handler, when measured performance indicates, use a protected procedure.
\item{}Use modular types rather than packed Boolean arrays when measured performance indicates.
\item{}Use the predefined bounded strings when predictable performance is an issue and measured performance indicates.
\item{}Use the procedural form of the string handling subprograms when measured performance indicates.
\item{}Use strong typing with carefully selected constraints to reduce run-{}time constraint checking when measured performance indicates.
\item{}For cases where both rendezvous and protected types are inefficient, consider the use of the Real-{}Time Systems Annex (Ada Reference Manual 1995, Annex D).

\end{myitemize}

\subsection{pragmas}


\begin{myitemize}
\item{}When measured performance indicates, use pragma Inline when calling overhead is a significant portion of the routine\textquotesingle{}s execution time.
\item{}Use pragma Restrictions to express the user\textquotesingle{}s intent to abide by certain restrictions.
\item{}Use pragma Preelaborate where allowed.
\item{}Use pragma Pure where allowed.
\item{}Use pragma Discard_Names when the names are not needed by the application and data space is at a premium.
\item{}Use pragma Suppress where necessary to achieve performance requirements.
\item{}Use pragma Reviewable to aid in the analysis of the generated code.

\end{myitemize}

$\text{ }$\newline{}



\chapter{Portable Dining Philosophers Example}

\myminitoc



$\text{ }$\newline{}

This chapter presents an elaborate implementation of Edsger Dijkstra\textquotesingle{}s famous \myhref{http://en.wikibooks.org//en.wikipedia.org/wiki/Dining_Philosophers}{ Dining Philosophers}; a classical demonstration of \myhref{http://en.wikibooks.org//en.wikipedia.org/wiki/deadlock}{ deadlock} problems in concurrent programming. This example demonstrates the portability of Ada packages and tasking and illustrates many of the Ada 95 quality and style guidelines. Since many of the guidelines leave the program writer to decide what is best, there is no single best or correct example of how to use Ada. Instead, you will find several styles that differ from your own that may deserve consideration.
$\text{ }$\newline{}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\CommentTok{--::::::::::}\newline
\CommentTok{--random_generic.ads}\newline
\CommentTok{--::::::::::}\newline
\KeywordTok{generic}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Result_Subtype\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{();}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Random_Generic\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Simple\ensuremath{\text{ }}integer\ensuremath{\text{ }}pseudo-random\ensuremath{\text{ }}number\ensuremath{\text{ }}generator\ensuremath{\text{ }}package.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Michael\ensuremath{\text{ }}B.\ensuremath{\text{ }}Feldman,\ensuremath{\text{ }}The\ensuremath{\text{ }}George\ensuremath{\text{ }}Washington\ensuremath{\text{ }}University,\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}June\ensuremath{\text{ }}1995.}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Random_Value\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Result_Subtype;\ensuremath{\text{ }}\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Random_Generic;}\newline
\CommentTok{--::::::::::}\newline
\CommentTok{--screen.ads}\newline
\CommentTok{--::::::::::}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Screen\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}simple\ensuremath{\text{ }}ANSI\ensuremath{\text{ }}terminal\ensuremath{\text{ }}emulator}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Michael\ensuremath{\text{ }}Feldman,\ensuremath{\text{ }}The\ensuremath{\text{ }}George\ensuremath{\text{ }}Washington\ensuremath{\text{ }}University}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}July,\ensuremath{\text{ }}1995}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{ScreenHeight\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\DataTypeTok{Integer}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\DecValTok{24}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{ScreenWidth\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\DataTypeTok{Integer}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\DecValTok{80}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Height\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\DataTypeTok{Integer}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}ScreenHeight;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Width\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\DataTypeTok{Integer}\ensuremath{\text{ }}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}ScreenWidth;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Position\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Row\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Height\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Column\ensuremath{\text{ }}:\ensuremath{\text{ }}Width\ensuremath{\text{ }}\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Beep;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Pre:\ensuremath{\text{ }}\ensuremath{\text{ }}none}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Post:\ensuremath{\text{ }}the\ensuremath{\text{ }}terminal\ensuremath{\text{ }}beeps\ensuremath{\text{ }}once}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{ClearScreen;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Pre:\ensuremath{\text{ }}\ensuremath{\text{ }}none}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Post:\ensuremath{\text{ }}the\ensuremath{\text{ }}terminal\ensuremath{\text{ }}screen\ensuremath{\text{ }}is\ensuremath{\text{ }}cleared}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{MoveCursor\ensuremath{\text{ }}(To\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Position);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Pre:\ensuremath{\text{ }}\ensuremath{\text{ }}To\ensuremath{\text{ }}is\ensuremath{\text{ }}defined}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Post:\ensuremath{\text{ }}the\ensuremath{\text{ }}terminal\ensuremath{\text{ }}cursor\ensuremath{\text{ }}is\ensuremath{\text{ }}moved\ensuremath{\text{ }}to\ensuremath{\text{ }}the\ensuremath{\text{ }}given\ensuremath{\text{ }}position}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Screen;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\newline
\CommentTok{--::::::::::}\newline
\CommentTok{--windows.ads}\newline
\CommentTok{--::::::::::}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Screen;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Windows\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}manager\ensuremath{\text{ }}for\ensuremath{\text{ }}simple,\ensuremath{\text{ }}nonoverlapping\ensuremath{\text{ }}screen\ensuremath{\text{ }}windows}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Michael\ensuremath{\text{ }}Feldman,\ensuremath{\text{ }}The\ensuremath{\text{ }}George\ensuremath{\text{ }}Washington\ensuremath{\text{ }}University}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}July,\ensuremath{\text{ }}1995}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Window\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Open\ensuremath{\text{ }}(UpperLeft\ensuremath{\text{ }}:\ensuremath{\text{ }}Screen.Position;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Height\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Screen.Height;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Width\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Screen.Width)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Window;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Pre:\ensuremath{\text{ }}\ensuremath{\text{ }}W,\ensuremath{\text{ }}Height,\ensuremath{\text{ }}and\ensuremath{\text{ }}Width\ensuremath{\text{ }}are\ensuremath{\text{ }}defined}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Post:\ensuremath{\text{ }}returns\ensuremath{\text{ }}a\ensuremath{\text{ }}Window\ensuremath{\text{ }}with\ensuremath{\text{ }}the\ensuremath{\text{ }}given\ensuremath{\text{ }}upper-left\ensuremath{\text{ }}corner,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}height,\ensuremath{\text{ }}and\ensuremath{\text{ }}width}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Title\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Window;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Name\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{String}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Under\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Character);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Pre:\ensuremath{\text{ }}\ensuremath{\text{ }}W,\ensuremath{\text{ }}Name,\ensuremath{\text{ }}and\ensuremath{\text{ }}Under\ensuremath{\text{ }}are\ensuremath{\text{ }}defined}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Post:\ensuremath{\text{ }}Name\ensuremath{\text{ }}is\ensuremath{\text{ }}displayed\ensuremath{\text{ }}at\ensuremath{\text{ }}the\ensuremath{\text{ }}top\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}window\ensuremath{\text{ }}W,\ensuremath{\text{ }}underlined}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}with\ensuremath{\text{ }}the\ensuremath{\text{ }}character\ensuremath{\text{ }}Under.\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Borders\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Window;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Corner\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Character}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Down\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Character}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Across\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Character);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Pre:\ensuremath{\text{ }}\ensuremath{\text{ }}All\ensuremath{\text{ }}parameters\ensuremath{\text{ }}are\ensuremath{\text{ }}defined}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Post:\ensuremath{\text{ }}Draw\ensuremath{\text{ }}border\ensuremath{\text{ }}around\ensuremath{\text{ }}current\ensuremath{\text{ }}writable\ensuremath{\text{ }}area\ensuremath{\text{ }}in\ensuremath{\text{ }}window\ensuremath{\text{ }}with\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}characters\ensuremath{\text{ }}specified.\ensuremath{\text{ }}\ensuremath{\text{ }}Call\ensuremath{\text{ }}this\ensuremath{\text{ }}BEFORE\ensuremath{\text{ }}Title.\ensuremath{\text{ }}\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{MoveCursor\ensuremath{\text{ }}(W\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Window;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{P\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Screen.Position);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Pre:\ensuremath{\text{ }}\ensuremath{\text{ }}W\ensuremath{\text{ }}and\ensuremath{\text{ }}P\ensuremath{\text{ }}are\ensuremath{\text{ }}defined,\ensuremath{\text{ }}and\ensuremath{\text{ }}P\ensuremath{\text{ }}lies\ensuremath{\text{ }}within\ensuremath{\text{ }}the\ensuremath{\text{ }}area\ensuremath{\text{ }}of\ensuremath{\text{ }}W}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Post:\ensuremath{\text{ }}Cursor\ensuremath{\text{ }}is\ensuremath{\text{ }}moved\ensuremath{\text{ }}to\ensuremath{\text{ }}the\ensuremath{\text{ }}specified\ensuremath{\text{ }}position.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Coordinates\ensuremath{\text{ }}are\ensuremath{\text{ }}relative\ensuremath{\text{ }}to\ensuremath{\text{ }}the}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}upper\ensuremath{\text{ }}left\ensuremath{\text{ }}corner\ensuremath{\text{ }}of\ensuremath{\text{ }}W,\ensuremath{\text{ }}which\ensuremath{\text{ }}is\ensuremath{\text{ }}(1,\ensuremath{\text{ }}1)\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Put\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Window;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ch\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Character);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Pre:\ensuremath{\text{ }}\ensuremath{\text{ }}W\ensuremath{\text{ }}and\ensuremath{\text{ }}Ch\ensuremath{\text{ }}are\ensuremath{\text{ }}defined.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Post:\ensuremath{\text{ }}Ch\ensuremath{\text{ }}is\ensuremath{\text{ }}displayed\ensuremath{\text{ }}in\ensuremath{\text{ }}the\ensuremath{\text{ }}window\ensuremath{\text{ }}at\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}the\ensuremath{\text{ }}next\ensuremath{\text{ }}available\ensuremath{\text{ }}position.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}If\ensuremath{\text{ }}end\ensuremath{\text{ }}of\ensuremath{\text{ }}column,\ensuremath{\text{ }}go\ensuremath{\text{ }}to\ensuremath{\text{ }}the\ensuremath{\text{ }}next\ensuremath{\text{ }}row.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}If\ensuremath{\text{ }}end\ensuremath{\text{ }}of\ensuremath{\text{ }}window,\ensuremath{\text{ }}go\ensuremath{\text{ }}to\ensuremath{\text{ }}the\ensuremath{\text{ }}top\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}window.\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Put\ensuremath{\text{ }}(W\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Window;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{S\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{String}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Pre:\ensuremath{\text{ }}\ensuremath{\text{ }}W\ensuremath{\text{ }}and\ensuremath{\text{ }}S\ensuremath{\text{ }}are\ensuremath{\text{ }}defined}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Post:\ensuremath{\text{ }}S\ensuremath{\text{ }}is\ensuremath{\text{ }}displayed\ensuremath{\text{ }}in\ensuremath{\text{ }}the\ensuremath{\text{ }}window,\ensuremath{\text{ }}"line-wrapped"\ensuremath{\text{ }}if\ensuremath{\text{ }}necessary}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{New_Line\ensuremath{\text{ }}(W\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Window);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Pre:\ensuremath{\text{ }}\ensuremath{\text{ }}W\ensuremath{\text{ }}is\ensuremath{\text{ }}defined}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Post:\ensuremath{\text{ }}Cursor\ensuremath{\text{ }}moves\ensuremath{\text{ }}to\ensuremath{\text{ }}beginning\ensuremath{\text{ }}of\ensuremath{\text{ }}next\ensuremath{\text{ }}line\ensuremath{\text{ }}of\ensuremath{\text{ }}W;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}line\ensuremath{\text{ }}is\ensuremath{\text{ }}not\ensuremath{\text{ }}blanked\ensuremath{\text{ }}until\ensuremath{\text{ }}next\ensuremath{\text{ }}character\ensuremath{\text{ }}is\ensuremath{\text{ }}written\ensuremath{\text{ }}\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Window\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{First\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Screen.Position;\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}coordinates\ensuremath{\text{ }}of\ensuremath{\text{ }}upper\ensuremath{\text{ }}left}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Last\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Screen.Position;\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}coordinates\ensuremath{\text{ }}of\ensuremath{\text{ }}lower\ensuremath{\text{ }}right}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Current\ensuremath{\text{ }}:\ensuremath{\text{ }}Screen.Position;\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}current\ensuremath{\text{ }}cursor\ensuremath{\text{ }}position}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Windows;}\newline
\CommentTok{--::::::::::}\newline
\CommentTok{--Picture.ads}\newline
\CommentTok{--::::::::::}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Windows;}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Screen;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Picture\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Manager\ensuremath{\text{ }}for\ensuremath{\text{ }}semigraphical\ensuremath{\text{ }}presentation\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}philosophers}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}i.e.\ensuremath{\text{ }}more\ensuremath{\text{ }}application\ensuremath{\text{ }}oriented\ensuremath{\text{ }}windows,\ensuremath{\text{ }}build\ensuremath{\text{ }}on\ensuremath{\text{ }}top\ensuremath{\text{ }}of}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}the\ensuremath{\text{ }}windows\ensuremath{\text{ }}package.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Each\ensuremath{\text{ }}picture\ensuremath{\text{ }}has\ensuremath{\text{ }}an\ensuremath{\text{ }}orientation,\ensuremath{\text{ }}which\ensuremath{\text{ }}defines\ensuremath{\text{ }}which\ensuremath{\text{ }}borders}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}top-bottom,\ensuremath{\text{ }}bottom-top,\ensuremath{\text{ }}left-right,\ensuremath{\text{ }}or\ensuremath{\text{ }}right-left\ensuremath{\text{ }}correspond}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}to\ensuremath{\text{ }}the\ensuremath{\text{ }}left\ensuremath{\text{ }}and\ensuremath{\text{ }}right\ensuremath{\text{ }}hand\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}philosopher.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Bjorn\ensuremath{\text{ }}Kallberg,\ensuremath{\text{ }}CelsiusTech\ensuremath{\text{ }}Systems,\ensuremath{\text{ }}Sweden}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}July,\ensuremath{\text{ }}1995}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Root\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\ensuremath{\text{ }}\KeywordTok{tagged}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Root_Ptr\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{access}\ensuremath{\text{ }}\NormalTok{Root{\char13}Class;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Open\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Root;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{UpperLeft\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Screen.Position;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Height\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Screen.Height;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Width\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Screen.Width);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Pre:\ensuremath{\text{ }}\ensuremath{\text{ }}Not\ensuremath{\text{ }}opened}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Post:\ensuremath{\text{ }}An\ensuremath{\text{ }}empty\ensuremath{\text{ }}window\ensuremath{\text{ }}exists}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Title\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Root;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Name\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{String}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Pre:\ensuremath{\text{ }}\ensuremath{\text{ }}An\ensuremath{\text{ }}empty\ensuremath{\text{ }}window}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Post:\ensuremath{\text{ }}Name\ensuremath{\text{ }}and\ensuremath{\text{ }}a\ensuremath{\text{ }}border\ensuremath{\text{ }}is\ensuremath{\text{ }}drawn.}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Put_Line\ensuremath{\text{ }}(W\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Root;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{S\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{String}\NormalTok{);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Left_Fork\ensuremath{\text{ }}\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Root;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Pick\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Right_Fork\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Root;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Pick\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}left\ensuremath{\text{ }}and\ensuremath{\text{ }}right\ensuremath{\text{ }}relates\ensuremath{\text{ }}to\ensuremath{\text{ }}philosopher\ensuremath{\text{ }}position\ensuremath{\text{ }}around\ensuremath{\text{ }}table}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{North\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Root\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{South\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Root\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{East\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Root\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{West\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Root\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{private}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Root\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{abstract}\ensuremath{\text{ }}\KeywordTok{tagged}\ensuremath{\text{ }}\KeywordTok{record}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{W\ensuremath{\text{ }}:\ensuremath{\text{ }}Windows.Window;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}record}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{North\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Root\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{null}\ensuremath{\text{ }}\KeywordTok{record}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{South\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Root\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{null}\ensuremath{\text{ }}\KeywordTok{record}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{East\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Root\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{null}\ensuremath{\text{ }}\KeywordTok{record}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{West\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Root\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\KeywordTok{null}\ensuremath{\text{ }}\KeywordTok{record}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Left_Fork\ensuremath{\text{ }}\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{North;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Pick\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Right_Fork\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{North;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Pick\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Left_Fork\ensuremath{\text{ }}\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{South;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Pick\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Right_Fork\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{South;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Pick\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Left_Fork\ensuremath{\text{ }}\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{East;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Pick\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Right_Fork\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{East;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Pick\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Left_Fork\ensuremath{\text{ }}\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{West;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Pick\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Right_Fork\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{West;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Pick\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{);}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Picture;}\newline
\CommentTok{--::::::::::}\newline
\CommentTok{--chop.ads}\newline
\CommentTok{--::::::::::}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Chop\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Dining\ensuremath{\text{ }}Philosophers\ensuremath{\text{ }}-\ensuremath{\text{ }}Ada\ensuremath{\text{ }}95\ensuremath{\text{ }}edition}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Chopstick\ensuremath{\text{ }}is\ensuremath{\text{ }}an\ensuremath{\text{ }}Ada\ensuremath{\text{ }}95\ensuremath{\text{ }}protected\ensuremath{\text{ }}type}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Michael\ensuremath{\text{ }}B.\ensuremath{\text{ }}Feldman,\ensuremath{\text{ }}The\ensuremath{\text{ }}George\ensuremath{\text{ }}Washington\ensuremath{\text{ }}University,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}July,\ensuremath{\text{ }}1995.}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{protected}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Stick\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{entry}\ensuremath{\text{ }}\NormalTok{Pick_Up;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Put_Down;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{private}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{In_Use:\ensuremath{\text{ }}}\DataTypeTok{Boolean}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}False;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Stick;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Chop;}\newline
\ensuremath{\text{ }}\newline
\CommentTok{--::::::::::}\newline
\CommentTok{--society.ads}\newline
\CommentTok{--::::::::::}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Society\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Dining\ensuremath{\text{ }}Philosophers\ensuremath{\text{ }}-\ensuremath{\text{ }}Ada\ensuremath{\text{ }}95\ensuremath{\text{ }}edition}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Society\ensuremath{\text{ }}gives\ensuremath{\text{ }}unique\ensuremath{\text{ }}ID{\char13}s\ensuremath{\text{ }}to\ensuremath{\text{ }}people,\ensuremath{\text{ }}and\ensuremath{\text{ }}registers\ensuremath{\text{ }}their\ensuremath{\text{ }}names}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Michael\ensuremath{\text{ }}B.\ensuremath{\text{ }}Feldman,\ensuremath{\text{ }}The\ensuremath{\text{ }}George\ensuremath{\text{ }}Washington\ensuremath{\text{ }}University,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}July,\ensuremath{\text{ }}1995.}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Unique_DNA_Codes\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{Positive\ensuremath{\text{ }}}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Name_Register\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{array}\ensuremath{\text{ }}\NormalTok{(Unique_DNA_Codes)\ensuremath{\text{ }}}\KeywordTok{of}\ensuremath{\text{ }}\DataTypeTok{String}\ensuremath{\text{ }}\NormalTok{(}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}}\DecValTok{18}\NormalTok{)\ensuremath{\text{ }}:=}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{(}\StringTok{"Edsger\ensuremath{\text{ }}Dijkstra\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}"}\NormalTok{,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"Bjarne\ensuremath{\text{ }}Stroustrup\ensuremath{\text{ }}"}\NormalTok{,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"Chris\ensuremath{\text{ }}Anderson\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}"}\NormalTok{,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"Tucker\ensuremath{\text{ }}Taft\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}"}\NormalTok{,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"Jean\ensuremath{\text{ }}Ichbiah\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}"}\NormalTok{);}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Society;}\newline
\CommentTok{--::::::::::}\newline
\CommentTok{--phil.ads}\newline
\CommentTok{--::::::::::}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Society;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Phil\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Dining\ensuremath{\text{ }}Philosophers\ensuremath{\text{ }}-\ensuremath{\text{ }}Ada\ensuremath{\text{ }}95\ensuremath{\text{ }}edition}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Philosopher\ensuremath{\text{ }}is\ensuremath{\text{ }}an\ensuremath{\text{ }}Ada\ensuremath{\text{ }}95\ensuremath{\text{ }}task\ensuremath{\text{ }}type\ensuremath{\text{ }}with\ensuremath{\text{ }}discriminant}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Michael\ensuremath{\text{ }}B.\ensuremath{\text{ }}Feldman,\ensuremath{\text{ }}The\ensuremath{\text{ }}George\ensuremath{\text{ }}Washington\ensuremath{\text{ }}University,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}July\ensuremath{\text{ }}1995}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Revisions:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}July\ensuremath{\text{ }}1995.\ensuremath{\text{ }}Bjorn\ensuremath{\text{ }}Kallberg,\ensuremath{\text{ }}CelsiusTech}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Reporting\ensuremath{\text{ }}left\ensuremath{\text{ }}or\ensuremath{\text{ }}right\ensuremath{\text{ }}instead\ensuremath{\text{ }}of\ensuremath{\text{ }}first\ensuremath{\text{ }}stick}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Philosopher\ensuremath{\text{ }}(My_ID\ensuremath{\text{ }}:\ensuremath{\text{ }}Society.Unique_DNA_Codes)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{entry}\ensuremath{\text{ }}\NormalTok{Start_Eating\ensuremath{\text{ }}(Chopstick1\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Positive;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Chopstick2\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Positive);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Philosopher;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{States\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{(Breathing,\ensuremath{\text{ }}Thinking,\ensuremath{\text{ }}Eating,\ensuremath{\text{ }}Done_Eating,\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Got_Left_Stick,\ensuremath{\text{ }}Got_Right_Stick,\ensuremath{\text{ }}Got_Other_Stick,}\newline
\ensuremath{\text{ }}\NormalTok{Dying);}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Phil;}\newline
\CommentTok{--::::::::::}\newline
\CommentTok{--room.ads}\newline
\CommentTok{--::::::::::}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Chop;}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Phil;}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Society;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Room\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Dining\ensuremath{\text{ }}Philosophers\ensuremath{\text{ }}-\ensuremath{\text{ }}Ada\ensuremath{\text{ }}95\ensuremath{\text{ }}edition}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Room.Maitre_D\ensuremath{\text{ }}is\ensuremath{\text{ }}responsible\ensuremath{\text{ }}for\ensuremath{\text{ }}assigning\ensuremath{\text{ }}seats\ensuremath{\text{ }}at\ensuremath{\text{ }}the}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}table,\ensuremath{\text{ }}"left"\ensuremath{\text{ }}and\ensuremath{\text{ }}"right"\ensuremath{\text{ }}chopsticks,\ensuremath{\text{ }}and\ensuremath{\text{ }}for\ensuremath{\text{ }}reporting}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}interesting\ensuremath{\text{ }}events\ensuremath{\text{ }}to\ensuremath{\text{ }}the\ensuremath{\text{ }}outside\ensuremath{\text{ }}world.}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Michael\ensuremath{\text{ }}B.\ensuremath{\text{ }}Feldman,\ensuremath{\text{ }}The\ensuremath{\text{ }}George\ensuremath{\text{ }}Washington\ensuremath{\text{ }}University,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}July,\ensuremath{\text{ }}1995.}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Table_Size\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Table_Type\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{Positive\ensuremath{\text{ }}}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}Table_Size;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Sticks\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{array}\ensuremath{\text{ }}\NormalTok{(Table_Type)\ensuremath{\text{ }}}\KeywordTok{of}\ensuremath{\text{ }}\NormalTok{Chop.Stick;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{task}\ensuremath{\text{ }}\NormalTok{Maitre_D\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{entry}\ensuremath{\text{ }}\NormalTok{Start_Serving;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{entry}\ensuremath{\text{ }}\NormalTok{Report_State\ensuremath{\text{ }}(Which_Phil\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Society.Unique_DNA_Codes;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{State\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Phil.States;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{How_Long\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Natural\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Which_Meal\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Natural\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Maitre_D;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Room;}\newline
\CommentTok{--::::::::::}\newline
\CommentTok{--random_generic.adb}\newline
\CommentTok{--::::::::::}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Ada.Numerics.Discrete_Random;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Random_Generic\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Body\ensuremath{\text{ }}of\ensuremath{\text{ }}random\ensuremath{\text{ }}number\ensuremath{\text{ }}generator\ensuremath{\text{ }}package.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Uses\ensuremath{\text{ }}Ada\ensuremath{\text{ }}95\ensuremath{\text{ }}random\ensuremath{\text{ }}number\ensuremath{\text{ }}generator;\ensuremath{\text{ }}hides\ensuremath{\text{ }}generator\ensuremath{\text{ }}parameters}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Michael\ensuremath{\text{ }}B.\ensuremath{\text{ }}Feldman,\ensuremath{\text{ }}The\ensuremath{\text{ }}George\ensuremath{\text{ }}Washington\ensuremath{\text{ }}University,\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}June\ensuremath{\text{ }}1995.}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Ada95_Random\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Ada.Numerics.Discrete_Random}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{(Result_Subtype\ensuremath{\text{ }}=\ensuremath{\text{ }}Result_Subtype);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{G\ensuremath{\text{ }}:\ensuremath{\text{ }}Ada95_Random.Generator;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Random_Value\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Result_Subtype\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Ada95_Random.Random\ensuremath{\text{ }}(Gen\ensuremath{\text{ }}=\ensuremath{\text{ }}G);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Random_Value;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{begin}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Random_Generic}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ada95_Random.Reset\ensuremath{\text{ }}(Gen\ensuremath{\text{ }}=\ensuremath{\text{ }}G);\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}time-dependent\ensuremath{\text{ }}initialization}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Random_Generic;}\newline
\CommentTok{--::::::::::}\newline
\CommentTok{--screen.adb}\newline
\CommentTok{--::::::::::}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Text_IO;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Screen\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}simple\ensuremath{\text{ }}ANSI\ensuremath{\text{ }}terminal\ensuremath{\text{ }}emulator}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Michael\ensuremath{\text{ }}Feldman,\ensuremath{\text{ }}The\ensuremath{\text{ }}George\ensuremath{\text{ }}Washington\ensuremath{\text{ }}University}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}July,\ensuremath{\text{ }}1995}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}These\ensuremath{\text{ }}procedures\ensuremath{\text{ }}will\ensuremath{\text{ }}work\ensuremath{\text{ }}correctly\ensuremath{\text{ }}only\ensuremath{\text{ }}if\ensuremath{\text{ }}the\ensuremath{\text{ }}actual}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}terminal\ensuremath{\text{ }}is\ensuremath{\text{ }}ANSI\ensuremath{\text{ }}compatible.\ensuremath{\text{ }}ANSI.SYS\ensuremath{\text{ }}on\ensuremath{\text{ }}a\ensuremath{\text{ }}DOS\ensuremath{\text{ }}machine}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}will\ensuremath{\text{ }}suffice.}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Int_IO\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Text_IO.Integer_IO\ensuremath{\text{ }}(Num\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{Integer}\NormalTok{);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Beep\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Text_IO.Put\ensuremath{\text{ }}(Item\ensuremath{\text{ }}=\ensuremath{\text{ }}ASCII.BEL);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Beep;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{ClearScreen\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Text_IO.Put\ensuremath{\text{ }}(Item\ensuremath{\text{ }}=\ensuremath{\text{ }}ASCII.ESC);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Text_IO.Put\ensuremath{\text{ }}(Item\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"[2J"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{ClearScreen;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{MoveCursor\ensuremath{\text{ }}(To\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Position)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Text_IO.New_Line;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Text_IO.Put\ensuremath{\text{ }}(Item\ensuremath{\text{ }}=\ensuremath{\text{ }}ASCII.ESC);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Text_IO.Put\ensuremath{\text{ }}(}\StringTok{"["}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Int_IO.Put\ensuremath{\text{ }}(Item\ensuremath{\text{ }}=\ensuremath{\text{ }}To.Row,\ensuremath{\text{ }}Width\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Text_IO.Put\ensuremath{\text{ }}(Item\ensuremath{\text{ }}=\ensuremath{\text{ }}}\CharTok{{\char13};{\char13}}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Int_IO.Put\ensuremath{\text{ }}(Item\ensuremath{\text{ }}=\ensuremath{\text{ }}To.Column,\ensuremath{\text{ }}Width\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Text_IO.Put\ensuremath{\text{ }}(Item\ensuremath{\text{ }}=\ensuremath{\text{ }}}\CharTok{{\char13}f{\char13}}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{MoveCursor;\ensuremath{\text{ }}\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Screen;}\newline
\CommentTok{--::::::::::}\newline
\CommentTok{--windows.adb}\newline
\CommentTok{--::::::::::}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Text_IO,\ensuremath{\text{ }}}\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Screen;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Windows\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}manager\ensuremath{\text{ }}for\ensuremath{\text{ }}simple,\ensuremath{\text{ }}nonoverlapping\ensuremath{\text{ }}screen\ensuremath{\text{ }}windows}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Michael\ensuremath{\text{ }}Feldman,\ensuremath{\text{ }}The\ensuremath{\text{ }}George\ensuremath{\text{ }}Washington\ensuremath{\text{ }}University}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}July,\ensuremath{\text{ }}1995}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Open\ensuremath{\text{ }}(UpperLeft\ensuremath{\text{ }}:\ensuremath{\text{ }}Screen.Position;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Height\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Screen.Height;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Width\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Screen.Width)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Window\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Result\ensuremath{\text{ }}:\ensuremath{\text{ }}Window;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Result.Current\ensuremath{\text{ }}:=\ensuremath{\text{ }}UpperLeft;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Result.First\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:=\ensuremath{\text{ }}UpperLeft;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Result.Last\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:=\ensuremath{\text{ }}(Row\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}UpperLeft.Row\ensuremath{\text{ }}+\ensuremath{\text{ }}Height\ensuremath{\text{ }}-\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Column\ensuremath{\text{ }}=\ensuremath{\text{ }}UpperLeft.Column\ensuremath{\text{ }}+\ensuremath{\text{ }}Width\ensuremath{\text{ }}-\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Result;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Open;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{EraseToEndOfLine\ensuremath{\text{ }}(W\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Window)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Screen.MoveCursor\ensuremath{\text{ }}(W.Current);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{Count\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{W.Current.Column\ensuremath{\text{ }}..\ensuremath{\text{ }}W.Last.Column\ensuremath{\text{ }}}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Text_IO.Put\ensuremath{\text{ }}(}\CharTok{{\char13}\ensuremath{\text{ }}{\char13}}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Screen.MoveCursor\ensuremath{\text{ }}(W.Current);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{EraseToEndOfLine;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Put\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Window;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ch\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Character)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}If\ensuremath{\text{ }}at\ensuremath{\text{ }}end\ensuremath{\text{ }}of\ensuremath{\text{ }}current\ensuremath{\text{ }}line,\ensuremath{\text{ }}move\ensuremath{\text{ }}to\ensuremath{\text{ }}next\ensuremath{\text{ }}line\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{W.Current.Column\ensuremath{\text{ }}\ensuremath{\text{ }}W.Last.Column\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{W.Current.Row\ensuremath{\text{ }}=\ensuremath{\text{ }}W.Last.Row\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{W.Current.Row\ensuremath{\text{ }}:=\ensuremath{\text{ }}W.First.Row;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{W.Current.Row\ensuremath{\text{ }}:=\ensuremath{\text{ }}W.Current.Row\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{W.Current.Column\ensuremath{\text{ }}:=\ensuremath{\text{ }}W.First.Column;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}If\ensuremath{\text{ }}at\ensuremath{\text{ }}First\ensuremath{\text{ }}char,\ensuremath{\text{ }}erase\ensuremath{\text{ }}line}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{W.Current.Column\ensuremath{\text{ }}=\ensuremath{\text{ }}W.First.Column\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{EraseToEndOfLine\ensuremath{\text{ }}(W);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Screen.MoveCursor\ensuremath{\text{ }}(To\ensuremath{\text{ }}=\ensuremath{\text{ }}W.Current);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}here\ensuremath{\text{ }}is\ensuremath{\text{ }}where\ensuremath{\text{ }}we\ensuremath{\text{ }}actually\ensuremath{\text{ }}write\ensuremath{\text{ }}the\ensuremath{\text{ }}character!}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Text_IO.Put\ensuremath{\text{ }}(Ch);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{W.Current.Column\ensuremath{\text{ }}:=\ensuremath{\text{ }}W.Current.Column\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Put;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Put\ensuremath{\text{ }}(W\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Window;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{S\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{String}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{Count\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{S{\char13}Range\ensuremath{\text{ }}}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Put\ensuremath{\text{ }}(W,\ensuremath{\text{ }}S\ensuremath{\text{ }}(Count));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Put;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{New_Line\ensuremath{\text{ }}(W\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Window)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{W.Current.Column\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{1}\ensuremath{\text{ }}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{EraseToEndOfLine\ensuremath{\text{ }}(W);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{W.Current.Row\ensuremath{\text{ }}=\ensuremath{\text{ }}W.Last.Row\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{W.Current.Row\ensuremath{\text{ }}:=\ensuremath{\text{ }}W.First.Row;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{W.Current.Row\ensuremath{\text{ }}:=\ensuremath{\text{ }}W.Current.Row\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{W.Current.Column\ensuremath{\text{ }}:=\ensuremath{\text{ }}W.First.Column;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{New_Line;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Title\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Window;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Name\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{String}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Under\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Character)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Put\ensuremath{\text{ }}name\ensuremath{\text{ }}on\ensuremath{\text{ }}top\ensuremath{\text{ }}line}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{W.Current\ensuremath{\text{ }}:=\ensuremath{\text{ }}W.First;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Put\ensuremath{\text{ }}(W,\ensuremath{\text{ }}Name);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{New_Line\ensuremath{\text{ }}(W);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Underline\ensuremath{\text{ }}name\ensuremath{\text{ }}if\ensuremath{\text{ }}desired,\ensuremath{\text{ }}and\ensuremath{\text{ }}reduce\ensuremath{\text{ }}the\ensuremath{\text{ }}writable\ensuremath{\text{ }}area}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}window\ensuremath{\text{ }}by\ensuremath{\text{ }}one\ensuremath{\text{ }}line}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Under\ensuremath{\text{ }}=\ensuremath{\text{ }}}\CharTok{{\char13}\ensuremath{\text{ }}{\char13}}\ensuremath{\text{ }}\KeywordTok{then}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}no\ensuremath{\text{ }}underlining}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{W.First.Row\ensuremath{\text{ }}:=\ensuremath{\text{ }}W.First.Row\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}go\ensuremath{\text{ }}across\ensuremath{\text{ }}the\ensuremath{\text{ }}row,\ensuremath{\text{ }}underlining}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{Count\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{W.First.Column\ensuremath{\text{ }}..\ensuremath{\text{ }}W.Last.Column\ensuremath{\text{ }}}\KeywordTok{loop}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Put\ensuremath{\text{ }}(W,\ensuremath{\text{ }}Under);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{New_Line\ensuremath{\text{ }}(W);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{W.First.Row\ensuremath{\text{ }}:=\ensuremath{\text{ }}W.First.Row\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{;\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}reduce\ensuremath{\text{ }}writable\ensuremath{\text{ }}area}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Title;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Borders\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Window;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Corner\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Character}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Down\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Character}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Across\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Character\ensuremath{\text{ }}}\KeywordTok{is}\newline
\NormalTok{,\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Put\ensuremath{\text{ }}top\ensuremath{\text{ }}line\ensuremath{\text{ }}of\ensuremath{\text{ }}border}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Screen.MoveCursor\ensuremath{\text{ }}(W.First);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Text_IO.Put\ensuremath{\text{ }}(Corner);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{Count\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{W.First.Column\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}W.Last.Column\ensuremath{\text{ }}-\ensuremath{\text{ }}}\DecValTok{1}\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Text_IO.Put\ensuremath{\text{ }}(Across);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Text_IO.Put\ensuremath{\text{ }}(Corner);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Put\ensuremath{\text{ }}the\ensuremath{\text{ }}two\ensuremath{\text{ }}side\ensuremath{\text{ }}lines}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{Count\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{W.First.Row\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}W.Last.Row\ensuremath{\text{ }}-\ensuremath{\text{ }}}\DecValTok{1}\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Screen.MoveCursor\ensuremath{\text{ }}((Row\ensuremath{\text{ }}=\ensuremath{\text{ }}Count,\ensuremath{\text{ }}Column\ensuremath{\text{ }}=\ensuremath{\text{ }}W.First.Column));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Text_IO.Put\ensuremath{\text{ }}(Down);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Screen.MoveCursor\ensuremath{\text{ }}((Row\ensuremath{\text{ }}=\ensuremath{\text{ }}Count,\ensuremath{\text{ }}Column\ensuremath{\text{ }}=\ensuremath{\text{ }}W.Last.Column));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Text_IO.Put\ensuremath{\text{ }}(Down);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Put\ensuremath{\text{ }}the\ensuremath{\text{ }}bottom\ensuremath{\text{ }}line\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}border}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Screen.MoveCursor\ensuremath{\text{ }}((Row\ensuremath{\text{ }}=\ensuremath{\text{ }}W.Last.Row,\ensuremath{\text{ }}Column\ensuremath{\text{ }}=\ensuremath{\text{ }}W.First.Column));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Text_IO.Put\ensuremath{\text{ }}(Corner);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{Count\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{W.First.Column\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}W.Last.Column\ensuremath{\text{ }}-\ensuremath{\text{ }}}\DecValTok{1}\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Text_IO.Put\ensuremath{\text{ }}(Across);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Text_IO.Put\ensuremath{\text{ }}(Corner);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Make\ensuremath{\text{ }}the\ensuremath{\text{ }}Window\ensuremath{\text{ }}smaller\ensuremath{\text{ }}by\ensuremath{\text{ }}one\ensuremath{\text{ }}character\ensuremath{\text{ }}on\ensuremath{\text{ }}each\ensuremath{\text{ }}side}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{W.First\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:=\ensuremath{\text{ }}(Row\ensuremath{\text{ }}=\ensuremath{\text{ }}W.First.Row\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}Column\ensuremath{\text{ }}=\ensuremath{\text{ }}W.First.Column\ensuremath{\text{ }}+}\newline
\ensuremath{\text{ }}\DecValTok{1}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{W.Last\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:=\ensuremath{\text{ }}(Row\ensuremath{\text{ }}=\ensuremath{\text{ }}W.Last.Row\ensuremath{\text{ }}-\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}\ensuremath{\text{ }}Column\ensuremath{\text{ }}=\ensuremath{\text{ }}W.Last.Column\ensuremath{\text{ }}-\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{W.Current\ensuremath{\text{ }}:=\ensuremath{\text{ }}W.First;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Borders;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{MoveCursor\ensuremath{\text{ }}(W\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Window;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{P\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Screen.Position)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Relative\ensuremath{\text{ }}to\ensuremath{\text{ }}writable\ensuremath{\text{ }}Window\ensuremath{\text{ }}boundaries,\ensuremath{\text{ }}of\ensuremath{\text{ }}course}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{W.Current.Row\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:=\ensuremath{\text{ }}W.First.Row\ensuremath{\text{ }}+\ensuremath{\text{ }}P.Row;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{W.Current.Column\ensuremath{\text{ }}:=\ensuremath{\text{ }}W.First.Column\ensuremath{\text{ }}+\ensuremath{\text{ }}P.Column;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{MoveCursor;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{begin}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Windows}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Text_IO.New_Line;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Screen.ClearScreen;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Text_IO.New_Line;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Windows;}\newline
\CommentTok{--------------------}\newline
\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Windows.Util\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Child\ensuremath{\text{ }}package\ensuremath{\text{ }}to\ensuremath{\text{ }}change\ensuremath{\text{ }}the\ensuremath{\text{ }}borders\ensuremath{\text{ }}of\ensuremath{\text{ }}an\ensuremath{\text{ }}existing\ensuremath{\text{ }}window}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Bjorn\ensuremath{\text{ }}Kallberg,\ensuremath{\text{ }}CelsiusTech\ensuremath{\text{ }}Systems,\ensuremath{\text{ }}Sweden}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}July,\ensuremath{\text{ }}1995.}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}call\ensuremath{\text{ }}these\ensuremath{\text{ }}procedures\ensuremath{\text{ }}after\ensuremath{\text{ }}border\ensuremath{\text{ }}and\ensuremath{\text{ }}title}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Draw_Left\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Window;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{C\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Character);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Draw_Right\ensuremath{\text{ }}\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Window;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{C\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Character);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Draw_Top\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Window;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{C\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Character);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Draw_Bottom\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Window;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{C\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Character);}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Windows.Util;}\newline
\CommentTok{--------------------}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Text_IO;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Windows.Util\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Bjorn\ensuremath{\text{ }}Kallberg,\ensuremath{\text{ }}CelsiusTech\ensuremath{\text{ }}Systems,\ensuremath{\text{ }}Sweden}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}July,\ensuremath{\text{ }}1995.}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}When\ensuremath{\text{ }}making\ensuremath{\text{ }}borders\ensuremath{\text{ }}and\ensuremath{\text{ }}titles,\ensuremath{\text{ }}the\ensuremath{\text{ }}size\ensuremath{\text{ }}has\ensuremath{\text{ }}shrunk,\ensuremath{\text{ }}so}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}we\ensuremath{\text{ }}must\ensuremath{\text{ }}now\ensuremath{\text{ }}draw\ensuremath{\text{ }}outside\ensuremath{\text{ }}the\ensuremath{\text{ }}First\ensuremath{\text{ }}and\ensuremath{\text{ }}Last\ensuremath{\text{ }}points}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Draw_Left\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Window;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{C\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Character)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{R\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{W.First.Row\ensuremath{\text{ }}-\ensuremath{\text{ }}}\DecValTok{3}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}W.Last.Row\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Screen.MoveCursor\ensuremath{\text{ }}((Row\ensuremath{\text{ }}=\ensuremath{\text{ }}R,\ensuremath{\text{ }}Column\ensuremath{\text{ }}=\ensuremath{\text{ }}W.First.Column}\DecValTok{-1}\NormalTok{));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Text_IO.Put\ensuremath{\text{ }}(C);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Draw_Right\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Window;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{C\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Character)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{R\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{W.First.Row\ensuremath{\text{ }}-\ensuremath{\text{ }}}\DecValTok{3}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}W.Last.Row\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Screen.MoveCursor\ensuremath{\text{ }}((Row\ensuremath{\text{ }}=\ensuremath{\text{ }}R,\ensuremath{\text{ }}Column\ensuremath{\text{ }}=\ensuremath{\text{ }}W.Last.Column\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Text_IO.Put\ensuremath{\text{ }}(C);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Draw_Top\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Window;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{C\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Character)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{I\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{W.First.Column\ensuremath{\text{ }}-\ensuremath{\text{ }}}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}W.Last.Column\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Screen.MoveCursor\ensuremath{\text{ }}((Row\ensuremath{\text{ }}=\ensuremath{\text{ }}W.First.Row\ensuremath{\text{ }}-\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{,\ensuremath{\text{ }}Column\ensuremath{\text{ }}=\ensuremath{\text{ }}I));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Text_IO.Put\ensuremath{\text{ }}(C);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Draw_Bottom\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Window;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{C\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Character)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{I\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{W.First.Column\ensuremath{\text{ }}-\ensuremath{\text{ }}}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}W.Last.Column\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Screen.MoveCursor\ensuremath{\text{ }}((Row\ensuremath{\text{ }}=\ensuremath{\text{ }}W.Last.Row\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}Column\ensuremath{\text{ }}=\ensuremath{\text{ }}I));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Text_IO.Put\ensuremath{\text{ }}(C);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Windows.Util;}\newline
\ensuremath{\text{ }}\newline
\CommentTok{--::::::::::}\newline
\CommentTok{--Picture.adb}\newline
\CommentTok{--::::::::::}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Windows.Util;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Picture\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Bjorn\ensuremath{\text{ }}Kallberg,\ensuremath{\text{ }}CelsiusTech\ensuremath{\text{ }}Systems,\ensuremath{\text{ }}Sweden}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}July,\ensuremath{\text{ }}1995}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Vertical_Char\ensuremath{\text{ }}(Stick\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Boolean}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Character\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Stick\ensuremath{\text{ }}}\KeywordTok{then}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\CharTok{{\char13}#{\char13}}\NormalTok{;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\CharTok{{\char13}:{\char13}}\NormalTok{;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{function}\ensuremath{\text{ }}\NormalTok{Horizontal_Char\ensuremath{\text{ }}(Stick\ensuremath{\text{ }}:\ensuremath{\text{ }}}\DataTypeTok{Boolean}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Character\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Stick\ensuremath{\text{ }}}\KeywordTok{then}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\CharTok{{\char13}#{\char13}}\NormalTok{;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\CharTok{{\char13}-{\char13}}\NormalTok{;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Open\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Root;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{UpperLeft\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Screen.Position;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Height\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Screen.Height;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Width\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Screen.Width)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{W.W\ensuremath{\text{ }}:=\ensuremath{\text{ }}Windows.Open\ensuremath{\text{ }}(UpperLeft,\ensuremath{\text{ }}Height,\ensuremath{\text{ }}Width);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Title\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Root;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Name\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{String}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Pre:\ensuremath{\text{ }}\ensuremath{\text{ }}An\ensuremath{\text{ }}empty\ensuremath{\text{ }}window}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Post:\ensuremath{\text{ }}Name\ensuremath{\text{ }}and\ensuremath{\text{ }}a\ensuremath{\text{ }}boarder\ensuremath{\text{ }}is\ensuremath{\text{ }}drawn.}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Windows.Borders\ensuremath{\text{ }}(W.W,\ensuremath{\text{ }}}\CharTok{{\char13}+{\char13}}\NormalTok{,\ensuremath{\text{ }}}\CharTok{{\char13}:{\char13}}\NormalTok{,\ensuremath{\text{ }}}\CharTok{{\char13}-{\char13}}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Windows.Title\ensuremath{\text{ }}(W.W,\ensuremath{\text{ }}Name,}\CharTok{{\char13}-{\char13}}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Put_Line\ensuremath{\text{ }}(W\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{Root;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{S\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{String}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Windows.Put\ensuremath{\text{ }}(W.W,\ensuremath{\text{ }}S);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Windows.New_Line\ensuremath{\text{ }}(W.W);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}North}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Left_Fork\ensuremath{\text{ }}\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{North;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Pick\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Windows.Util.Draw_Right\ensuremath{\text{ }}(W.W,\ensuremath{\text{ }}Vertical_Char\ensuremath{\text{ }}(Pick));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\NormalTok{;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Right_Fork\ensuremath{\text{ }}\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{North;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Pick\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Windows.Util.Draw_Left\ensuremath{\text{ }}(W.W,\ensuremath{\text{ }}Vertical_Char\ensuremath{\text{ }}(Pick));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}South}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Left_Fork\ensuremath{\text{ }}\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{South;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Pick\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Windows.Util.Draw_Left\ensuremath{\text{ }}(W.W,\ensuremath{\text{ }}Vertical_Char\ensuremath{\text{ }}(Pick));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Right_Fork\ensuremath{\text{ }}\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{South;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Pick\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Windows.Util.Draw_Right\ensuremath{\text{ }}(W.W,\ensuremath{\text{ }}Vertical_Char\ensuremath{\text{ }}(Pick));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}East}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Left_Fork\ensuremath{\text{ }}\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{East;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Pick\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Windows.Util.Draw_Bottom\ensuremath{\text{ }}(W.W,\ensuremath{\text{ }}Horizontal_Char\ensuremath{\text{ }}(Pick));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Right_Fork\ensuremath{\text{ }}\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{East;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Pick\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Windows.Util.Draw_Top\ensuremath{\text{ }}(W.W,\ensuremath{\text{ }}Horizontal_Char\ensuremath{\text{ }}(Pick));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}West}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Left_Fork\ensuremath{\text{ }}\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{West;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Pick\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Windows.Util.Draw_Top\ensuremath{\text{ }}(W.W,\ensuremath{\text{ }}Horizontal_Char\ensuremath{\text{ }}(Pick));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Right_Fork\ensuremath{\text{ }}\ensuremath{\text{ }}(W\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\KeywordTok{out}\ensuremath{\text{ }}\NormalTok{West;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Pick\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{Boolean}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Windows.Util.Draw_Bottom\ensuremath{\text{ }}(W.W,\ensuremath{\text{ }}Horizontal_Char\ensuremath{\text{ }}(Pick));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Picture;}\newline
\ensuremath{\text{ }}\newline
\CommentTok{--::::::::::}\newline
\CommentTok{--chop.adb}\newline
\CommentTok{--::::::::::}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Chop\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Dining\ensuremath{\text{ }}Philosophers\ensuremath{\text{ }}-\ensuremath{\text{ }}Ada\ensuremath{\text{ }}95\ensuremath{\text{ }}edition}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Chopstick\ensuremath{\text{ }}is\ensuremath{\text{ }}an\ensuremath{\text{ }}Ada\ensuremath{\text{ }}95\ensuremath{\text{ }}protected\ensuremath{\text{ }}type}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Michael\ensuremath{\text{ }}B.\ensuremath{\text{ }}Feldman,\ensuremath{\text{ }}The\ensuremath{\text{ }}George\ensuremath{\text{ }}Washington\ensuremath{\text{ }}University,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}July,\ensuremath{\text{ }}1995.}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{protected}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Stick\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{entry}\ensuremath{\text{ }}\NormalTok{Pick_Up\ensuremath{\text{ }}}\KeywordTok{when}\ensuremath{\text{ }}\KeywordTok{not}\ensuremath{\text{ }}\NormalTok{In_Use\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{In_Use\ensuremath{\text{ }}:=\ensuremath{\text{ }}True;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Pick_Up;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Put_Down\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{In_Use\ensuremath{\text{ }}:=\ensuremath{\text{ }}False;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Put_Down;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Stick;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Chop;}\newline
\CommentTok{--::::::::::}\newline
\CommentTok{--phil.adb}\newline
\CommentTok{--::::::::::}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Society;}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Room;}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Random_Generic;}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Phil\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Dining\ensuremath{\text{ }}Philosophers\ensuremath{\text{ }}-\ensuremath{\text{ }}Ada\ensuremath{\text{ }}95\ensuremath{\text{ }}edition}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Philosopher\ensuremath{\text{ }}is\ensuremath{\text{ }}an\ensuremath{\text{ }}Ada\ensuremath{\text{ }}95\ensuremath{\text{ }}task\ensuremath{\text{ }}type\ensuremath{\text{ }}with\ensuremath{\text{ }}discriminant.}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Chopsticks\ensuremath{\text{ }}are\ensuremath{\text{ }}assigned\ensuremath{\text{ }}by\ensuremath{\text{ }}a\ensuremath{\text{ }}higher\ensuremath{\text{ }}authority,\ensuremath{\text{ }}which}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}can\ensuremath{\text{ }}vary\ensuremath{\text{ }}the\ensuremath{\text{ }}assignments\ensuremath{\text{ }}to\ensuremath{\text{ }}show\ensuremath{\text{ }}different\ensuremath{\text{ }}algorithms.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Philosopher\ensuremath{\text{ }}always\ensuremath{\text{ }}grabs\ensuremath{\text{ }}First_Grab,\ensuremath{\text{ }}then\ensuremath{\text{ }}Second_Grab.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Philosopher\ensuremath{\text{ }}is\ensuremath{\text{ }}oblivious\ensuremath{\text{ }}to\ensuremath{\text{ }}outside\ensuremath{\text{ }}world,\ensuremath{\text{ }}but\ensuremath{\text{ }}needs\ensuremath{\text{ }}to}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}communicate\ensuremath{\text{ }}is\ensuremath{\text{ }}life-cycle\ensuremath{\text{ }}events\ensuremath{\text{ }}the\ensuremath{\text{ }}Maitre_D.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Chopsticks\ensuremath{\text{ }}assigned\ensuremath{\text{ }}to\ensuremath{\text{ }}one\ensuremath{\text{ }}philosopher\ensuremath{\text{ }}must\ensuremath{\text{ }}be}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}consecutive\ensuremath{\text{ }}numbers,\ensuremath{\text{ }}or\ensuremath{\text{ }}the\ensuremath{\text{ }}first\ensuremath{\text{ }}and\ensuremath{\text{ }}last\ensuremath{\text{ }}chopstick.}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Michael\ensuremath{\text{ }}B.\ensuremath{\text{ }}Feldman,\ensuremath{\text{ }}The\ensuremath{\text{ }}George\ensuremath{\text{ }}Washington\ensuremath{\text{ }}University,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}July,\ensuremath{\text{ }}1995.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Revisions:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}July,\ensuremath{\text{ }}1995.\ensuremath{\text{ }}Bjorn\ensuremath{\text{ }}Kallberg,\ensuremath{\text{ }}CelsiusTech}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Think_Times\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{Positive\ensuremath{\text{ }}}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}}\DecValTok{8}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Think_Length\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Random_Generic\ensuremath{\text{ }}(Result_Subtype\ensuremath{\text{ }}=\ensuremath{\text{ }}Think_Times);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Meal_Times\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{Positive\ensuremath{\text{ }}}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}}\DecValTok{10}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{package}\ensuremath{\text{ }}\NormalTok{Meal_Length\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Random_Generic\ensuremath{\text{ }}(Result_Subtype\ensuremath{\text{ }}=\ensuremath{\text{ }}Meal_Times);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Philosopher\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}My_ID\ensuremath{\text{ }}is\ensuremath{\text{ }}discriminant}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{subtype}\ensuremath{\text{ }}\NormalTok{Life_Time\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\NormalTok{Positive\ensuremath{\text{ }}}\KeywordTok{range}\ensuremath{\text{ }}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{..\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Who_Am_I\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Society.Unique_DNA_Codes\ensuremath{\text{ }}:=\ensuremath{\text{ }}My_ID;\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}discriminant}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{First_Grab\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Positive;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Second_Grab\ensuremath{\text{ }}:\ensuremath{\text{ }}Positive;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Meal_Time\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Meal_Times;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Think_Time\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Think_Times;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{First_Stick\ensuremath{\text{ }}:\ensuremath{\text{ }}States;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}get\ensuremath{\text{ }}assigned\ensuremath{\text{ }}the\ensuremath{\text{ }}first\ensuremath{\text{ }}and\ensuremath{\text{ }}second\ensuremath{\text{ }}chopsticks\ensuremath{\text{ }}here}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{Start_Eating\ensuremath{\text{ }}(Chopstick1\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Positive;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Chopstick2\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Positive)\ensuremath{\text{ }}}\KeywordTok{do}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{First_Grab\ensuremath{\text{ }}\ensuremath{\text{ }}:=\ensuremath{\text{ }}Chopstick1;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Second_Grab\ensuremath{\text{ }}:=\ensuremath{\text{ }}Chopstick2;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(First_Grab\ensuremath{\text{ }}}\KeywordTok{mod}\ensuremath{\text{ }}\NormalTok{Room.Table_Type{\char13}Last)\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{=\ensuremath{\text{ }}Second_Grab\ensuremath{\text{ }}}\KeywordTok{then}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{First_Stick\ensuremath{\text{ }}:=\ensuremath{\text{ }}Got_Right_Stick;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{First_Stick\ensuremath{\text{ }}:=\ensuremath{\text{ }}Got_Left_Stick;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}if}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Start_Eating;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Room.Maitre_D.Report_State\ensuremath{\text{ }}(Who_Am_I,\ensuremath{\text{ }}Breathing);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{Meal\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Life_Time\ensuremath{\text{ }}}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Room.Sticks\ensuremath{\text{ }}(First_Grab).Pick_Up;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Room.Maitre_D.Report_State\ensuremath{\text{ }}(Who_Am_I,\ensuremath{\text{ }}First_Stick,\ensuremath{\text{ }}First_Grab);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Room.Sticks\ensuremath{\text{ }}(Second_Grab).Pick_Up;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Room.Maitre_D.Report_State\ensuremath{\text{ }}(Who_Am_I,\ensuremath{\text{ }}Got_Other_Stick,}\newline
\ensuremath{\text{ }}\NormalTok{Second_Grab);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Meal_Time\ensuremath{\text{ }}:=\ensuremath{\text{ }}Meal_Length.Random_Value;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Room.Maitre_D.Report_State\ensuremath{\text{ }}(Who_Am_I,\ensuremath{\text{ }}Eating,\ensuremath{\text{ }}Meal_Time,\ensuremath{\text{ }}Meal);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{delay}\ensuremath{\text{ }}\NormalTok{Duration\ensuremath{\text{ }}(Meal_Time);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Room.Maitre_D.Report_State\ensuremath{\text{ }}(Who_Am_I,\ensuremath{\text{ }}Done_Eating);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Room.Sticks\ensuremath{\text{ }}(First_Grab).Put_Down;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Room.Sticks\ensuremath{\text{ }}(Second_Grab).Put_Down;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Think_Time\ensuremath{\text{ }}:=\ensuremath{\text{ }}Think_Length.Random_Value;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Room.Maitre_D.Report_State\ensuremath{\text{ }}(Who_Am_I,\ensuremath{\text{ }}Thinking,\ensuremath{\text{ }}Think_Time);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{delay}\ensuremath{\text{ }}\NormalTok{Duration\ensuremath{\text{ }}(Think_Time);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Room.Maitre_D.Report_State\ensuremath{\text{ }}(Who_Am_I,\ensuremath{\text{ }}Dying);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Philosopher;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Phil;}\newline
\CommentTok{--::::::::::}\newline
\CommentTok{--room.adb}\newline
\CommentTok{--::::::::::}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Picture;}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Chop;}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Phil;}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Society;}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Calendar;}\newline
\KeywordTok{pragma}\ensuremath{\text{ }}\KeywordTok{Elaborate}\ensuremath{\text{ }}\NormalTok{(Phil);}\newline
\KeywordTok{package}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Room\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Dining\ensuremath{\text{ }}Philosophers,\ensuremath{\text{ }}Ada\ensuremath{\text{ }}95\ensuremath{\text{ }}edition}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}A\ensuremath{\text{ }}line-oriented\ensuremath{\text{ }}version\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}Room\ensuremath{\text{ }}package}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Michael\ensuremath{\text{ }}B.\ensuremath{\text{ }}Feldman,\ensuremath{\text{ }}The\ensuremath{\text{ }}George\ensuremath{\text{ }}Washington\ensuremath{\text{ }}University,\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}July,\ensuremath{\text{ }}1995.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Revisions}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}July,\ensuremath{\text{ }}1995.\ensuremath{\text{ }}Bjorn\ensuremath{\text{ }}Kallberg,\ensuremath{\text{ }}CelsiusTech\ensuremath{\text{ }}Systems,\ensuremath{\text{ }}Sweden.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Pictorial\ensuremath{\text{ }}display\ensuremath{\text{ }}of\ensuremath{\text{ }}stick\ensuremath{\text{ }}in\ensuremath{\text{ }}use\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}philosophers\ensuremath{\text{ }}sign\ensuremath{\text{ }}into\ensuremath{\text{ }}dining\ensuremath{\text{ }}room,\ensuremath{\text{ }}giving\ensuremath{\text{ }}Maitre_D\ensuremath{\text{ }}their\ensuremath{\text{ }}DNA}\newline
\ensuremath{\text{ }}\NormalTok{code}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Dijkstra\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{aliased}\ensuremath{\text{ }}\NormalTok{Phil.Philosopher\ensuremath{\text{ }}(My_ID\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Stroustrup\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{aliased}\ensuremath{\text{ }}\NormalTok{Phil.Philosopher\ensuremath{\text{ }}(My_ID\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Anderson\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{aliased}\ensuremath{\text{ }}\NormalTok{Phil.Philosopher\ensuremath{\text{ }}(My_ID\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Taft\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{aliased}\ensuremath{\text{ }}\NormalTok{Phil.Philosopher\ensuremath{\text{ }}(My_ID\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{4}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ichbiah\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{aliased}\ensuremath{\text{ }}\NormalTok{Phil.Philosopher\ensuremath{\text{ }}(My_ID\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{type}\ensuremath{\text{ }}\NormalTok{Philosopher_Ptr\ensuremath{\text{ }}}\KeywordTok{is}\ensuremath{\text{ }}\KeywordTok{access}\ensuremath{\text{ }}\KeywordTok{all}\ensuremath{\text{ }}\NormalTok{Phil.Philosopher;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Phils\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{array}\ensuremath{\text{ }}\NormalTok{(Table_Type)\ensuremath{\text{ }}}\KeywordTok{of}\ensuremath{\text{ }}\NormalTok{Philosopher_Ptr;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Phil_Pics\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{array}\ensuremath{\text{ }}\NormalTok{(Table_Type)\ensuremath{\text{ }}}\KeywordTok{of}\ensuremath{\text{ }}\NormalTok{Picture.Root_Ptr;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Phil_Seats\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{array}\ensuremath{\text{ }}\NormalTok{(Society.Unique_DNA_Codes)\ensuremath{\text{ }}}\KeywordTok{of}\ensuremath{\text{ }}\NormalTok{Table_Type;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{task}\ensuremath{\text{ }}\KeywordTok{body}\ensuremath{\text{ }}\NormalTok{Maitre_D\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{T\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Natural;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Start_Time\ensuremath{\text{ }}:\ensuremath{\text{ }}Calendar.Time;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Blanks\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{constant}\ensuremath{\text{ }}\DataTypeTok{String}\ensuremath{\text{ }}\NormalTok{:=\ensuremath{\text{ }}}\StringTok{"\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}"}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{begin}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{Start_Serving;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Start_Time\ensuremath{\text{ }}:=\ensuremath{\text{ }}Calendar.Clock;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}now\ensuremath{\text{ }}Maitre_D\ensuremath{\text{ }}assigns\ensuremath{\text{ }}phils\ensuremath{\text{ }}to\ensuremath{\text{ }}seats\ensuremath{\text{ }}at\ensuremath{\text{ }}the\ensuremath{\text{ }}table}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Phils\ensuremath{\text{ }}:=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{(Dijkstra{\char13}Access,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Anderson{\char13}Access,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Ichbiah{\char13}Access,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Taft{\char13}Access,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Stroustrup{\char13}Access);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Which\ensuremath{\text{ }}seat\ensuremath{\text{ }}each\ensuremath{\text{ }}phil\ensuremath{\text{ }}occupies.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{I\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Table_Type\ensuremath{\text{ }}}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Phil_Seats\ensuremath{\text{ }}(Phils(I).My_Id)\ensuremath{\text{ }}:=\ensuremath{\text{ }}I;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Phil_Pics\ensuremath{\text{ }}:=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{(}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Picture.North,\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Picture.East,\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Picture.South,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Picture.South,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{new}\ensuremath{\text{ }}\NormalTok{Picture.West);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Picture.Open\ensuremath{\text{ }}(Phil_Pics(}\DecValTok{1}\NormalTok{).}\KeywordTok{all}\NormalTok{,(\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{24}\NormalTok{),\ensuremath{\text{ }}}\DecValTok{7}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{30}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Picture.Open\ensuremath{\text{ }}(Phil_Pics(}\DecValTok{2}\NormalTok{).}\KeywordTok{all}\NormalTok{,(\ensuremath{\text{ }}}\DecValTok{9}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{46}\NormalTok{),\ensuremath{\text{ }}}\DecValTok{7}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{30}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Picture.Open\ensuremath{\text{ }}(Phil_Pics(}\DecValTok{3}\NormalTok{).}\KeywordTok{all}\NormalTok{,(}\DecValTok{17}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{41}\NormalTok{),\ensuremath{\text{ }}}\DecValTok{7}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{30}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Picture.Open\ensuremath{\text{ }}(Phil_Pics(}\DecValTok{4}\NormalTok{).}\KeywordTok{all}\NormalTok{,(}\DecValTok{17}\NormalTok{,\ensuremath{\text{ }}\ensuremath{\text{ }}}\DecValTok{7}\NormalTok{),\ensuremath{\text{ }}}\DecValTok{7}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{30}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Picture.Open\ensuremath{\text{ }}(Phil_Pics(}\DecValTok{5}\NormalTok{).}\KeywordTok{all}\NormalTok{,(\ensuremath{\text{ }}}\DecValTok{9}\NormalTok{,\ensuremath{\text{ }}\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{),\ensuremath{\text{ }}}\DecValTok{7}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{30}\NormalTok{);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}and\ensuremath{\text{ }}assigns\ensuremath{\text{ }}them\ensuremath{\text{ }}their\ensuremath{\text{ }}chopsticks.}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Phils\ensuremath{\text{ }}(}\DecValTok{1}\NormalTok{).Start_Eating\ensuremath{\text{ }}(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Phils\ensuremath{\text{ }}(}\DecValTok{3}\NormalTok{).Start_Eating\ensuremath{\text{ }}(}\DecValTok{3}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{4}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Phils\ensuremath{\text{ }}(}\DecValTok{2}\NormalTok{).Start_Eating\ensuremath{\text{ }}(}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Phils\ensuremath{\text{ }}(}\DecValTok{5}\NormalTok{).Start_Eating\ensuremath{\text{ }}(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Phils\ensuremath{\text{ }}(}\DecValTok{4}\NormalTok{).Start_Eating\ensuremath{\text{ }}(}\DecValTok{4}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{loop}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{select}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{accept}\ensuremath{\text{ }}\NormalTok{Report_State\ensuremath{\text{ }}(Which_Phil\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\newline
\ensuremath{\text{ }}\NormalTok{Society.Unique_DNA_Codes;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{State\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Phil.States;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{How_Long\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Natural\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Which_Meal\ensuremath{\text{ }}:\ensuremath{\text{ }}}\KeywordTok{in}\ensuremath{\text{ }}\NormalTok{Natural\ensuremath{\text{ }}:=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{do}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{T\ensuremath{\text{ }}:=\ensuremath{\text{ }}Natural\ensuremath{\text{ }}(Calendar.}\StringTok{"-"}\ensuremath{\text{ }}\NormalTok{(Calendar.Clock,\ensuremath{\text{ }}Start_Time));}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{case}\ensuremath{\text{ }}\NormalTok{State\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Phil.Breathing\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Picture.Title\ensuremath{\text{ }}(Phil_Pics\ensuremath{\text{ }}(Phil_Seats\ensuremath{\text{ }}(Which_Phil)).}\KeywordTok{all}\NormalTok{,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Society.Name_Register\ensuremath{\text{ }}(Which_Phil));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Picture.Put_line\ensuremath{\text{ }}(Phil_Pics\ensuremath{\text{ }}(Phil_Seats}\newline
\ensuremath{\text{ }}\NormalTok{(Which_Phil)).}\KeywordTok{all}\NormalTok{,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"T\ensuremath{\text{ }}="}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Integer{\char13}Image\ensuremath{\text{ }}(T)\ensuremath{\text{ }}\ensuremath{\text{ }}}\StringTok{"\ensuremath{\text{ }}"}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"Breathing..."}\NormalTok{);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Phil.Thinking\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Picture.Put_line\ensuremath{\text{ }}(Phil_Pics\ensuremath{\text{ }}(Phil_Seats}\newline
\ensuremath{\text{ }}\NormalTok{(Which_Phil)).}\KeywordTok{all}\NormalTok{,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"T\ensuremath{\text{ }}="}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Integer{\char13}Image\ensuremath{\text{ }}(T)\ensuremath{\text{ }}\ensuremath{\text{ }}}\StringTok{"\ensuremath{\text{ }}"}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"Thinking"}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Integer{\char13}Image\ensuremath{\text{ }}(How_Long)\ensuremath{\text{ }}\ensuremath{\text{ }}}\StringTok{"\ensuremath{\text{ }}seconds."}\NormalTok{);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Phil.Eating\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Picture.Put_line\ensuremath{\text{ }}(Phil_Pics\ensuremath{\text{ }}(Phil_Seats}\newline
\ensuremath{\text{ }}\NormalTok{(Which_Phil)).}\KeywordTok{all}\NormalTok{,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"T\ensuremath{\text{ }}="}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Integer{\char13}Image\ensuremath{\text{ }}(T)\ensuremath{\text{ }}\ensuremath{\text{ }}}\StringTok{"\ensuremath{\text{ }}"}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"Meal"}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Integer{\char13}Image\ensuremath{\text{ }}(Which_Meal)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{","}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Integer{\char13}Image\ensuremath{\text{ }}(How_Long)\ensuremath{\text{ }}\ensuremath{\text{ }}}\StringTok{"\ensuremath{\text{ }}seconds."}\NormalTok{);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Phil.Done_Eating\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Picture.Put_line\ensuremath{\text{ }}(Phil_Pics\ensuremath{\text{ }}(Phil_Seats}\newline
\ensuremath{\text{ }}\NormalTok{(Which_Phil)).}\KeywordTok{all}\NormalTok{,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"T\ensuremath{\text{ }}="}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Integer{\char13}Image\ensuremath{\text{ }}(T)\ensuremath{\text{ }}\ensuremath{\text{ }}}\StringTok{"\ensuremath{\text{ }}"}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"Yum-yum\ensuremath{\text{ }}(burp)"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Picture.Left_Fork\ensuremath{\text{ }}(Phil_Pics\ensuremath{\text{ }}(Phil_Seats}\newline
\ensuremath{\text{ }}\NormalTok{(Which_Phil)).}\KeywordTok{all}\NormalTok{,\ensuremath{\text{ }}False);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Picture.Right_Fork\ensuremath{\text{ }}(Phil_Pics\ensuremath{\text{ }}(Phil_Seats}\newline
\ensuremath{\text{ }}\NormalTok{(Which_Phil)).}\KeywordTok{all}\NormalTok{,\ensuremath{\text{ }}False);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Phil.Got_Left_Stick\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Picture.Put_line\ensuremath{\text{ }}(Phil_Pics\ensuremath{\text{ }}(Phil_Seats}\newline
\ensuremath{\text{ }}\NormalTok{(Which_Phil)).}\KeywordTok{all}\NormalTok{,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"T\ensuremath{\text{ }}="}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Integer{\char13}Image\ensuremath{\text{ }}(T)\ensuremath{\text{ }}\ensuremath{\text{ }}}\StringTok{"\ensuremath{\text{ }}"}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"First\ensuremath{\text{ }}chopstick"}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Integer{\char13}Image\ensuremath{\text{ }}(How_Long));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Picture.Left_Fork\ensuremath{\text{ }}(Phil_Pics\ensuremath{\text{ }}(Phil_Seats}\newline
\ensuremath{\text{ }}\NormalTok{(Which_Phil)).}\KeywordTok{all}\NormalTok{,\ensuremath{\text{ }}True);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Phil.Got_Right_Stick\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Picture.Put_line\ensuremath{\text{ }}(Phil_Pics\ensuremath{\text{ }}(Phil_Seats}\newline
\ensuremath{\text{ }}\NormalTok{(Which_Phil)).}\KeywordTok{all}\NormalTok{,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"T\ensuremath{\text{ }}="}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Integer{\char13}Image\ensuremath{\text{ }}(T)\ensuremath{\text{ }}\ensuremath{\text{ }}}\StringTok{"\ensuremath{\text{ }}"}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"First\ensuremath{\text{ }}chopstick"}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Integer{\char13}Image\ensuremath{\text{ }}(How_Long));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Picture.Right_Fork\ensuremath{\text{ }}(Phil_Pics\ensuremath{\text{ }}(Phil_Seats}\newline
\ensuremath{\text{ }}\NormalTok{(Which_Phil)).}\KeywordTok{all}\NormalTok{,\ensuremath{\text{ }}True);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Phil.Got_Other_Stick\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Picture.Put_line\ensuremath{\text{ }}(Phil_Pics\ensuremath{\text{ }}(Phil_Seats}\newline
\ensuremath{\text{ }}\NormalTok{(Which_Phil)).}\KeywordTok{all}\NormalTok{,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"T\ensuremath{\text{ }}="}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Integer{\char13}Image\ensuremath{\text{ }}(T)\ensuremath{\text{ }}\ensuremath{\text{ }}}\StringTok{"\ensuremath{\text{ }}"}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"Second\ensuremath{\text{ }}chopstick"}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Integer{\char13}Image\ensuremath{\text{ }}(How_Long));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Picture.Left_Fork\ensuremath{\text{ }}(Phil_Pics\ensuremath{\text{ }}(Phil_Seats}\newline
\ensuremath{\text{ }}\NormalTok{(Which_Phil)).}\KeywordTok{all}\NormalTok{,\ensuremath{\text{ }}True);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Picture.Right_Fork\ensuremath{\text{ }}(Phil_Pics\ensuremath{\text{ }}(Phil_Seats}\newline
\ensuremath{\text{ }}\NormalTok{(Which_Phil)).}\KeywordTok{all}\NormalTok{,\ensuremath{\text{ }}True);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{when}\ensuremath{\text{ }}\NormalTok{Phil.Dying\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Picture.Put_line\ensuremath{\text{ }}(Phil_Pics\ensuremath{\text{ }}(Phil_Seats}\newline
\ensuremath{\text{ }}\NormalTok{(Which_Phil)).}\KeywordTok{all}\NormalTok{,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"T\ensuremath{\text{ }}="}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Integer{\char13}Image\ensuremath{\text{ }}(T)\ensuremath{\text{ }}\ensuremath{\text{ }}}\StringTok{"\ensuremath{\text{ }}"}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"Croak"}\NormalTok{);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}case}\NormalTok{;\ensuremath{\text{ }}}\CommentTok{--\ensuremath{\text{ }}State}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Report_State;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{or}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{terminate}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}select}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end\ensuremath{\text{ }}loop}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Maitre_D;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Room;}\newline
\ensuremath{\text{ }}\newline
\CommentTok{--::::::::::}\newline
\CommentTok{--diners.adb}\newline
\CommentTok{--::::::::::}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Text_IO;}\newline
\KeywordTok{with}\ensuremath{\text{ }}\NormalTok{Room;}\newline
\KeywordTok{procedure}\ensuremath{\text{ }}\NormalTok{Diners\ensuremath{\text{ }}}\KeywordTok{is}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Dining\ensuremath{\text{ }}Philosophers\ensuremath{\text{ }}-\ensuremath{\text{ }}Ada\ensuremath{\text{ }}95\ensuremath{\text{ }}edition}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}This\ensuremath{\text{ }}is\ensuremath{\text{ }}the\ensuremath{\text{ }}main\ensuremath{\text{ }}program,\ensuremath{\text{ }}responsible\ensuremath{\text{ }}only\ensuremath{\text{ }}for\ensuremath{\text{ }}telling\ensuremath{\text{ }}the}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Maitre_D\ensuremath{\text{ }}to\ensuremath{\text{ }}get\ensuremath{\text{ }}busy.}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}Michael\ensuremath{\text{ }}B.\ensuremath{\text{ }}Feldman,\ensuremath{\text{ }}The\ensuremath{\text{ }}George\ensuremath{\text{ }}Washington\ensuremath{\text{ }}University,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--\ensuremath{\text{ }}July,\ensuremath{\text{ }}1995.}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{begin}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{--Text_IO.New_Line;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}--\ensuremath{\text{ }}artifice\ensuremath{\text{ }}to\ensuremath{\text{ }}flush\ensuremath{\text{ }}output\ensuremath{\text{ }}buffer}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Room.Maitre_D.Start_Serving;}\newline
\KeywordTok{end}\ensuremath{\text{ }}\NormalTok{Diners;}\newline
\end{Highlighting}
\end{Shaded}


$\text{ }$\newline{}

This version of the Dining Philosophers example was provided by Dr. Michael B. Feldman of the George Washington University and Bjorn Kallberg of CelciusTech Systems, Sweden. This example was compiled using the GNAT Ada 95 compiler, version 2.07, on a Sun platform.
$\text{ }$\newline{}
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\section {GNU GENERAL PUBLIC LICENSE}
\begin{multicols}{4}

Version 3, 29 June 2007

Copyright Â© 2007 Free Software Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.
Preamble

The GNU General Public License is a free, copyleft license for software and other kinds of works.

The licenses for most software and other practical works are designed to take away your freedom to share and change the works. By contrast, the GNU General Public License is intended to guarantee your freedom to share and change all versions of a program--to make sure it remains free software for all its users. We, the Free Software Foundation, use the GNU General Public License for most of our software; it applies also to any other work released this way by its authors. You can apply it to your programs, too.

When we speak of free software, we are referring to freedom, not price. Our General Public Licenses are designed to make sure that you have the freedom to distribute copies of free software (and charge for them if you wish), that you receive source code or can get it if you want it, that you can change the software or use pieces of it in new free programs, and that you know you can do these things.

To protect your rights, we need to prevent others from denying you these rights or asking you to surrender the rights. Therefore, you have certain responsibilities if you distribute copies of the software, or if you modify it: responsibilities to respect the freedom of others.

For example, if you distribute copies of such a program, whether gratis or for a fee, you must pass on to the recipients the same freedoms that you received. You must make sure that they, too, receive or can get the source code. And you must show them these terms so they know their rights.

Developers that use the GNU GPL protect your rights with two steps: (1) assert copyright on the software, and (2) offer you this License giving you legal permission to copy, distribute and/or modify it.

For the developers' and authors' protection, the GPL clearly explains that there is no warranty for this free software. For both users' and authors' sake, the GPL requires that modified versions be marked as changed, so that their problems will not be attributed erroneously to authors of previous versions.

Some devices are designed to deny users access to install or run modified versions of the software inside them, although the manufacturer can do so. This is fundamentally incompatible with the aim of protecting users' freedom to change the software. The systematic pattern of such abuse occurs in the area of products for individuals to use, which is precisely where it is most unacceptable. Therefore, we have designed this version of the GPL to prohibit the practice for those products. If such problems arise substantially in other domains, we stand ready to extend this provision to those domains in future versions of the GPL, as needed to protect the freedom of users.

Finally, every program is threatened constantly by software patents. States should not allow patents to restrict development and use of software on general-purpose computers, but in those that do, we wish to avoid the special danger that patents applied to a free program could make it effectively proprietary. To prevent this, the GPL assures that patents cannot be used to render the program non-free.

The precise terms and conditions for copying, distribution and modification follow.
TERMS AND CONDITIONS
0. Definitions.

â��This Licenseâ�� refers to version 3 of the GNU General Public License.

â��Copyrightâ�� also means copyright-like laws that apply to other kinds of works, such as semiconductor masks.

â��The Programâ�� refers to any copyrightable work licensed under this License. Each licensee is addressed as â��youâ��. â��Licenseesâ�� and â��recipientsâ�� may be individuals or organizations.

To â��modifyâ�� a work means to copy from or adapt all or part of the work in a fashion requiring copyright permission, other than the making of an exact copy. The resulting work is called a â��modified versionâ�� of the earlier work or a work â��based onâ�� the earlier work.

A â��covered workâ�� means either the unmodified Program or a work based on the Program.

To â��propagateâ�� a work means to do anything with it that, without permission, would make you directly or secondarily liable for infringement under applicable copyright law, except executing it on a computer or modifying a private copy. Propagation includes copying, distribution (with or without modification), making available to the public, and in some countries other activities as well.

To â��conveyâ�� a work means any kind of propagation that enables other parties to make or receive copies. Mere interaction with a user through a computer network, with no transfer of a copy, is not conveying.

An interactive user interface displays â��Appropriate Legal Noticesâ�� to the extent that it includes a convenient and prominently visible feature that (1) displays an appropriate copyright notice, and (2) tells the user that there is no warranty for the work (except to the extent that warranties are provided), that licensees may convey the work under this License, and how to view a copy of this License. If the interface presents a list of user commands or options, such as a menu, a prominent item in the list meets this criterion.
1. Source Code.

The â��source codeâ�� for a work means the preferred form of the work for making modifications to it. â��Object codeâ�� means any non-source form of a work.

A â��Standard Interfaceâ�� means an interface that either is an official standard defined by a recognized standards body, or, in the case of interfaces specified for a particular programming language, one that is widely used among developers working in that language.

The â��System Librariesâ�� of an executable work include anything, other than the work as a whole, that (a) is included in the normal form of packaging a Major Component, but which is not part of that Major Component, and (b) serves only to enable use of the work with that Major Component, or to implement a Standard Interface for which an implementation is available to the public in source code form. A â��Major Componentâ��, in this context, means a major essential component (kernel, window system, and so on) of the specific operating system (if any) on which the executable work runs, or a compiler used to produce the work, or an object code interpreter used to run it.

The â��Corresponding Sourceâ�� for a work in object code form means all the source code needed to generate, install, and (for an executable work) run the object code and to modify the work, including scripts to control those activities. However, it does not include the work's System Libraries, or general-purpose tools or generally available free programs which are used unmodified in performing those activities but which are not part of the work. For example, Corresponding Source includes interface definition files associated with source files for the work, and the source code for shared libraries and dynamically linked subprograms that the work is specifically designed to require, such as by intimate data communication or control flow between those subprograms and other parts of the work.

The Corresponding Source need not include anything that users can regenerate automatically from other parts of the Corresponding Source.

The Corresponding Source for a work in source code form is that same work.
2. Basic Permissions.

All rights granted under this License are granted for the term of copyright on the Program, and are irrevocable provided the stated conditions are met. This License explicitly affirms your unlimited permission to run the unmodified Program. The output from running a covered work is covered by this License only if the output, given its content, constitutes a covered work. This License acknowledges your rights of fair use or other equivalent, as provided by copyright law.

You may make, run and propagate covered works that you do not convey, without conditions so long as your license otherwise remains in force. You may convey covered works to others for the sole purpose of having them make modifications exclusively for you, or provide you with facilities for running those works, provided that you comply with the terms of this License in conveying all material for which you do not control copyright. Those thus making or running the covered works for you must do so exclusively on your behalf, under your direction and control, on terms that prohibit them from making any copies of your copyrighted material outside their relationship with you.

Conveying under any other circumstances is permitted solely under the conditions stated below. Sublicensing is not allowed; section 10 makes it unnecessary.
3. Protecting Users' Legal Rights From Anti-Circumvention Law.

No covered work shall be deemed part of an effective technological measure under any applicable law fulfilling obligations under article 11 of the WIPO copyright treaty adopted on 20 December 1996, or similar laws prohibiting or restricting circumvention of such measures.

When you convey a covered work, you waive any legal power to forbid circumvention of technological measures to the extent such circumvention is effected by exercising rights under this License with respect to the covered work, and you disclaim any intention to limit operation or modification of the work as a means of enforcing, against the work's users, your or third parties' legal rights to forbid circumvention of technological measures.
4. Conveying Verbatim Copies.

You may convey verbatim copies of the Program's source code as you receive it, in any medium, provided that you conspicuously and appropriately publish on each copy an appropriate copyright notice; keep intact all notices stating that this License and any non-permissive terms added in accord with section 7 apply to the code; keep intact all notices of the absence of any warranty; and give all recipients a copy of this License along with the Program.

You may charge any price or no price for each copy that you convey, and you may offer support or warranty protection for a fee.
5. Conveying Modified Source Versions.

You may convey a work based on the Program, or the modifications to produce it from the Program, in the form of source code under the terms of section 4, provided that you also meet all of these conditions:

    * a) The work must carry prominent notices stating that you modified it, and giving a relevant date.
    * b) The work must carry prominent notices stating that it is released under this License and any conditions added under section 7. This requirement modifies the requirement in section 4 to â��keep intact all noticesâ��.
    * c) You must license the entire work, as a whole, under this License to anyone who comes into possession of a copy. This License will therefore apply, along with any applicable section 7 additional terms, to the whole of the work, and all its parts, regardless of how they are packaged. This License gives no permission to license the work in any other way, but it does not invalidate such permission if you have separately received it.
    * d) If the work has interactive user interfaces, each must display Appropriate Legal Notices; however, if the Program has interactive interfaces that do not display Appropriate Legal Notices, your work need not make them do so.

A compilation of a covered work with other separate and independent works, which are not by their nature extensions of the covered work, and which are not combined with it such as to form a larger program, in or on a volume of a storage or distribution medium, is called an â��aggregateâ�� if the compilation and its resulting copyright are not used to limit the access or legal rights of the compilation's users beyond what the individual works permit. Inclusion of a covered work in an aggregate does not cause this License to apply to the other parts of the aggregate.
6. Conveying Non-Source Forms.

You may convey a covered work in object code form under the terms of sections 4 and 5, provided that you also convey the machine-readable Corresponding Source under the terms of this License, in one of these ways:

    * a) Convey the object code in, or embodied in, a physical product (including a physical distribution medium), accompanied by the Corresponding Source fixed on a durable physical medium customarily used for software interchange.
    * b) Convey the object code in, or embodied in, a physical product (including a physical distribution medium), accompanied by a written offer, valid for at least three years and valid for as long as you offer spare parts or customer support for that product model, to give anyone who possesses the object code either (1) a copy of the Corresponding Source for all the software in the product that is covered by this License, on a durable physical medium customarily used for software interchange, for a price no more than your reasonable cost of physically performing this conveying of source, or (2) access to copy the Corresponding Source from a network server at no charge.
    * c) Convey individual copies of the object code with a copy of the written offer to provide the Corresponding Source. This alternative is allowed only occasionally and noncommercially, and only if you received the object code with such an offer, in accord with subsection 6b.
    * d) Convey the object code by offering access from a designated place (gratis or for a charge), and offer equivalent access to the Corresponding Source in the same way through the same place at no further charge. You need not require recipients to copy the Corresponding Source along with the object code. If the place to copy the object code is a network server, the Corresponding Source may be on a different server (operated by you or a third party) that supports equivalent copying facilities, provided you maintain clear directions next to the object code saying where to find the Corresponding Source. Regardless of what server hosts the Corresponding Source, you remain obligated to ensure that it is available for as long as needed to satisfy these requirements.
    * e) Convey the object code using peer-to-peer transmission, provided you inform other peers where the object code and Corresponding Source of the work are being offered to the general public at no charge under subsection 6d.

A separable portion of the object code, whose source code is excluded from the Corresponding Source as a System Library, need not be included in conveying the object code work.

A â��User Productâ�� is either (1) a â��consumer productâ��, which means any tangible personal property which is normally used for personal, family, or household purposes, or (2) anything designed or sold for incorporation into a dwelling. In determining whether a product is a consumer product, doubtful cases shall be resolved in favor of coverage. For a particular product received by a particular user, â��normally usedâ�� refers to a typical or common use of that class of product, regardless of the status of the particular user or of the way in which the particular user actually uses, or expects or is expected to use, the product. A product is a consumer product regardless of whether the product has substantial commercial, industrial or non-consumer uses, unless such uses represent the only significant mode of use of the product.

â��Installation Informationâ�� for a User Product means any methods, procedures, authorization keys, or other information required to install and execute modified versions of a covered work in that User Product from a modified version of its Corresponding Source. The information must suffice to ensure that the continued functioning of the modified object code is in no case prevented or interfered with solely because modification has been made.

If you convey an object code work under this section in, or with, or specifically for use in, a User Product, and the conveying occurs as part of a transaction in which the right of possession and use of the User Product is transferred to the recipient in perpetuity or for a fixed term (regardless of how the transaction is characterized), the Corresponding Source conveyed under this section must be accompanied by the Installation Information. But this requirement does not apply if neither you nor any third party retains the ability to install modified object code on the User Product (for example, the work has been installed in ROM).

The requirement to provide Installation Information does not include a requirement to continue to provide support service, warranty, or updates for a work that has been modified or installed by the recipient, or for the User Product in which it has been modified or installed. Access to a network may be denied when the modification itself materially and adversely affects the operation of the network or violates the rules and protocols for communication across the network.

Corresponding Source conveyed, and Installation Information provided, in accord with this section must be in a format that is publicly documented (and with an implementation available to the public in source code form), and must require no special password or key for unpacking, reading or copying.
7. Additional Terms.

â��Additional permissionsâ�� are terms that supplement the terms of this License by making exceptions from one or more of its conditions. Additional permissions that are applicable to the entire Program shall be treated as though they were included in this License, to the extent that they are valid under applicable law. If additional permissions apply only to part of the Program, that part may be used separately under those permissions, but the entire Program remains governed by this License without regard to the additional permissions.

When you convey a copy of a covered work, you may at your option remove any additional permissions from that copy, or from any part of it. (Additional permissions may be written to require their own removal in certain cases when you modify the work.) You may place additional permissions on material, added by you to a covered work, for which you have or can give appropriate copyright permission.

Notwithstanding any other provision of this License, for material you add to a covered work, you may (if authorized by the copyright holders of that material) supplement the terms of this License with terms:

    * a) Disclaiming warranty or limiting liability differently from the terms of sections 15 and 16 of this License; or
    * b) Requiring preservation of specified reasonable legal notices or author attributions in that material or in the Appropriate Legal Notices displayed by works containing it; or
    * c) Prohibiting misrepresentation of the origin of that material, or requiring that modified versions of such material be marked in reasonable ways as different from the original version; or
    * d) Limiting the use for publicity purposes of names of licensors or authors of the material; or
    * e) Declining to grant rights under trademark law for use of some trade names, trademarks, or service marks; or
    * f) Requiring indemnification of licensors and authors of that material by anyone who conveys the material (or modified versions of it) with contractual assumptions of liability to the recipient, for any liability that these contractual assumptions directly impose on those licensors and authors.

All other non-permissive additional terms are considered â��further restrictionsâ�� within the meaning of section 10. If the Program as you received it, or any part of it, contains a notice stating that it is governed by this License along with a term that is a further restriction, you may remove that term. If a license document contains a further restriction but permits relicensing or conveying under this License, you may add to a covered work material governed by the terms of that license document, provided that the further restriction does not survive such relicensing or conveying.

If you add terms to a covered work in accord with this section, you must place, in the relevant source files, a statement of the additional terms that apply to those files, or a notice indicating where to find the applicable terms.

Additional terms, permissive or non-permissive, may be stated in the form of a separately written license, or stated as exceptions; the above requirements apply either way.
8. Termination.

You may not propagate or modify a covered work except as expressly provided under this License. Any attempt otherwise to propagate or modify it is void, and will automatically terminate your rights under this License (including any patent licenses granted under the third paragraph of section 11).

However, if you cease all violation of this License, then your license from a particular copyright holder is reinstated (a) provisionally, unless and until the copyright holder explicitly and finally terminates your license, and (b) permanently, if the copyright holder fails to notify you of the violation by some reasonable means prior to 60 days after the cessation.

Moreover, your license from a particular copyright holder is reinstated permanently if the copyright holder notifies you of the violation by some reasonable means, this is the first time you have received notice of violation of this License (for any work) from that copyright holder, and you cure the violation prior to 30 days after your receipt of the notice.

Termination of your rights under this section does not terminate the licenses of parties who have received copies or rights from you under this License. If your rights have been terminated and not permanently reinstated, you do not qualify to receive new licenses for the same material under section 10.
9. Acceptance Not Required for Having Copies.

You are not required to accept this License in order to receive or run a copy of the Program. Ancillary propagation of a covered work occurring solely as a consequence of using peer-to-peer transmission to receive a copy likewise does not require acceptance. However, nothing other than this License grants you permission to propagate or modify any covered work. These actions infringe copyright if you do not accept this License. Therefore, by modifying or propagating a covered work, you indicate your acceptance of this License to do so.
10. Automatic Licensing of Downstream Recipients.

Each time you convey a covered work, the recipient automatically receives a license from the original licensors, to run, modify and propagate that work, subject to this License. You are not responsible for enforcing compliance by third parties with this License.

An â��entity transactionâ�� is a transaction transferring control of an organization, or substantially all assets of one, or subdividing an organization, or merging organizations. If propagation of a covered work results from an entity transaction, each party to that transaction who receives a copy of the work also receives whatever licenses to the work the party's predecessor in interest had or could give under the previous paragraph, plus a right to possession of the Corresponding Source of the work from the predecessor in interest, if the predecessor has it or can get it with reasonable efforts.

You may not impose any further restrictions on the exercise of the rights granted or affirmed under this License. For example, you may not impose a license fee, royalty, or other charge for exercise of rights granted under this License, and you may not initiate litigation (including a cross-claim or counterclaim in a lawsuit) alleging that any patent claim is infringed by making, using, selling, offering for sale, or importing the Program or any portion of it.
11. Patents.

A â��contributorâ�� is a copyright holder who authorizes use under this License of the Program or a work on which the Program is based. The work thus licensed is called the contributor's â��contributor versionâ��.

A contributor's â��essential patent claimsâ�� are all patent claims owned or controlled by the contributor, whether already acquired or hereafter acquired, that would be infringed by some manner, permitted by this License, of making, using, or selling its contributor version, but do not include claims that would be infringed only as a consequence of further modification of the contributor version. For purposes of this definition, â��controlâ�� includes the right to grant patent sublicenses in a manner consistent with the requirements of this License.

Each contributor grants you a non-exclusive, worldwide, royalty-free patent license under the contributor's essential patent claims, to make, use, sell, offer for sale, import and otherwise run, modify and propagate the contents of its contributor version.

In the following three paragraphs, a â��patent licenseâ�� is any express agreement or commitment, however denominated, not to enforce a patent (such as an express permission to practice a patent or covenant not to sue for patent infringement). To â��grantâ�� such a patent license to a party means to make such an agreement or commitment not to enforce a patent against the party.

If you convey a covered work, knowingly relying on a patent license, and the Corresponding Source of the work is not available for anyone to copy, free of charge and under the terms of this License, through a publicly available network server or other readily accessible means, then you must either (1) cause the Corresponding Source to be so available, or (2) arrange to deprive yourself of the benefit of the patent license for this particular work, or (3) arrange, in a manner consistent with the requirements of this License, to extend the patent license to downstream recipients. â��Knowingly relyingâ�� means you have actual knowledge that, but for the patent license, your conveying the covered work in a country, or your recipient's use of the covered work in a country, would infringe one or more identifiable patents in that country that you have reason to believe are valid.

If, pursuant to or in connection with a single transaction or arrangement, you convey, or propagate by procuring conveyance of, a covered work, and grant a patent license to some of the parties receiving the covered work authorizing them to use, propagate, modify or convey a specific copy of the covered work, then the patent license you grant is automatically extended to all recipients of the covered work and works based on it.

A patent license is â��discriminatoryâ�� if it does not include within the scope of its coverage, prohibits the exercise of, or is conditioned on the non-exercise of one or more of the rights that are specifically granted under this License. You may not convey a covered work if you are a party to an arrangement with a third party that is in the business of distributing software, under which you make payment to the third party based on the extent of your activity of conveying the work, and under which the third party grants, to any of the parties who would receive the covered work from you, a discriminatory patent license (a) in connection with copies of the covered work conveyed by you (or copies made from those copies), or (b) primarily for and in connection with specific products or compilations that contain the covered work, unless you entered into that arrangement, or that patent license was granted, prior to 28 March 2007.

Nothing in this License shall be construed as excluding or limiting any implied license or other defenses to infringement that may otherwise be available to you under applicable patent law.
12. No Surrender of Others' Freedom.

If conditions are imposed on you (whether by court order, agreement or otherwise) that contradict the conditions of this License, they do not excuse you from the conditions of this License. If you cannot convey a covered work so as to satisfy simultaneously your obligations under this License and any other pertinent obligations, then as a consequence you may not convey it at all. For example, if you agree to terms that obligate you to collect a royalty for further conveying from those to whom you convey the Program, the only way you could satisfy both those terms and this License would be to refrain entirely from conveying the Program.
13. Use with the GNU Affero General Public License.

Notwithstanding any other provision of this License, you have permission to link or combine any covered work with a work licensed under version 3 of the GNU Affero General Public License into a single combined work, and to convey the resulting work. The terms of this License will continue to apply to the part which is the covered work, but the special requirements of the GNU Affero General Public License, section 13, concerning interaction through a network will apply to the combination as such.
14. Revised Versions of this License.

The Free Software Foundation may publish revised and/or new versions of the GNU General Public License from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems or concerns.

Each version is given a distinguishing version number. If the Program specifies that a certain numbered version of the GNU General Public License â��or any later versionâ�� applies to it, you have the option of following the terms and conditions either of that numbered version or of any later version published by the Free Software Foundation. If the Program does not specify a version number of the GNU General Public License, you may choose any version ever published by the Free Software Foundation.

If the Program specifies that a proxy can decide which future versions of the GNU General Public License can be used, that proxy's public statement of acceptance of a version permanently authorizes you to choose that version for the Program.

Later license versions may give you additional or different permissions. However, no additional obligations are imposed on any author or copyright holder as a result of your choosing to follow a later version.
15. Disclaimer of Warranty.

THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM â��AS ISâ�� WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM IS WITH YOU. SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY SERVICING, REPAIR OR CORRECTION.
16. Limitation of Liability.

IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MODIFIES AND/OR CONVEYS THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY OTHER PROGRAMS), EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.
17. Interpretation of Sections 15 and 16.

If the disclaimer of warranty and limitation of liability provided above cannot be given local legal effect according to their terms, reviewing courts shall apply local law that most closely approximates an absolute waiver of all civil liability in connection with the Program, unless a warranty or assumption of liability accompanies a copy of the Program in return for a fee.

END OF TERMS AND CONDITIONS
How to Apply These Terms to Your New Programs

If you develop a new program, and you want it to be of the greatest possible use to the public, the best way to achieve this is to make it free software which everyone can redistribute and change under these terms.

To do so, attach the following notices to the program. It is safest to attach them to the start of each source file to most effectively state the exclusion of warranty; and each file should have at least the â��copyrightâ�� line and a pointer to where the full notice is found.

    <one line to give the program's name and a brief idea of what it does.>
    Copyright (C) <year>  <name of author>

    This program is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    This program is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with this program.  If not, see <http://www.gnu.org/licenses/>.

Also add information on how to contact you by electronic and paper mail.

If the program does terminal interaction, make it output a short notice like this when it starts in an interactive mode:

    <program>  Copyright (C) <year>  <name of author>
    This program comes with ABSOLUTELY NO WARRANTY; for details type `show w'.
    This is free software, and you are welcome to redistribute it
    under certain conditions; type `show c' for details.

The hypothetical commands `show w' and `show c' should show the appropriate parts of the General Public License. Of course, your program's commands might be different; for a GUI interface, you would use an â��about boxâ��.

You should also get your employer (if you work as a programmer) or school, if any, to sign a â��copyright disclaimerâ�� for the program, if necessary. For more information on this, and how to apply and follow the GNU GPL, see <http://www.gnu.org/licenses/>.

The GNU General Public License does not permit incorporating your program into proprietary programs. If your program is a subroutine library, you may consider it more useful to permit linking proprietary applications with the library. If this is what you want to do, use the GNU Lesser General Public License instead of this License. But first, please read <http://www.gnu.org/philosophy/why-not-lgpl.html>.
\end{multicols}

\section{GNU Free Documentation License}
\begin{multicols}{4}

Version 1.3, 3 November 2008

Copyright Â© 2000, 2001, 2002, 2007, 2008 Free Software Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.
0. PREAMBLE

The purpose of this License is to make a manual, textbook, or other functional and useful document "free" in the sense of freedom: to assure everyone the effective freedom to copy and redistribute it, with or without modifying it, either commercially or noncommercially. Secondarily, this License preserves for the author and publisher a way to get credit for their work, while not being considered responsible for modifications made by others.

This License is a kind of "copyleft", which means that derivative works of the document must themselves be free in the same sense. It complements the GNU General Public License, which is a copyleft license designed for free software.

We have designed this License in order to use it for manuals for free software, because free software needs free documentation: a free program should come with manuals providing the same freedoms that the software does. But this License is not limited to software manuals; it can be used for any textual work, regardless of subject matter or whether it is published as a printed book. We recommend this License principally for works whose purpose is instruction or reference.
1. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains a notice placed by the copyright holder saying it can be distributed under the terms of this License. Such a notice grants a world-wide, royalty-free license, unlimited in duration, to use that work under the conditions stated herein. The "Document", below, refers to any such manual or work. Any member of the public is a licensee, and is addressed as "you". You accept the license if you copy, modify or distribute the work in a way requiring permission under copyright law.

A "Modified Version" of the Document means any work containing the Document or a portion of it, either copied verbatim, or with modifications and/or translated into another language.

A "Secondary Section" is a named appendix or a front-matter section of the Document that deals exclusively with the relationship of the publishers or authors of the Document to the Document's overall subject (or to related matters) and contains nothing that could fall directly within that overall subject. (Thus, if the Document is in part a textbook of mathematics, a Secondary Section may not explain any mathematics.) The relationship could be a matter of historical connection with the subject or with related matters, or of legal, commercial, philosophical, ethical or political position regarding them.

The "Invariant Sections" are certain Secondary Sections whose titles are designated, as being those of Invariant Sections, in the notice that says that the Document is released under this License. If a section does not fit the above definition of Secondary then it is not allowed to be designated as Invariant. The Document may contain zero Invariant Sections. If the Document does not identify any Invariant Sections then there are none.

The "Cover Texts" are certain short passages of text that are listed, as Front-Cover Texts or Back-Cover Texts, in the notice that says that the Document is released under this License. A Front-Cover Text may be at most 5 words, and a Back-Cover Text may be at most 25 words.

A "Transparent" copy of the Document means a machine-readable copy, represented in a format whose specification is available to the general public, that is suitable for revising the document straightforwardly with generic text editors or (for images composed of pixels) generic paint programs or (for drawings) some widely available drawing editor, and that is suitable for input to text formatters or for automatic translation to a variety of formats suitable for input to text formatters. A copy made in an otherwise Transparent file format whose markup, or absence of markup, has been arranged to thwart or discourage subsequent modification by readers is not Transparent. An image format is not Transparent if used for any substantial amount of text. A copy that is not "Transparent" is called "Opaque".

Examples of suitable formats for Transparent copies include plain ASCII without markup, Texinfo input format, LaTeX input format, SGML or XML using a publicly available DTD, and standard-conforming simple HTML, PostScript or PDF designed for human modification. Examples of transparent image formats include PNG, XCF and JPG. Opaque formats include proprietary formats that can be read and edited only by proprietary word processors, SGML or XML for which the DTD and/or processing tools are not generally available, and the machine-generated HTML, PostScript or PDF produced by some word processors for output purposes only.

The "Title Page" means, for a printed book, the title page itself, plus such following pages as are needed to hold, legibly, the material this License requires to appear in the title page. For works in formats which do not have any title page as such, "Title Page" means the text near the most prominent appearance of the work's title, preceding the beginning of the body of the text.

The "publisher" means any person or entity that distributes copies of the Document to the public.

A section "Entitled XYZ" means a named subunit of the Document whose title either is precisely XYZ or contains XYZ in parentheses following text that translates XYZ in another language. (Here XYZ stands for a specific section name mentioned below, such as "Acknowledgements", "Dedications", "Endorsements", or "History".) To "Preserve the Title" of such a section when you modify the Document means that it remains a section "Entitled XYZ" according to this definition.

The Document may include Warranty Disclaimers next to the notice which states that this License applies to the Document. These Warranty Disclaimers are considered to be included by reference in this License, but only as regards disclaiming warranties: any other implication that these Warranty Disclaimers may have is void and has no effect on the meaning of this License.
2. VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially or noncommercially, provided that this License, the copyright notices, and the license notice saying this License applies to the Document are reproduced in all copies, and that you add no other conditions whatsoever to those of this License. You may not use technical measures to obstruct or control the reading or further copying of the copies you make or distribute. However, you may accept compensation in exchange for copies. If you distribute a large enough number of copies you must also follow the conditions in section 3.

You may also lend copies, under the same conditions stated above, and you may publicly display copies.
3. COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed covers) of the Document, numbering more than 100, and the Document's license notice requires Cover Texts, you must enclose the copies in covers that carry, clearly and legibly, all these Cover Texts: Front-Cover Texts on the front cover, and Back-Cover Texts on the back cover. Both covers must also clearly and legibly identify you as the publisher of these copies. The front cover must present the full title with all words of the title equally prominent and visible. You may add other material on the covers in addition. Copying with changes limited to the covers, as long as they preserve the title of the Document and satisfy these conditions, can be treated as verbatim copying in other respects.

If the required texts for either cover are too voluminous to fit legibly, you should put the first ones listed (as many as fit reasonably) on the actual cover, and continue the rest onto adjacent pages.

If you publish or distribute Opaque copies of the Document numbering more than 100, you must either include a machine-readable Transparent copy along with each Opaque copy, or state in or with each Opaque copy a computer-network location from which the general network-using public has access to download using public-standard network protocols a complete Transparent copy of the Document, free of added material. If you use the latter option, you must take reasonably prudent steps, when you begin distribution of Opaque copies in quantity, to ensure that this Transparent copy will remain thus accessible at the stated location until at least one year after the last time you distribute an Opaque copy (directly or through your agents or retailers) of that edition to the public.

It is requested, but not required, that you contact the authors of the Document well before redistributing any large number of copies, to give them a chance to provide you with an updated version of the Document.
4. MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the conditions of sections 2 and 3 above, provided that you release the Modified Version under precisely this License, with the Modified Version filling the role of the Document, thus licensing distribution and modification of the Modified Version to whoever possesses a copy of it. In addition, you must do these things in the Modified Version:

    * A. Use in the Title Page (and on the covers, if any) a title distinct from that of the Document, and from those of previous versions (which should, if there were any, be listed in the History section of the Document). You may use the same title as a previous version if the original publisher of that version gives permission.
    * B. List on the Title Page, as authors, one or more persons or entities responsible for authorship of the modifications in the Modified Version, together with at least five of the principal authors of the Document (all of its principal authors, if it has fewer than five), unless they release you from this requirement.
    * C. State on the Title page the name of the publisher of the Modified Version, as the publisher.
    * D. Preserve all the copyright notices of the Document.
    * E. Add an appropriate copyright notice for your modifications adjacent to the other copyright notices.
    * F. Include, immediately after the copyright notices, a license notice giving the public permission to use the Modified Version under the terms of this License, in the form shown in the Addendum below.
    * G. Preserve in that license notice the full lists of Invariant Sections and required Cover Texts given in the Document's license notice.
    * H. Include an unaltered copy of this License.
    * I. Preserve the section Entitled "History", Preserve its Title, and add to it an item stating at least the title, year, new authors, and publisher of the Modified Version as given on the Title Page. If there is no section Entitled "History" in the Document, create one stating the title, year, authors, and publisher of the Document as given on its Title Page, then add an item describing the Modified Version as stated in the previous sentence.
    * J. Preserve the network location, if any, given in the Document for public access to a Transparent copy of the Document, and likewise the network locations given in the Document for previous versions it was based on. These may be placed in the "History" section. You may omit a network location for a work that was published at least four years before the Document itself, or if the original publisher of the version it refers to gives permission.
    * K. For any section Entitled "Acknowledgements" or "Dedications", Preserve the Title of the section, and preserve in the section all the substance and tone of each of the contributor acknowledgements and/or dedications given therein.
    * L. Preserve all the Invariant Sections of the Document, unaltered in their text and in their titles. Section numbers or the equivalent are not considered part of the section titles.
    * M. Delete any section Entitled "Endorsements". Such a section may not be included in the Modified Version.
    * N. Do not retitle any existing section to be Entitled "Endorsements" or to conflict in title with any Invariant Section.
    * O. Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices that qualify as Secondary Sections and contain no material copied from the Document, you may at your option designate some or all of these sections as invariant. To do this, add their titles to the list of Invariant Sections in the Modified Version's license notice. These titles must be distinct from any other section titles.

You may add a section Entitled "Endorsements", provided it contains nothing but endorsements of your Modified Version by various partiesâ��for example, statements of peer review or that the text has been approved by an organization as the authoritative definition of a standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage of up to 25 words as a Back-Cover Text, to the end of the list of Cover Texts in the Modified Version. Only one passage of Front-Cover Text and one of Back-Cover Text may be added by (or through arrangements made by) any one entity. If the Document already includes a cover text for the same cover, previously added by you or by arrangement made by the same entity you are acting on behalf of, you may not add another; but you may replace the old one, on explicit permission from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give permission to use their names for publicity for or to assert or imply endorsement of any Modified Version.
5. COMBINING DOCUMENTS

You may combine the Document with other documents released under this License, under the terms defined in section 4 above for modified versions, provided that you include in the combination all of the Invariant Sections of all of the original documents, unmodified, and list them all as Invariant Sections of your combined work in its license notice, and that you preserve all their Warranty Disclaimers.

The combined work need only contain one copy of this License, and multiple identical Invariant Sections may be replaced with a single copy. If there are multiple Invariant Sections with the same name but different contents, make the title of each such section unique by adding at the end of it, in parentheses, the name of the original author or publisher of that section if known, or else a unique number. Make the same adjustment to the section titles in the list of Invariant Sections in the license notice of the combined work.

In the combination, you must combine any sections Entitled "History" in the various original documents, forming one section Entitled "History"; likewise combine any sections Entitled "Acknowledgements", and any sections Entitled "Dedications". You must delete all sections Entitled "Endorsements".
6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents released under this License, and replace the individual copies of this License in the various documents with a single copy that is included in the collection, provided that you follow the rules of this License for verbatim copying of each of the documents in all other respects.

You may extract a single document from such a collection, and distribute it individually under this License, provided you insert a copy of this License into the extracted document, and follow this License in all other respects regarding verbatim copying of that document.
7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and independent documents or works, in or on a volume of a storage or distribution medium, is called an "aggregate" if the copyright resulting from the compilation is not used to limit the legal rights of the compilation's users beyond what the individual works permit. When the Document is included in an aggregate, this License does not apply to the other works in the aggregate which are not themselves derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the Document, then if the Document is less than one half of the entire aggregate, the Document's Cover Texts may be placed on covers that bracket the Document within the aggregate, or the electronic equivalent of covers if the Document is in electronic form. Otherwise they must appear on printed covers that bracket the whole aggregate.
8. TRANSLATION

Translation is considered a kind of modification, so you may distribute translations of the Document under the terms of section 4. Replacing Invariant Sections with translations requires special permission from their copyright holders, but you may include translations of some or all Invariant Sections in addition to the original versions of these Invariant Sections. You may include a translation of this License, and all the license notices in the Document, and any Warranty Disclaimers, provided that you also include the original English version of this License and the original versions of those notices and disclaimers. In case of a disagreement between the translation and the original version of this License or a notice or disclaimer, the original version will prevail.

If a section in the Document is Entitled "Acknowledgements", "Dedications", or "History", the requirement (section 4) to Preserve its Title (section 1) will typically require changing the actual title.
9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as expressly provided under this License. Any attempt otherwise to copy, modify, sublicense, or distribute it is void, and will automatically terminate your rights under this License.

However, if you cease all violation of this License, then your license from a particular copyright holder is reinstated (a) provisionally, unless and until the copyright holder explicitly and finally terminates your license, and (b) permanently, if the copyright holder fails to notify you of the violation by some reasonable means prior to 60 days after the cessation.

Moreover, your license from a particular copyright holder is reinstated permanently if the copyright holder notifies you of the violation by some reasonable means, this is the first time you have received notice of violation of this License (for any work) from that copyright holder, and you cure the violation prior to 30 days after your receipt of the notice.

Termination of your rights under this section does not terminate the licenses of parties who have received copies or rights from you under this License. If your rights have been terminated and not permanently reinstated, receipt of a copy of some or all of the same material does not give you any rights to use it.
10. FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free Documentation License from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems or concerns. See http://www.gnu.org/copyleft/.

Each version of the License is given a distinguishing version number. If the Document specifies that a particular numbered version of this License "or any later version" applies to it, you have the option of following the terms and conditions either of that specified version or of any later version that has been published (not as a draft) by the Free Software Foundation. If the Document does not specify a version number of this License, you may choose any version ever published (not as a draft) by the Free Software Foundation. If the Document specifies that a proxy can decide which future versions of this License can be used, that proxy's public statement of acceptance of a version permanently authorizes you to choose that version for the Document.
11. RELICENSING

"Massive Multiauthor Collaboration Site" (or "MMC Site") means any World Wide Web server that publishes copyrightable works and also provides prominent facilities for anybody to edit those works. A public wiki that anybody can edit is an example of such a server. A "Massive Multiauthor Collaboration" (or "MMC") contained in the site means any set of copyrightable works thus published on the MMC site.

"CC-BY-SA" means the Creative Commons Attribution-Share Alike 3.0 license published by Creative Commons Corporation, a not-for-profit corporation with a principal place of business in San Francisco, California, as well as future copyleft versions of that license published by that same organization.

"Incorporate" means to publish or republish a Document, in whole or in part, as part of another Document.

An MMC is "eligible for relicensing" if it is licensed under this License, and if all works that were first published under this License somewhere other than this MMC, and subsequently incorporated in whole or in part into the MMC, (1) had no cover texts or invariant sections, and (2) were thus incorporated prior to November 1, 2008.

The operator of an MMC Site may republish an MMC contained in the site under CC-BY-SA on the same site at any time before August 1, 2009, provided the MMC is eligible for relicensing.
ADDENDUM: How to use this License for your documents

To use this License in a document you have written, include a copy of the License in the document and put the following copyright and license notices just after the title page:

    Copyright (C)  YEAR  YOUR NAME.
    Permission is granted to copy, distribute and/or modify this document
    under the terms of the GNU Free Documentation License, Version 1.3
    or any later version published by the Free Software Foundation;
    with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts.
    A copy of the license is included in the section entitled "GNU
    Free Documentation License".

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace the "with â�¦ Texts." line with this:

    with the Invariant Sections being LIST THEIR TITLES, with the
    Front-Cover Texts being LIST, and with the Back-Cover Texts being LIST.

If you have Invariant Sections without Cover Texts, or some other combination of the three, merge those two alternatives to suit the situation.

If your document contains nontrivial examples of program code, we recommend releasing these examples in parallel under your choice of free software license, such as the GNU General Public License, to permit their use in free software.
\end{multicols}

\section{GNU Lesser General Public License}
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GNU LESSER GENERAL PUBLIC LICENSE

Version 3, 29 June 2007

Copyright Â© 2007 Free Software Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.

This version of the GNU Lesser General Public License incorporates the terms and conditions of version 3 of the GNU General Public License, supplemented by the additional permissions listed below.
0. Additional Definitions.

As used herein, â��this Licenseâ�� refers to version 3 of the GNU Lesser General Public License, and the â��GNU GPLâ�� refers to version 3 of the GNU General Public License.

â��The Libraryâ�� refers to a covered work governed by this License, other than an Application or a Combined Work as defined below.

An â��Applicationâ�� is any work that makes use of an interface provided by the Library, but which is not otherwise based on the Library. Defining a subclass of a class defined by the Library is deemed a mode of using an interface provided by the Library.

A â��Combined Workâ�� is a work produced by combining or linking an Application with the Library. The particular version of the Library with which the Combined Work was made is also called the â��Linked Versionâ��.

The â��Minimal Corresponding Sourceâ�� for a Combined Work means the Corresponding Source for the Combined Work, excluding any source code for portions of the Combined Work that, considered in isolation, are based on the Application, and not on the Linked Version.

The â��Corresponding Application Codeâ�� for a Combined Work means the object code and/or source code for the Application, including any data and utility programs needed for reproducing the Combined Work from the Application, but excluding the System Libraries of the Combined Work.
1. Exception to Section 3 of the GNU GPL.

You may convey a covered work under sections 3 and 4 of this License without being bound by section 3 of the GNU GPL.
2. Conveying Modified Versions.

If you modify a copy of the Library, and, in your modifications, a facility refers to a function or data to be supplied by an Application that uses the facility (other than as an argument passed when the facility is invoked), then you may convey a copy of the modified version:

    * a) under this License, provided that you make a good faith effort to ensure that, in the event an Application does not supply the function or data, the facility still operates, and performs whatever part of its purpose remains meaningful, or
    * b) under the GNU GPL, with none of the additional permissions of this License applicable to that copy.

3. Object Code Incorporating Material from Library Header Files.

The object code form of an Application may incorporate material from a header file that is part of the Library. You may convey such object code under terms of your choice, provided that, if the incorporated material is not limited to numerical parameters, data structure layouts and accessors, or small macros, inline functions and templates (ten or fewer lines in length), you do both of the following:

    * a) Give prominent notice with each copy of the object code that the Library is used in it and that the Library and its use are covered by this License.
    * b) Accompany the object code with a copy of the GNU GPL and this license document.

4. Combined Works.

You may convey a Combined Work under terms of your choice that, taken together, effectively do not restrict modification of the portions of the Library contained in the Combined Work and reverse engineering for debugging such modifications, if you also do each of the following:

    * a) Give prominent notice with each copy of the Combined Work that the Library is used in it and that the Library and its use are covered by this License.
    * b) Accompany the Combined Work with a copy of the GNU GPL and this license document.
    * c) For a Combined Work that displays copyright notices during execution, include the copyright notice for the Library among these notices, as well as a reference directing the user to the copies of the GNU GPL and this license document.
    * d) Do one of the following:
          o 0) Convey the Minimal Corresponding Source under the terms of this License, and the Corresponding Application Code in a form suitable for, and under terms that permit, the user to recombine or relink the Application with a modified version of the Linked Version to produce a modified Combined Work, in the manner specified by section 6 of the GNU GPL for conveying Corresponding Source.
          o 1) Use a suitable shared library mechanism for linking with the Library. A suitable mechanism is one that (a) uses at run time a copy of the Library already present on the user's computer system, and (b) will operate properly with a modified version of the Library that is interface-compatible with the Linked Version.
    * e) Provide Installation Information, but only if you would otherwise be required to provide such information under section 6 of the GNU GPL, and only to the extent that such information is necessary to install and execute a modified version of the Combined Work produced by recombining or relinking the Application with a modified version of the Linked Version. (If you use option 4d0, the Installation Information must accompany the Minimal Corresponding Source and Corresponding Application Code. If you use option 4d1, you must provide the Installation Information in the manner specified by section 6 of the GNU GPL for conveying Corresponding Source.)

5. Combined Libraries.

You may place library facilities that are a work based on the Library side by side in a single library together with other library facilities that are not Applications and are not covered by this License, and convey such a combined library under terms of your choice, if you do both of the following:

    * a) Accompany the combined library with a copy of the same work based on the Library, uncombined with any other library facilities, conveyed under the terms of this License.
    * b) Give prominent notice with the combined library that part of it is a work based on the Library, and explaining where to find the accompanying uncombined form of the same work.

6. Revised Versions of the GNU Lesser General Public License.

The Free Software Foundation may publish revised and/or new versions of the GNU Lesser General Public License from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems or concerns.

Each version is given a distinguishing version number. If the Library as you received it specifies that a certain numbered version of the GNU Lesser General Public License â��or any later versionâ�� applies to it, you have the option of following the terms and conditions either of that published version or of any later version published by the Free Software Foundation. If the Library as you received it does not specify a version number of the GNU Lesser General Public License, you may choose any version of the GNU Lesser General Public License ever published by the Free Software Foundation.

If the Library as you received it specifies that a proxy can decide whether future versions of the GNU Lesser General Public License shall apply, that proxy's public statement of acceptance of any version is permanent authorization for you to choose that version for the Library.
\end{multicols}
}
\pagebreak
\end{CJK}
\end{document}








headers/options.tex~

% Festlegungen für minitoc
% \renewcommand{\myminitoc}{\minitoc}
% \renewcommand{\mtctitle}{Überblick}
% \setcounter{minitocdepth}{1}
% \dominitoc   % diese Zeile aktiviert das Erstellen der minitocs, sie muss vor \tableofcontents kommen

% Seitenformat
% ------------
%\KOMAoption{paper}{A5}          % zulässig: letter, legal, executive; A-, B-, C-, D-Reihen
\KOMAoption{open}{right}			% zulässig: right (jedes Kapitel beginnt rechts), left, any
\KOMAoption{numbers}{auto}
% Satzspiegel jetzt neu berechnen, damit er bei Kopf- und Fußzeilen beachtet wird
\KOMAoptions{DIV=13}

% Kopf- und Fusszeilen
% --------------------
% Breite und Trennlinie
%\setheadwidth[-6mm]{textwithmarginpar}
%\setheadsepline[textwithmarginpar]{0.4pt}
\setheadwidth{text}
\setheadsepline[text]{0.4pt}

% Variante 1: Kopf: links Kapitel, rechts Abschnitt (ohne Nummer); Fuß: außen die Seitenzahl
\ohead{\headmark}
\renewcommand{\chaptermark}[1]{\markleft{#1}{}}
\renewcommand{\sectionmark}[1]{\markright{#1}{}}
\ofoot[\pagemark]{\pagemark}

% Variante 2: Kopf außen die Seitenzahl, Fuß nichts
%\ohead{\pagemark}
%\ofoot{}

% Standardschriften
% -----------------
%\KOMAoption{fontsize}{18pt}
\addtokomafont{disposition}{\rmfamily}
\addtokomafont{title}{\rmfamily} 
\setkomafont{pageheadfoot}{\normalfont\rmfamily\mdseries}

% vertikaler Ausgleich
% -------------------- 
% nein -> \raggedbottom
% ja   -> \flushbottom    aber ungeeignet bei Fußnoten
%\raggedbottom
\flushbottom

% Tiefe des Inhaltsverzeichnisses bestimmen
% -----------------------------------------
% -1   nur \part{}
%  0   bis \chapter{}
%  1   bis \section{}
%  2   bis \subsection{} usw.
\newcommand{\mytocdepth}{1}

% mypart - Teile des Buches und Inhaltsverzeichnis
% ------------------------------------------------
% Standard: nur im Inhaltsverzeichnis, zusätzlicher Eintrag ohne Seitenzahl
% Variante: nur im Inhaltsverzeichnis, zusätzlicher Eintrag mit Seitenzahl 
%\renewcommand{\mypart}[1]{\addcontentsline{toc}{part}{#1}}
% Variante: mit eigener Seite vor dem ersten Kapitel, mit Eintrag und Seitenzahl im Inhaltsverzeichnis
\renewcommand{\mypart}[1]{\part{#1}}


% maketitle
% -----------------------------------------------
% Bestandteile des Innentitels
%\title{Einführung in SQL}
%\author{Jürgen Thomas}
%\subtitle{Datenbanken bearbeiten}
\date{}
% Bestandteile von Impressum und CR
% Bestandteile von Impressum und CR

\uppertitleback{
%Detaillierte Daten zu dieser Publikation sind bei Wikibooks zu erhalten:\newline{} \url{http://de.wikibooks.org/}
%Diese Publikation ist bei der Deutschen Nationalbibliothek registriert. Detaillierte Daten sind im Internet  zu erhalten: \newline{}\url{https://portal.d-nb.de/opac.htm?method=showSearchForm#top}
%Diese Publikation ist bei der Deutschen Nationalbibliothek registriert. Detaillierte Daten sind im Internet unter der Katalog-Nr. 1008575860 zu erhalten: \newline{}\url{http://d-nb.info/1008575860}

%Namen von Programmen und Produkten sowie sonstige Angaben sind häufig geschützt. Da es auch freie Bezeichnungen gibt, wird das Symbol \textregistered{} nicht verwendet.

%Erstellt am 
\today{}
}

\lowertitleback{
{\footnotesize
On the 28th of April 2012 the contents of the English as well as German Wikibooks and Wikipedia projects were licensed under Creative Commons Attribution-ShareAlike 3.0 Unported license. An URI to this license is given in the list of figures on page \pageref{ListOfFigures}. If this document is a derived work from the contents of one of these projects and the content was still licensed by the project under this license at the time of derivation this document has to be licensed under the same, a similar or a compatible license, as stated in section 4b of the license. The list of contributors is included in chapter Contributors on page \pageref{Contributors}. The licenses GPL, LGPL and GFDL are included in chapter Licenses on page \pageref{Licenses}, since this book and/or parts of it may or may not be licensed under one or more of these licenses, and thus require inclusion of these licenses. The licenses of the figures are given in the list of figures on page \pageref{ListOfFigures}. This PDF was generated by the \LaTeX{} typesetting  software. The \LaTeX{} source code is included as an attachment ({\tt source.7z.txt}) in this PDF file. To extract the source from the PDF file, we recommend the use of \url{http://www.pdflabs.com/tools/pdftk-the-pdf-toolkit/} utility or clicking the paper clip attachment symbol on the lower left of your PDF Viewer, selecting {\tt Save Attachment}. After extracting it from the PDF file you have to rename it to {\tt source.7z}. To uncompress the resulting archive we recommend the use of \url{http://www.7-zip.org/}. The \LaTeX{} source itself was generated by a program written by Dirk Hünniger, which is freely available under an open source license from \url{http://de.wikibooks.org/wiki/Benutzer:Dirk_Huenniger/wb2pdf}. This distribution also contains a configured version of the {\tt pdflatex 
} compiler with all necessary packages and fonts needed to compile the \LaTeX{} source included in this PDF file. Click on the Icon below to save the attached latex source. \attachfile{source.7z.txt}

}}


\renewcommand{\mysubtitle}[1]{}
\renewcommand{\mymaintitle}[1]{}
\renewcommand{\myauthor}[1]{}

\newenvironment{myshaded}{%
  \def\FrameCommand{ \hskip-2pt \fboxsep=\FrameSep \colorbox{shadecolor}}%
  \MakeFramed {\advance\hsize-\width \FrameRestore}}%
 {\endMakeFramed}








headers/packages1.tex~

% Standard für Formatierung
%\usepackage[utf8]{inputenc} % use \usepackage[utf8]{inputenc} for tex4ht
\usepackage[usenames]{color}
\usepackage{textcomp} 
\usepackage{alltt} 
\usepackage{syntax}
\usepackage{parskip} 
\usepackage[normalem]{ulem}
\usepackage[pdftex,unicode=true]{hyperref}
\usepackage{tocstyle}
\usepackage[defblank]{paralist}
\usepackage{trace}
%\usepackage{bigstrut}
% Minitoc
%\usepackage{minitoc}

% Keystroke
\usepackage{keystroke}
\usepackage{supertabular}

\usepackage{wrapfig}
%\newcommand{\bigs}{\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut{}}







headers/packages2.tex~

% für Zeichensätze


%replacemnt for pslatex
\usepackage{mathptmx}
\usepackage[scaled=.92]{helvet}
\usepackage{courier}


\usepackage[T1]{fontenc} % disable this line for tex4ht

% für Tabellen
\usepackage{multirow}
\usepackage{multicol}
\usepackage{array,ragged2e}
\usepackage{longtable}

% für Kopf- und Fußzeilen, Fußnoten
\usepackage{scrpage2}
\usepackage{footnote}

% für Rahmen
\usepackage{verbatim}
\usepackage{framed}
\usepackage{mdframed}
\usepackage{listings}
\usepackage{lineno}

% für Symbole
\usepackage{amsmath}
\usepackage{amssymb}
\usepackage{amsfonts}

\usepackage{pifont}
\usepackage{marvosym}
\let\Cross\undefined 
\usepackage{fourier-orns}  % disable this line for tex4ht   % für weitere Logos, z.B. \danger

% für Grafik-Einbindung
\usepackage[pdftex]{graphicx}
\usepackage{wasysym}
\let\Square\undefined 

% unklare Verwendung
\usepackage{bbm}
\usepackage{skull}

%arabtex
\usepackage[T1]{tipa}  % disable this line for tex4ht

\usepackage{fancyvrb}
\usepackage{bbding} 
\usepackage{textcomp}
\usepackage[table]{xcolor}
\usepackage{microtype}
\usepackage{lscape}
\usepackage{amsthm}







headers/templates.tex~

\newcommand{\wbtempcolora}{white}
\newcommand{\wbtempcolorb}{white}
\newcommand{\wbtempcolorc}{white}
\newcommand{\wbtemptexta}{}
\newcommand{\wbtemptextb}{}
\newcommand{\wbtemptextc}{}
\newlength{\wbtemplengtha}
\setlength{\wbtemplengtha}{0pt}
\newlength{\wbtemplengthb}
\setlength{\wbtemplengthb}{0pt}
\newlength{\wbtemplengthc}
\setlength{\wbtemplengthc}{0pt}
\newlength{\wbtemplengthd}
\setlength{\wbtemplengthd}{0pt}
\newlength{\wbtemplengthe}
\setlength{\wbtemplengthe}{0pt}
\newcount\wbtempcounta
\wbtempcounta=0
\newcount\wbtempcountb
\wbtempcountb=0
\newcount\wbtempcountc
\wbtempcountc=0

\newcommand{\CPPAuthorsTemplate}[4]{
\LaTeXZeroBoxTemplate{
The following people are authors to this book:

#3

You can verify who has contributed to this book by examining the history logs at Wikibooks (http://en.wikibooks.org/).

Acknowledgment is given for using some contents from other works like #1, as from the authors #2.

The above authors release their work under the following license:

This work is licensed under the Creative Commons Attribution-Share Alike 3.0 Unported license. In short: you are free to share and to make derivatives of this work under the conditions that you appropriately attribute it, and that you only distribute it under the same, similar or a compatible license. Any of the above conditions can be waived if you get permission from the copyright holder.
Unless otherwise noted, #4 used in this book have their own copyright, may use different licenses than the one used here, and were not created by the above authors. The authors, contributors, and licenses used should be acknowledged separately.}
}


\newcommand{\tlTemplate}[1]{{\{\{{\ttfamily #1}\}\}}}

\newcommand{\matrixdimTemplate}[1]{
\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
{\bfseries Matrix Dimensions: }\\
A: $p \times p$ \\
B:  $p \times q$\\
C:  $r \times p$\\
D:  $r \times q$\\
\end{myshaded}
}

\newcommand{\matlabTemplate}[1]{
\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
This operation can be performed using this MATLAB command:
{\ttfamily #1}
\end{myshaded}}

\newcommand{\PrintUnitPage}[3]{\pagebreak
\begin{flushleft}
{\bfseries \Large #1}
\end{flushleft}

\begin{longtable}{>{\RaggedRight}p{0.5\linewidth}>{\RaggedRight}p{0.5\linewidth}}
& #2
\end{longtable}}

\newcommand{\LaTeXCodeTipTemplate}[3]{

\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
#1 \\
#2 \\
#3
\end{myshaded}
}

\newcommand{\DisassemblySyntax}[1]{

\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
This code example uses #1 Syntax
\end{myshaded}}


\newcommand{\LaTeXDeutschTemplate}[1]{ {\bfseries deutsch:} #1 }



\newcommand{\LaTeXNullTemplate}[1]{}
\newcommand{\LatexSymbol}[1]{\LaTeX}

\newcommand{\LaTeXDoubleBoxTemplate}[2]{

\begin{minipage}{\linewidth}\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries #1} \\
#2
\end{myshaded}
\end{minipage}

}


\newcommand{\LaTeXSimpleBoxTemplate}[2]{
{\bfseries #1} \\
#2
}

\newcommand{\SolutionBoxTemplate}[2]{
#2
}


\newcommand{\LaTeXDoubleBoxOpenTemplate}[2]{

\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries #1} \\
#2
\end{myshaded}

}


\newcommand{\LaTeXLatinExcerciseTemplate}[3]{

\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries Excercise: #1} \\
#2 \\
{\bfseries Solution}
#3
\end{myshaded}

}


\newcommand{\LaTeXShadedColorBoxTemplate}[2]{
{\linewidth}#1\begin{myshaded}
#2
\end{myshaded}
}

\newcommand{\PGP}[1]{PGP:#1}


\newcommand{\DETAILS}[1]{For more details on this topic, see #1}

\newcommand{\ADAFile}[1]{\LaTeXZeroBoxTemplate{File: #1}}
\newcommand{\ADASample}[1]{\LaTeXZeroBoxTemplate{This code sample is also available in #1}}


\newcommand{\LaTeXZeroBoxTemplate}[1]{
\begin{minipage}{\linewidth}\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}
#1
\end{myshaded}
\end{minipage}
}

\newcommand{\LaTeXZeroBoxOpenTemplate}[1]{
\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}
#1
\end{myshaded}
}

\newcommand{\PDFLink}[1]{
\textbf{PDF} #1
}

\newcommand{\Lysippos}[1]{Lysippos}


\newcommand{\SonnensystemFakten}[3]{
#1 \\
\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries #2}  \\
#3 \\
\end{myshaded}
}


\newcommand{\VorlageReferenzenEintrag}[3]{
\begin{longtable}{p{0.2\linewidth}p{0.8\linewidth}}

{[\bfseries #1]} & {\itshape #2} #3 \\
\end{longtable}

}

\newcommand{\MBOX}[2]{\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
\begin{longtable}{p{0.2\linewidth}p{0.7\linewidth}}
#1 & #2 \\
\end{longtable}
\end{myshaded}}



\newcommand{\LaTeXIdentityTemplate}[1]{#1
}

\newcommand{\AdaRM}[3]{\myfnhref{http://www.adaic.org/resources/add_content/standards/05rm/html/RM-#1-#2.html}{#1.#2 #3}}

\newcommand{\AdaEightThreeRM}[2]{\myfnhref{http://archive.adaic.com/standards/83lrm/html/lrm-#1.html}{Annex #1: #2}}

\newcommand{\AdaRMThree}[4]{\myfnhref{http://www.adaic.org/resources/add_content/standards/05rm/html/RM-#1-#2-#3.html}{#1.#2.#3 #4}}

\newcommand{\AdaRMAThree}[4]{\myfnhref{http://www.adaic.org/resources/add_content/standards/05rm/html/RM-#1-#2-#3.html}{Annex #1.#2.#3 #4}}

\newcommand{\AdaRMATwo}[3]{\myfnhref{http://www.adaic.org/resources/add_content/standards/05rm/html/RM-#1-#2.html}{Annex #1.#2 #3}}





\newcommand{\AdaNiveFiveRMThree}[4]{\myfnhref{http://www.adaic.org/resources/add_content/standards/95lrm/ARM_HTML/RM-#1-#2-#3.html}{#1.#2.#3 #4}}


\newcommand{\AdaSGThree}[4]{\myfnhref{http://www.adaic.org/resources/add_content/docs/95style/html/sec_#1/#1-#2-#3.html}{#1.#2.#3 #4}}

\newcommand{\AdaSGTwo}[3]{\myfnhref{http://www.adaic.org/resources/add_content/docs/95style/html/sec_#1/#1-#2.html}{#1.#2 #3}}


\newcommand{\AdaSGOne}[2]{\myfnhref{http://www.adaic.org/resources/add_content/docs/95style/html/sec_#1/}{Chapter #1: #2}}

\newcommand{\AdaSGOne}[2]{\myfnhref{_#1/}{Chapter #1: #2}}


\newcommand{\AdaRMNineFive}[3]{\myfnhref{http://www.adaic.org/resources/add_content/standards/95lrm/ARM_HTML/RM-#1-#2.html}{#1.#2 #3}}


\newcommand{\AdaRMCiteFive}[7]{\myfnhref{http://www.adaic.org/resources/add_content/standards/05rm/html/RM-#1-#2-#3.html}{ISO/IEC 8652:2007. #1.#2.#3 #4 (#5). Ada 2005 Reference Manual. #7 }}


\newcommand{\AdaTwentyZeroFive}[1]{{\itshape This language feature is only available in Ada 2005}}

\newcommand{\ADANFAI}[2]{\myfnhref{http://www.ada-auth.org/cgi-bin/cvsweb.cgi/AIs/AI-00#1.TXT}{AI95-00#1-01 #2}}

\newcommand{\ADARMAONE}[2]{\myfnhref{http://www.adaic.org/resources/add_content/standards/05rm/html/RM-#1.html}{Annex #1 #2}}

\newcommand{\ADARMONE}[2]{\myfnhref{http://www.adaic.org/resources/add_content/standards/05rm/html/RM-#1.html}{Section #1: #2}}
\newcommand{\ADANiveFiveRMONE}[2]{\myfnhref{http://www.adaic.org/resources/add_content/standards/95lrm/ARM_HTML/RM-#1.html}{Section #1: #2}}

\newcommand{\AdaNiveFiveRMAThree}[4]{\myfnhref{http://www.adaic.org/resources/add_content/standards/95lrm/ARM_HTML/RM-#1-#2-#3.html}{Annex #1.#2-#3 #4}}

\newcommand{\AdaNiveFiveRMATwo}[4]{\myfnhref{http://www.adaic.org/resources/add_content/standards/95lrm/ARM_HTML/RM-#1-#2.html}{Annex #1.#2 #3}}

\newcommand{\AdaNiveFiveR}[3]{\myfnhref{http://www.adaic.org/resources/add_content/standards/95rat/rat95html/rat95-p#3-#1.html}{#1 #2}}

\newcommand{\AdaNiveFiveRTwo}[4]{\myfnhref{http://www.adaic.org/resources/add_content/standards/95rat/rat95html/rat95-p#4-#1.html}{#1.#2 #3}}



\newcommand{\AdaPragma}[1]{\LaTeXTTBF{pragma} }



\newcommand{\TychoBrahe}[1]{Tycho Brahe}

\newcommand{\LaTeXPlainBoxTemplate}[1]{
\begin{minipage}{\linewidth}\definecolor{shadecolor}{gray}{0.9}\begin{myshaded} 
#1
\end{myshaded}
\end{minipage}
}


\newcommand{\Hinweis}[1]{
\begin{TemplateInfo}{{\Huge \textcircled{\LARGE !}}}{Hinweis}
#1
\end{TemplateInfo}}



\newcommand{\LaTexInfoTemplateOne}[1]{
\begin{TemplateInfo}{\Info}{Information}
#1
\end{TemplateInfo}}

\newcommand{\EqnTemplate}[1]{
\begin{flushright}
\textbf{[#1]}
\end{flushright}}

\newcommand{\RefTemplate}[1]{[#1]}


\newcommand{\LaTeXGCCTakeTemplate}[1]{
\LaTeXDoubleBoxTemplate{Take home:}{#1}
}

\newcommand{\LaTeXEditorNote}[1]{\LaTeXDoubleBoxTemplate{Editor's note}{#1}}

\newcommand{\BNPForVersion}[1]{
\LaTeXInfoTemplateOne{Applicable Blender version: #1}
}

\newcommand{\LaTeXInfoTemplateOne}[1]{
\begin{TemplateInfo}{\Info}{Information}
#1
\end{TemplateInfo}
}


\newcommand{\LaTexHelpFulHintTemplate}[1]{
\LaTeXDoubleBoxTemplate{Helpful Hint:}{#1}
}

\newcommand{\MyLaTeXTemplate}[3]{
\LaTeXDoubleBoxTemplate{MyLaTeXTemplate1:}{#1 \\ #2 \\ #3}
}

\newcommand{\TemplatePreformat}[1]{
\par
\begin{scriptsize}
%\setlength{\baselineskip}{0.9\baselineskip}
\ttfamily
#1
\par
\end{scriptsize}
}

\newcommand{\TemplateSpaceIndent}[1]{
\begin{scriptsize}
\begin{framed}
\ttfamily
#1
\end{framed}
\end{scriptsize}
}

\newcommand{\GenericColorBox}[2]
{
\newline
\begin{tabular}[t]{p{0.6cm}p{4cm}}
#1&#2\\  
\end{tabular}
}

\newcommand{\legendNamedColorBox}[2]
{
  \GenericColorBox{
    \parbox[t]{0.5\linewidth}{
      \textsuperscript{
        \fcolorbox{black}{#1}{
          \Huge{\,\,}
        }
      }
    }
  }{
    #2
  } 
}

\newcommand{\legendColorBox}[2]
{
  \GenericColorBox{
    \definecolor{tempColor}{rgb}{#1}
    \parbox[t]{0.5\linewidth}{
      \textsuperscript{
        \fcolorbox{black}{tempColor}{
           \Huge{\,\,}
        }
      }
    }
  }{
    #2
  } 
}



%\newcommand{\ubung} {{\LARGE $\triangleright$}}
\newcommand{\ubung}{\ding{228} \textbf{Aufgabe:}\,}

\newcommand{\TemplateSource}[1]
{
%\begin{TemplateCodeInside}{}{\baselineskip}{\baselineskip}{}{}{true}
\begin{scriptsize}
\begin{myshaded}\ttfamily
#1
\end{myshaded}
\end{scriptsize}
%\end{TemplateCodeInside}
}


\newenvironment{TemplateInfo}[2]
% no more parameters
%****************************************************
% Template Info
% Kasten mit Logo, Titelzeile, Text
% kann für folgende Wiki-Vorlagen benutzt werden:
%          Vorlage:merke, Vorlage:Achtung u.ä.
%
% #1 Logo  (optional) default: \Info
% #2 Titel (optional) default: Information; könnte theoretisch auch leer sein,
%                     das ist aber wegen des Logos nicht sinnvoll
%****************************************************
{
% Definition des Kastens mit Standardwerten
% u.U. ist linewidth=1pt erorderlich
\begin{mdframed}[ skipabove=\baselineskip, skipbelow=\baselineskip,
linewidth=1pt,
innertopmargin=0, innerbottommargin=0 ]
% linksbündig ist besser, weil es in der Regel wenige Zeilen sind, die teilweise kurz sind
\begin{flushleft}
% Überschrift größer darstellen
\begin{Large}
% #1 wird als Logo verwendet, Vorgabe ist \Info aus marvosym
%    für andere Logos muss ggf. das Package eingebunden werden
%    das Logo kann auch mit einer Größe verbunden werden, z.B. \LARGE\danger als #1
{#1 } \
% #2 wird als Titelzeile verwendet, Vorgabe ist 'Information'
{\bfseries #2}
\medskip \end{Large} \\
} % Ende der begin-Anweisungen, es folgenden die end-Anweisungen
{ \end{flushleft}\end{mdframed} }


\newcommand{\TemplateHeaderExercise}[3]
% no more parameters
%****************************************************
% Template Header Exercise
% Rahmen als minisec mit Nummer der Aufgabe und Titel und grauem Hintergrund
% ist gedacht für folgende Wiki-Vorlage:
%          Vorlage:Übung4
% kann genauso für den Aufgaben-Teil folgender Vorlagen verwendet werden:
%          Vorlage:Übung    (wird zz. nur einmal benutzt)
%          Vorlage:Übung2   (wird zz. gar nicht benutzt)
%          Vorlage:Übung3   (wird zz. in 2 Büchern häufig benutzt)
%          C++-Programmierung/ Vorlage:Aufgabe  (wird zz. nur selten benutzt,
%                            ist in LatexRenderer.hs schon erledigt)
%
% #1 Text   (optional) 'Aufgabe' oder 'Übung', kann auch leer sein
% #2 Nummer (Pflicht)  könnte theoretisch auch leer sein, aber dann sieht die Zeile
%                      seltsam aus; oder die if-Abfragen wären unnötig komplex
% #3 Titel  (optional) Inhaltsangabe der Aufgabe, kann auch leer sein
%****************************************************
{
\minisec{\normalfont \fcolorbox{black}{shadecolor}{\large \, #1 #2 \ifx{#3}{}{}\else{-- #3}\fi \,} \medskip }
}
 
\newcommand{\TemplateHeaderSolution}[3]
% no more parameters
%****************************************************
% Template Header Solution
% Rahmen als minisec mit Nummer der Aufgabe und Titel und grauem Hintergrund
%
% ist gedacht für den Lösungen-Teil der Vorlagen und wird genauso
% verwendet wie \TemplateHeaderExercise
%****************************************************
{
\minisec{\normalfont \fcolorbox{black}{shadecolor}{\large \, Lösung zu #1 #2 \ifx{#3}{}{}\else{-- #3}\fi \,} \medskip }
}

\newcommand{\TemplateUbungDrei}[4]
{
\TemplateHeaderExercise{Übung}{#1}{#2}
#3
\TemplateHeaderSolution{Übung}{#1}{#2}
#4
}

\newcommand{\Mywrapfigure}[2]
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