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OOooboooooooooooooooooooooboooooooOood
OOoOoooooodnono

OO Scalaz OOOOOOOOOOO0COOOOOOOOOOOOOOOO Scalaz
Oobooooooonoooooboooooboooooooooooooog
OooOobooooooooooboooooooooooooooooood
O Scala OOOOOOOO0O0O0O0OOODODOOOODOOOOOOOOOOOO
OO000O0O0O0O000O0O Haskell O 1990 OO OOOOO0OOOOOOOO
Ooooooooooooooboooooboooooooooooooog

I

e Scalaz 7.0 OOOOOOCIC Scalaz

e learning-scalaz.pdf

ot

O0(O0O0O) X OOOO ScalazO OO OOOOOOOOONO 1 OOOOScalaz
7 O milestone 7 00 2012 OO 8 O 31 DOOOOOO 2 0OOOOOO
o o
OOoOoooooooooooboooooooooooooooooood
OooOoboooooboooooooooooooooooooodn

Oooobogoogooaooaooobooobogooaooaooaonog
ooooboooooboooooooooon

Scalaz 001

Scalaz OO OOOODOOOOOOOOOOOOOOOOOOOO Nick Par-
tridge OO Melbourne Scala Users Group [0 2010 O 3 0 22 OO0 OO0
Scalaz OO OOO

Scalaz talk is up - http://bit.ly/c2eTVR Lots of code showing how/why the

library exists
— Nick Partridge (@nkpart) March 28, 2010
oOoooboooooooooOood

Scalaz OO0 3 OOOOOOOOOOO:
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learning-scalaz.pdf
http://eed3si9n.com/ja/learning-scalaz-day1
http://vimeo.com/10482466

1. OOOO0O0O4 (Validation[ONonEmptyList )
2. OOOOOOO0 (OptionOps[ListOps L)
3. 0OOO0DODOOO0OO0oOoOoO (ODDOoOdoOOodCerait + implicit)

OoOooood?
ooooooo

Nick OOOO:

0000 nead O A OOOOOOOO A OOOOOO A OOO
OOO0O00000000 Int OOOOO0OOString OOOOOO
Orange ][] Car OO OOOOONO A OOOOOOOOOOO
OO0 A ooooooooooooooood

scala> def head[A] (xs: List[A]): A = xs(0)
head: [A](xs: List[A])A

scala> head(1 :: 2 :: Nil)
resO: Int = 1

scala> case class Car(make: String)

defined class Car

scala> head(Car("Civic") :: Car("CR-V") :: Nil)

resl: Car = Car(Civic)

Haskell wiki O0:
OOO00O000 (parametric polymorphism) OO OO0O00O00O
10O0000OO00oD (O0ooo0) ogoogoDogooood

OOooooooooooooooooooooooooooon
Oooooooooooooogn

ooodo

O0O0O00O A 0O 2000000 plus OOOOOOOON:
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http://www.haskell.org/haskellwiki/Polymorphism

scala> def plus[A]l(al: A, a2: A): A = 777
plus: [Al(al: A, a2: A)A

0 A 00000000000000000000000000000000
O000000000 (subtyping) OO

scala> trait Plus[A] {
def plus(a2: A): A
}
defined trait Plus

scala> def plus[A <: Plus[A]](al: A, a2: A): A = al.plus(a2)
plus: [A <: Plus[A]l]l(al: A, a2: A)A

OO0 A O00O0O000000 plus ODOOOOO0OOOO0OOOOO0OOOO
UOooobogooooodoodnot plus O mixin OOOOOO0OO0OOO
OOO0boOoOodOdInt O string OOOOO0OOOO0OOOO

Uoooodo

Scala OO0 3 0O0OO0OO trait OOOOOOOOOOOOOOOO
(implicit parameter) OOOOOOO

scala> trait Plus[A] {
def plus(al: A, a2: A): A
}
defined trait Plus

scala> def plus[A: Plus](al: A, a2: A): A = implicitly[Plus[A]].plus(al, a2)
plus: [Al(al: A, a2: A)(implicit evidence$i: Plus[A])A

OoOoobooooooooooooooooooodn
1. OO0 A 00Oooooooooooooooooogogon
2. (Int OO0O0O) DOOOOOOOOOOOOOOOOOoOoooog

oooOoooooooOood
. oo oonooonoodbogboobogobogoogoodn
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OO00O0O000000 Scala OOOOOOOOONO Haskell OOOOOOO
O0000O0O0Ooooooooooo0dOodddn [Debasish Ghosh O
(Qdebasishg)](https://twitter.com/debasishg) [1 Scala Implicits: OO0
Hooon

00 plus OOOOOOOOOOOOOO

sum [1[]

Ooboooooooooooddint OOO0O0O000O0000000 sum O
OoOoOoOoooOoodoon

scala> def sum(xs: List[Int]): Int = xs.foldLeft(0) { _ + _ }

sum: (xs: List[Int])Int

scala> sum(List(1, 2, 3, 4))
res3: Int = 10

Monoid

OOoo0obooooooooOdnn Meneid OOOOOOOOO
oOooo. OOoOoOooooOdodnod mappend OOOOO
Oooooooooooooooooan

scala> object IntMonoid {
def mappend(a: Int, b: Int): Int = a + b
def mzero: Int = 0
}

defined module IntMonoid
OOooOOoodooooooooOobooodO

scala> def sum(xs: List[Int]): Int = xs.foldLeft(IntMonoid.mzero) (IntMonoid.mappend)
sum: (xs: List[Int])Int

scala> sum(List(1, 2, 3, 4))
resb5: Int = 10

14


http://eed3si9n.com/ja/scala-implicits-type-classes
http://eed3si9n.com/ja/scala-implicits-type-classes

0000000 A 0000 Menoid OOOOOOOOOCOMonoid
00000000000 IntMonoid O Int OOOOOOOONO
oo

scala> trait Monoid[A] {
def mappend(al: A, a2: A): A
def mzero: A

}

defined trait Monoid

scala> object IntMonoid extends Monoid[Int] {
def mappend(a: Int, b: Int): Int = a + b
def mzero: Int = 0

}

defined module IntMonoid

000 sum O Int O0OO0OO0O Int OOOOOO0O00OO00OOO00O0OO0OOOO
ooooood:

scala> def sum(xs: List[Int], m: Monoid[Int]): Int = xs.foldLeft(m.mzero) (m.mappend)
sum: (xs: List[Int], m: Monoid[Int])Int

scala> sum(List(1, 2, 3, 4), IntMonoid)
res7: Int = 10

000 Int OOOOOOOOOOOO0OO Int OOOOOOO
ooooooooOood

scala> def sum[A] (xs: List[A], m: Monoid[A]): A = xs.foldLeft(m.mzero) (m.mappend)
sum: [A](xs: List[A], m: Monoid[A])A

scala> sum(List(1, 2, 3, 4), IntMonoid)
res8: Int = 10

OOOO0000 Monoid O implicit OOOOOOOOOOOOO
googoogoodgood

scala> def sum[A] (xs: List[A])(implicit m: Monoid[A]): A = xs.foldLeft(m.mzero) (m.mappen
sum: [A](xs: List[A]) (implicit m: Monoid[A])A

15



scala> implicit val intMonoid = IntMonoid
intMonoid: IntMonoid.type = IntMonoid$@3387dfac

scala> sum(List(1, 2, 3, 4))
res9: Int = 10

Nick OOOOO0O0O0DOOO000O0O0O0O000000O000 context bound
OoOoooooOooon:

scala> def sum[A: Monoid] (xs: List[A]): A = {
val m = implicitly[Monoid[A]]
xs.foldLeft (m.mzero) (m.mappend)
}
sum: [A](xs: List[A]) (implicit evidence$i: Monoid[A])A

scala> sum(List(1, 2, 3, 4))
resl0: Int = 10

oaboaoaoaoaodaoabododaodododd sum O
OoOodoooDogoodnod string U Monoid LIOOIOIMM]
Ooooboooooooobooooooddodn Monoid OO
OOoO0oO0ooooooooooooooboOoddn Scala O
implicit OO OOOO0OOOO0O0O0C0OCOOOOOOOoOoooOod
Scala OOOOOOOOOOOOOOOOOOOOOOOOOO
oooooooooooooooooan

scala> :paste
// Entering paste mode (ctrl-D to finish)

trait Monoid[A] {
def mappend(al: A, a2: A): A
def mzero: A
}
object Monoid {
implicit val IntMonoid: Monoid[Int] = new Monoid[Int] {
def mappend(a: Int, b: Int): Int = a + b
def mzero: Int = 0
}
implicit val StringMonoid: Monoid[String] = new Monoid[String] {
def mappend(a: String, b: String): String = a + b

16



def mzero: String = ""

}

def sum[A: Monoid] (xs: List[A]): A = {
val m = implicitly[Monoid[A]]
xs.foldLeft (m.mzero) (m.mappend)

// Eziting paste mode, mow interpreting.

defined trait Monoid
defined module Monoid
sum: [A] (xs: List[A]) (implicit evidence$l: Monoid[A])A

scala> sum(List("a", "b", "c"))

resl2: String = abc

OOoOoOooooooooooooooooooooooooon
Int JOOOO00OO00OO0O0OC0OO00OOO0OO0OOOO0OO0O

scala> val multiMonoid: Monoid[Int] = new Monoid[Int] {
def mappend(a: Int, b: Int): Int = a * b
def mzero: Int = 1

}
multiMonoid: Monoid[Int] = $anon$1@48655fb6
scala> sum(List(1, 2, 3, 4)) (multiMonoid)
resl4: Int = 24

FoldLeft

List OO0O0O0O0O0O00O00O00O00O000O000O0400.. Ooodao
O0OOfoldLeft OOOOOOOOOOOONO

scala> object FoldLeftList {

def foldLeft[A, B](xs: List[A]l, b: B, f: (B, A) => B)

}
defined module FoldLeftList

17
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scala> def sum[A: Monoid] (xs: List[A]): A = {
val m = implicitly[Monoid[A]]
FoldLeftList.foldLeft(xs, m.mzero, m.mappend)

}
sum: [A] (xs: List[A]) (implicit evidence$l: Monoid[A])A

scala> sum(List(1, 2, 3, 4))
resl5: Int = 10

scala> sum(List("a", "b", "c"))

resl6: String = abc

scala> sum(List(1, 2, 3, 4)) (multiMonoid)
resl7: Int = 24

OO0O00oOooOoofOoodnOOdd Feldleft OOOOONO
ooooogd

scala> :paste
// Entering paste mode (ctrl-D to finish)

trait FoldLeft[F[_1] {
def foldLeft[A, Bl(xs: F[A], b: B, f: (B, A) =>B): B
}
object FoldLeft {
implicit val FoldLeftList: FoldLeft[List] = new FoldLeft[List] {
def foldLeft[A, B]l(xs: List[A]l, b: B, f: (B, A) => B) = xs.foldLeft(b) (f)

def sum[M[_]: FoldLeft, A: Monoid] (xs: M[A]): A = {
val m = implicitly[Monoid[A]]
val f1 = implicitly[FoldLeft [M]]
fl.foldLeft(xs, m.mzero, m.mappend)

// Eziting paste mode, mow interpreting.

warning: there were 2 feature warnings; re-run with -feature for details

defined trait FoldLeft

18



defined module FoldLeft
sum: [M[_], Al(xs: M[A]) (implicit evidence$l: FoldLeft[M], implicit evidence$2:

scala> sum(List(1, 2, 3, 4))
res20: Int = 10

scala> sum(List("a", "b", "c"))

res2l: String = abc

OO0 Int O List OO0 sum OO OOOOO0OOO

Scalaz OO OO0

OO0O0O0O0O008 trait OO Monoid [ FoldLeft [ Haskell OO OO0 O OO
OO0 Secalaz OOOOOOOOOOOOOO

oootodboaououoboaououaodoaooood
Ooooodogbooooogbooboooogbogooood
Oboooooooooobooooooooooodon

O00OO0O00O0d (enrich my library)

Monoid UOOOOOOO 2 OOOOOOOOOOOOOOONO
oOooOoooood

scala> def plus[A: Monoid](a: A, b: A): A = implicitly[Monoid[A]].mappend(a, b)
plus: [Al(a: A, b: A)(implicit evidence$l: Monoid[A])A

scala> plus(3, 4)
res25: Int =7

booboooooboaoooodotl ootooooooobooboaodanog
Monoid OO OOOOOOOOOOOOOOOOOOO Scalaz 7 OOOOO
OOoOooooOoOodn

scala> trait MonoidOp[A] {
val F: Monoid[A]

val value: A

19
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def |+|(a2: A) = F.mappend(value, a2)
}
defined trait MonoidOp

scala> implicit def toMonoidOp[A: Monoid] (a: A): MonoidOp[A] = new MonoidOp[A] {
val F = implicitly[Monoid[A]]
val value = a

}
toMonoidOp: [A]l(a: A) (implicit evidence$l: Monoid[A])MonoidOp[A]

scala> 3 |+| 4
res26: Int = 7

Scala> llall |+| ||b||

res28: String = ab

1000000 1nt O string OOO0O |+ OOOOOOOOOOOCOOOO

ooodo

OOO0O0O0O0O0O0000O0 Scalaz O Option [ Boolean LIOIOOOOMOM
Oooooooooooooooon:

scala> 1.some | 2

resO: Int = 1

scala> Some(1).getOrElse(2)
1

resl: Int

scala> (1 > 10)7 1 | 2

]
N

res3: Int

scala> if (1 > 10) 1 else 2
res4: Int = 2

OO0 Scalaz OO OOOOOOOOOOOOOOOCOOOOCOOOOOOOO
oo
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1000
oooooodno
OO0 Haskell OOOOOO0O OO:

I o B
Oooooooooooooooobooooooooooodan
OOoooooooOoodno

Scalaz CI:

It provides purely functional data structures to complement those
from the Scala standard library. It defines a set of foundational
type classes (e.g. Functor, Monad) and corresponding instances

for a large number of data structures.

Scala OOOOOOOOOOOCOOOOOOOOOOOOOOOd
00O (Functor O Monad O0O) OODOOOOOOOOOOOOO
OOooOoOoooooooooooooooooooooOood

Haskell OO OOOOOOOO Scalaz OOOOOOOOOOOOO

sbt
OO0 Scalaz 7.1.0 OOOOOO build.sbt [
scalaVersion := "2.11.2"

val scalazVersion = "7.1.0"

libraryDependencies ++= Seq(
"org.scalaz" %) "scalaz-core" Y, scalazVersion,
"org.scalaz" %% "scalaz-effect" Y scalazVersion,
"org.scalaz" %} "scalaz-typelevel" % scalazVersion,

"org.scalaz" %) "scalaz-scalacheck-binding" % scalazVersion % "test"

scalacOptions += "-feature"
initialCommands in console := "import scalaz._, Scalaz._ "
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http://www.amazon.co.jp/dp/4274068854
https://github.com/scalaz/scalaz/tree/series/7.1.x

OO0 sbt 0.12.3 OO REPL OOOOOO:
$ sbt console

[info] downloading http://repol.maven.org/mavenz/org/scalaz/scalaz-core_2.10/7.0.5/scala
import scalaz._

import Scalaz._

Welcome to Scala version 2.10.3 (Java HotSpot(TM) 64-Bit Server VM, Java 1.6.0_51).

Type in expressions to have them evaluated.

Type :help for more information.
scala>

Scalaz 7.1.0 OO OOOOO AP DOOOOOOOOO

Equal
LYAHFGG:

Eq OOOOOOOOOOOOOoOoooOonO Eqg Oooooo
OoOoOoOooooooo =0 /=000

Scalaz [0 Eq OO OOO0OOO0OOO Equal OOOOOOO:

scala> 1 ===

resO: Boolean = true

scala> 1 === "foo"
<console>:14: error: could not find implicit value for parameter FO: scalaz.Equall[Object

1 === "foo"

scala> 1 == "foo"

<console>:14: warning: comparing values of types Int and String using

1 == "foo"

==' will always y

res2: Boolean false

scala> 1.some =/= 2.some
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https://oss.sonatype.org/service/local/repositories/releases/archive/org/scalaz/scalaz_2.11/7.1.0/scalaz_2.11-7.1.0-javadoc.jar/!/index.html

res3: Boolean = true

scala> 1 assert_===

java.lang.RuntimeException: 1 # 2

000 == OOO0O0OCEqual O equal OOOOOOOOOOOO ===C=/=0
Oassert_=== JOOOOOOOOOOOOO Int O String OO0OOOO
=== 00000 000O0CO00OoO

00: 0000000 =/= 00000 /== 000000000 CEirfkr Asheim
OoOoOooooooooooodn:

@eed3si9n hey, was reading your scalaz tutorials. you should encourage

people to use =/= and not /== since the latter has bad precedence.

— Eirikr Asheim (@d6) September 6, 2012
/== D0000oo0ogog =/= 0ogoadno

OoOr=O000oo00odn & JOoooooooooooooooad
OoOoooooood/==0= 00000 = ooooooooooooog
Ooooooooooooooooooooooogooood:

scala> 1 != 2 && false

res4: Boolean = false

scala> 1 /== 2 && false
<console>:14: error: value && is not a member of Int
1 /== 2 && false

scala> 1 =/= 2 && false
res6: Boolean = false
Order

LYAHFGG:
Ord OOOOOOOO0O0OOO0O0OO000OOO00O00OOO0OO00O0O
Ord OOO0OO0OO0OO0O0OO00OO0O0OOO>O<0O>=O<= O0Oon

ooodno
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Scalaz OO0 0rd OOOOOOOOOO Order O:

scala> 1 > 2.0

res8: Boolean = false

scala> 1 gt 2.0
<console>:14: error: could not find implicit value for parameter FO: scalaz.Order [Any]
1 gt 2.0

scala> 1.0 7|7 2.0

resl0: scalaz.Ordering = LT

scala> 1.0 max 2.0
resll: Double = 2.0

Order O Ordering (LT, GT,EQ) OO 7|7 DODOOOOOOOOOOorder
dbobooboooooodnt 1tUgtUltelgtemin OO H max LIOOIOH
UOO0O0 Equal OO0 Int [0 Double OO OOOOOOOOOON

Show

LYAHFGG:

OOoOdogood skew JOOOOOOOOOOOOOOOO
Ooooooooooooonon

Scalaz [0 Show OOOOOOOOOO Show O:

scala> 3.show

resl4: scalaz.Cord = 3

scala> 3.shows

reslb5: String = 3

scala> "hello".println
"hello"

Cord DO OOOOOOOOOOOOOOOOOOOOOOOOOOOON
oooooooooodn
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Read

LYAHFGG:

Read U Show OOOOOOOOOOOO read OOOOOOONO
O0O0O0Oread OOOOOOOOOOOOOOOOO

0000000 Scalaz OOOOOOOOOOO0OOOOOOOOOO

Enum

LYAHFGG:

Enum OO0 O00O000O0O000OO000O0O000OOO0OOOOO
OOoooodod envn OOOOOO0OO0O0OO0O0OOO0OOOO
OOooOooooooOododfdeEnwm OOOOOOO0OOO0OOO
0dd succ UUHOMNO pred OO OOMO

Scalaz 00 Enum OO OO0OO0OO0O0O0OOO Enum O:

scala> 'a' to 'e'

res30: scala.collection.immutable.NumericRange.Inclusive[Char] = NumericRange(a, b, c, d

scala> 'a' |-> 'e'
res31: List[Char] = List(a, b, c, 4, e)

scala> 3 |=> 5

res32: scalaz.EphemeralStream[Int] = scalaz.EphemeralStreamFunctions$$anon$40@6a61c7b6

scala> 'B'.succ
res33: Char = C

Order OOOOOOO pred O succ OOOOOOOOOOOOOOOO to
O000O0OEnum O List OO0 |-> OOOOOOOOOO -+-0---0O
fromOfromSteplpreddpredxsuccHsuccx|-->0O->01==>0=> [
OoooooooO0doOoOoOoooooooooooonO
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Bounded

Bounded OO OOO0OO0OOO0OO0OOOOOOOOOOOOOO
minBound [0 maxBound OO OO00OO0O0O0OOO0OOOONO

Scalaz [0 Bounded OO OO0OO0OOOOOOOO Enum OOOO:

scala> implicitly[Enum[Char]].min
res43: Option[Char] = Some(?)

scala> implicitly[Enum[Char]].max
res44: Option[Char] = Some( )

scala> implicitly[Enum[Double]] .max
res45: Option[Double] = Some(1.7976931348623157E308)

scala> implicitly[Enum[Int]].min
res46: Option[Int] = Some(-2147483648)

scala> implicitly[Enum[(Boolean, Int, Char)]].max

<console>:14: error: could not find implicit value for parameter e: scalaz.Enum[(Boolean

implicitly[Enum[(Boolean, Int, Char)]].max

Enum OO0OO00OO00O0O00OO00O0O00O0OO option[T] OO

Num

Num OJOOO00O0O00O000O00O00000O0000O000O0000
ooog

Scalaz [J Num[JFloating[Integral OO OO OOOO00O0O0OOOOOONO
OoooOooono

oo

Haskell OOOOOOOOOOOOO s O OO OO OOODOOOOOOO
OOoooO (Obooobooogoo 7ro)g
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http://learnyouahaskell.com/making-our-own-types-and-typeclasses

ooooooan

data TrafficLight = Red | Yellow | Green

OO0 Scala OOOO:

scala> :paste
// Entering paste mode (ctrl-D to finish)

sealed trait TrafficLight
case object Red extends TrafficLight
case object Yellow extends TrafficLight

case object Green extends TrafficLight

000 Equal OOOOOO0OO0OOOOO

scala> implicit val TrafficLightEqual: Equal[TrafficLight] = Equal.equal(_ == _)

TrafficLightEqual: scalaz.Equal[TrafficLight] = scalaz.Equal$$anon$70@2457733b

ooooo?
scala> Red === Yellow
<console>:18: error: could not find implicit value for parameter FO: scalaz.Equal[Produc

Red === Yellow

Equal 0OOO (invariant) OO O OOO EquallF] OOOOOOO
Equal([TrafficLight] OOOOOOOOOOOO TrafficLight O
case class DO Red O Yellow OO O OOOOOOOOOOOOOOOO
OOoOOO00OoOooO0ooodO#00ood

scala> :paste
// Entering paste mode (ctrl-D to finish)

case class TrafficLight(name: String)
val red = TrafficLight("red")

val yellow = TrafficLight("yellow")
val green = TrafficLight("green")

implicit val TrafficLightEqual: Equal[TrafficLight] = Equal.equal(_ == _)

red === yellow
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// Eziting paste mode, mow interpreting.

defined class TrafficLight

red: TrafficLight = TrafficLight(red)

yellow: TrafficLight = TrafficLight(yellow)

green: TrafficLight = TrafficLight(green)

TrafficLightEqual: scalaz.Equal[TrafficLight] = scalaz.Equal$$anon$7042988fee

res3: Boolean = false

Yes [0 No OOO0OO

Scalaz OO truthy OO OO0 O00OO00O0O0O0OCOO0OOOOOOOoOOnd
OO00000004 Scalaz O Sshowshowshow COOOONO 3004 000
OOooooooOooooooooooooooooooooooooooo

CanBuildFrom OO OOOOON Can OO OO Osjson/shinary 01O
OOoOoOooooooOong + s JoooOoooododod yesno OO
OO0O000O00O00Otruthy OOOOOOOO 1. truthy O true OOOO
OO0O00O0O00O0O00O00OO0OO0O0O0d00O00 CanTruthy [Int] . truthys (1)
OOOOOooooooooogoo s goooodo

scala> :paste
// Entering paste mode (ctrl-D to finish)

trait CanTruthy[A] { self =>
/** Q@return true, if “a” ts truthy. */
def truthys(a: A): Boolean
3
object CanTruthy {
def apply[A] (implicit ev: CanTruthy[A]): CanTruthy[A] = ev
def truthys[A](f: A => Boolean): CanTruthy[A] = new CanTruthy[A] {
def truthys(a: A): Boolean = f(a)

}
trait CanTruthyOps[A] {
def self: A
implicit def F: CanTruthy[A]
final def truthy: Boolean = F.truthys(self)
}
object ToCanIsTruthyOps {
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implicit def toCanIsTruthyOps[A](v: A) (implicit ev: CanTruthy[A]) =
new CanTruthyOps[A] {
def self = v
implicit def F: CanTruthy[A] = ev

// Eziting paste mode, now interpreting.

defined trait CanTruthy
defined module CanTruthy
defined trait CanTruthyOps
defined module ToCanIsTruthyOps

scala> import ToCanIsTruthyOps._
import ToCanIsTruthyOps. _

Int OOO0OOOOOO0O0OO0OOOOOO3:

scala> implicit val intCanTruthy: CanTruthy[Int] = CanTruthy.truthys({
case 0 => false
case _ => true

b
intCanTruthy: CanTruthy[Int] = CanTruthy$$anon$1@71780051

scala> 10.truthy

res6: Boolean = true

OO List [Al:

scala> implicit def listCanTruthy[A]: CanTruthy[List[A]] = CanTruthy.truthys({
case Nil => false

case _ => true

b
listCanTruthy: [A]=> CanTruthy[List[A]]

scala> List("foo").truthy

res7: Boolean = true

scala> Nil.truthy
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<console>:23: error: could not find implicit value for parameter ev: CanTruthy[scala.col
Nil.truthy

I R [ | |

scala> implicit val nilCanTruthy: CanTruthy[scala.collection.immutable.Nil.type] = CanTr
nilCanTruthy: CanTruthy[collection.immutable.Nil.type] = CanTruthy$$anon$i@1le5£0£d7

scala> Nil.truthy

res8: Boolean = false

Boolean [ identity LIOILILT:

scala> implicit val booleanCanTruthy: CanTruthy[Boolean] = CanTruthy.truthys(identity)
booleanCanTruthy: CanTruthy[Boolean] = CanTruthy$$anon$1@334bdcb

scala> false.truthy

resll: Boolean = false

LYAHFGG OO0 CanTruthy OO0 O O0OO0OO0O0O0O truthyIf OOOOOO:

OO01if OO0O0O00 YesNo O OO OOOOOOOOONOH

OOoOooooooOoooooooooooon:

scala> :paste
// Entering paste mode (ctrl-D to finish)

def truthyIf[A: CanTruthy, B, C](cond: A)(ifyes: => B)(ifno: => C) =
if (cond.truthy) ifyes
else ifno

// Eziting paste mode, now tinterpreting.

truthyIf: [A, B, Cl(cond: A)(ifyes: => B)(ifno: => C)(implicit evidence$1: CanTruthy[A]).

oooooodn:
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scala> truthyIf (Nil) {"YEAH!"} {"NO!"}
resl2: Any = NO!

scala> truthyIf (2 :: 3 :: 4 :: Nil) {"YEAH!"} {"NO!"}
resl13: Any = YEAH!

scala> truthyIf (true) {"YEAH!"} {"NO!"}
resl4: Any = YEAH!

OoOoOooooood

2[00

OO0O0000 Haskell OO0 OOOOOOOOO Equal OO0 Scalaz OO0
OooooOodd

Functor

LYAHFGG:
OO00Fenctor O OO HOOHOOOOOOOOOOOOOOO
OO0O00O0O0O0 Functor OO OOOOOO (map over) OO0
ooooood

oooooooooooooooooood:

trait Functor[F[_]] { self =>

/** Lift “f° 4nto "F° and apply to F[A] . */
def map[A, Bl (fa: F[A])(f: A => B): F[B]

AdOooodooooooooooood:
trait FunctorOps[F[_],A] extends Ops[F[A]] {
implicit def F: Functor [F]

/777
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http://eed3si9n.com/ja/learning-scalaz-day1
http://www.amazon.co.jp/dp/4274068854
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https://github.com/scalaz/scalaz/blob/series/7.1.x/core/src/main/scala/scalaz/syntax/FunctorSyntax.scala

import Leibniz.===

final def map[B](f: A => B): F[B] = F.map(self) (f)

OOO00O0O000 A = BOOOOOF[B] OOO mep OOOOOOOO
UOobdbdobdmep OO OOOOOUOOOOON

scala> List(1, 2, 3) map {_ + 1}
res15: List[Int] = List(2, 3, 4)

Scalaz [0 Tuple OO OO Functor JOOOOOOOOOOOOOO

scala> (1, 2, 3) map {_ + 1}
res28: (Int, Int, Int) = (1,2,4)

OO0O00 Tuple OOOOOOOOOOOOOOOOOOOOOONON scalaz
group OOOOOONO

Functor OOOO0OO

Scalaz [0 Functionl OO OO Functor OO OOOOOOOOOOO

scala> ((x: Int) => x + 1) map {_ * 7}
res30: Int => Int = <functionl>

scala> res30(3)
res31: Int = 28

OooooooooooOmep OOOOOOOOOOOOOOOOOOOO
OO £ compose g OOOMOOOOMON Scalaz O map OO OOOOOMO
000000000 Functionl OO0 1 DODODOODOOO (domain)
OO00O0O (range) OOOOOOOOODOOOOOOOOOOOOOOOOO
OO0 OO0 Functors, Applicative Functors and Monoids OO0 O (OO OO
OoooOoooooooooooooooooooO)d
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http://learnyouahaskell.com/functors-applicative-functors-and-monoids

oooooooooodn ..

OO0O0O00 fmap :: (a2 =>b) > (r > a) > (r -> b) O
OdOOoOoOoooooooddda OO » DOOOOOr OO a
OdO00O0O00Oooodoor OO v doOoooooogoOd
OJoOoooodoooooooooooooOoon

OO0O00 Haskell OOOOOOO0OOO0OO0OOOOO0OOOOOOOO
OoOoOooooooooooooOoodn

ghci> fmap (*3) (+100) 1
303
ghci> (*¥3) . (+100) $ 1
303

Haskell OO fmap [0 £ compose g OO OODOOOOOOOOONOMNNA Scala
Odoooooooooooooon:

scala> (((_: Int) * 3) map {_ + 100}) (1)
res40: Int = 103

OO0000000 fmap OOOO Scalaz O map OOOOOOOOOO
fmap :: (a > Db) >fa->fb

OO00000 Scalaz:

final def map[B](f: A => B): F[B] = F.map(self) (f)
O0000000O00000000 rnap O FIA]l OOOOOOOOOOOO
ooooooooooooboooodooooOooooOoOoo List 00O

Uoooogood:

ghci> fmap (*3) [1, 2, 3]
[3,6,9]

O

scala> List(l, 2, 3) map {3*}
res41: List[Int] = List(3, 6, 9)
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oOoooboooooooooOood

fmap OOOOOOOOO0O0O0OO0OO00OOOOOOOOOOO
2 00000000 OO0ooogoooooooooooogn
Oooooooooooooooooogoooooooodan
OoOooooooooooooooodnn fmep OOOO a =>
b OOOOOOOf a -> £ b OOOOOOOOOOOOOOO
Ooogodo (lifting) OOOOOO

ghci> :t fmap (*2)

fmap (*2) :: (Num a, Functor f) => f a -> f a
ghci> :t fmap (replicate 3)

fmap (replicate 3) :: (Functor f) => f a -> f [a]

Ooogoogoo (lifting) DOO0OOO0OOOO Functor OOOOOO
OoOoboooooboooooonoononod 1 00 1ifs OoO0:

scala> Functor([List].lift {(_: Int) * 2}
res45: List[Int] => List[Int] = <functionl>

scala> res45(List(3))
res47: List[Int] = List(6)

Functor O O0O0OOOOOOOOOOOOOO> | ChsfpairstrengthL ]
strengthROO OO void OOOOOOOOOOON:

scala> List(1, 2, 3) >| "x"
res47: List[String] = List(x, x, x)

scala> List(1, 2, 3) as "x"

res48: List[String] = List(x, x, x)

scala> List(1, 2, 3).fpair
res49: List[(Int, Int)] = List((1,1), (2,2), (3,3))

scala> List(1, 2, 3).strengthL("x")
res50: List[(String, Int)] = List((x,1), (x,2), (x,3))

scala> List(l, 2, 3).strengthR("x")
res51: List[(Int, String)] = List((1,x), (2,%), (3,x))
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scala> List(1, 2, 3).void
res52: List[Unit] = List((), O, )

Applicative

LYAHFGG:

oootuouoaooouoodoaonodod 1 ooaod
Ooogoooogoo2 goooogoogogoogood
ooooodon

scala> List(1, 2, 3, 4) map {(_: Int) * (_:Int)}
<console>:14: error: type mismatch;
found : (Int, Int) => Int
required: Int => 7
List(1, 2, 3, 4) map {(_: Int) * (_:Int)}

ooobogooooogoogood:

scala> List(1l, 2, 3, 4) map {(_: Int) * (_:Int)}.curried

resll: List[Int => Int] = List(<functionl>, <functionl>, <functionl>, <functionl>)

scala> resll map {_(9}
resl12: List[Int] = List(9, 18, 27, 36)

LYAHFGG:
Control.Applicative OO OMOOOMN Applicative
OO0O0O00O00000O00000O0 Applicative OO2 OO OO
pure U <> OO0 N

Scalaz [0 Applicative OO O OOOOOOOOON:

trait Applicative[F[_]] extends Apply[F] { self =>
def point[A]l(a: => A): FI[A]

/** alias for ‘point™ */
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def pure[A]l(a: => A): F[A] = point(a)

Applicative OO NN Apply OO OOOOOOMN peint OO
OO00 pure OOOOONO

LYAHFGG:

pure OO0 OOOOOOOOO0OOOOOOOOOOOOOO
oooooooood. ooooooobooooooooodan
OOOoOooooooOoooOoodnod pure OOOOOO
Ooooooobooooooooooooooooooooan
Oooooooooooooooood

Scalaz [0 pure OO0 point OOOOOOOCOOOOOOOOOOO A
OOO0O0OOFAl DOODOOooooooooooooooooogno
OOoOoOoOoodoooodnodn peint DOOOOOOOOOOOOOO
OO0 nooood

scala> 1.point[List]
resl4: List[Int] = List(1)

scala> 1.point[Option]
resl5: Option[Int] = Some(1)

scala> 1.point[Option] map {_ + 2}
resl6: Option[Int] = Some(3)

scala> 1.point[List] map {_ + 2}
resl7: List[Int] = List(3)

OOoOooOoooooooooooooooooooooooooodn
Ooooooooogoooodn

Apply

LYAHFGG:

36



<> [ fmap OO OOO0OOOO fmap OOOOOOOOOOO
OOooooooooooooobooooooboooooooan
OO0O000odoO<=> Dooooooooooooooogg
Ooooooooooobooooooooodl oooooad
OOoOooooooooo 2 oooooboooooooooodn
ooog

trait Apply[F[_]] extends Functor[F] { self =>
def ap[A,B](fa: => F[A])(f: => F[A => B]): FI[B]

ap OO0 Apply O<x>Ox>O<x 0000000000

scala> 9.some <*> {(_: Int) + 3}.some

res20: Option[Int] = Some(12)

ooooono

«* [ < OO0O0OO000dooooooogoooono

scala> 1.some <* 2.some
res35: Option[Int] = Some(1)

scala> none <x 2.some

res36: Option[Nothing] = None

scala> 1.some *> 2.some

res38: Option[Int] = Some(2)

scala> none *> 2.some
res39: Option[Int] = None
Apply OO0 Option

<> OO00000O

scala> 9.some <*> {(_: Int) + 3}.some
resb7: Option[Int] = Some(12)

scala> 3.some <*> { 9.some <*> {(_: Int) + (_: Int)}.curried.some }

res58: Option[Int] = Some(12)
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Applicative Style

OO0 1 00000ooooooooooboooooo 1 ooooooog
goodo:

scala> ~(3.some, 5.some) {_+ _}

resb9: Option[Int] = Some(8)

scala> ~(3.some, nonel[Int]) {_+ _}

res60: Option[Int] = None

OoOol1ooooooooooooooooooooooooooooaoad
OOO00O00O000000O000 Scalaz 7 O Applicative OOOOOOO
I O o3 4 R =Y
O <$> OOOoOoOoooood

OoOogo-¢1, £2) {...}y OOOO0OOOOoO0OoOOooOoooooogo
FunctionlWriter[Validation OO 2 OOOOOOOOOOO Ap-
plicative OO OOOOOOOOON 1 O Applicative Builder (1100 Scalaz
6 DO0OOOODOOOOOOoOonDdn M3 O deprecated OOOOHOOO
“(£1, £2) {...} OO0O0O0OOOOCOOOO0OOOOooooOoogoOo

oOood:

scala> (3.some |@| 5.some) {_ + _2}

res18: Option[Int] = Some(8)

oooo el OOOoOoooooo

Apply OOO0O List

LYAHFGG:

Oooooooooooooooooooooo gooooog
Oooooooooooooooood

<> [0 |e| DOOOOOOOOn:

scala> List(1l, 2, 3) <x> List((_: Int) * O, (_: Int) + 100, (x: Int) => x * x)
res61: List[Int] = List(0, 0, 0, 101, 102, 103, 1, 4, 9)
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scala> List(3, 4) <*> { List(1l, 2) <*> List({(_: Int) + (_: Int)}.curried, {(_: Int) * (
res62: List[Int] = List(4, 5, 5, 6, 3, 4, 6, 8)

scala> (List("ha", "heh", "hmm") |@| List("?", "tv, " ")) {_+ _}
res63: List[String] = List(ha?, ha!, ha., heh?, heh!, heh., hmm?, hmm!, hmm.)
Zip List
LYAHFGG:
OO00O000OL(+3),(x2)] <> [1,2] OOOOOOOO 1 000
OdO0000 1 0o0oooooodoo 2 dooooooOod
2000000000 00O000oooooooooooanog
O0000 [4,4] OOO0O0OO00OOOOO 1+ 3, 2 x 2] O
OJoOoOoooooOodo

OO0 Scalaz OO OOOOOOOOCOOOO

scala> streamZipApplicative.ap(Tags.Zip(Stream(1, 2))) (Tags.Zip(Stream({(_: Int) + 3},
res32: scala.collection.immutable.Stream[Int] with Object{type Tag = scalaz.Tags.Zip} =

scala> res32.tolList
res33: List[Int] = List(4, 4)

Tagged type 100000 000000000000

Applicative OO OOOO

LYAHFGG:

Control.Applicative 1] 1iftA2 OO ODOOOOOOO
ooooooodon

1iftA2 :: (Applicative f) => (a > b ->c) > fa > f b ->f c .

Apply[F].1ift2 OO OOOOONO:
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scala> Apply[Option].1ift2((_: Int) :: (_: List[Int]))
res66: (Option[Int], Option[List[Int]]) => Option[List[Int]] = <function2>

scala> res66(3.some, List(4).some)
res67: Option[List[Int]] = Some(List(3, 4))

LYAHFGG:

OomOoooooooooooooooooooooooog
ool ooooooooooooooooooooodn
OOO00000O sequenceA OOOOOOOOONO

sequenceA :: (Applicative f) => [f a] -> f [a]
sequenceA [] = pure []

sequencel (x:xs) = (:) <$> x <*> sequenceA xs

000 Scalaz OOOOOOOOOOOooOooo!

scala> def sequenceA[F[_]: Applicative, A]l(list: List[F[A]]): F[List[A]] = list match {
case Nil => (Nil: List[A]) .point[F]
case x :: xs => (x |@| sequenceA(xs)) {_ :: _}

3
sequenceA: [F[_], Al (list: List[F[A]]) (implicit evidence$l: scalaz.Applicative[F])F[List

Uoooogon:

scala> sequenceA(List(1.some, 2.some))
res82: Option[List[Int]] = Some(List(1l, 2))

scala> sequenceA(List(3.some, none, 1.some))
res85: Option[List[Int]] = Nomne

scala> sequenceA(List(List(1, 2, 3), List(4, 5, 6)))
res86: List[List[Int]] = List(List(1l, 4), List(l, 5), List(l, 6), List(2, 4), List(2, 5)

UOoOoobodoodooobogoodod peinted OO OOOOOONON
sequenceA (OO O0OOOOO0OOOOOOOOOOO

Functionl OO Int OOOOOOOOOOOOOOOOOOOOONO
OoOoooono
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scala> type FunctionlInt[A] = ({type 1[A]=Functionl[Int, A]})#1[A]

defined type alias FunctionlInt

scala> sequenceA(List((_: Int) + 3, (_: Int) + 2, (_: Int) + 1):

resl: Int => List[Int] = <functionil>

scala> res1(3)
res2: List[Int] = List(6, 5, 4)

Uooobogooooogbogbooboooogoognoogooonog
oo

340

OO0 map OOOOOOO Functor OOOOOOPointed[F] .point [
Applicative (0 ~(£f1, f2) {_ :: _} OOOOOOOOOOOO sequenceA
Ooooooood

OoOoOoOoooOoodoon

Ubooobogooaouodooaooabooobogooaoodoodnog
1 7Y /72 o o o o o o o
OooOooboooooooooooonooooooodn

OO0 Haskell OOOOOOOOO:

Oooooooooooooooooboooooooonoodn
OOoOoooooooooooooooboooooooonooon
Oooooo (kind)O . OO0OOOCOOOO0O0OOCOOO4OO
OO0O0O0O0oooOooo GHG O:x Dooooooooood
ooooooooOood

Scala 2.10 OO OO Scala REPL O :k OOOOOOOCHOOOOOCOOOO
O0O0O0: kind.scalal scala/scala#2340 OODOOOOO George Leontiev
00O ([@folone](https://twitter.com/folone)) OO O OO OO OOOOScala
2.11 OO :kind JOOOO0OO0OO0O0O0O0O0O0OO0O0O0O0O0O0OOOO:

scala> :k Int
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http://eed3si9n.com/ja/learning-scalaz-day2
http://learnyouahaskell.com/making-our-own-types-and-typeclasses
http://www.amazon.co.jp/dp/4274068854
https://gist.github.com/eed3si9n/3610635
https://github.com/scala/scala/pull/2340

scala.Int's kind is A

scala> :k -v Int
scala.Int's kind is A

*

UOoooodon

scala> :k -v Option
scala.Option's kind is F[+A]

* —(+)-> *

Oooooooog: 1 gooogooo

scala> :k -v Either
scala.util.Either's kind is F[+A1,+A2]
* —(+)—> x —(+)-> %
dooooooo: 1 gooooogd

scala> :k -v Equal
scalaz.Equal's kind is F[A]
* =>

Uoodbodot: 1 googoodo

scala> :k -v Functor

scalaz.Functor's kind is X[F[A]]

(k => %) —=> %
DOo0OO0OoOoooooooooooooOo.:. doOodoOodo

UOodoood nt OUoooooodoaoooodoooooodnot
000 « OO0O00OoDOoOOoOooooo (ooooo)oooooooooo
1 000000 Scala OOOOOOOOOOOOOO A OOOOO

1000000 (_: Int) + 3 0000000O0000OOOOOOOOOO
Oooooool ooooooooodooooooooooooooog
OOO00OOoooooooOoo0ddoooOoOoOoOn optiondEither ™
Equal 000001 OOOOOOOOOOO0O0O0O0O0O00000O0O0O00
OO00O0O0O0O00O0O0O000OOO* -> = Ox -> « -> « 0000000
OO0 Option[Int] O * OO0ption Hx -> x OO OOOOOON Scala
OO00O0O00000O000000 F+A1OF[+A1,+A2] OOOO

(f: Int => Int, list: List[Int]) => list map {f} OOOOOOOO
OdO0oOOOOooooooooOoooooooooonoooooooono
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ooOoboooooooooobooooobooooooooooooood
OOoOoOoooOoooooooboooooooooooooooonoog
OO0 (+x -> *) —> x OOO00O000 Scala OOOOOOOOOOOOO
O X[F[A]]l OOOOO

Scalaz 7.1 OO O OEqual OOO0 FIA] OO0O0OO0OO0OO0OOFunctor OO
OOOOO0OX[F[A]] OOOOOOOO Scala OOOOOOOOOOOOOO
OoOoooooooDoDon(0boooooooog) oooooooo
Oooooooooooobooboobonoooononoodo List 000
(functor) OOODOOOOOOOOOOOOO List OOOO Functor [List]
UOoodoodoodbooobgoogob List ooooooogono
O00000000000000000List OOOO00 (List is a functor)
OOoOooooOoodn is-a OOoOoooooooood:

In FP, “is-a” means “an instance can be derived from.” @Qjimduey #CPL14

It’s a provable relationship, not reliant on LSP.
— Jessica Kerr (@jessitron) February 25, 2014

List OOOOO F[+A] OOOOF OO0 OO OOoOoOooOoooodno
00000000000 Functor O F[A] OOOOOOOOOOOOOOO
OX[FIA]] OOOOOOOOOOO0OOO0O0O0O00OOOScla OOOOO
OoOooooooooooooboooooooooooooooooog
O1o0oooooooooooooooboooooodnon:

scala> trait Test {

type F[_]

}

<console>:14: warning: higher-kinded type should be enabled
by making the implicit value scala.language.higherKinds visible.
This can be achieved by adding the import clause 'import scala.language.higherKinds'
or by setting the compiler option -language:higherKinds.
See the Scala docs for value scala.language.higherKinds for a discussion
why the feature should be explicitly enabled.

type F[_]

0000000 O0O00oooooooooooooooooooooono
O :

scala> List(1, 2, 3).shows
resll: String = [1,2,3]
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OO0 show[A] .shows OOOOOOOOOOO Show [List [Int]] OOOO
Show[List] OJOOOOOOOOOOOOOOOOOOOOOOOOOOO
OO (lift) OO0 Functor [F] (F [J Functor DF) OdOOoOoOoOoOoOonod
O:

scala> Functor[List[Int]].1lift((_: Int) + 2)

<console>:14: error: List[Int] takes no type parameters, expected:

Functor[List[Int]].1lift((_: Int) + 2)

scala> Functor[List].lift((_: Int) + 2)
res13: List[Int] => List[Int] = <functionl>

000000 OO000OO0O0OScalaz 7 OOOOOOOOOOOO Equal [F]
OO0O0O0O0O000 Adam Rosien OO0 EquallA] OOOOOOOOOO
g

@eed3si9n love the scalaz cheat sheet start, but using the type param F

usually means Functor, what about A instead?
— Adam Rosien (@arosien) September 1, 2012

oooooooooooo!

Tagged type

OO0O0O Haskell OO OOOOOOOOOO0OOOOOOOOOOOOOOO
OO0O000O00000O00000O00000 Functors, Applicative Functors
and Monoids OO

LYAHFGG:

Haskell 00 newtype OO OOO0OOOO0OCOOOOOO1 OO
Ooogdoooooogoooogboooogbooooood
Ooooooooooooonon

OO0 Haskell OO0OOOO0O0OO0O0OO0OO0OOOScala OO0OOOOOOO

O0O00OOoooOooooooD DO0O0doo 1 0d (2011 O 9 O) [Miles

Sabin OO (@milessabin)](https://twitter.com/milessabin) O gist OO0 O
000 Tagged DO O OO[Jason Zaugg IO (Qretronym)](https://twit-
ter.com/retronym) 0 @@ DO OO OO OOOOOOOO
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scalaz-cheatsheet.html
http://learnyouahaskell.com/functors-applicative-functors-and-monoids
http://learnyouahaskell.com/functors-applicative-functors-and-monoids
https://gist.github.com/89c9b47a91017973a35f

type Tagged[U] = { type Tag = U }
type @[T, U] = T with Tagged[U]

O00O0OO0O00oboOoOgooodg  [Eric Torreborre OO (@etorre-
borre)](http://twitter.com/etorreborre) [ Practical uses for Unboxed
Tagged TypesO O OO0 [Tim Perrett OO (Qtimperrett)](http://es.twit-
ter.com/timperrett) [0 Unboxed new types within Scalaz7 OO OO
oo

OO0Oo0O0Ooooooooooooooooooo kg oooooooodno
OO0O0O0O0O0O pouble OOOOOOOOOOOOOOOOOO Double O
OO0O00OO000O00 case class OOOOOOOO?

case class KiloGram(value: Double)

D0000000000000000 x.value 0000000000000
000000000000 Tagged type OO0

scala> sealed trait KiloGram

defined trait KiloGram

scala> def KiloGram[A](a: A): A @@ KiloGram = Tag[A, KiloGram] (a)
KiloGram: [A](a: A)scalaz.@@[A,KiloGram]

scala> val mass = KiloGram(20.0)
mass: scalaz.@@[Double,KiloGram] = 20.0

scala> 2 * Tag.unwrap(mass) // this doesn't work on REPL
res2: Double = 40.0

scala> 2 * Tag.unwrap(mass)

<console>:17: error: wrong number of type parameters for method unwrap$mDc$sp: [T](a:

2 * Tag.unwrap(mass)

scala> 2 * scalaz.Tag.unsubst[Double, Id, KiloGram] (mass)
res2: Double = 40.0

OO0 2 * mass OOOOOOO Scalaz 7.1 OOOOOOOOOO un-
wrap OO0 O0OO00O0OO00OOOOOOO REPL OO SI-8871 OO
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http://etorreborre.blogspot.com/2011/11/practical-uses-for-unboxed-tagged-types.html
http://etorreborre.blogspot.com/2011/11/practical-uses-for-unboxed-tagged-types.html
http://timperrett.com/2012/06/15/unboxed-new-types-within-scalaz7/
https://issues.scala-lang.org/browse/SI-8871

Tag.unwrap O O0O0O0O0O0OTag. unsubst OO0 OOOOOO0 OOO
OOOOOA @@ KiloGram [ scalaz.@@[A, KiloGram] 1NN
OOo0oOoooooooooooooooooooon

scala> sealed trait JoulePerKiloGram

defined trait JoulePerKiloGram

scala> def JoulePerKiloGram[A](a: A): A @@ JoulePerKiloGram = Tag[A, JoulePerKiloGram] (a
JoulePerKiloGram: [A] (a: A)scalaz.@@[A,JoulePerKiloGram]

scala> def energyR(m: Double @@ KiloGram): Double @@ JoulePerKiloGram =
JoulePerKiloGram(299792458.0 * 299792458.0 * Tag.unsubst[Double, Id, KiloGram] (
energyR: (m: scalaz.@@[Double,KiloGram])scalaz.@@[Double, JoulePerKiloGram]

scala> energyR(mass)
resd4: scalaz.@@[Double,JoulePerKiloGram] = 1.79751035747363533E18

scala> energyR(10.0)
<console>:18: error: type mismatch;
found : Double(10.0)
required: scalaz.@@[Double,KiloGram]
(which expands to) AnyRef{type Tag = KiloGram; type Self = Double}
energyR(10.0)

OO0O0O00000 bouble O energyR OO OOOOOOOOOOOOOOO
U0 newtype OO OOOOMInt @@ KiloGram O HOHOONONN
OooOoooood

Monoid OOOO
LYAHFGG:

O0O0O00« O 1 O0O0O0OoOoOoooo++ 0O 1 ooooood
gobogoogooaooaoodoodn

o OO0 2 O0O0O0O

2000000 O0OOOOOOoooooan

2O 0O0OOOOOOOOOOOOOOOoOoooOonnd
ooo
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OO0 Scala OOOOOOOE:

scala> 4 * 1

resl6: Int = 4
scala> 1 * 9
resl7: Int = 9

scala> List(1, 2, 3) ++ Nil
res18: List[Int] = List(1, 2, 3)

scala> Nil ++ List (0.5, 2.5)
res19: List[Double] = List(0.5, 2.5)

ooOooooood

LYAHFGG:

OO0O0@ = 4) = 503 x (4 x 5) OO0 60 OOO++ O
OO0oOooOoooooodoogd.. OOOOogOdog (associa-
tivity) OO OO00O00O* O ++ OO0OO00oooooooand
oooooooooo - ood

OoooodO:
scala> (3 * 2) * (8 * 5) assert_=== 3 % (2 * (8 * 5))
scala> List("la") ++ (List("di") ++ List("da")) assert_=== (List("la") ++ List("di")) ++

OOoOOOO0oOoOooOoOooodOoOobobodd monoid OOOOOOO

Monoid

LYAHFGG:

OooobooooooobooooOo2 ooooooooooan
OOoooOooooooooonon

Scalaz [J Monoid O OO OOOOOOOOOOOOOO:
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https://github.com/scalaz/scalaz/blob/series/7.1.x/core/src/main/scala/scalaz/Monoid.scala

trait Monoid[A] extends Semigroup[A] { self =>
4
/** The identity element for “append . */

def zero: A

Semigroup

Monoid [0 Semigroup OO OHOOOOOOOOOOOOOOON

trait Semigroup[A] { self =>
def append(al: A, a2: => A): A

goooogo:

trait SemigroupOps[A] extends Ops[A] {
final def |+|(other: => A): A = A.append(self, other)
final def mappend(other: => A): A = A.append(self, other)
final def (other: => A): A = A.append(self, other)

mappend OOOOOO0O00OOO0O0OOOOOO+] O oOooOodono

LYAHFGG:

00O mappend OO OOOO0O0O0O0OO0OO00OOOOOOO
OO000000mappend OO OOOO0OO0OO0O 2 OOOOOOOO
ooooooood

OO0 Haskell OOOO mappend OOOO0O0O0O0Ox OOOOOOOOOO
OOOODd (append) OOOOOODOOOODOOOOOOOOOOO

oon:

scala> List(1, 2, 3) mappend List(4, 5, 6)
res23: List[Int] = List(l, 2, 3, 4, 5, 6)
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https://github.com/scalaz/scalaz/blob/series/7.1.x/core/src/main/scala/scalaz/Semigroup.scala
https://github.com/scalaz/scalaz/blob/series/7.1.x/core/src/main/scala/scalaz/syntax/SemigroupSyntax.scala

scala> "one" mappend "two"

res25: String = onetwo

[+ OOO0O0O Scalaz OOOOOOOOO:

scala> List(1, 2, 3) |+| List(4, 5, 6)
res26: List[Int] = List(1, 2, 3, 4, 5, 6)

scala> "one" |+| "two"

res27: String = onetwo

Hoooogood

Monoid OO0

trait Monoid[A] extends Semigroup[A] { self =>

za
/** The identity element for “append”. */

def zero: A

LYAHFGG:

mempty O OOOO0OO0O0OO0OO0OO0OOO

OO0 Scalaz OO zero OOOOOOOO

scala> Monoid[List[Int]].zero
res15: List[Int] = List()

scala> Monoid[String].zero

resl6: String = ""
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Tags.Multiplication

LYAHFGG:

Oooooooooooo 2 oogooooooooooodn
OOooobOoooooooooooooonoooooooonon
Ooooool ooooooooboooogno

OO0 Scalaz 7.1 OO Tagged type OOOOOOOOOOOOOOON
0O Tags OOOO 8 OOOOO Monoid OOM1 O Zip OOOOOOOO
O Applicative DO OO (DOODDODOODOOOOOOOOONO Zip
List?)

scala> Tags.Multiplication(10) |[+]| Monoid[Int @@ Tags.Multiplication].zero
res21: scalaz.@@[Int,scalaz.Tags.Multiplication] = 10

0 o o o T % A o

scala> 10 |+| Monoid[Int].zero
res22: Int = 10

Tags.Disjunction and Tags.Conjunction

LYAHFGG:

OOoooooooodzoobooooooboooooooon
O0O0ONum a OOOO0OO0OOOO Bool OO 1 OOOOOO] |
OO0000Odfddralse OOOOOOOOOOONO .. Bool
O Monoid OOOOOOOOOOOO 1 OOOOOOAny OO
UOobdbdes OOOOOO0O0OOTrue OOOOOOOOH
oo

Scalaz 7 OO OOOOOOO Boolean @@ Tags.Disjunction[JBoolean @@
Tags.Conjunction IO OMN

scala> Tags.Disjunction(true) |+| Tags.Disjunction(false)

res28: scalaz.@@[Boolean,scalaz.Tags.Disjunction] = true
scala> Monoid[Boolean @@ Tags.Disjunction].zero |+| Tags.Disjunction(true)
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https://oss.sonatype.org/service/local/repositories/releases/archive/org/scalaz/scalaz_2.11/7.1.0/scalaz_2.11-7.1.0-javadoc.jar/!/index.html#scalaz.Tags\protect \ltjalchar "0024\relax 

res29: scalaz.@@[Boolean,scalaz.Tags.Disjunction] = true

scala> Monoid[Boolean @@ Tags.Disjunction].zero |+| Monoid[Boolean @@ Tags.Disjunction].

res30: scalaz.@@[Boolean,scalaz.Tags.Disjunction] = false

scala> Monoid[Boolean @@ Tags.Conjunction].zero |+| Tags.Conjunction(true)

res31: scalaz.@@[Boolean,scalaz.Tags.Conjunction] = true

scala> Monoid[Boolean @@ Tags.Conjunction].zero |+| Tags.Conjunction(false)
res32: scalaz.@@[Boolean,scalaz.Tags.Conjunction] = false

Monoid OO0 Ordering

LYAHFGG:

Ordering LD OOOOOOOOOOOOOOO0OOOOOOO
00O ordering [ Monoid OO OOOOOOOOOOOOOO
OOoOoooooooooooboooboooooooooOooon

0 o B B
scala> Ordering.LT |+| Ordering.GT

<console>:14: error: value |+| is not a member of object scalaz.Ordering.LT

Ordering.LT |+| Ordering.GT

scala> (Ordering.LT: Ordering) |+| (Ordering.GT: Ordering)

res42: scalaz.Ordering = LT

scala> (Ordering.GT: Ordering) |+| (Ordering.LT: Ordering)

res43: scalaz.Ordering = GT

scala> Monoid[Ordering] .zero |+| (Ordering.LT: Ordering)

res44: scalaz.Ordering = LT

scala> Monoid[Ordering] .zero |+| (Ordering.GT: Ordering)

res4b: scalaz.Ordering = GT

LYAHFGG:
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OOoOOooooooooooooooooooooooooodn
2000000000000 0000000000 Ordering O
OooooooooooogoooooooOoz oooogoog
OOoooOooOoodnod e oooooooooz oooood
OOoooOooooooooonon

Ordering.EQ OO OOOOOOOOOOOOOOOOOOOOOOOOZ2O
OOO0O0O0O0OO00O0O000O0O0O0ddn Scalaz OOOO lengthCompare
oooooodn:

scala> def lengthCompare(lhs: String, rhs: String): Ordering =
(lhs.length 7|7 rhs.length) [+| (lhs 7|7 rhs)
lengthCompare: (lhs: String, rhs: String)scalaz.Ordering

scala> lengthCompare('"zen", "ants")

res46: scalaz.Ordering = LT

scala> lengthCompare("zen", "ant")

res47: scalaz.Ordering = GT

OO0O00 “zen” O “ants” OOOOOO LT OOOOOOO

OO0 Monoid OO0 OOOOOOOOOOOOOOOOOOOOOOO
ooodoao

4 101

OOO00000O000000000OTagged type OO OOOOOOOOO
OO 2000000000000000 Semigroup [ Monoid LOOOMO

Jason Zaugg OOOOOOOOOON:

This might be a good point to pause and discuss the laws by

which a well behaved type class instance must abide.

Ooooogoooodooooogbogooongooood
oooooooooooooooooan

OO0 Haskell OOOOO0OOO0O0OOO0O0OOO0O0OOOOOOOOOO
OooOoooooooooooooooooooooooog
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http://eed3si9n.com/ja/learning-scalaz-day3
http://www.amazon.co.jp/dp/4274068854

Functor O

LYAHFGG:

Ooooooooooooooooooooboooooooan
OOooOoOooooo. ooooooooooooddid Oodono
Oooooooooooboooooooooooooooog
ooooodon

OOoOooogo
scala> List(l, 2, 3) map {identity} assert_=== List(1l, 2, 3)

oooood20o000 £ 0 g Odos O g OOooodn
OOooOoooooooooooomaoo gboo £ OOooon
Oooooobooooooobooooooooog

oOoOoooon

scala> (List(1, 2, 3) map {{(_: Int) * 3} map {(_: Int) + 1}}) assert_=== (List(1l, 2, 3)

OO0O0O000 Functor OOOOOOOO0OOOOOOOOOOOOOO

0000000 Scalaz 7 OO0 O OOO000O0O0OO FunctorLaw trait [
oooom:

trait FunctorLaw {
/** The identity function, lifted, is a mo-op. */
def identity[A](fa: F[A])(implicit FA: Equal[F[A]]): Boolean = FA.equal(map(fa)(x => x

Jk*
* A series of maps may be freely rewritten as a single map on a
* composed function.
*/
def associative[A, B, C](fa: F[A], f1: A => B, f2: B => C) (implicit FC: Equal[F[C]]): |

000000 OO00000000000000008 ScalaCheck OOOOONO

O0O0000000000O000 REPL OO00000000O0O0O build. sbt
O:
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https://github.com/scalaz/scalaz/blob/series/7.1.x/core/src/main/scala/scalaz/Functor.scala#L68-77

scalaVersion := "2.11.2"

val scalazVersion = "7.1.0"

libraryDependencies ++= Seq(
"org.scalaz" %) "scalaz-core" ¥, scalazVersion,
"org.scalaz" %% "scalaz-effect" ¥ scalazVersion,
"org.scalaz" %) "scalaz-typelevel" % scalazVersion,

"org.scalaz" %) "scalaz-scalacheck-binding" % scalazVersion % "test"

)

scalacOptions += "-feature"

initialCommands in console := "import scalaz._, Scalaz._ "

initialCommands in console in Test := "import scalaz._, Scalaz._, scalacheck.ScalazPrope

OO0 sbt console OO Osbt test:console LIIICI:

$ sbt test:console

[info] Starting scala interpreter...

[info]

import scalaz._

import Scalaz._

import scalacheck.ScalazProperties._

import scalacheck.ScalazArbitrary._

import scalacheck.ScalaCheckBinding. _

Welcome to Scala version 2.10.3 (Java HotSpot(TM) 64-Bit Server VM, Java 1.6.0_45).
Type in expressions to have them evaluated.

Type :help for more information.
scala>

List O Functor OO O OOOOOOOOO:
scala> functor.laws[List].check

+ functor.identity: 0K, passed 100 tests.

+ functor.associative: 0K, passed 100 tests.
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ooodo

Uboooboaooaoodoodne:

scala> :paste
// Entering paste mode (ctrl-D to finish)

sealed trait COption[+A] {}
case class CSome[A] (counter: Int, a: A) extends COption[A]

case object CNone extends COption[Nothing]

implicit def coptionEqual[A]: Equal[COption[A]] = Equal.equalA
implicit val coptionFunctor = new Functor[COption] {
def map[A, B](fa: COption[A])(f: A => B): COption[B] = fa match {
case CNone => CNone

case CSome(c, a) => CSome(c + 1, f(a))

// Eziting paste mode, now interpreting.

defined trait COption

defined class CSome

defined module CNone

coptionEqual: [A]=> scalaz.Equal[COption[A]]
coptionFunctor: scalaz.Functor[COption] = $anon$1042538425

scala> (CSome(0, "ho"): COption[String]) map {(_: String) + "ha"}
res4: COption[String] = CSome(l,hoha)

scala> (CSome(0, "ho"): COption[String]) map {identity}
resb: COption[String] = CSome(l,ho)

O0oOOooo0DOooDoobooooooooooooooog
scala> functor.laws[COption].check

<console>:26: error: could not find implicit value for parameter af: org.scalacheck.Arbi

functor.laws [COption] .check
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Coption[A] ODOOODOOOOODOOOODOOOOOOOOON:

scala> import org.scalacheck.{Gen, Arbitrary}

import org.scalacheck.{Gen, Arbitrary}

scala> implicit def COptionArbiterary[A] (implicit a: Arbitrary[A]): Arbitrary[COption[A]
a map { a => (CSome(0, a): COption[A]) }
COptionArbiterary: [A](implicit a: org.scalacheck.Arbitrary[A])org.scalacheck.Arbitrary[

OO00O0O00O0O ScalaCheck OOOOO map OOOOOOOOOOOOO
Scalaz O Functor [Arbitrary] OOOOOOOO0! OO0OOOOOOOO
OO coption OOMOOScalaCheck OO OOOOOHOOOOOOOOOOO

scala> functor.laws[COption].check

! functor.identity: Falsified after O passed tests.

> ARG_O: CSome(0,-170856004)

! functor.associative: Falsified after O passed tests.
ARG_0: CSome(0,1)

ARG_1: <functionl>

ARG_2: <functionl>

vV V VvV

UOoooboooboooodn

Applicative [J
OO0 Applicative CIO:

trait Applicativelaw extends FunctorLaw {
def identityAp[A](fa: F[A]) (implicit FA: Equal[F[A]]): Boolean =
FA.equal (ap(fa) (point((a: A) => a)), fa)

def composition[A, B, C](fbc: F[B => C], fab: F[A => B], fa: F[A])(implicit FC: Equa
FC.equal (ap(ap(fa) (fab)) (fbc), ap(fa) (ap(fab) (ap(fbc) (point((bc: B => C) => (ab: A

def homomorphism[A, B](ab: A => B, a: A)(implicit FB: Equal[F[B]]): Boolean =
FB.equal (ap(point(a)) (point(ab)), point(ab(a)))

def interchange[A, B](f: F[A => B], a: A)(implicit FB: Equal[F[B]]): Boolean =
FB.equal (ap(point(a)) (£), ap(f) (point((f: A => B) => f(a))))
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https://github.com/scalaz/scalaz/blob/series/7.1.x/core/src/main/scala/scalaz/Applicative.scala#L60-72

LYAHFGG OOOOOOOOOO0OOOooooooooooo

Semigroup [J

OO0 OSemigroup C10:

Jk*
* A semigroup in type F must satisfy two laws:

*

* = !'Iclosure''': L a, b in F, append(a, b)  is also in "F . This is enforced by
* - !''gssociativity''': 00 a, b, ¢’ in "F°, the equation append(append(a, b), c)
*/

trait SemigroupLaw {
def associative(fl: F, f2: F, £3: F)(implicit F: Equal[F]): Boolean =

F.equal(append(f1, append(f2, £3)), append(append(f1, £2), £3))
1+ (2x*x3)0 0 *2) «x3000000000000000O04 (associa-
tive) OOOOOOOOOODOOOOO

scala> semigroup.laws[Int @@ Tags.Multiplication].check

+ semigroup.associative: 0K, passed 100 tests.

Monoid I

OO0 Monoid O0:

Jk*
* Monotd instances must satisfy [[scalaz.Semigroup.SemigroupLaw]] and 2 additional la
*
* = ''"'left identity''': “forall a. append(zero, a) == a°
* = !"!"'right didentity''' : “forall a. append(a, zero) ==
*/

trait MonoidLaw extends SemigroupLaw {
def leftIdentity(a: F)(implicit F: Equal[F]) = F.equal(a, append(zero, a))
def rightIdentity(a: F)(implicit F: Equal[F]) = F.equal(a, append(a, zero))

o7


https://github.com/scalaz/scalaz/blob/series/7.1.x/core/src/main/scala/scalaz/Semigroup.scala#L38-47
https://github.com/scalaz/scalaz/blob/series/7.1.x/core/src/main/scala/scalaz/Monoid.scala#L50-59

0000000 DOO0OnO (identity value) OOOOOOOO | +| (mappend)
OOoOooooooooooooooooooooon:

scala> 1 * 2 assert_=== 2

scala> 2 * 1 assert_=== 2

Scalaz OOO0O:

scala> (Monoid[Int @@ Tags.Multiplication].zero |+| Tags.Multiplication(2): Int) assert_:
scala> (Tags.Multiplication(2) |+| Monoid[Int @@ Tags.Multiplication].zero: Int) assert_:
scala> monoid.laws[Int @@ Tags.Multiplication].check

+ monoid.semigroup.associative: 0K, passed 100 tests.

+ monoid.left identity: OK, passed 100 tests.
+ monoid.right identity: OK, passed 100 tests.

Monoid OO0 Option

LYAHFGG:

Maybe a OOOOOOOO 1 OOOOOOOOOO a OOOO
Ooobooiddn Maybe a LOOOOOOOOOOMaybe a
0 mappend UIJust OO OO mappend O OOOOOOON
oo

Scalaz O OOOOOOOOOOOOON std/Option.scala CI0:
implicit def optionMonoid[A: Semigroup]: Monoid[Option[A]] = new Monoid[Option[A]] {

def append(f1: Option[A]l, f2: => Option[A]) = (f1, £f2) match {
case (Some(al), Some(a2)) => Some(Semigroup[A].append(al, a2))

case (Some(al), None) => f1
case (None, Some(a2)) => f2
case (None, None) => None

def zero: Option[A] = None
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https://github.com/scalaz/scalaz/blob/series/7.1.x/core/src/main/scala/scalaz/std/Option.scala#L54-63

OO00O0O0O0O00O0O00000 Context bound O A: Semigroup [1 A [
[+ OOOO0DOOO0O0O0OOOo00oooooooooobooooooo
Oooooooooooooooon

scala> (none: Option[Stringl) |+| "andy".some

res23: Option[String] = Some(andy)

scala> (Ordering.LT: Ordering).some |+| none

res25: Option[scalaz.Ordering] = Some(LT)

ooooooan

LYAHFGG:
OobooooooobooooodooOoddtnappend OO OO
OOoooOoooooooooool oooooooooooan
Oooooooooooooooooboooooooooon
First a OO0 OOOOOOO

Haskell OO0 newtype OO OO First OOOOOOOOOOOOOOOO
Scalaz 7 OO OO Tagged type OO OOOO:

scala> Tags.First('a'.some) |+| Tags.First('b'.some)

res26: scalaz.0@[Option[Char],scalaz.Tags.First] = Some(a)

scala> Tags.First(none: Option[Char]) |+| Tags.First('b'.some)
res27: scalaz.@@[Option[Char],scalaz.Tags.First] = Some(b)

scala> Tags.First('a'.some) |+| Tags.First(none: Option[Char])

res28: scalaz.@@[Option[Char],scalaz.Tags.First] = Some(a)
LYAHFGG:
O0O0O2 00 Just O mappend OO OOOO0OOO0O0OOOOO
OOO00 Maybe 2 DOOOOOOOOOOOOCOData . Monoid

00 Last a OOOOOOOOOOO

OO Tags.Last [:
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scala> Tags.Last('a'.some) |+| Tags.Last('b'.some)

res29: scalaz.0@@[Option[Char],scalaz.Tags.Last] = Some(b)

scala> Tags.Last(none: Option[Char]) |+| Tags.Last('b'.some)
res30: scalaz.@@[Option[Char],scalaz.Tags.Last] = Some(b)

scala> Tags.Last('a'.some) |+| Tags.Last(none: Option[Char])
res31: scalaz.@@[Option[Char],scalaz.Tags.Last] = Some(a)

Foldable

LYAHFGG:

OdO00dooooboodoooooooooooogood
Foldable 1O NOODOOOOMOOMNOMO Functor OO
OO0000OdOOOOFoldable OO OOOOOOOOOOO
Ooodo

Scalaz OOOOOOOOOOO Foldable OOOOOOOOOOOOOONO
OoOoOooooOoodn:

trait Foldable[F[_]1] { self =>
/** Map each element of the structure to a [[scalaz.Monoid]], and combine the results.
def foldMap[A,B](fa: F[A])(f: A => B)(implicit F: Monoid[B]): B

/**Right-associative fold of a structure. */

def foldRight[A, Bl (fa: F[A]l, z: => B)(f: (A, => B) => B): B

OoOoOooood:

/** Wraps a value “self” and provides methods related to “Foldable  */
trait FoldableOps[F[_],A] extends Ops[F[A]] {
implicit def F: Foldable[F]
24
final def foldMap[B: Monoid] (f: A => B = (a: A) => a): B = F.foldMap(self) (f)
final def foldRight[B](z: => B)(f: (A, => B) => B): B = F.foldRight(self, z)(f)
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final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final

final

V4

def
def
def
def
def
def
def
def
def
def
def
def
def
def
def
def
def
def
def
def
def
def
def
def
def
def
def
def
def
def
def
def

foldLeft[Bl(z: B)(f: (B, A) => B): B = F.foldLeft(self, z)(f)
foldRightM[G[_], Bl(z: => B)(f: (A, => B) => G[B]) (implicit M: Monad[G]): G[
foldLeftM[G[_], Bl(z: B)(f: (B, A) => G[B])(implicit M: Monad[G]): G[B] = F.
foldr[B](z: => B)(f: A => (=> B) => B): B = F.foldr(self, z)(f)

foldl[B](z: B)(f: B => A => B): B = F.foldl(self, z)(f)

foldrM[G[_], Bl(z: => B)(f: A => ( => B) => G[B]) (implicit M: Monad[G]): GI[B
foldIM[G[_], Bl(z: B)(f: B => A => G[B]) (implicit M: Monad[G]): G[B] = F.fol
foldri(f: (A, => A) => A): Option[A] = F.foldrl(self) (f)

foldl1(f: (A, A) => A): Option[A] = F.foldll(self) (f)

sumr (implicit A: Monoid[A]): A = F.foldRight(self, A.zero) (A.append)

suml (implicit A: Monoid[A]): A = F.foldLeft(self, A.zero) (A.append(_, _))
toList: List[A] = F.tolList(self)

toIndexedSeq: IndexedSeq[A] = F.toIndexedSeq(self)

toSet: Set[A] = F.toSet(self)

toStream: Stream[A] = F.toStream(self)

all(p: A => Boolean): Boolean = F.all(self) (p)

0 (p: A => Boolean): Boolean = F.all(self) (p)

allM[G[_]: Monad] (p: A => G[Boolean]): G[Boolean] = F.allM(self) (p)
anyM[G[_]: Monad] (p: A => G[Boolean]): G[Boolean] = F.anyM(self) (p)

any(p: A => Boolean): Boolean = F.any(self) (p)

[0 (p: A => Boolean): Boolean = F.any(self) (p)

count: Int = F.count(self)

maximum(implicit A: Order[A]): Option[A] = F.maximum(self)

F.minimum(self)

minimum(implicit A: Order[A]): Option[A]
longDigits(implicit d: A <:< Digit): Long = F.longDigits(self)

empty: Boolean = F.empty(self)

element (a: A) (implicit A: Equal[A]): Boolean = F.element(self, a)
splitWith(p: A => Boolean): List[List[A]] = F.splitWith(self) (p)
selectSplit(p: A => Boolean): List[List[A]] = F.selectSplit(self) (p)
collapse[X[_]1] (implicit A: ApplicativePlus[X]): X[A] = F.collapse(self)
concatenate(implicit A: Monoid[A]): A = F.fold(self)
traverse_[M[_]:Applicative] (f: A => M[Unit]): M[Unit] = F.traverse_(self) (f)

Ooboooooboooodoooobgoooboododtorder OOOOO
OooooooooobooooooooooOn:
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scala> List(l, 2, 3).foldRight (1) {_ * _}
res49: Int = 6

scala> 9.some.foldLeft(2) {_ + _}
resb0: Int = 11

OO0O0O00OO0O0OOOOOOO0OOOn foldMap OOOOOOOOOON
Monoid[A] O zero O|+| ODOOOOOOOOOOOOOOOOOOOO
Foldable IO Monoid OOOOOOOOOOOOOOO[B: Monoid]
OO0 A => BOOOOOO:

scala> List(l, 2, 3) foldMap {identity}
resb3: Int = 6

scala> List(true, false, true, true) foldMap {Tags.Disjunction.apply}

resb6: scalaz.0@[Boolean,scalaz.Tags.Disjunction] = true

Tags.Disjunction(true) OJOOOOOOOOO+| OOOOOOOOO
ooo

OOoOooooooooooobooooOooooonooooonon

5010

4 000 Functor OOOOOOOOOOOOOOScalaCheck OO OOOOO
OO0O0000000oOdddOdOOddoption O Monoid OO OO 3 0O
OO0 foldMap O OO Foldable LI

UOoooogon

OO0O000 Haskell OO O OO0O0OOO0O0OOO0O0OOO0OOOOOOO
Ooooooooog

Oooooooooooooboooooooooooooog
Oooooooobodimbodonon « oooooooooon
OOoooOooooobodmn a OOOOOOOOOOOOOO

Scalaz OO OO0 Monad OOO0O000000000000000OOOO
HIEE
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trait Monad[F[_]] extends Applicative[F] with Bind[F] { self =>
4

OO0 Applicative [0 Bind O OOOM Bind OOOOOOO

Bind

000 Bind OOOOOONA:

trait Bind[F[_]] extends Apply[F] { self =>
/** Equivalent to “jotn(map(fa)(f)) . */
def bind[A, B](fa: F[A])(f: A => F[B]): F[B]

goooogoogn:

/** Wraps a value “self” and provides methods related to “Bind ™ */
trait BindOps[F[_],A] extends Ops[F[A]] {

implicit def F: Bind[F]

V4

import Liskov.<~<

def flatMap[B](f: A => F[B]) = F.bind(self) (f)

def >>=[B](f: A => F[B]) = F.bind(self) (f)

def  [B](f: A => F[B]) = F.bind(self) (f)

def join[B] (implicit ev: A <~< F[B]): F[B] = F.bind(self) (ev(_))

def M [B] (implicit ev: A <~< F[B]): F[B] = F.bind(self) (ev(_))

def >>[B](b: F[B]): F[B] = F.bind(self)(_ => b)

def ifM[B] (ifTrue: => F[B], ifFalse: => F[B]) (implicit ev: A <~< Boolean): F[B] = {
val value: F[Boolean] = Liskov.co[F, A, Boolean] (ev) (self)
F.ifM(value, ifTrue, ifFalse)

}

V24

flatMap OO OOOOOOOOOOOOOO>>=0 OOO0OO0OO0O0O0O
OOoOOoOoOoOoOooooooooooooooooonoOondn flatMap O
oood:
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scala> 3.some flatMap { x => (x + 1).some }
res2: Option[Int] = Some(4)

scala> (none: Option[Int]) flatMap { x => (x + 1).some }

res3: Option[Int] = None

Monad

Monad ICI[:

trait Monad[F[_]] extends Applicative[F] with Bind[F] { self =>
V24

Haskell OOOO Monad[F[_]1]1 O Applicative[F[_]1] OOOOOOOO
return O pure OO O0OOOOO0OOOOOOOOOOOOOONOO point
oo

scala> Monad [Option] .point ("WHAT")
resb: Option[String] = Some(WHAT)

scala> 9.some flatMap { x => Monad[Option].point(x * 10) }
res6: Option[Int] = Some(90)

scala> (none: Option[Int]) flatMap { x => Monad[Option].point(x * 10) }

res7: Option[Int] = None

oo

LYAHFGG:

Ooooootoabooooodgogo s goanooooood
Oobooooobooooooooooooooooooao 1 oo
004 00000o0000oooooogooaoo s ooao
tbouooooouobodaououdbodaouaodaoaood
goog

OO0 pole OO OOOOOOOOO
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scala> type Birds = Int
defined type alias Birds

scala> case class Pole(left: Birds, right: Birds)

defined class Pole

Scala OOOOOOO Int OOOOOOOOOOOOOOOOOOOOOO
OO000O000O00O0O0O landLeft OO landRight OOOOOOOOOOO
OO0O0O0OO Pole O case class OO

scala> case class Pole(left: Birds, right: Birds) {
def landLeft(n: Birds): Pole = copy(left = left + n)
def landRight(n: Birds): Pole = copy(right = right + n)
}

defined class Pole

o0 DOoooooooogo:

scala> Pole(0, 0).landLeft(2)
resl10: Pole = Pole(2,0)

scala> Pole(l, 2).landRight(1)
resll: Pole = Pole(1,3)

scala> Pole(l, 2).landRight(-1)
resl2: Pole = Pole(1,1)

ooooood:

scala> Pole(0, 0).landLeft(1).landRight(1).landLeft(2)
resl3: Pole = Pole(3,1)

scala> Pole(0, 0).landLeft(1).landRight(4).landLeft(-1).landRight(-2)
resl5: Pole = Pole(0,2)

O0000O0O0oooooDooooooooooooooooooooon
Option[Pole] OO OOOMO:

scala> case class Pole(left: Birds, right: Birds) {
def landLeft(n: Birds): Option[Pole] =
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if (math.abs((left + n) - right) < 4) copy(left = left + n).some
else none

def landRight(n: Birds): Option[Pole] =
if (math.abs(left - (right + n)) < 4) copy(right = right + n).some
else none

3

defined class Pole

scala> Pole(0, 0).landLeft(2)
res16: Option[Pole] = Some(Pole(2,0))

scala> Pole(0, 3).landLeft(10)
resl7: Option[Pole] = None

flatMap O OOOOOOOH:

scala> Pole(0, 0).landRight(1) flatMap {_.landLeft(2)}
res18: Option[Pole] = Some(Pole(2,1))

scala> (none: Option[Pole]) flatMap {_.landLeft(2)}
resl19: Option[Pole] = None

scala> Monad[Option] .point(Pole(0, 0)) flatMap {_.landRight(2)} flatMap {_.landLeft(2)}
res21: Option[Pole] = Some(Pole(2,4))

D000 Option 0000000000000 Monad [Option] . point (. . .)
OO00000000000>»= 0000000000000000000

go:

scala> Monad[Option].point(Pole(0, 0)) >>= {_.landRight(2)} >>= {_.landLeft(2)} >>= {_.1
res22: Option[Pole] = Some(Pole(2,4))

Ubiooaoodoodoodoodooabogoodgoodot:

scala> Monad[Option] .point(Pole(0, 0)) >>= {_.landLeft(1)} >>= {_.landRight(4)} >>= {_.1.
res23: Option[Pole] = None

ooooooan
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ooooooood

LYAHFGG:

OoooooooooboooboooboooooooooOooan
OOoooooooooboooooooooooooooooon
OO0 pvanana DOOOOO0OOOO

OO00O000000 banana [:

scala> case class Pole(left: Birds, right: Birds) {

def landLeft(n: Birds): Option[Pole] =
if (math.abs((left + n) - right) < 4) copy(left = left + n).some
else none

def landRight(n: Birds): Option[Pole] =
if (math.abs(left - (right + n)) < 4) copy(right = right + n).some
else none

def banana: Option[Pole] = none

}

defined class Pole

scala> Monad[Option] .point(Pole(0, 0)) >>= {_.landLeft(1)} >>= {_.banana} >>= {_.landRig]
res24: Option[Pole] = None

LYAHFGG:

obobooobooooobooooboooonoooooogoog
googot>> joohoooooogoogog

L >> O Option UL

scala> (none: Option[Int]) >> 3.some
res25: Option[Int] = None

scala> 3.some >> 4.some
res26: Option[Int] = Some(4)

scala> 3.some >> (none: Option[Int])

res27: Option[Int] = Nomne
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banana [I>> (none: Option[Pole]) OOOOOOOOO:

scala> Monad[Option] .point(Pole(0, 0)) >>= {_.landLeft(1)} >> (none: Option[Pole]) >>= {
<console>:26: error: missing parameter type for expanded function ((x$1) => x$1.landLeft
Monad [Option] .point (Pole(0, 0)) >>= {_.landLeft(1)} >> (none: Option[Pole]

Ooooooooo0000000ddd0000oooooO
OO Programming in Scala CJO:

The one exception to the precedence rule, alluded to above,
concerns assignment operators, which end in an equals character.
If an operator ends in an equals character (=), and the operator
is not one of the comparison operators <=, >=, ==, or !=, then
the precedence of the operator is the same as that of simple
assignment (=). That is, it is lower than the precedence of any

other operator.

Ut Oogoboaoodaooaobooanoodot 1 oaoodaood
O=== 0000 (=) Dooooodog

>= (bind) OOOOOOOOOOODOODOOOOOOOOOOO
({_.landLeft (1)} >> (momne: Option[Pole])) O OODOOOOOO
Odoooooooooooooooooooooooooooooooo-
Oooooooooooooooooooon:

scala> Monad[Option] .point(Pole(0, 0)).>>=({_.landLeft(1)}).>>(none: Option[Pole]).>>=({
res9: Option[Pole] = None

O00O00O0O00000O0OoOooooooboooooooooooooooOod
.

scala> (Monad[Option].point(Pole(0, 0)) >>= {_.landLeft(1)}) >> (none: Option[Pole]) >>=
res10: Option[Pole] = None

OOO0O0000OodoooOogognods>>= O flatMap OOOOO >> O
UOoooboooboooogooaoodaoodn
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for OO

LYAHFGG:

Haskell OOOOOO0OOOO0O0OOO0OOOO0OOOOOOO
OOoOoOoooooonodnd de OOO

ooooboooooooooooood:

scala> 3.some >>= { x => "!".some >>= { y => (x.shows + y).some } }
Some(31!)

resl4: Option[String]

>>=O00000oogooonoogoogoogooonod:

scala> 3.some >>= { x => (none: Option[String]) >>= { y => (x.shows + y).some } }
resl7: Option[String] = None

scala> (none: Option[Int]) >>= { x => "!".some >>= { y => (x.shows + y).some } }
res16: Option[String] = None

scala> 3.some >>= { x => "!".some >>= { y => (none: Option[String]) } }

res18: Option[String] = None

Haskell [0 do OO OO OO OOScala OO for OOOOOOOOOOOON
O :

scala> for {
x <- 3.some
y <= "I"_ some
} yield (x.shows + y)
res19: Option[String] = Some(3!)
LYAHFGG:

do O00Olet OOOOOOOOOOOOOOOOOOONO

OO0 Scala O for OOOOOOOOOOOO
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ooooooood

LYAHFGG:

Oooooooooooodnoonn do OOOooooon

scala> def routine: Option[Pole] =
for {
start <- Monad[Option].point(Pole(0, 0))
first <- start.landLeft(2)
second <- first.landRight(2)
third <- second.landLeft (1)
} yield third

routine: Option[Pole]

scala> routine
res20: Option[Pole] = Some(Pole(3,2))

yield J Option[Pole] OO Pole DOOODOOOOthird OO
oo

LYAHFGG:

OOoOoOoooooooooonooOodtde OOOoOooOoon
oo

scala> def routine: Option[Pole] =

for {
start <- Monad[Option].point(Pole(0, 0))
first <- start.landLeft(2)
_ <- (none: Option[Polel)
second <- first.landRight(2)
third <- second.landLeft (1)

} yield third

routine: Option[Pole]

scala> routine

res23: Option[Pole] = None
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oooooooooodno
LYAHFGG:

do DOOOOOOOOOOOOOOOOOOOOIet OOOO
gobooooooooooaooaooonooon

scala> def justH: Option[Char] =

for {
(x :: xs) <= "hello".toList.some
} yield x

justH: Option[Char]

scala> justH
res25: Option[Char] = Some(h)

do JOOOOOOOOOOOOOOOOOOMonad OOOOO
O0O0O00 fail OO0OO0OOoOoooooooooooodn
OoOoooooooooooooooboooooodonon

scala> def wopwop: Option[Char] =

for {
(x :: xs) <- "".,tolList.some
} yield x

wopwop: Option[Char]

scala> wopwop

res28: Option[Char] = None

OO0OO00O000O000000 Nene OOOOOOOOOO for OOOOO
Uooobogoogoodoogoooboooogoogoodooonog

List OO

LYAHFGG:

ooors,s,o] DOooOoooooooooooooogoog
Ooooooooooooooooood 1 oooooooadn
OOooooooooooooooooooooonoooooan
Oooooooooooboooooogog
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OO0 Applicative OO0 List OOOOO

scala> ~(List(1, 2, 3), List(10, 100, 100)) {_ * _}
res29: List[Int] = List(10, 100, 100, 20, 200, 200, 30, 300, 300)

ooooooooooooooooooboooodan

scala> List(3, 4, 5) >>= {x => List(x, -x)}
res30: List[Int] = List(3, -3, 4, -4, 5, -5)

OoboooooboooboodfList OOooOooooooooooooodg
OOOOO0O0OoO0OoO0oOOdfOfor OO0 List OOOOOOOOO
O Scala OOOOOO:

scala> for {
n <- List(1, 2)
ch <- List('a', 'b")
} yield (m, ch)
res33: List[(Int, Char)] = List((1,a), (1,b), (2,a), (2,b))

MonadPlus [0 guard 01

Scala O for OOOOOOOOOOOOOO
scala> for {
x <—= 1 |-> 50 if x.shows contains '7'
} yield x
res40: List[Int] = List(7, 17, 27, 37, 47)

LYAHFGG:

MonadPlus OOOOOOOOOOOOOOOOOOOOOOONO
ooon

OO0 MonadPlus OOOOOOOOOOOON:

trait MonadPlus[F[_]] extends Monad[F] with ApplicativePlus[F] { self =>
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PlusOPlusEmpty[10 ApplicativePlus

OO ApplicativePlus 1O HIOIO:

trait ApplicativePlus[F[_]] extends Applicative[F] with PlusEmpty[F] { self =>

OOO0O000O0O PlusEmpty OOOOOM:

trait PlusEmpty[F[_]] extends Plus[F] { self =>
4
def empty[A]l: FI[A]

OOO0O0Ooopries OOOOOOO:

trait Plus([F[_]] { self =>

def plus[Al(a: F[A]l, b: => F[A]): F[A]

Semigroup[A] O Monoid[A] OOOOPlus[F[_]1] O PlusEmpty[F[_]] O
00000000000 plus O empty OOOOOOOO0O0O0O0OOOOO
OO0O0O0o0o0000oo (FIL]) 00ooooooodd

Plus O 2 O0O00OO0OOOO0OOO0OO<+> OOOOOOOO:

scala> List(1, 2, 3) <+> List(4, 5, 6)
res43: List[Int] = List(1, 2, 3, 4, 5, 6)

MonadPlus OO

MonadPlus [ filter OO OOOON

scala> (1 |-> 50) filter { x => x.shows contains '7' }
res46: List[Int] = List(7, 17, 27, 37, 47)
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oood

LYAHFGG:

Oooooooooooooooooooooooooooan
OOooOooooooooooooooooono 1 ooooooon
Oooooosoooooooooooooooooogog
ooooooood

OO00O00O00000O000000O00 case class OOOO:

scala> case class KnightPos(c: Int, r: Int)

defined class KnightPos
Ooooooooooooooooodoooodndn:

scala> case class KnightPos(c: Int, r: Int) {
def move: List[KnightPos] =
for {
KnightPos(c2, r2) <- List(KnightPos(c + 2, r - 1), KnightPos(c + 2, r + 1),
KnightPos(c - 2, r - 1), KnightPos(c - 2, r + 1),
KnightPos(c + 1, r - 2), KnightPos(c + 1, r + 2),
KnightPos(c - 1, r - 2), KnightPos(c - 1, r + 2)) if (
((1 |-> 8) contains c2) && ((1 |-> 8) contains r2))
} yield KnightPos(c2, r2)
}
defined class KnightPos

scala> KnightPos(6, 2).move
resb0: List[KnightPos] = List(KnightPos(8,1), KnightPos(8,3), KnightPos(4,1), KnightPos(

scala> KnightPos(8, 1).move
resbl: List[KnightPos] = List(KnightPos(6,2), KnightPos(7,3))

O00O0OO0O0oOoOooooogs 0oooooooaan:
scala> case class KnightPos(c: Int, r: Int) {
def move: List[KnightPos] =
for {

KnightPos(c2, r2) <- List(KnightPos(c + 2, r - 1), KnightPos(c + 2, r + 1),
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KnightPos(c - 2, r - 1), KnightPos(c - 2, r + 1),
KnightPos(c + 1, r - 2), KnightPos(c + 1, r + 2),
KnightPos(c - 1, r - 2), KnightPos(c - 1, r + 2)) if (
((L |-> 8) element c2) && ((1 |-> 8) contains r2))
} yield KnightPos(c2, r2)
def in3: List[KnightPos] =
for {
first <- move
second <- first.move
third <- second.move
} yield third
def canReachIn3(end: KnightPos): Boolean = in3 contains end
}
defined class KnightPos

scala> KnightPos(6, 2) canReachIn3 KnightPos(6, 1)

resb6: Boolean = true

scala> KnightPos(6, 2) canReachIn3 KnightPos(7, 3)
resb7: Boolean = false

Monad O

OO0dO LYAHFGG:

OOooooooooooobodddreturn OOO0OOO0OOOO
OOO0OOOoOooogobs>= opoonoooooooogoog
OOoOooooooooooobooobooboooooogon
ooodog

OO0 Scala OOOOOOO

// (Monad[F].point(z) flatMap {f}) assert_=== f(z)
scala> (Monad[Option].point(3) >>= { x => (x + 100000).some }) assert_=== 3 |> { x => (x
oood

000000000 0>>= 0O0dOoOdOoOdn return OO0
goboooooooaooonooobooobooonogn

(0]



// (m forMap {Monad[F].point(_)}) assert_===m

scala> ("move on up".some flatMap {Monad[Option].point(_)}) assert_=== "move on up".some

oo

OOoOoooodocs>= Odoooooooooooooooon
Oooooooobooobooooooooooooooooan
oo

// (m flatMap f) flatMap g assert_===m flatMap { = => f(z) flatMap {g} }

scala> Monad[Option].point(Pole(0, 0)) >>= {_.landRight(2)} >>= {_.landLeft(2)} >>= {_.1
res76: Option[Pole] = Some(Pole(2,4))

scala> Monad[Option].point(Pole(0, 0)) >>= { x =>
x.landRight(2) >>= { y =>
y.landLeft(2) >>= { z =>
z.landRight (2)
3
res77: Option[Pole] = Some(Pole(2,4))

Scalaz 7 OO OOOOOOCOOOOOOOO:

trait MonadLaw extends ApplicativelLaw {
/** Lifted “point” ts a mo-op. */
def rightIdentity[A](a: F[A]) (implicit FA: Equal[F[A]]): Boolean = FA.equal(bind(a) (
/**% Lifted “f° applied to pure “a” s just “f(a) . */
def leftIdentity[A, Bl(a: A, f: A => F[B]) (implicit FB: Equal[F[B]]): Boolean = FB.e
Jk*
* As with semigroups, monadic effects only change when their
* order s changed, not when the order in which they're
* combined changes.
*/
def associativeBind[A, B, C]l(fa: F[A], f: A => F[B], g: B => F[C]) (implicit FC: Equa
FC.equal (bind(bind(fa) (£)) (g), bind(fa) ((a: A) => bind(f(a))(g)))

OO0 option OOOOOOOOOOOOOOOOONO 4 OO0 build. sbt
OO0 sbt test:console LIOIOIOO:
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scala> monad.laws [Option].check
monad.applicative.functor.identity: OK, passed 100 tests.
monad.applicative.functor.associative: OK, passed 100 tests.
monad.applicative.identity: 0K, passed 100 tests.
monad.applicative.composition: OK, passed 100 tests.
monad.applicative.homomorphism: 0K, passed 100 tests.
monad.applicative.interchange: 0K, passed 100 tests.
monad.right identity: OK, passed 100 tests.

monad.left identity: OK, passed 100 tests.

+ o+ o+ o+ o+ o+ o+ o+ 4+

monad.associativity: OK, passed 100 tests.

Option OO OOOOOOOOOOOOONO

6 L1UJ

UOO0Of1atMap OO OOO Monad DO OO OOOOOOOOOOOOON
OooOobOooooooooooododOododnd option O List O
00000000 flatMap OOOOO0OOOOO0OO0OO0OOOOOOO
I
OooOoboooooboooooodn for OOOooog

for OOOOO

Haskell [0 do CJOO Scala O for DOOOOOOOOOOOOOONO do O
go:

foo = do
x <= Just 3
y <= Just "!I"

Just (show x ++ y)

OO0 return (show x ++ y) OOOOHOOOOOOOOOOOOOOIO
OOO0O0O0OOoOoOooooodO st OOOOOOOOO Scala OOOO:

scala> def foo = for {
x <- 3.some
y <= "I". some

} yield x.shows + y
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OO00000O0O0O0O0OOScala O x.shows + y OO String Hyield O
OoOooooooooooooooooooooooooooooooog
OoOO0ooooooooooooooooooooooooogooQo
ooae

in3 start = do
first <- moveKnight start
second <- moveKnight first

moveKnight second

OO0 Scala OO0 moveKnight second OOOOONON yield OOOOONO
OOoooooooooon

def in3: List[KnightPos] = for {
first <- move
second <- first.move
third <- second.move

} yield third

OOoOoooooooooooboooooooooooooooonoog

ooooooboooogon

Writer? OOOOOOOOCOO!

OO0 Haskell OO OOOO0OOO:

Maybe OO OOOO0OOOOOOOOOOOOOOOOOONO
OOoooooooooooooooooodobodtwriter O
OOooooOl oooooooooooonooooooooan
Oooooooooodno

OO0O00 applylog DO OO OOOOONO:
scala> def isBigGang(x: Int): (Boolean, String) =
(x > 9, "Compared gang size to 9.")

isBigGang: (x: Int)(Boolean, String)

scala> implicit class PairOps[A] (pair: (A, String)) {
def applyLog[Bl(f: A => (B, String)): (B, String) = {
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val (x, log) = pair
val (y, newlog) = f(x)
(y, log ++ newlog)

}

defined class PairOps

scala> (3, "Smallish gang.") applyLog isBigGang
res30: (Boolean, String) = (false,Smallish gang.Compared gang size to 9.)

OO0000000 implicit OOOOOOOOO0O0OOOOOOScala 2.10 O
implicit class OOOOOOOOO0O0O0OOO0OOO0O0OOOOOO0OOOO
OO0O0O0O00O000000 Menoid OOOOOOON:

scala> implicit class PairOps[A, B: Monoid] (pair: (A, B)) {
def applyLog[Cl(f: A => (C, B)): (C, B) = {
val (x, log) = pair
val (y, newlog) = f(x)
(y, log |+| newlog)

}

defined class PairOps

scala> (3, "Smallish gang.") applyLog isBigGang
res31: (Boolean, String) = (false,Smallish gang.Compared gang size to 9.)

Writer

LYAHFGG:
OO00O0O00O000O000O000000O0O00O0o0OoOoOoOn
Writer w a HOOOOOOOOOOON newtype OOOON
OO000oO0oOoooodonoad

Scalaz OOOOOOOOOO Writer O:

type Writer[+W, +A] = WriterT[Id, W, Al

Writer[+W, +A] OOWriterT[Id, W, A] OOOOOOOOO
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WriterT

OO0 writerT OOOOOOOOO:

sealed trait WriterT[F[+_], +W, +A] { self =>
val run: F[(W, A)]

def written(implicit F: Functor[F]): F[W] =
F.map(run) (_._1)

def value(implicit F: Functor[F]): F[A] =
F.map(run) (_._2)

Writer OO OOOO0O0O0O000O0O0O0O0OO0O0O0O0O0O0COOO0O0O0O0OO

ooooooood:

scala> 3.set("Smallish gang.")
res46: scalaz.Writer[String,Int] = scalaz.WriterTFunctions$$anon$260@477a0c05

import Scalaz. OHOHOHOHOHOOOOHOOOOOOOOOOOOOOON
Oad:

trait ToDataOps extends TolIdOps with ToTreeOps with ToWriterOps with ToValidationOps wit!

OOO000 writerOps O OO

final class WriterOps[A] (self: A) {
def set[W](w: W): Writer[W, A] = WriterT.writer(w —> self)

def tell: Writer[A, Unit] = WriterT.tell(self)

OOoOO00oOooooooooooooooobDooOonO Writer OO0

good:

scala> 3.set("something")

resb7: scalaz.Writer[String,Int] = scalaz.WriterTFunctions$$anon$260@159663c3

scala> "something".tell

resb8: scalaz.Writer[String,Unit] = scalaz.WriterTFunctions$$anon$26@374de9ct
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return 3 :: Writer String Int JOOOOOMHOOOOOOOOOOOO
OO0O00O007 Menad [F[_]] OOOOOOCOO1 OOO0OCOOOOOOOO
OO0O000OOWriter [+W, +A] O 2 OO0 Scalaz OO MonadTell [0
OO0DOO00DOO00DOO0DO00O0doOodnD (00O MonadWwriter OO0
oooon):

scala> MonadTell[Writer, String]
res62: scalaz.MonadTell[scalaz.Writer,String] = scalaz.WriterTInstances$$anon$1@6b8501fa

scala> MonadTell[Writer, String].point(3).run
res64: (String, Int) = ("",3)
Writer [0 for OOOO0OO

LYAHFGG:

U000 Menad LOOOOOOOOOOOOWriter [ do LI
googoogon

OO0 Scala OOOOOOOO:

scala> def logNumber(x: Int): Writer[List[String], Int] =
x.set(List("Got number: " + x.shows))

logNumber: (x: Int)scalaz.Writer[List[String],Int]
scala> def multWithLog: Writer[List[String], Int] = for {

a <- logNumber (3)

b <- logNumber(5)

} yield a * b

multWithLog: scalaz.Writer[List[String],Int]
scala> multWithLog.run
res67: (List[String], Int) = (List(Got number: 3, Got number: 5),15)

UOoooboooboooodn

OO0O0od ged O:
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scala> :paste
// Entering paste mode (ctrl-D to finish)

def gcd(a: Int, b: Int): Writer[List[String], Int] =
if (b == 0) for {
_ <= List("Finished with " + a.shows).tell
} yield a
else
List(a.shows + " mod " + b.shows + " = " + (a % b).shows).tell >>= { _ =>
gcd(b, a % b)

// Eziting paste mode, mow interpreting.

gcd: (a: Int, b: Int)scalaz.Writer[List[String],Int]

scala> gcd(8, 3).run

res71: (List[String], Int) = (List(8 mod 3 = 2, 3 mod 2 = 1, 2 mod 1 = 0, Finished with

OO0O0 List OO0

LYAHFGG:

Writer OOOOOOO0O00O00OOOOOOOOOOOOOOOO
OooooOooooooooooooooooooooood
mappend [ ++ JUOOOOOO0O0O++ OOOOOOOOOOO
I o o o A
ooOooo

obooooboooooooooooooooooooooooooog
OOooOOOoOooOoooooodooooooooOOodnd vector L0
Vector LIOIOONO 32 OOOOOOODOOOOOOOOOOOOOOOOO
ooogo

scala> Monoid[Vector[String]]
res73: scalaz.Monoid[Vector[String]] = scalaz.std.IndexedSeqSubInstances$$anon$4@6£82£06:

Vector OO OO ged:
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scala> :paste
// Entering paste mode (ctrl-D to finish)

def gcd(a: Int, b: Int): Writer[Vector[String], Int] =
if (b == 0) for {
_ <= Vector("Finished with " + a.shows).tell
} yield a
else for {
result <- gcd(b, a % b)
_ <= Vector(a.shows + " mod " + b.shows + " = " + (a % b).shows).tell

} yield result

// Eziting paste mode, mow interpreting.

gcd: (a: Int, b: Int)scalaz.Writer[Vector[String],Int]

scala> gcd(8, 3).run
res74: (Vector[String]l, Int) = (Vector(Finished with 1, 2 mod 1 = 0, 3 mod 2 = 1, 8 mod

ooodno

Ubooobogooaooaooaoudooaboooogood:

def vectorFinalCountDown(x: Int): Writer[Vector[String], Unit] = {

import annotation.tailrec

Q@tailrec def doFinalCountDown(x: Int, w: Writer[Vector[String], Unit]): Writer[Vector[
case 0 => w >>= { _ => Vector("0").tell }
case x => doFinalCountDown(x - 1, w >>= { _ =>

Vector(x.shows) .tell

b

}

val t0 = System.currentTimeMillis

val r = doFinalCountDown(x, Vector[String] ().tell)

val tl = System.currentTimeMillis

r >>= { _ => Vector((tl1 - t0).shows + " msec").tell }

def listFinalCountDown(x: Int): Writer[List[String], Unit] = {

import annotation.tailrec
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Qtailrec def doFinalCountDown(x: Int, w: Writer[List[String], Unit]):

case 0 => w >>= { _ => List("0").tell }
case x => doFinalCountDown(x - 1, w >>= { _ =>
List(x.shows) .tell
1))
}
val t0 = System.currentTimeMillis
val r = doFinalCountDown(x, List[String] ().tell)
val tl = System.currentTimeMillis

r >>= { _ => List((t1 - t0).shows + " msec").tell }

Uoooogoogo:

scala> vectorFinalCountDown(10000) .run

resl8:

scala> resl18._1.last

resl9: String = 1206 msec

scala> listFinalCountDown(10000) .run

res20:

scala> res20._1.last

res21: String = 2050 msec

List DOOOO0O0O0O0O0O00O00O000O0O0000

Reader

LYAHFGG:

D11 O000000O0ggoo->) r O0Functor OOOOCOO
oooooooooodno

scala> val £ = (_: Int) * 5

f:

Int => Int = <functionl>

scala> val g = (_: Int) + 3

84
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g: Int => Int = <functionl>

scala> (g map f)(8)
res22: Int = 55

Oooooooooooooooooooooooooooog
Oooooooooooooooboooooooooodnon
oooooooooooboonooooooodn

scala> val f = ({(_: Int) * 2} [@] {(_: Int) + 10}) {_ + _}
warning: there were 1 deprecation warnings; re-run with -deprecation for details

f: Int => Int = <functionl>

scala> f(3)
res35: Int = 19

o000 (> r OOoooooooooooooooooood
Oooobooobooobooooooooooooooooan
OOooooooooooooooooooooooooOooon
Oooooooooooooooooooooooooooog
Oooooooooooooooooooooooooooadn
oOoooodoon

oooooooooood:

scala> val addStuff: Int => Int = for {
a <- (_: Int) * 2
b <- (_: Int) + 10
} yield a + b
addStuff: Int => Int = <functionl>

scala> addStuff (3)
res39: Int = 19

(x2) O (+10) OOOOO 3 OODOOOOOO0OOOreturn
(a+pb) OOOO 3 OOOOOOOOOOOOOOOOOOOO
a+tb OOOOOOOOOOOOOOOOOOOO0OOO Reader
OooobooobooobooooooooooooobooOodn
ooooodno
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OO0OReader OOOO0OOO0OO0O0OOO0O0OO0OOO0OOOOOOOO
OOoOd1 ooooboooooooooooooooooooooonoog
Option O List OOOOOOOOWriter O Reader OOOOOOOOON
Oooooooooboooooodno

oOoooooOoodno

guin

6 OO0O0Ofor OOOOOOWriter OOOOOOOOOOOOOOOONO
Ooooooooog

Applicative Builder

0000000000000 O0OOO000O0 Applicative builder |@] OOO
O0200 0v.0.0-M3 OOOOOOOOOO ~¢£1, £2) {...7 O00OOO
OoOobooooonoooo 2 0onoooooooooooooooog
OOoOooooooooooooooodn

Scalaz OOOOOOOOOOOOO |el O deprecate OO OOOOOOON
Uoooogooooogoodooodne:

scala> (3.some |@| 5.some) {_ + _}

res18: Option[Int] = Some(8)

scala> val £ = ({(_: Int) * 2} |@| {(_: Int) + 10}) {_ + _}

f: Int => Int = <functionl>

oooooodno

OO0 Haskell OO OOOO0OOO:
OO0 Haskell OO state OO0OOOO0OO0OO0OOO0OOOOO
OOoOoooOooooooooooooboooooooOoodon

obgoodaoodaood

O0O00O00000O0O0O00O0000000 case class OOOOO Haskell O
Scala OOOOOOO:
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scala> type Stack = List[Int]
defined type alias Stack

scala> def pop(stack: Stack): (Int, Stack) = stack match {
case x :: xs => (x, x8)
}
pop: (stack: Stack)(Int, Stack)

scala> def push(a: Int, stack: Stack): (Unit, Stack) = (), a :: stack)
push: (a: Int, stack: Stack) (Unit, Stack)

scala> def stackManip(stack: Stack): (Int, Stack) = {
val (_, newStackl) push(3, stack)

val (a, newStack2) = pop(newStackl)

pop (newStack?2)
}
stackManip: (stack: Stack)(Int, Stack)

scala> stackManip(List(5, 8, 2, 1))

resO: (Int, Stack) = (5,List(8, 2, 1))

State and StateT

LYAHFGG:
O00OoOoooOoooooooooboooooobooooOonOnd
O00000000000000Ooo0oooooooooonog
OO000OoO0oooOoOon

s -> (a, s)

O0000000O0O0O000000O00O00O000000000 state OOOO

O00OO0OO0O0000O00OO000OO0OnOd Scalaz OO state OO OO

[HEIEINE

type Statel[S, +A] = StateT[Id, S, A]

// important to define here, rather than at the top-level, to avoid Scala 2.9.2 bug

object State extends StateFunctions {
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def applyl[S, Al(f: S => (S, A)): State[S, Al = new StateT[Id, S, Al {
def apply(s: 8) = f(s)

Writer OOOOState[S, +A] O StateT[Id, S, Al OOOOOOOOO
OO0 stateT OOOOO:

trait StateT[F[+_], S, +A] { self =>
/*% Run and return the final value and state in the context of F~ */

def apply(initial: S): F[(S, A)]

/** An alias for “apply™ */
def run(initial: S): F[(S, A)] = apply(initial)

/** Calls “run’ using "Monoid[S].zero™ as the initial state */
def runZero(implicit S: Monoid[S]): F[(S, A)] =

run(S.zero)

UOOdnOgd state UOOOOOOOOOOON:

scala> State[List[Int], Int] { case x :: xs => (xs, x) }
resl: scalaz.State[List[Int],Int] = scalaz.package$State$$anon$1019£58949

OO0O00 state OOOOOOOOOON:

scala> type Stack = List[Int]
defined type alias Stack

scala> val pop = State[Stack, Int] {
case x :: xs8 => (xs, X)
}
pop: scalaz.State[Stack,Int]

scala> def push(a: Int) = State[Stack, Unit] {
case xs => (a :: xs, )
}
push: (a: Int)scalaz.State[Stack,Unit]
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scala> def stackManip: State[Stack, Int] = for {
_ <= push(3)
a <- pop
b <- pop
} yield(b)
stackManip: scalaz.State[Stack,Int]

scala> stackManip(List(5, 8, 2, 1))
res2: (Stack, Int) = (List(8, 2, 1),5)

State[List[Int], Int] {...} OOOOOOCOOOOOCOOOOOOOOO
OOoobooobooboooooooooooooobooonodd for OO0
OO0O000000000 state DOOOOOOOOOOOOOOOOOOO
U000 stackManip L1OOHHOON

OoOoOooooOno

LYAHFGG:

Control.Monad.State OO OIOO2 OOOOOOMN get U
put OO OOOMonadState OO OOOOOOOOOOOONO

State object [J StateFunctions trait O OOOOOOOOOOOOOO
ooogood:

trait StateFunctions {

def constantState[S, Al(a: A, s: => S): State[S, A] =
State((_: 8) => (s, a))

def state[S, Al(a: A): State[S, A] =
State((_ : S, a))

def init[S]: State[S, S] = State(s => (s, s))

def get[S]: State[S, S] = init

def gets[S, T](f: S => T): State[S, T] = State(s => (s, £(s)))

def put[S](s: S): State[S, Unit] = State(_ => (s, ))

def modify[S](f: S => S): State[S, Unit] = State(s => {
val r = f(s);
(r, O

1)

VLTS
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* Computes the difference between the current and previous values of “a’
*/
def deltalA]l(a: A)(implicit A: Group[A]): State[A, A] = State{
(prevA) =>
val diff = A.minus(a, prevA)
(diff, a)

OOoOOoOoOOooOdoOdoooooodOdstate DOOOOoOOoOodno
OoOobooooooooooboooooboooooooooooooog
OOOOoOoOobOOoOoOoOoodOod get DOOOOOOOOOOOOOO
oood:

def init[S]: State[S, S] = State(s => (s, s))
def get[S]: State[S, S] = init

OOoooOoooOoooOoddn put OOOOOOO0OOO00O0O00004adg
oOood:

def put[S](s: S): State[S, Unit] = State(_ => (s, O))

stackStack OO OOOOOOOOOOOON

scala> def stackyStack: State[Stack, Unit] = for {
stackNow <- get

r <- if (stackNow === List(l, 2, 3)) put(List(8, 3, 1))
else put(List(9, 2, 1))
} yield r

stackyStack: scalaz.State[Stack,Unit]

scala> stackyStack(List(1l, 2, 3))
res4: (Stack, Unit) = (List(8, 3, 1),0)

pop U push [0 get O put OO OOOOOONO:
scala> val pop: State[Stack, Int] = for {

s <- get[Stack]

val (x :: xs) = s
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_ <= put(xs)
} yield x
pop: scalaz.State[Stack,Int] = scalaz.StateT$$anon$7040014da3

scala> def push(x: Int): State[Stack, Unit] = for {
xs <- get[Stack]
r <- put(x :: xs)
} yield r
push: (x: Int)scalaz.State[Stack,Unit]

Oooooooooooooooooooooooo (booooood
OO0O0o0) ooooooobDoodoooooooooooooooo

LYAHFGG:

Either e a OO OOOOOOOOOOOOOOOOOOONO
botbgboaoodboaboaoootoaooooaooaood
googoogoogooooogoodn

00000000 Either[A, B] OOOOOOOOScalaz 7 O Either (10
OoOoooooooooy ooogo:

sealed trait \/[+A, +B] {

/** Return “true” if this disjunction is left. */
def isLeft: Boolean =
this match {
case -\/(_) => true
case \/-(_) => false

/** Return “true” if this disjunction s right. */
def isRight: Boolean =
this match {
case -\/(_) => false

case \/-(_) => true
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/** Flip the left/right values in this disjunction. Alias for “unary_~" */
def swap: (B \/ A) =
this match {
case -\/(a) => \/-(a)
case \/-(b) => -\/(b)

/**% Flip the left/right values in this disjunction. Alias for “swap™ */
def unary_~ : (B \/ A) = swap

/*% Return the right value of this disjunction or the given default if left. Alias for
def getOrElse[BB >: B](x: => BB): BB =

toOption getOrElse x
/** Return the right value of this disjunction or the given default <f left. Alias for
def |[BB >: B](x: => BB): BB = getOrElse(x)

/** Return this if it is a right, otherwise, return the given wvalue. Alias for ~[[]~ *
def orElse[AA >: A, BB >: B](x: => AA \/ BB): AA \/ BB =
this match {
case -\/() => x
case \/-(_) => this
}
/*% Return this if it is a right, otherwise, return the given wvalue. Alias for “orElse
def ||I[AA >: A, BB >: Bl(x: => AA \/ BB): AA \/ BB = orElse(x)

private case class -\/[+Al(a: A) extends (A \/ Nothing)
private case class \/-[+B](b: B) extends (Nothing \/ B)

O00000 1dops ODOOOOOOOOOOO0OO0OOO right OOOOO
left OOOOOOOOOOON:

scala> 1.right[String]

resl12: scalaz.\/[String,Int] = \/-(1)
scala> "error".left[Int]
res13: scalaz.\/[String,Int] = -\/(error)
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Scala OOOOOOOO Either OOOOOOOOOOOOOOOOO Scalaz
OO0O00O0O0000004d f1latMap OOOOOOOOOO:

scala> Left[String, Int]("boom") flatMap { x => Right[String, Int](x + 1) }
<console>:8: error: value flatMap is not a member of scala.util.Left[String,Int]

Left[String, Int]("boom") flatMap { x => Right[String, Int](x + 1) }

right OOOOOOOO RightProjection OO OOOOMOM:

scala> Left[String, Int]("boom").right flatMap { x => Right[String, Int](x + 1)}
res15: scala.util.Either[String,Int] = Left(boom)

Either OOOOOOOOOOOOOOOOOOOOOOOOOOOOONO
OO000O0O0right OOOOOOOOO Scalaz O \/ OOOOOOOOO
oooogoogoogooonoogoond:

scala> "boom".left[Int] >>= { x => (x + 1).right }
res18: scalaz.Unapplyl[scalaz.Bind,scalaz.\/[String,Int]]{type M[X] = scalaz.\/[String,X]

OO00O0000 for OOOOOOOOON:

scala> for {
el <- "event 1 ok".right
e2 <- "event 2 failed!".left[String]
e3 <- "event 3 failed!".left[String]
} yield (el |+] e2 |+]| e3)
res24: scalaz.\/[String,String] = -\/(event 2 failed!)

OoOOoOoOoooooooooooooooooooo\ ooooooooo
OO0O000O0O7 OO0O4isRight O isleft JOOOOOOOOOOONO:

scala> "event 1 ok".right.isRight

res25: Boolean = true

scala> "event 1 ok".right.isLeft

res26: Boolean = false

OO0 getOrElse DO ODOOOOOOOOOOOOOOOO OOO:
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scala> "event 1 ok".right | "something bad"

res27: String = event 1 ok

UO0d swap OO OOOOOOOOOOOOOOOO0OO0OO0O unary_~
oon:

scala> ~"event 2 failed!".left[String] | "something good"
res28: String = event 2 failed!

map UOOOOOOOOOOON:

scala> "event 1 ok".right map {_ + "!"}
res31: scalaz.\/[Nothing,String] = \/-(event 1 ok!)

DDDDDDDDDDD@AA\/%(DDD[M>:A,%>:M)DD
OO0 orElse OO0 orElse OO OO OOOOOOOOOO |1 O:

scala> "event 1 failed!".left ||| "retry event 1 ok".right
res32: scalaz.\/[String,String] = \/-(retry event 1 ok)

Validation

Scalaz OOOOOOO Either OOOOOOOOOOO 1 O Validation [
.

sealed trait Validation[+E, +A] {
/** Return “true’ if this validation is success. */
def isSuccess: Boolean = this match {
case Success(_) => true
case Failure(_) => false
}
/** Return “true” if this wvalidation is fatlure. */

def isFailure: Boolean = !isSuccess

final case class Success[E, A](a: A) extends Validation[E, A]

final case class Failure[E, A](e: E) extends Validation[E, A]
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OOO0O00 validation O \/ OOOOOOOOO validation OOOOO
disjunction OO OOOOOOOOOOOOOOOOONO

ValidationOps OOOOOOOOOOON success [X] OsuccessNel [X]1 0]
failure[X]OfailureNel [X] DOOOOODOOOOO (DOOOO Nel
OoOoooooooogooon):

scala> "event 1 ok".success[String]

res36: scalaz.Validation[String,String] = Success(event 1 ok)

scala> "event 1 failed!".failure[String]

res38: scalaz.Validation[String,String] = Failure(event 1 failed!)

Validation OO OOOOOOOOOOOOApplicative functor L1
Oo0O0OooOoooooodoooooogooddOdvalidation O
Ooooooooodo:

scala> ("event 1 ok".success[String] |@| "event 2 failed!".failure[String] |@| "event 3

res44: scalaz.Unapplyl[scalaz.Apply,scalaz.Validation[String,String]l]{type M[X] = scalaz.

DOOO000000000000000 Failure(event 2 failed!event 3
failed!) OOOOOOOOOOOOOO \/ OOOOOValidation (O
OdOodoooooodooooooooooooooooogooooo
OO0O00doooooooodoooooooogdoon

oodoogobodooooo 1 toooooooogooooog
Oooooooooooooooooooooooar

NonEmptyList

OO0 NonEmptyList (OO0 Nel) OOOOIO:

/** A singly-linked list that ts guaranteed to be non-empty. */
sealed trait NonEmptyList[+A] {

val head: A

val tail: List[A]

def <::[AA >: Al(b: AA): NonEmptyList[AA] = nel(b, head :: tail)
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00000 List OOoOooooooooooooooooodod 1 oo
0000000000 head OOOOOOONO Idops O Nel OOOO MM
wrapNel OO OOOOOOOOOOO

scala> 1.wrapNel
res47: scalaz.NonEmptyList[Int] = NonEmptyList(1)

OO0 successNel [X] O failureNel [X] OOOOOOO?

scala> "event 1 ok".successNel[String]

res48: scalaz.ValidationNEL[String,String] = Success(event 1 ok)

scala> "event 1 failed!".failureNel[String]

res49: scalaz.ValidationNEL[String,String] = Failure(NonEmptyList(event 1 failed!))

scala> ("event 1 ok".successNel[String] |@| "event 2 failed!".failureNel[String] |@| "ewv
resb0: scalaz.Unapplyl[scalaz.Apply,scalaz.ValidationNEL[String,String]l]{type M[X] = scal

Failure LD OO OOOOOOOOOOOOOOOOONONO

ooooooog

8 1

7 OO OOApplicative Builder OO O OO0 State OO OO\/ OO OO
Validation LJO1IO]

AoooooooOddoand

OO0 Haskell OOOOOOOOO:
OOOooOoOooooooooooooooooogoooQ
OoooooooooooooooooooooooooooOn
OOooOoooOooon

Scalaz [0 Monad [ Applicative OO OOOOOOOOOOOOOOO Fune-
tor OOOOO000000000000Omap <> OOOOOOOO
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join OOOO LYAHFGG:
Oo00000D0000000000000000000000
OD000000000000000000000000j0in O

OoOooOooooooooodn

Scalaz OO join OOOO (OOODDOOODOOOODOOOM) O Bind
oOoooooood:

trait BindOps[F[_],A] extends Ops[F[A]] {

def join[B] (implicit ev: A <~< F[B]): F[B] = F.bind(self) (ev(_ ))
def M [B] (implicit ev: A <~< F[B]): F[B] = F.bind(self) (ev( ))

oooood:

scala> (Some(9.some): Option[Option[Int]]).join
res9: Option[Int] = Some(9)

scala> (Some(none): Option[Option[Int]]).join
resl10: Option[Int] = None

scala> List(List (1, 2, 3), List(4, 5, 6)).join
resl12: List[Int] = List(1, 2, 3, 4, 5, 6)

scala> 9.right[String].right[String].join
resl15: scalaz.Unapply[scalaz.Bind,scalaz.\/[String,scalaz.\/[String,Int]]]{type M[X]

scala> "boom".left[Int].right[String].join
resl6: scalaz.Unapplyl[scalaz.Bind,scalaz.\/[String,scalaz.\/[String,Int]]]{type M[X]

filterM OOOO LYAHFGG:

Control.Monad OOOOMOMN filterM O OOOOOOOONO
ootd.. OOd Beol LI OO OO O UOOUOOL

Scalaz OO filterM DOOOOOOOOOOOOOOOO
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trait ListOps[A] extends Ops[List[A]] {

final def filterM[M[_] : Momnad] (p: A => M[Boolean]): M[List[A]] = 1.filterM(self) (p)

scala> List(1, 2, 3) filterM { x => List(true, false) }
res19: List[List[Int]] = List(List(1, 2, 3), List(1, 2), List(1l, 3), List(1), List(2, 3)

scala> Vector(l, 2, 3) filterM { x => Vector(true, false) }

res20: scala.collection.immutable.Vector[Vector[Int]] = Vector(Vector(i, 2, 3), Vector(l

foldLeftM OOOO LYAHFGG:
foldl OOIOOONO foldaM OO

Scalaz DO Foldable [ foldLeftM OO OOOOOOOfoldRightM
Ooono

scala> def binSmalls(acc: Int, x: Int): Option[Int] = {
if (x > 9) (none: Option[Int])
else (acc + x).some

}
binSmalls: (acc: Int, x: Int)Option[Int]

scala> List(2, 8, 3, 1).foldLeftM(0) {binSmalls}
res25: Option[Int] = Some(14)

scala> List(2, 11, 3, 1).foldLeftM(0) {binSmalls}
res26: Option[Int] = Nomne
OO0 RPN OOOOOO

LYAHFGG:
Ol000000ooOoog (RPN) OOoDooooooooood

OooooooooooooooooboooooooOoooan
Ooooooooooooobooooooooon
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000 RPN OOODOOOOOOOOOOOOOOOOOOOOOOO Scala
oOooood:

scala> def foldingFunction(list: List[Double], next: String): List[Double] = (1list, next
case (x :: y :: ys, "*¥") => (y * x) :: ys
case (x :: y :: ys, "+") => (y + x) :: ys
case (x :: y :: ys, "=") => (y - x) :: ys
case (xs, numString) => numString.toInt :: xs
}
foldingFunction: (list: List[Double], next: String)List[Double]

scala> def solveRPN(s: String): Double =
(s.split(' ').toList.foldLeft(Nil: List[Double]) {foldingFunction}).head
solveRPN: (s: String)Double

scala> solveRPN("10 4 3 + 2 *x =")
res27: Double = -4.0

OoOOoooOooOooooooOoooooooooooooOoood
OO Scalaz [0 String [ Validation[NumberFormatException, Int]
OO0 parseInt JOOOOOOOOOON to0ption OOOOOOON
Option[Int] OOOOOOO:

scala> "1".parseInt.toOption
res31: Option[Int] = Some(1)

scala> "foo".parselnt.toOption

res32: Option[Int] = Nomne
Ooooooooooooaq:

scala> def foldingFunction(list: List[Double], next: String): Option[List[Double]] = (1i
case (x :: y :: ys, "*") => ((y * x) :: ys).point[Option]
case (x :: y :: ys, "+") => ((y + x) :: ys).point[Option]
case (x :: y :: ys, "=-") => ((y - x) :: ys).point[Option]
case (xs, numString) => numString.parselnt.toOption map {_ :: xs}
}
foldingFunction: (list: List[Double], next: String)Option[List[Double]]

scala> foldingFunction(List(3, 2), "*")
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res33: Option[List[Double]] = Some(List(6.0))

scala> foldingFunction(Nil, "x'")
res34: Option[List[Double]] = None

scala> foldingFunction(Nil, "wawa"

res35: Option[List[Double]] = None

OO0O0O0O0000 solveRPN:

scala> def solveRPN(s: String): Option[Double] = for {
List(x) <- s.split(' ').toList.foldLeftM(Nil: List[Double]) {foldingFunction}
} yield x
solveRPN: (s: String)Option[Double]

scala> solveRPN("1 2 * 4 +")
res36: Option[Double] = Some(6.0)

scala> solveRPN("1 2 * 4")
res37: Option[Double] = None

scala> solveRPN("1 8 garbage")
res38: Option[Double] = None

oooooooodn

LYAHFGG:
U113 0b000googobogobot=< gopoogoodgd
OO0O0O0OoOoOododnO a -> p O00O00O0OOa -> m b OOO

OOoooOooOooooooobooooooooond

ooOooboooooodon

Kleisli

Scalaz OO Kleisli OO OO0 A => M[B] OOOOOOOOOOOOOOd
OoOoOooood:
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sealed trait Kleisli[M[+_], -A, +B] { self =>
def run(a: A): M[B]

/**% alias for “andThen™ */

def >=>[C] (k: Kleisli[M, B, C]) (implicit b: Bind[M]): Kleisli[M, A, C] = kleisli((a: .
def andThen[C] (k: Kleisli[M, B, C])(implicit b: Bind[M]): Kleisli[M, A, C] this >=>
/** alias for “compose” */

def <=<[C](k: Kleisli[M, C, A]) (implicit b: Bind[M]): Kleisli[M, C, B] = k >=> this
def compose[C] (k: Kleisli[M, C, A])(implicit b: Bind[M]): Kleisli[M, C, B] = k >=> thi

object Kleisli extends KleisliFunctions with KleisliInstances {
def apply[M[+_], A, BI(f: A => M[B]): Kleisli[M, A, B] = kleisli(f)
UO0OO0O0 Kleisli OO OOOO0H:

scala> val f = Kleisli { (x: Int) => (x + 1).some }

f: scalaz.Kleisli[Option,Int,Int] = scalaz.KleisliFunctions$$anon$18@7da2734e

scala> val g = Kleisli { (x: Int) => (x * 100).some }
g: scalaz.Kleisli[Option,Int,Int] = scalaz.KleisliFunctions$$anon$180@49e07991

<= O00O00O000O000O0000f compose g OO OOOOOOONOMN
oo

scala> 4.some >>= (f <=< g)
res59: Option[Int] = Some(401)

>=> O00O0000f andThen g OODOOOOOOOOOOON:
scala> 4.some >>= (f >=> g)

res60: Option[Int] = Some(500)

Reader OO

OOO0O0O0O00OScalaz O Reader [ Kleisli OO OOOOOOOOOO
oOoood:
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type ReaderT[F[+_], E, A] = Kleisli[F, E, A]
type Reader[E, A] ReaderT[Id, E, Al

object Reader {
def applylE, Al(f: E => A): Reader[E, A] = Kleisli[Id, E, A]l(f)

6 JODoooonoonoodboobooogoogoodn:

scala> val addStuff: Reader[Int, Int] = for {
a <- Reader { (_: Int) * 2 }
b <- Reader { (_: Int) + 10 }
} yield a + b
addStuff: scalaz.Reader[Int,Int] = scalaz.KleisliFunctions$$anon$18@343bd3ae

scala> addStuff (3)
res76: scalaz.Id.Id[Int] = 19

ooobgoogoogoodoogooobooboooogoog

ooooono

LYAHFGG:

N O 0 R U ) o E=Ye
Ooooodboooooogoooooooogogooood
oOooOoo. [3,5,9] DOOOOOOOOOOOoOOoOoOood
O0OoOo00O s gooood so OoOooods 0 o OoOoodn
oo 2 doboooooobooaobooooooooond
ooooodon

Scala OOOOOOOOOOOOOOOOODouble OOOOOMOMO case class:

scala> :paste
// Entering paste mode (ctrl-D to finish)

case class Prob[A] (1ist: List[(A, Double)])

trait ProbInstances {
implicit def probShow[A]: Show[Prob[A]] = Show.showA

102



case object Prob extends ProbInstances

// Eziting paste mode, mow interpreting.

defined class Prob
defined trait ProbInstances
defined module Prob

OOooOoooooooooooooooooooooooooan
OooooooooooobDooooOoon prob OOOOOMO
ooooooood

scala> :paste
// Entering paste mode (ctrl-D to finish)

case class Prob[A] (1ist: List[(A, Double)])

trait ProbInstances {
implicit val probInstance = new Functor[Prob] {
def map[A, Bl(fa: Prob[A])(f: A => B): Prob[B] =
Prob(fa.list map { case (x, p) => (f&x), p) })
}
implicit def probShow[A]: Show[Prob[A]] = Show.showA

case object Prob extends ProbInstances

scala> Prob((3, 0.5) :: (5, 0.25) :: (9, 0.25) :: Nil) map {-_}
res77: Prob[Int] = Prob(List((-3,0.5), (-5,0.25), (-9,0.25)))

OO00O00O0O flatten OOOOOOOO
case class Prob[A] (list: List[(A, Double)])
trait ProbInstances {

def flatten[B](xs: Prob[Prob[B]]): Prob[B]
def multall(innerxs: Prob[B], p: Double)

1
-~

innerxs.list map { case (x, r) => (x, p * r) }
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Prob((xs.list map { case (innerxs, p) => multall(innerxs, p) }).flatten)

implicit val probInstance = new Functor[Prob] {
def map[A, Bl(fa: Prob[A])(f: A => B): Prob[B] =
Prob(fa.list map { case (x, p) => (f&x), p) })
}
implicit def probShow[A]: Show[Prob[A]] = Show.showA

case object Prob extends ProbInstances

OOoOooooooooooooooodn:

scala> :paste
// Entering paste mode (ctrl-D to finish)

case class Prob[A] (1ist: List[(A, Double)])
trait ProbInstances {

def flatten[B] (xs: Prob[Prob[B]]): Prob[B]
def multall(innerxs: Prob[B], p: Double)

]
-~

innerxs.list map { case (x, r) => (x, p * r) }

Prob((xs.list map { case (innerxs, p) => multall(innerxs, p) }).flatten)

implicit val probInstance = new Functor[Prob] with Monad[Prob] {
def point[A](a: => A): Prob[A] = Prob((a, 1.0) :: Nil)
def bind[A, B](fa: Prob[A])(f: A => Prob[B]): Prob[B] = flatten(map(fa)(f))
override def map[A, B](fa: Prob[A]l)(f: A => B): Prob[B] =
Prob(fa.list map { case (x, p) => (f&x), p) })
}
implicit def probShow[A]: Show[Prob[A]] = Show.showA

case object Prob extends ProbInstances

// Exziting paste mode, mow interpreting.

defined class Prob

104



defined trait ProbInstances

defined module Prob

OOoOooooodooooooOoonoonn cein OOOO0oOooood:

scala> :paste
// Entering paste mode (ctrl-D to finish)

sealed trait Coin
case object Heads extends Coin
case object Tails extends Coin

implicit val coinEqual: Equal([Coin] = Equal.equalA

def coin: Prob[Coin] = Prob(Heads -> 0.5 :: Tails -> 0.5 :: Nil)
def loadedCoin: Prob[Coin] = Prob(Heads -> 0.1 :: Tails -> 0.9 :: Nil)

def flipThree: Prob[Boolean] = for {
a <- coin
b <- coin
c <- loadedCoin
} yield { List(a, b, c) all {_ === Tails} }

// Eziting paste mode, mow interpreting.

defined trait Coin
defined module Heads
defined module Tails
coin: Prob[Coin]
loadedCoin: Prob[Coin]
flipThree: Prob[Boolean]

scala> flipThree
res81: Prob[Boolean] = Prob(List((false,0.025), (false,0.225), (false,0.025), (false,0.2

dOoooodnooo 1 goooo s bugbooooaooobogoodnog
ooodo

ooOooooono
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9 4]

S OOOOO0O00OOO0O0O0 joinOfilterMOO foldLeftM OO OOMNOMN
O RPN OO0OO0OO0OO0O0OOKIeisli OOOOOOOOOOOOOOOOOO
UOO0oOoobooonodod prob JOOHONO

Tree
OO0 Haskell OO OOOO0OOONO Zippers OOOOO:

Ubotgbdoaboaoooboaouoaooooaoaood
O0OO000000 Zipper DOOOOOOOO0OOOO Zipper
Ooooooooooooobooobooooooooooodn
OooOooooooooooodn

Scala O case class OOOOOO0OO0O0O0O0OOOOOOOOOOOOOO
O00O0O00O0O00O0OoOoooooooooooooonooooooooono
O0O0O0O Scala OOOOOOOOOOOOO

0000000000000 OScalaz O Tree OOO0O:

sealed trait Tree[A] {
/** The label at the root of this tree. */
def rootLabel: A
/** The child nodes of this tree. */
def subForest: Stream[Tree[A]]

object Tree extends TreeFunctions with TreeInstances {
/** Construct a tree mode with no children. */

def apply[A] (root: => A): Tree[A] = leaf(root)

object Node {
def unapply[A](t: Tree[A]l): Option[(A, Stream[Tree[A]])] = Some((t.rootLabel, t.subF

trait TreeFunctions {
/** Construct a new Tree node. */

def node[A] (root: => A, forest: => Stream[Tree[A]]): Tree[A] = new Treel[A] {
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lazy val rootLabel = root

lazy val subForest = forest

override def toString = "<tree>"
}
/** Construct a tree node with no children. */

def leaf[A] (root: => A): Tree[A] = node(root, Stream.empty)

000000 (multi-way tree) OOOODOOOOOOOOOOOOOOOO
OO0 node OOOONO 1eaf OOOOOOMO:

trait TreeV[A] extends Ops[A] {

def node(subForest: Tree[A]l*): Treel[A] = Tree.node(self, subForest.toStream)

def leaf: Tree[A] = Tree.leaf(self)

OO00O0O freeTree OOOOOOO:

scala> def freeTree: Tree[Char] =
'"P' .node(

'0' .node(
'L'.node('N'.leaf, 'T'.leaf),
'Y'.node('S'.leaf, 'A'.leaf)),

'L'.node(
'W'.node('C'.leaf, 'R'.leaf),
'"A'.node('A'.leaf, 'C'.leaf)))

freeTree: scalaz.Tree[Char]
LYAHFGG:

Oobooooto wooboooooooo p adoboooodd
oboooooooOood

Tree.Node L1 OOO OO OchangeToP L1 OO OO OIOOIOL:

scala> def changeToP(tree: Tree[Char]): Tree[Char] = tree match {

case Tree.Node(x, Stream(
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1, Tree.Node(y, Stream(
Tree.Node(_, Stream(m, n)), r)))) =>
x.node(l, y.node('P'.node(m, n), r))
}

changeToP: (tree: scalaz.Tree[Char])scalaz.Tree[Char]

OOoOOooooOoDoooooOnod Zipper OOOOOOO

TreeLoc

LYAHFGG:

Tree a [J Breadcrumbs a L1OOOHOOOOOOOOOOONOAO
OO00O000O0O0OoooooooooooooooooooOd
OdO0O0O0OOoooOooooooocooooogoooooOd
OdOoO0oO0oOoOooooooooooooooooooooOd
OO00O00000000O043 Zipper OOOOOOOOOOOOO
OdO00O00O0O0OOooooooooooooooooooOd
OJoOoooOoooodood

Tree 10O Zipper [ Scalaz (10 TreeLoc OO OOOMONO

sealed trait TreeLoc[A] {
import TreeLoc._

import Tree. _

/** The currently selected node. */

val tree: Tree[A]

/**% The left siblings of the current node. */
val lefts: TreeForest[A]

/** The right stblings of the current node. */
val rights: TreeForest[A]

/** The parent contexzts of the current node. */

val parents: Parents[A]

object TreelLoc extends TreeLocFunctions with TreeLocInstances {

def apply[A](t: Tree[A]l, 1: TreeForest[A], r: TreeForest[A], p: Parents[A]):
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loc(t, 1, r, p)

trait TreeLocFunctions {
type TreeForest[A] = Stream[Tree[A]]
type Parent[A] = (TreeForest[A], A, TreeForest[A])
type Parents[A] = Stream[Parent[A]]

Zipper O OOOO00OO0O0O00OOOOOOOOOOOOOOOOOOO
Otree DOOOOOOOOOOO0O000OOO0OOOOOOOOOOOOO
OO0000000 TreeLoc OO Tree IO 1loc OOOOOOMOOM:

scala> freeTree.loc

resO: scalaz.TreeLoc[Char] = scalaz.TreeLocFunctions$$anon$206439ca7b

TreeLoc OOOOODOOOOOOOO DOM API DOOOOOOOOOAO
Oooooo:

sealed trait TreeLoc[A] {

/** Select the parent of the current node. */

def parent: Option[TreeLoc[A]] = ...

/** Select the root node of the tree. */

def root: TreeLoc[A] = ...

/** Select the left sibling of the current node. */

def left: Option[TreeLoc[A]l] = ...

/** Select the right sibling of the current node. */

def right: Option[TreeLoc[A]] = ...

/** Select the leftmost child of the current node. */

def firstChild: Option[TreeLoc[A]]l = ...

/** Select the rightmost child of the current node. */

def lastChild: Option[TreeLoc[A]l] = ...

/** Select the nth child of the current node. */

def getChild(n: Int): Option[TreeLoc[A]] = ..

/** Select the first timmediate child of the current node that satisfies the given pred
def findChild(p: Tree[A] => Boolean): Option[TreeLoc[A]] = ...
/*% Get the label of the current node. */

def getLabel: A = ...
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freeTree U W OO OOOOOOOOOOOOOOOOOOON:

scala> freeTree.loc.getChild(2) >>= {_.getChild(1)}
res8: Option[scalaz.TreeLoc[Char]] = Some(scalaz.TreeLocFunctions$$anon$20417ef051)

scala> freeTree.loc.getChild(2) >>= {_.getChild(1)} >>= {_.getLabel.some}
res9: Option[Char] = Some (W)

getChild O Option[TreeLoc[A]] OOOOOOOOOOOOONONO >>= O
00000000000 flatMap OOOOO0OOO getChild OOOOOOO0OO
00000 1-base OOOOOOO0OO0O0O0O0OO0O0OOOOOON TreeLoc
OooOOoO0oooooooooooooooooooood:

/** Modify the current node with the given function. */

def modifyTree(f: Tree[A] => Tree[A]): TreeLoc[A] = ...

/**% Modify the label at the current node with the given function. */

def modifyLabel(f: A => A): TreeLoc[A] = ...

/** Insert the given node as the last child of the current node and give it focus. */

def insertDownLast(t: Tree[A]): TreeLoc[A] = ...

gooo 't Ooogood:

scala> val newFocus = freeTree.loc.getChild(2) >>= {_.getChild(1)} >>= {_.modifyLabel ({_

newFocus: Option[scalaz.TreeLoc[Char]] = Some(scalaz.TreeLocFunctions$$anon$2@107a26d0)

newFocus OO O00O0000O0OOOO toTree OO OOOOOOOOOO:

scala> newFocus.get.toTree

resl19: scalaz.Tree[Char] = <tree>

scala> newFocus.get.toTree.draw foreach {_.print}
PIO+= || L+ | Il | N+= | | 11 | T= 1 | Il Y=-1 1 | 8+ LAY

UOO0O0O0Oo0O0d Tree U draw DO OOO0OO0O0OO0O0OO0OOOOO
ooooboooooooooOood

Zipper
LYAHFGG:
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OOoOoooboOoooooooooooooooooooodoon
OOoooooooooooobooooooooooooooaon

OOO0O0O Zipper OO OOOOScalaz O Stream OO O OO0 OO0OOOO
Haskell OO OOOOOOOScala O Stream [0 Haskell OO0 OO OOOOO
OOoO0O0O0oooooooodoooodd Zipper O:

sealed trait Zipper[+A] {
val focus: A
val lefts: Stream[A]
val rights: Stream[A]

Zipper OO OOMO Stream OOOMO OO toZipper [ zipperEnd LI
ood:

trait StreamOps[A] extends Ops[Stream[A]] {

final def toZipper: Option[Zipper[A]l] = s.toZipper(self)
final def zipperEnd: Option[Zipper[A]l] = s.zipperEnd(self)

ooodd:

scala> Stream(1, 2, 3, 4)

res23: scala.collection.immutable.Stream[Int] = Stream(1l, 7)

scala> Stream(1l, 2, 3, 4).toZipper
res24: Option[scalaz.Zipper[Int]] = Some(Zipper(<lefts>, 1, <rights>))

TreeLoc LIUM Zipper IO OO O OOHOOOOOOOOOOOOOOH:
sealed trait Zipper [+A] {
/** Possibly moves to next element to the right of focus. */
def next: Option[Zipper[A]] = ...

def nextOr[AA >: Al (z: => Zipper[AA]): Zipper[AA] = next getOrElse z

def tryNext: Zipper[A] = nextOr(sys.error('"cannot move to next element"))
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https://github.com/scalaz/scalaz/blob/series/7.1.x/core/src/main/scala/scalaz/Zipper.scala

/*% Possibly moves to the previous element to the left of focus. */

def previous: Option[Zipper[A]l] = ...

def previousOr[AA >: A](z: => Zipper[AA]): Zipper[AA] = previous getOrElse z

def tryPrevious: Zipper[A] = previousOr(sys.error("cannot move to previous element"))
/** Moves focus n elements in the zipper, or None if there is no such element. */
def move(n: Int): Option[Zipper[A]l] = ...

def findNext(p: A => Boolean): Option[Zipper[A]] = ...

def findPrevious(p: A => Boolean): Option[Zipper[A]] = ...

def modify[AA >: AJ(f: A => AA) = ...
def toStream: Stream[A] = ...

Uoooogoodn:

scala> Stream(1l, 2, 3, 4).toZipper >>= {_.next}
res25: Option[scalaz.Zipper[Int]] = Some(Zipper(<lefts>, 2, <rights>))

scala> Stream(1l, 2, 3, 4).toZipper >>= {_.next} >>= {_.next}
res26: Option[scalaz.Zipper[Int]] = Some(Zipper(<lefts>, 3, <rights>))

scala> Stream(1l, 2, 3, 4).toZipper >>= {_.next} >>= {_.next} >>= {_.previous}
res27: Option[scalaz.Zipper[Int]] = Some(Zipper(<lefts>, 2, <rights>))

UOooOoooooododO stream JOOOO modify [ toStream LILIM
oood:

scala> Stream(1l, 2, 3, 4).toZipper >>= {_.next} >>= {_.next} >>= {_.modify {_ => 7}.some
res31: Option[scalaz.Zipper[Int]] = Some(Zipper(<lefts>, 7, <rights>))

scala> res31l.get.toStream.tolList
res32: List[Int] = List(1, 2, 7, 4)

OO for OOOOOOOOOOOOOO:

scala> for {
z <- Stream(1l, 2, 3, 4).toZipper
nl <- z.next

n2 <- nl.next
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} yield { n2.modify {_ => 7} }
res33: Option[scalaz.Zipper[Int]] = Some(Zipper(<lefts>, 7, <rights>))

ooboobooooobooooooooooooooboooooodn

OO0 Haskell OOOODOODO (Learn You a Haskell for Great Good) OO
OOO00000000O Scalaz OOOOOOOOOOOOOOOOOOOO
OO0000O0O0O00C0dO0OOodOoOoddOoOOodOOOdnnO Haskell
OO00000000000000 Scalaz OOOOOOOOOOOOOONO
Ooooboooooboooooooooon

OOooooOoooooooooooooooonoooooooooooadd

Id

Hoogle OO0 Haskell OO OOODOOODOOOOOOOOOOOO
Control.Monad.Identity DO OIOIOIO:

The Identity monad is a monad that does not embody any
computational strategy. It simply applies the bound function
to its input without any modification. Computationally, there
is no reason to use the Identity monad instead of the much
simpler act of simply applying functions to their arguments. The
purpose of the Identity monad is its fundamental role in the
theory of monad transformers. Any monad transformer applied
to the Identity monad yields a non-transformer version of that

monad.
Scalaz OO OOOOOOOO:

/** The strict tdentity type constructor. Can be thought of as “Tuplel”, but with no
* runtime representation.

*/

type Id[+X] = X

Uooobogooaooaooaooobooobogooaoodaooaonog
Ia OOOOoOoon:

scala> (0: Id[Int])
res39: scalaz.Scalaz.Id[Int] = 0
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http://www.haskell.org/hoogle/?hoogle=Identity
http://hackage.haskell.org/packages/archive/mtl/latest/doc/html/Control-Monad-Identity.html

Scalaz OO0 Ia OOOOOOOOOOOOOOOOOOOO:

trait IdOps[A] extends Ops[A] {
/**%Returns “self” if it is non-null, otherwise returns “d°. */
final def ?7(d: => A)(implicit ev: Null <:< A): A =
if (self == null) d else self
/**¥Applies “self” to the provided function */
final def [>[B](f: A => B): B = f(self)
final def squared: (A, A) = (self, self)
def left[B]: (A \/ B) = \/.left(self)
def right[B]: (B \/ A) = \/.right(self)
final def wrapNel: NonEmptyList[A] = NonEmptyList(self)
/** @return the result of pf(value) tf defined, otherwise the the Zero element of type
def matchOrZero[B: Monoid] (pf: PartialFunction[A, B]): B = ...
/** Repeatedly apply “f°, seeded with “self”, checking after each iteration whether th
final def doWhile(f: A => A, p: A => Boolean): A = ...
/** Repeatedly apply “f°, seeded with “self”, checking before each iteration whether t
final def whileDo(f: A => A, p: A => Boolean): A = ...
/**% If the provided partial function ts defined for “self” run this,
* otherwise lift “self into "F° with the provided [[scalaz.Pointed]]. */
def visit[F[_] : Pointed] (p: PartialFunction[A, F[A]]): F[A] = ...

[>O000O0000oooooooogoon:

scala> 1 + 2 + 3 |> {_.point[List]}
res45: List[Int] = List(6)

scala> 1 + 2 + 3 |> {_ x 6}
res46: Int = 36

visit OOOOO:

scala> 1 visit { case x@(2|3) => List(x * 2) }
resb55: List[Int] = List(1)

scala> 2 visit { case xQ@(2|3) => List(x * 2) }
res56: List[Int] = List(4)
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HIENIEEEE

Scalaz 7.0 OO OO Scalaz OODOODOOO0OOO0OOO (lawless) OO OO
OOO0000OO0O00O LengthUIndexHEach OO OOOOOOOOOOOO
#278 What to do about lawless classes? [ (presumably) Bug in IndexedSeq
Index typeclass OO DO OOOO00OOOOO 7.1 OOOOO (deprecated)
Oodooor.2 oOooooodooono

Length

OOOobooOoOoOoOdOoodn Length OOOOOOOOOOOH:

trait Length[F[_]] { self =>
def length[A](fa: F[A]): Int

000 length OOOOOOOOOO Scala OOOOOOOOO SeqLike O
OOO0000O0sSeqlike OOOOOOOOOO0OOOOOOOOOOOO
OoOoOoOoooOooOoodn

Index

OOO0OoOoOOoOOoO0OoOO0dnnd Index O:

trait Index([F[_]] { self =>
def index[A] (fa: F[A], i: Int): Option[A]

OO0 index [ index0Or OO OOOO0OOO:

trait IndexOps[F[_],A] extends Ops[F[A]] {

final def index(m: Int): Option[A] = F.index(self, n)
final def indexOr(default: => A, n: Int): A = F.indexOr(self, default, n)

OO0 List(n) OOOOOOO0O0OO0OO0O0O0OOO0OOO None OO0:
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https://github.com/scalaz/scalaz/issues/278
https://groups.google.com/d/msg/scalaz/aJx69eWMK6M/gAtne2v6RJYJ
https://groups.google.com/d/msg/scalaz/aJx69eWMK6M/gAtne2v6RJYJ
https://github.com/scalaz/scalaz/blob/series/7.1.x/core/src/main/scala/scalaz/Length.scala
https://github.com/scalaz/scalaz/blob/series/7.1.x/core/src/main/scala/scalaz/Index.scala

scala> List(1, 2, 3)(3)
java.lang.IndexOutOfBoundsException: 3

scala> List(1, 2, 3) index 3
res62: Option[Int] = None

Each

OOOoOOoOoooOooooooooooooOodnnOn Each OOO:

trait Each[F[_]] { self =>
def each[A] (fa: F[A])(f: A => Unit)

OO0 foreach OOOOOOOOO:

sealed abstract class EachOps[F[_],A] extends Ops[F[A]] {
final def foreach(f: A => Unit): Unit = F.each(self) (f)

Foldable OO DO OOOOOOOOONO?

OO0O00O0000O00O00 Foldable DOOOOOOOOOOOOOOOO
OO00O0OOQ@nuttycom](https://github.com/scalaz/scalaz/issues/2784#tissuecomment-16748242)
obooooobooonooogoobogooooddonDid 1ength

O index OOOOOO0O0OOOO O(r) OOODOOOOOOOOOOOO

length OOOOOOOOOO0OO0OOO0O0OOOOOO Length OO0
ooooooogdos

OoOoooooooooooooooooooooooooooooadd
OOooOooooooboooooodooooobooddOoOoOnOdd Length
O Index O Vector DO OOOOOOOOOOOOOOOOOOOOOOO
oooooooooodn
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https://github.com/scalaz/scalaz/blob/series/7.1.x/core/src/main/scala/scalaz/Each.scala

Pointed [0 Copointed

OO0O0Oo00oooooooOo0boooOOobooddd Pointed O
Copointed OO OOOODOODOOONOODOOOONOO Pointed/Copointed
0 Why not Pointed? CCIO:

Pointed JOOOOOOOOOOOOOOOOOOOOOOONO
Oooboobooooooooooooooooooooooon
O ad hoc OOOOOOOOOOOOOOOO

Ooooobooooobooooooooooooooooooboonoodn
OO0O00000000 peinted OO0 OOOOOOOOOOOOOOOO
OOoOooooooboooooooooooooooooooboonoodn
Ooooooooooooooooooooooogoogon

oood

@eed3si9n “axiomatic” would be better.
— Miles Sabin (@milessabin) December 29, 2013

@eed3si9n Foldable too (unless it also has a Functor but then nothing past
parametricity): https://t.co/Lp0YKUTRD9 - but Reducer has laws!

— Brian McKenna (@puffnfresh) December 29, 2013

10 04

9 OO0 TreeLoc O Zipper DOOOOOOOOOOOOOOOOOON
OO0O0O0OIdOIndexOlength OOOOOOOOOOO Learn You a Haskell
for Great Good OO OO OOOOOO0OOOOOOOOOOOOOOOONO
oooooo

Scalaz 7 OO OOOOOOO0OOOOOOOOOOOOOOOOOOOOO
OOO0O0OoooooooognodnHaskell OOOOOOOOOOOO
oooooooodo 1 0ooo
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https://groups.google.com/d/msg/scalaz/7OE_Nsreqq0/vUs7-tyf1nsJ
http://www.haskell.org/haskellwiki/Why_not_Pointed%3F
http://eed3si9n.com/ja/learning-scalaz-day9

ooooono

Real World Haskell—O OO OOOOOOOOOOOOO0OO OOOO Real
World Haskell (0:

It would be ideal if we could somehow take the standard State
monad and add failure handling to it, without resorting to the
wholesale construction of custom monads by hand. The standard
monads in the mtl library don’t allow us to combine them.
Instead, the library provides a set of monad transformers to

achieve the same result.

A monad transformer is similar to a regular monad, but it’s not
a standalone entity: instead, it modifies the behaviour of an

underlying monad.

Reader1J0

Reader OO OO Scala OOOOOOOOO:

scala> def myName(step: String): Reader[String, String] = Reader {step + ", I am " + _}
myName: (step: String)scalaz.Reader[String,String]

scala> def localExample: Reader[String, (String, String, String)] = for {
a <- myName("First")
b <- myName("Second") >=> Reader { _ + "dy"}
¢ <- myName("Third")
} yield (a, b, <)
localExample: scalaz.Reader[String, (String, String, String)]

scala> localExample("Fred")
resO: (String, String, String) = (First, I am Fred,Second, I am Freddy,Third, I am Fred)

Reader OO OOOOOOOOOOOOOOOOOOOOOOOOOOOO
O0DOODOoO0o0oOooooooooogogDodod [Tony Morris OO
(Qdibblego)](https://twitter.com/dibblego) O Configuration Without the
Bugs and Gymnastics OO
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http://www.amazon.co.jp/dp/4873114233
http://book.realworldhaskell.org/read/monad-transformers.html
http://book.realworldhaskell.org/read/monad-transformers.html
http://vimeo.com/20674558
http://vimeo.com/20674558

ReaderT

Reader LU O OO OO MOMOMON ReaderT U Option OO OOOOMOMN
ood

scala> :paste
// Entering paste mode (ctrl-D to finish)

type ReaderTOption[A, B] = ReaderT[Option, A, B]
object ReaderTOption extends KleisliInstances with KleisliFunctions {
def apply[A, B](f: A => Option[B]): ReaderTOption[A, B] = kleisli(f)

// Eziting paste mode, mow interpreting.

ReaderTOption object D[] ReaderTOption LI1[T:

scala> def configure(key: String) = ReaderTOption[Map[String, Stringl, String] {_.get (ke
configure: (key: String)ReaderTOption[Map[String,String],String]

2 000 Functionl OO OOOOOOOOOOOOOOOOOOOOOON
OO Map[String, String] ODOOOOOOOOOOOOOOOOOOON
oo

scala> def setupConnection = for {
host <- configure("host")
user <- configure("user"
password <- configure("password")
} yield (host, user, password)

setupConnection: scalaz.Kleisli[Option,Map[String,String], (String, String, String)]

scala> val goodConfig = Map(
"host" -> "eed3si9n.com",
"uSer” _> ”Sa”
3
"paSSWOI‘d” _> |l****|l
)

goodConfig: scala.collection.immutable.Map[String,String] = Map(host -> eed3si9n.com, us

scala> setupConnection(goodConfig)

res2: Option[(String, String, String)] = Some((eed3si9n.com,sa,****))
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scala> val badConfig = Map(
"host" -> "example.com",
HuSer” _> ”Sa”
)

badConfig: scala.collection.immutable.Map[String,String] = Map(host -> example.com, user

scala> setupConnection(badConfig)

res3: Option[(String, String, String)] = None

OO0O000O0OReaderTOption OO OO Reader OO OOOOOOOON
0000000000000 Ocption DOOOOOOOOOOOOOOOO
ooo

ooooooooooooodn

RWH:

When we stack a monad transformer on a normal monad, the
result is another monad. This suggests the possibility that we
can again stack a monad transformer on top of our combined
monad, to give a new monad, and in fact this is a common thing
to do.

UOOO0O0O0OO StateT O ReaderTOption LI OOIHOMN

scala> :paste
// Entering paste mode (ctrl-D to finish)

type StateTReaderTOption[C, S, A] = StateT[({type 1[X] = ReaderTOption[C, X]1}P)#1, S, A]

object StateTReaderTOption extends StateTInstances with StateTFunctions {

def applyl[C, S, Al(f: S => (S, A)) = new StateT[({type 1[X] = ReaderTOption[C, XI})#1,
def apply(s: S) = f(s).point[({type 1[X] = ReaderTOption[C, X]})#1]

}

def get[C, S]: StateTReaderTOption[C, S, S] =
StateTReaderTOption { s => (s, s) }

def put[C, S](s: S): StateTReaderTOption[C, S, Unit] =
StateTReaderTOption { _ => (s, ) }
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// Eziting paste mode, mow interpreting.

OOO0O0O00O0O00000O0O0 state JOOO S => (5, A) OOOOOO
HooboobooobodboobognoonooododOoddiReaderTOption
O00od = - + (D01 00ooooooogoooooogodn) d
oood

7O000O0 state OOOMO Stack OOOOOOO

scala> type Stack = List[Int]
defined type alias Stack

scala> type Config = Map[String, String]
defined type alias Config

scala> val pop = StateTReaderTOption[Config, Stack, Int] {
case x :: xs => (xs, x)
}
pop: scalaz.StateT[[+X]scalaz.Kleisli[Option,Config,X],Stack,Int] = StateTReaderTOption$

get O put OOOOO0OOfor OOOOOOOOOOOOOO:

scala> val pop: StateTReaderTOption[Config, Stack, Int] = {
import StateTReaderTOption.{get, put}
for {
s <- get[Config, Stack]

val (x :: xs) = s
_ <- put(xs)
} yield x

}
pop: StateTReaderTOption[Config,Stack,Int] = scalaz.StateT$$anon$7@7eb316d2

OO0 push:
scala> def push(x: Int): StateTReaderTOption[Config, Stack, Unit] = {
import StateTReaderTOption.{get, put}

for {
xs <- get[Config, Stack]
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r <- put(x :: xs)
} yield r
}
push: (x: Int)StateTReaderTOption[Config,Stack,Unit]

OO0O0 stackManip LIOIOOH:

scala> def stackManip: StateTReaderTOption[Config, Stack, Int] = for {
_ <= push(3)
a <- pop
b <- pop
} yield(b)
stackManip: StateTReaderTOption[Config,Stack,Int]

OoOoOooooOno

scala> stackManip(List(5, 8, 2, 1)) (Map())
res12: Option[(Stack, Int)] = Some((List(8, 2, 1),5))

O0O0O00 state OOOOOOOOOOOOONO configure OOOOO:

scala> def configure[S] (key: String) = new StateTReaderTOption[Config, S, String] {
def apply(s: S) = ReaderTOption[Config, (S, String)] { config: Config => config
}
configure: [S](key: String)StateTReaderTOption[Config,S,String]

ooOobooooobooooooooooooooooooboonoodn
OoOoOoooooooood:

scala> def stackManip: StateTReaderTOption[Config, Stack, Unit] = for {
x <- configure("x")
a <- push(x.toInt)
} yield(a)

scala> stackManip(List(5, 8, 2, 1)) (Map("x" -> "7"))
res21: Option[(Stack, Unit)] = Some((List(7, 5, 8, 2, 1),0))

scala> stackManip(List(5, 8, 2, 1)) (Map("y" -> "7"))
res22: Option[(Stack, Unit)] = None
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OO0 stateTHReaderTHO OO Option OOOOOOOOOOOOOOO
OO0OoOOoOoooooOooOOoOodOodOodnOstateTReaderTOption O
configure LN OOOOOOOOOONOOOOOOOOOOOOOON
(stackManip) OO OOOOOO0DOOOOOOOOOOOODOOOO
oOooOod

LYAHFGG OOOOOO0O0O00O0ODOO00O0O0000C0O0O00C0O0OoOodnO

11 014

OoobooooooboooooooooonooOdnd reader OO OOO
OOoOoooooodnono

Darren Hester for openphoto.net

OOoOooooooooooooonooooooooooooooooog
OooOoooooobooooooooooooooooodn

Lens

OO0 Scalathon O [Seth Tisue OO (@SethTisue)](https://twit-
ter.com/SethTisue) O shapeless O Lens 0O OO0O0O0OO0O0OOOOO
oooooooooooooooggooooo

scala> case class Point(x: Double, y: Double)

defined class Point

scala> case class Color(r: Byte, g: Byte, b: Byte)

defined class Color

scala> case class Turtle(
position: Point,
heading: Double,

color: Color)
scala> Turtle(Point(2.0, 3.0), 0.0,
Color(255.toByte, 255.toByte, 255.toByte))
resO: Turtle = Turtle(Point(2.0,3.0),0.0,Color(-1,-1,-1))

oooboooboooogoogoodnod
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http://eed3si9n.com/ja/learning-scalaz-day10
http://scalathon.org/2012/presentations/lenses.pdf

scala> case class Turtle(position: Point, heading: Double, color: Color) {
def forward(dist: Double): Turtle =
copy(position =
position. copy(
X = position.x + dist * math.cos(heading),
y = position.y + dist * math.sin(heading)
)
}

defined class Turtle

scala> Turtle(Point(2.0, 3.0), 0.0,
Color(255.toByte, 255.toByte, 255.toByte))
resl10: Turtle = Turtle(Point(2.0,3.0),0.0,Color(-1,-1,-1))

scala> resl10.forward(10)
resll: Turtle = Turtle(Point(12.0,3.0),0.0,Color(-1,-1,-1))

OOOOOOoOooOooooOoOodoonoOnn copy OOOOOOOONO
OO Seth OOOOOOOOOOO:

yZauinin

a.b.c.d.e +=

/7 000

a.copy(
b = a.b.copy(

.b.c.copy(

p o T

c =

d

1]
©

.b.c.d.copy(
e = a.b.c.d.e + 1

2)))

UO0O00 copy OO OOOOOOOOONO

Scalaz 7 0 Lens OOOOO:
type Lens[A, B] = LensT[Id, A, B]
object Lens extends LensTFunctions with LensTInstances {

def apply[A, Bl(r: A => Store[B, Al): Lens[A, B] =

lens(r)
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OO0O00000000OO Lens O LensT[Id, A, B] OOOOOOOOO

LensT
LensT OO OI:

import StoreT._

import Id._

sealed trait LemnsT[F[+_], A, B] {
def run(a: A): F[Store[B, A]l]
def apply(a: A): F[Store[B, Al]l = run(a)

object LensT extends LensTFunctions with LensTInstances {
def apply[F[+_], A, Bl(r: A => F[Store[B, Al]l): LensT[F, A, B] =
lensT(r)

trait LensTFunctions {

import StoreT._

def lensT[F[+_], A, Bl(r: A => F[Store[B, Al]l): LensT[F, A, B] = new LensT[F, A, B] {
def run(a: A): F[Store[B, Al]l] = r(a)

def lensgT[F[+_], A, Bl(set: A => F[B => A], get: A => F[B]) (implicit M: Bind[F]): Len
lensT(a => M(set(a), get(a)) (Store(_, _)))

def lensgl[A, Bl(set: A => B => A, get: A => B): Lens[A, B]
lensgT[Id, A, Bl (set, get)

def lensulA, Bl (set: (A, B) => A, get: A => B): Lens[A, B]

lensg(set.curried, get)

Store

Store OO OOO?
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type Store[A, B] = StoreT[Id, A, B]
// flipped
type |-->[A, B] = Store[B, Al
object Store {
def apply[A, B]J(f: A => B, a: A): Store[A, B] = StoreT.store(a) (f)

OO0D0O0O0O setter (A => B => A) O getter (A => B) DOOOOOOOO

Lens OO0

turtlePosition [ pointX OOOOOOOO:

scala> val turtlePosition = Lens.lensul[Turtle, Point] (
(a, value) => a.copy(position = value),
_.position
)

turtlePosition: scalaz.Lens[Turtle,Point] = scalaz.LensTFunctions$$anon$50421dc8c8

scala> val pointX = Lens.lensu[Point, Double] (
(a, value) => a.copy(x = value),

.X

)
pointX: scalaz.Lens[Point,Double] = scalaz.LensTFunctions$$anon$5030d31cf9

OO Lens OOOOOOOOOOOOOOOOOOOOOKleisli OOOO
00000000 O0O000OLensT O compose (DOOOOODOOOOO
OO0 <=<) O andThen (OOOOOOO0OOCOOOOO>=>) OOOOOO
OO0O00OO>=> OO0O000O000000000000o0d0 turtlex OO0
I

scala> val turtleX = turtlePosition >=> pointX
turtleX: scalaz.lLensT[scalaz.Id.Id,Turtle,Double] = scalaz.LensTFunctions$$anon$5011b353

Turtle [0 Double LU OOOHOOOOOOOOOOOOON
get UOOOOOOOOOOOOOO:

scala> val t0 = Turtle(Point(2.0, 3.0), 0.0,
Color(255.toByte, 255.toByte, 255.toByte))
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t0: Turtle = Turtle(Point(2.0,3.0),0.0,Color(-1,-1,-1))

scala> turtleX.get(t0)
resl6: scalaz.Id.Id[Double] = 2.0

O0O0O! set OOOOOOOOOOOOOOOOOOOOO Turtle OO0
oon:

scala> turtleX.set(t0, 5.0)
resl7: scalaz.Id.Id[Turtle] = Turtle(Point(5.0,3.0),0.0,Color(-1,-1,-1))

OOooo0oodoodd get OUOOOOOOOOOOOOOOOOOO
set OOOOOOOOOOOOOOO? med OOOOOO:

scala> turtleX.mod(_ + 1.0, t0)
res19: scalaz.Id.Id[Turtle] = Turtle(Point(3.0,3.0),0.0,Color(-1,-1,-1))

mod IO OOOOOOOOOOOOOOO=>= OUOUOOOOO Turtle =>
Turtle OO OOOOO:

scala> val incX = turtleX =>= {_ + 1.0}
incX: Turtle => scalaz.Id.Id[Turtle] = <functionl>

scala> incX(t0)
res26: scalaz.Id.Id[Turtle] = Turtle(Point(3.0,3.0),0.0,Color(-1,-1,-1))

OOoOooooooooooooooooooooooooooooodadd
OoOoooooogao?

State OO OOOOO Lens

OOO00O0OOo00OdOdddLens O State DOOOOOOOOOONO
OOoOOOooooooOoooooooooooodooodnoOodnn ineX
oooooooogoo:

scala> val incX = for {
x <- turtleX %= {_ + 1.0}
} yield x
incX: scalaz.StateT[scalaz.Id.Id,Turtle,Double] = scalaz.StateT$$anon$7@38e61ffa
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scala> incX(t0)
res28: (Turtle, Double) = (Turtle(Point(3.0,3.0),0.0,Color(-1,-1,-1)),3.0)

%= 00000 bouble => Double OOOOOOOOOODODOOOON State
Uoooogo

turtleHeading [] turtleY LILJOI0:

scala> val turtleHeading = Lens.lensu[Turtle, Double] (
(a, value) => a.copy(heading = value),
_.heading

)
turtleHeading: scalaz.Lens[Turtle,Double] = scalaz.LensTFunctions$$anon$5044fdecs7

scala> val pointY = Lens.lensu[Point, Double] (
(a, value) => a.copy(y = value),
_-y
)

pointY: scalaz.Lens[Point,Double] = scalaz.LensTFunctions$$anon$5@ddede8c

scala> val turtleY = turtlePosition >=> pointY

OOO0OoOOOOoooooooooooooooooooooooooon
O0O! 0000 %= 0O00000Scalaz O Numeric 00 Lens OO OO += O
OdOoooOoOooooooooooooodd:

scala> def forward(dist: Double) = for {
heading <- turtleHeading
x <- turtleX += dist * math.cos(heading)
y <- turtleY += dist * math.sin(heading)
} yield (x, y)
forward: (dist: Double)scalaz.StateT[scalaz.Id.Id,Turtle, (Double, Double)]

scala> forward(10.0) (t0)
res31: (Turtle, (Double, Double)) = (Turtle(Point(12.0,3.0),0.0,Color(-1,-1,-1)),(12.0,3

scala> forward(10.0) exec (t0)
res32: scalaz.Id.Id[Turtle] = Turtle(Point(12.0,3.0),0.0,Color(-1,-1,-1))
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OO0 copy(position = ...) OOOOOOOO forward OOOOOO0
0O000000000000000000000000000000000
DO000000000000 Lens 0O000O0O0000000000000
OO000000000000000000000:

sealed trait LensT[F[+_], A, B] {
def get(a: A)(implicit F: Functor[F]): F[B] =
F.map(run(a)) (_.pos)
def set(a: A, b: B)(implicit F: Functor[F]): F[A] =
F.map(run(a)) (_.put (b))
/**% Modify the value viewed through the lens */
def mod(f: B => B, a: A)(implicit F: Functor[F]): F[A] = ...
def =>=(f: B => B) (implicit F: Functor[F]): A => F[A] =
mod(f, _)
/**% Modify the portion of the state viewed through the lens and return its new value.
def %=(f: B => B) (implicit F: Functor[F]): StateT[F, A, B] =
mods (£)
/** Lenses can be composed */
def compose[C] (that: LensT[F, C, A]) (implicit F: Bind[F]): LensT[F, C, B] = ...
/** alias for “compose” */
def <=<[C](that: LensT[F, C, A])(implicit F: Bind[F]): LensT[F, C, B] = compose(that)
def andThen[C] (that: LensT[F, B, C])(implicit F: Bind[F]): LensT[F, A, C] =
that compose this
/** alias for “andThen™ */

def >=>[C](that: LensT[F, B, C])(implicit F: Bind[F]): LensT[F, A, C] = andThen(that)

Lens [

Seth OOIO0O:

Lens OO OOOONO

(0. 20 get DOOOODOOOOONO) 1. get OOOOOO set
OO0O0nOOoOoooon 2. set OOOO0OO get OO 0set O
OOOoOoOoodn 3. 20 set OO0Oget OOOO2 OO0 set
oooOoooooon

OO00000000000 Scalaz OO OOOOOOOOOO:
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trait LensLaw {
def identity(a: A)(implicit A: Equal([Al, ev: F[Store[B, A]] =:= Id[Store[B, Al]): Bo
val ¢ = run(a)

A.equal(c.put(c.pos), a)

}

def retention(a: A, b: B)(implicit B: Equall[B], ev: F[Store[B, A]] =:= Id[Store[B, A
B.equal (run(run(a) put b).pos, b)

def doubleSet(a: A, bl: B, b2: B) (implicit A: Equal[A], ev: F[Store[B, A]] =:= Id[St

val r = run(a)

A.equal(run(r put bl) put b2, r put b2)

UoO0O0O0O00000 wurtleX JUOOOOOOOOOOOOOOOOOO
O0OLens OOOOO0OOOO Lens OOOOOOOOOOOOOO

oo

Jordan West OO OO An Introduction to Lenses in Scalaz OO OO OO
OO0O0O0OO0000000000 Scalaz 6 OOOO

Edward Kmett OO Boston Area Scala Enthusiasts (BASE) DOO OO
Lenses: A Functional Imperative OO OO OO0

OO0OOGerolf Seitz OOOOO Lens OOOOOOOOOOOOOOO
gseitz/Lensed OOOOOOOOOOODOOOOOOOOOOOOOOOOO
OO0O00O00O00O00Oo00o0Odn Lens OOOOOOOOOOOOONO
oood

Hooooodn

12 107
1 ooobooooooooooooooobooooooooooooaoon
OO0O000O0 Lens OOOO

reynaldo f. tamayo for openphoto.net

OOoOOooooooooodoooogoooOd Jeremy Gibbons 10
0 Origami programming [
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Origami programming
Gibbons O

In this chapter we will look at folds and unfolds as abstractions.
In a precise technical sense, folds and unfolds are the natural pat-
terns of computation over recursive datatypes; unfolds generate

data structures and folds consume them.

foldLeft [0 4 OO0 Foldable OO OOOOOOO OO Ounfold OOOO
od?

The dual of folding is unfolding. The Haskell standard List

library defines the function unfoldr for generating lists.

Hoogle OOOOOOOONO:

Prelude Data.List> unfoldr (\b -> if b == 0 then Nothing else Just (b, b-1)) 10
[1039)8:7,6’5,4,3:2;1]

DList

DList OOOOOOOODOOOOOOOO DList.unfoldr OOOOOOOO

DList OO OO0 OO (difference list) OO OOOO0O0O0OOOOOO
ooooooood

scala> DList.unfoldr (10, { (x: Int) => if (x == 0) none else (x, x — 1).some })
res50: scalaz.DList[Int] = scalaz.DListFunctions$$anon$30@70627153

scala> res50.tolList
resbl: List[Int] = List(10, 9, 8, 7, 6, 5, 4, 3, 2, 1)

Stream OO0O0O

Scalaz [ StreamFunctions OO OOOOO unfold [ import
Scalaz._ OJOOOO:
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scala> unfold(10) { (x) => if (x == 0) none else (x, x - 1).some }

res36: Stream[Int] = Stream(10, 7)

scala> res36.tolList
res37: List[Int] = List(10, 9, 8, 7, 6, 5, 4, 3, 2, 1)

Ooooboooooboooooooodd:

scala> def minimumS[A: Order] (stream: Stream[A]) = stream match {
case X #:: xs => xs.foldLeft(x) {_ min _}
}

minimumS: [A] (stream: Stream[A]) (implicit evidence$l: scalaz.Order[A])A

scala> def deleteS[A: Equal] (y: A, stream: Stream[A]): Stream[A] = (y, stream) match {
case (_, Stream()) => Stream()
case (y, x #:: xs) =>
if (y === x) xs
else x #:: deleteS(y, xs)
}
deleteS: [A](y: A, stream: Stream[A]) (implicit evidence$l: scalaz.Equal[A])Stream[A]

scala> def delmin[A: Order] (stream: Stream[A]): Option[(A, Stream[A])] = stream match {
case Stream() => none
case xs =>
val y = minimumS(xs)
(y, deleteS(y, xs)).some
}
delmin: [A] (stream: Stream[A]) (implicit evidence$l: scalaz.Order[A])Option[(A, Stream[A]

scala> def ssort[A: Order] (stream: Stream[A]): Stream[A] = unfold(stream){delmin[A]}
ssort: [A] (stream: Stream[A]) (implicit evidence$l: scalaz.Order[A])Stream[A]

scala> ssort(Stream(1, 3, 4, 2)).tolList
resb5: List[Int] = List(i, 2, 3, 4)

OO0 foldLeft O unfold DO OOOOOOOOONO (origami) OO0
OO0O0DOO0O0OooogdO? O0d The Fun of Programming (OO0
OOOO0OooOodoodon) O 1 0000 2003 Ooooooooooad
AdOoOoOodoooooodooooooooooooodo
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The Essence of the Iterator Pattern

2006 OO OOO0OO0OOThe Essence of the Iterator Pattern OO OO
DOO0O00O000000 2009 OOOOO0OO00 GoF O Iterator OO
OO (mapping) OO0 (accumulating) OO OOOO OO applicative OO0
Odooooooooooooono

OO0O0O000O0O00O00O00O000 applicative OO0OOOOOOOOOOOO
applicative functor OO OOOOOO0O 3 OOOOOOOON: 1. Monadic
applicative functors 2. Naperian applicative functors 3. Monoidal applicative

functors

OOO0O0000 applicative OOOOOOOOOOOMNO N Naperian applicative
functor OO OOOOOOOOOOOO zip OOOO0OOOOOapplicative
functor OO0 idiomm OOOOOOOOOOOOOOOOOO ddiomatic
OO0O0O0O0O00dOog aepplicative OOOOOO

Monoidal applicatives

Scalaz [0 Monoid[m].applicative OO OOOOO DO Monoid OO ap-
plicative OO OO OOO

scala> Monoid[Int].applicative.ap2(1, 1)(0)
res99: Int = 2

scala> Monoid[List[Int]].applicative.ap2(List(1), List(1))(Nil)
res100: List[Int] = List(1, 1)

Applicative functor OO

EIP:

Like monads, applicative functors are closed under products; so
two independent idiomatic effects can generally be fused into

one, their product.

Scalaz OO OApplicative OO product O OO OOO:
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trait Applicative[F[_]] extends Apply[F] with Pointed[F] { self =>
/**The product of Applicatives “F~ and G, “[z](Fl[z], Gl[z]]) , is an Applicative */
def product[G[_]](implicit GO: Applicativel[G]): Applicative[({type A [a] = (Flad, G[

implicit def F = self
implicit def G = GO

O0O0O000 List O option OOOOOOOON

scala> Applicative[List].product [Option]
resO: scalaz.Applicative[[o] (List[c], Option[ax])] = scalaz.Applicative$$anon$20211b3cE

scala> Applicative[List].product [Option].point(1)
resl: (List[Int], Option[Int]) = (List(1),Some(1))

OO Tuple2 OOOOOOOOOOOOONOO Applicative OO OO OO
O append OOOOO:

scala> ((List(1), 1.some) |@| (List(1), 1.some)) {_ |+| _3}
res2: (List[Int], Option[Int]) = (List(l, 1),Some(2))

scala> ((List(1), 1.success[String]) |@| (List(1), "boom".failure[Int])) {_ [+| _}
res6: (List[Int], scalaz.Validation[String,Int]) = (List(l, 1),Failure(boom))

EIP:
Unlike monads in general, applicative functors are also closed un-
der composition; so two sequentially-dependent idiomatic effects
can generally be fused into one, their composition.

OO0 Applicative L compose LI OIOIHILIO:

trait Applicative[F[_]] extends Apply[F] with Pointed[F] { self =>

/**The composition of Applicatives F~ and "G, “[z]F[G[z]]", is an Applicative */
def compose[G[_]] (implicit GO: Applicative[G]): Applicative[({type A [c] = F[G[ax]]}):
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self
GO

implicit def F

implicit def G

List J Option OOOOOONO

scala> Applicative[List].compose [Option]
res7: scalaz.Applicative[[c]List[Option[cx]]] = scalaz.Applicative$$anon$10461800f1

scala> Applicative[List].compose[Option].point(1)
res8: List[Option[Int]] = List(Some(1))

EIP:

The two operators [J and allow us to combine idiomatic
computations in two different ways; we call them parallel and

sequential composition, respectively.

Applicative OO O OO0 applicative OO OOOO0OOOOOOOOOO
OoooOoooooooOooooooooooooooooo

Idiomatic traversal

EIP:

Traversal involves iterating over the elements of a data structure,
in the style of a map, but interpreting certain function applications

idiomatically.

O000O0O00 Scalaz 7 OOOOOOO Traverse OOOOOOO:

trait Traverse[F[_]] extends Functor[F] with Foldable[F] { self =>
def traverseImpl[G[_]:Applicative,A,B](fa: F[A])(f: A => G[B]): G[F[B]]

OO0 traverse OOOOOOON:
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trait TraverseOps[F[_],A] extends Ops[F[A]] {
final def traverse[G[_], B]J(f: A => G[B]) (implicit G: Applicativel[G]): G[F[B]] =
G.traverse(self) (f)

List OOOOOOOO0:

scala> List(1, 2, 3) traverse { x => (x > 0) option (x + 1) }
resl4: Option[List[Int]] = Some(List(2, 3, 4))

scala> List(l, 2, 0) traverse { x => (x > 0) option (x + 1) }
res15: Option[List[Int]] = None

Boolean IO option OO (x > 0) option (x + 1) Oif (x
> 0) Some(x + 1) else None IO0OOMOO

EIP:

In the case of a monadic applicative functor, traversal specialises

to monadic map, and has the same uses.

OO0 flatMap OOOOOOOOOOOOOOOOOO List OOOOOO
OO0O0000O0O [6: Applicative] OOOOOO G[B] OOOOOO

EIP:
For a monoidal applicative functor, traversal accumulates val-
ues. The function reduce performs that accumulation, given an

argument that assigns a value to each element.

scala> Monoid[Int].applicative.traverse(List(l, 2, 3)) {_ + 1}
res73: Int = 9

traverse L1 OO OOOOOOOOOOOOOOOOOOOOOOOONO

oood

EIP:
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In addition to being parametrically polymorphic in the collection
elements, the generic traverse operation is parametrised along
two further dimensions: the datatype being traversed, and the
applicative functor in which the traversal is interpreted. Spe-
cialising the latter to lists as a monoid yields a generic contents

operation.

scala> def contents[F[_]: Traverse, A](f: F[A]): List[A] =
Monoid[List[A]].applicative.traverse(f) {List(_)}
contents: [F[_], AJ(f: F[A]) (implicit evidence$l: scalaz.Traverse[F])List[A]

scala> contents(List(1, 2, 3))
res87: List[Int] = List(1l, 2, 3)

scala> contents(NonEmptyList(1l, 2, 3))
res88: List[Int] = List(l, 2, 3)

scala> val tree: Tree[Char] = 'P'.node('0'.leaf, 'L'.leaf)

tree: scalaz.Tree[Char] = <tree>

scala> contents(tree)
res90: List[Char] = List(P, 0, L)

OO0 Traverse JOOOOOOOOOOOOOOOOONO List JOOO
OOO0000000 contents OOOOOOOOOON:

scala> def contents([F[_]: Traverse, A](f: F[A]): List[A] =
f.traverse[({type 1[X]=List[AI})#1, A] {List( )}

contents: [F[_], Al(f: F[A]) (implicit evidence$i: scalaz.Traverse[F])List [A]

The other half of the decomposition is obtained simply by a map,

which is to say, a traversal interpreted in the identity idiom.
OO0O0 “identity idiom” OO Scalaz O Id OO O OOOOO
scala> def shapel[F[_]: Traverse, A]J(f: F[A]): F[Unit] =
f traverse {_ => ((: Id[Unitl)}
shape: [F[_], Al(f: F[A]) (implicit evidence$l: scalaz.Traverse[F])F[Unit]

scala> shape(List(l, 2, 3))

137



res95: List[Unit] = List(O, O, )

scala> shape(tree).drauTree
res98: String =

"0

|

O+-

|

0=

"

EIP:

This pair of traversals nicely illustrates the two aspects of itera-
tions that we are focussing on, namely mapping and accumula-

tion.
decompose OO OOOOMO:

scala> def decomposel[F[_]: Traverse, A](f: F[A]) = (shape(f), contents(f))
decompose: [F[_], AJ(f: F[A]) (implicit evidence$1: scalaz.Traverse[F]) (F[Unit], List[A])

scala> decompose(tree)
res110: (scalaz.Tree[Unit], List[Char]) = (<tree>,List(P, 0, L))

OO000000O0000000O 2 000000000 Applicative 10
applicative OO O OOOOOOOE?

scala> def decompose[F[_]: Traverse, A]J(f: F[A]) =
Applicative[Id].product[({type 1[X]=List[A]1})#1].traverse(f) { x => (((): Id[Un
decompose: [F[_], AJ(f: F[A]) (implicit evidence$l: scalaz.Traverse[F]) (scalaz.Scalaz.Id[

scala> decompose(List(1, 2, 3, 4))
res135: (scalaz.Scalaz.Id[List[Unit]], List[Int]) = (List((O, O, O, O),List(1, 2, 3,

scala> decompose (tree)
res136: (scalaz.Scalaz.Id[scalaz.Tree[Unit]], List[Char]) = (<tree>,List(P, 0, L))

O OO0 monoidal applicative functor OO OO0 OO00OOOOO0OOONO
O Haskell OOOOOOOOOCOOO:

decompose = traverse (shapeBody [J contentsBody)
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Sequence

Traverse [ sequence JOOOOOOOOOOOOOOOOONO Haskell
[0 sequence O OHOOOOOHOO OO Hoogle O OHM:

haskell sequence :: Monad m => [m a] -> m [a] Evaluate
each action in the sequence from left to right, and collect the

results.
OO0 sequence LIOIOOIO:

/** Trauverse with the identity function */

final def sequence[G[_], B](implicit ev: A === G[B], G: Applicative[G]): G[F[B]] = {
val fgb: F[G[B]] = ev.subst[F] (self)
F.sequence (fgb)

Monad IO OOMN Applicative OO OO HHOHOOOOOM:

scala> List(l.some, 2.some).sequence
res156: Option[List[Int]] = Some(List(l, 2))

scala> List(1.some, 2.some, none).sequence
res157: Option[List[Int]] = None

UO0OO000000000 Traverse JUOOOOOOOOOOOOOON
go:

scala> val validationTree: Tree[Validation[String, Int]] = 1.success[String].node(
2.success[String] .leaf, 3.success[String].leaf)

validationTree: scalaz.Treel[scalaz.Validation[String,Int]] = <tree>

scala> validationTree.sequence[({type 1[X]=Validation[String, X]})#1, Int]

resl162: scalaz.Validation[String,scalaz.Unapply[scalaz.Traverse,scalaz.Tree[scalaz.Valid

scala> val failedTree: Tree[Validation[String, Int]] = 1.success[String].node(
2.success[String] .leaf, "boom".failure[Int].leaf)

failedTree: scalaz.Treel[scalaz.Validation[String,Int]] = <tree>

scala> failedTree.sequence[({type 1[X]=Validation[String, X]})#1, Int]

res163: scalaz.Validation[String,scalaz.Unapply[scalaz.Traverse,scalaz.Tree[scalaz.Valid
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ooodo
EIP:

We have found it convenient to consider special cases of effectful
traversals, in which the mapping aspect is independent of the
accumulation, and vice versa. The first of these traversals accu-
mulates elements effectfully, with an operation of type a - m
(), but modifies those elements purely and independently of this

accumulation, with a function of type a - b.

O00 for OOOOOOOOOOOOOOOOOOOOOOOOOOOOO
Traverse [ traverse [ State OO0 OOOOMO traverseS 1O
O0000O0000 collect OOOOOOOOOO:

scala> def collect[F[_]: Traverse, A, S, B](t: F[A])(f: A => B)(g: S => 8) =
t.traverseS[S, B] { a => State { (s: S) => (g(s), f(a)) } }
collect: [F[_1, A, S, B](t: F[A])(f: A => B)(g: S => S)(implicit evidence$l: scalaz.Trav

scala> val loop = collect(List(l, 2, 3, 4)) {(_: Int) * 2} {(_: Int) + 1}
loop: scalaz.State[Int,scalaz.Unapplyl[scalaz.Traverse,List[Int]]{type M[X] = List[X]; ty

scala> loop(0)
res165: (Int, scalaz.Unapplyl[scalaz.Traverse,List[Int]]{type M[X] = List[X]; type A = In

EIP:

The second kind of traversal modifies elements purely but de-
pendent on the state, with a binary function of type a - b
- c, evolving this state independently of the elements, via a

computation of type m b.

OO0000000000 traverseS OO 1abel OO
Oad:

scala> def label[F[_]: Traverse, A](f: F[A]): F[Int] =
(f.traverseS {_ => for {
n <- get[Int]
x <= put(n + 1)
} yield n}) eval O
label: [F[_], AJ(f: F[A]) (implicit evidence$1: scalaz.Traverse[F])F[Int]
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OoOooobOooooooooooodo obooooooooooooog
O0OOO0O0d (effecty) OO List O Tree DOOOOO:

scala> label(List(10, 2, 8))
resl176: List[Int] = List(0, 1, 2)

scala> label(tree) .drawTree
resl77: String =

"0

|

14-

oono

EIP O Scala OOOOOOCOOOOOOOOOOOOOOOOOO

[Eric Torreborre (@etorreborre)](https://twitter.com/etorreborre) 11
The Essence of the Iterator Pattern OO OO O0O0O0000O0OOOOOOO
OO0 Iterator OO OOOOOOOOOOOOOOOOOOOOOOOOO
N O O O A N A O O

[Debasish Ghosh (@debasishg)](https://twitter.com/debasishg) OO Ttera-
tion in Scala - effectful yet functional OO OO Scalaz OO O COOON
Ooooooooooogdgo

[Marc-Daniel Ortega (@patterngazer)](https://twitter.com/patterngazer) O]
J Where we traverse, accumulate and collect in Scala [0 Scalaz 1
sequence [] collect L1IOIOIHMO

OoOoOooooOno

13 00 (import )

e.e d3si9n

OOO0O0Jeremy Gibbons OOOOO0O0O0O 2 00O0OO0OOOOOOOOO
OOO0O0O00 applicative OOOOOOOOOOOOOOOOOOOOScalaz
ooOoooooooooood

141


http://etorreborre.blogspot.com/2011/06/essence-of-iterator-pattern.html
http://eed3si9n.com/ja/essence-of-iterator-pattern
http://debasishg.blogspot.in/2011/01/iteration-in-scala-effectful-yet.html
http://debasishg.blogspot.in/2011/01/iteration-in-scala-effectful-yet.html
http://patterngazer.blogspot.com/2012/03/where-we-traverse-accumulate-and.html
http://eed3si9n.com/ja/learning-scalaz-day12

implicit OO0

Scalaz O implicit OOOOOOOO0O0O0OOOOOOOOOOOOOOOO
OoOooOooOoooooOoooooOooooooooooooooooon
(0 Scala [0 import [ implicit JOO0OOCOOCOO!

Scala OO import O 2 0000000 O0OO: 1. DOOOOOOOOCOOO
OOoO0O0OooO 2. implicit OOOOOOOOO0OOOOO

implicit OO OOOOOOOOO 4 DOOOOOOO: 1. OOOOoOoodo
OODOOoO0ooOoOon 2. DOooooooodoooooo (ooooo-d
00onO) 3. oOoOoooooOooo 4. oooooooooooood™
oo

implicit OOOOOOOOOOOOOO: 1. JO0O0OoOooooooood
Uoooboooogoodoodotddimpert OO0 OOOOOOOO
OOooooooooooooodbooboooooooooboooooonOon
OOoOO0O0O0O0O0O0Oo0O0oodOoooOood shadow OO0 2. OOOO
vboodoodoodooaoboaobooobooaooaoodaoodod
Uooobooonogoogoogoogooogooon

import scalaz.__

OO0 import scalaz._ OO import OOOOOOOOOOO

00000000 Equal[A] O Functor [F[_]] OOOOOOOOO trait
0000000000 Oscalaz OOOOOOOOOO0O0O0O0OOOOOO
scalaz.Equal[A] OOOOOOO Equal[A] OOOOO

OOOOOoboddonDdddOonddd scalaz DOODOOOOOOOO
0 @e[T, Tag] LJReader[E, A] (ReaderT OO OOOOOODOO
00O0O0) DO0O00OO00OO00DO0oOodOO0OodoOd scalaz.Reader [E,
Al dOO0OOOO0O00doooooOogdd

OOOOI4[A] O Traverse[F[_1] O Monad[F[_]] OOOOCOOOOOO
OO00O0O0O00 idInstance OO OO OOOOOOOOOOOOO OO
OooodoOooooOooooooooonooooooodooodnonr
OO0 import OOOOOOOOOOOOOOOOOON:

scala> scalaz.Monad[scalaz.Id.Id]
resl: scalaz.Monad[scalaz.Id.Id] = scalaz.IdInstances$$anon$i1@fc98c94

import OOOOOOOOHOOOOOOOOOOOOOOimport scalaz. _
OoOooooooooooooooooooooog
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import Scalaz.__

OOO00O0Oimport Scalaz. OJOOOOOOOOOOOOO? OOO
Scalaz object CICII:

package scalaz
object Scalaz

extends StateFunctions // Functions related to the state monad

with syntax.ToTypeClassOps // syntaz assoctated with type classes

with syntax.ToDataOps // syntaz associated with Scalaz data structures
with std.AllInstances // Type class instances for the standard library types
with std.AllFunctions // Functions related to standard library types

with syntax.std.ToAllStdOps // syntaz associated with standard library types
with IdInstances // Identity type and instances

OO0 import OOOOOOOOOOOOON Scalaz object OO OOM
UOO0O0O00wait OOOOOOO0O0O00OO000O0000O0O trait OO
OOoooboooooooooodobodboonoOonn import OOOOOOO
OoOoOooooOoooodn

StateFunctions import OO implicit OO0OOO0OO0OO00O0OO0OO
StateFunctions O OOOOOOOOOON:

package scalaz

trait StateFunctions {
def constantState[S, Al(a: A, s: => S): State[S, A] = ...
def state[S, Al(a: A): State[S, A] = ...
def init[S]: State[S, S] = ...
def get[S]: Statel[S, S] = ...
def gets[S, T]I(f: S => T): State[S, T] = ...
def put[S](s: S): State[S, Unit] = ...
def modify[S](f: S => S): State[S, Unit] = ...
def deltal[A]l(a: A) (implicit A: Group[A]): State[A, Al = ...

OOoOoOooodooddOtdget O put DOOOOOOOOO0OOOOO
OoOooooooooood? OO0 70o0Oooo bSL ooooood:
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for {
xs <- get[List[Int]]
_ <- put(xs.tail)

} yield xs.head

std.AllFunctions OOOOOO std.Al1Functions OOOOOO trait O
ooooood:

package scalaz

package std

trait AllFunctions
extends ListFunctions
with OptionFunctions
with StreamFunctions
with math.OrderingFunctions

with StringFunctions
object AllFunctions extends AllFunctions
UOOdonod trait OOOOO0OOOO0OOO0OOOO0OOO0OOOO0OO
OO0O0000O0OdOdListFunctions OOOOOO0OOOO 1 OOOOO

OO0 intersperse OO OOM:

scala> intersperse(List(1, 2, 3), 7)
res3: List[Int] = List(l, 7, 2, 7, 3)

Hoooodogooobdoogooooooobooooogbogoood
ooodo

IdInstances IdInstances OOOOOOOOOOOO Id[A] OOOOO
Ooooooooooooaad:

type Id[+X] = X

OOO000000000 import O implicit OOO0OO0OOO0OOimplicit OO
40000000000 0000O000O00 200000000000000
Oooooooooooooodn
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std.AllInstances OOOOOOO00O0OO00O0O0OO0OOOOOOOOOO
OO0O0O0O0O000onO (OO0 enrich my library) OOOOOOOOOOOO
UOoobodoododododiList O Monad OO0 OO O OMonad [1>>=
Ooooooooooo 2 gooooooad

Scalaz 7 OO OOOOOOOOOOOOO 1 OOOO0OOoOoooooOoonO
O “instance” (OOOOOO) O “syntax” (O0O) OOOOOOOOOOOO
AOooooooooooodooonooodoooooodoaoonomo
OdO0oOooodooooobdoooooooooooodooooono
OO sbtOdispatchOspecs OOOOOOOOOOOOOOOOOOOO DSL
OoOooOooOoooooOoooooooooooooooooooooog
OOO0O0O0O000DSL OOO0OoOooooooooooooooooOod
I

std.AllInstances (OO (std) DODODOOOOOOOOOOOOOOO
ooooooood:

package scalaz.std

trait AllInstances
extends AnyValInstances with FunctionInstances with ListInstances with MapInstances
with OptionInstances with SetInstances with Stringlnstances with StreamInstances with '
with EitherInstances with PartialFunctionInstances with TypeConstraintInstances
with scalaz.std.math.BigDecimallnstances with scalaz.std.math.Biglnts
with scalaz.std.math.OrderingInstances
with scalaz.std.util.parsing.combinator.Parsers
with scalaz.std.java.util.MapInstances
with scalaz.std.java.math.BigIntegerInstances
with scalaz.std.java.util.concurrent.CallableInstances
with NodeSeqInstances

// Intentionally omitted: IterablelInstances

object AllInstances extends AllInstances

syntax.ToTypeClassOps OOOOO0OO00000O00OO0O0OO00OOO
0 scalaz.syntax OOOOOOOOMN syntax. ToTypeClassOps LI
OOOooooooooooooooooogn:

package scalaz

package syntax
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trait ToTypeClassOps

extends ToSemigroupOps with ToMonoidOps with ToGroupOps with ToEqualOps with ToLengthO;

with
with
with
with
with
with
with

ToOrderOps with ToEnumOps with ToMetricSpaceOps with ToPlusEmptyOps with ToEachOp
ToFunctorOps with ToPointedOps with ToContravariantOps with ToCopointedOps with T
ToApplicativeOps with ToBindOps with ToMonadOps with ToCojoinOps with ToComonadOp
ToBifoldableOps with ToCozipOps

ToPlusOps with ToApplicativePlusOps with ToMonadPlusOps with ToTraverseOps with T
ToBitraverseOps with ToArrIdOps with ToComposeOps with ToCategoryOps

ToArrowOps with ToFoldableOps with ToChoiceOps with ToSplitOps with ToZipOps with

OO00O0[syntax.ToBindOps| O [F: Bind] IO F[A] O BindOps [F, Al
00000000000 0O>>= OO0O0dOodooo

syntax.ToDataOps syntax.ToDataOps [0 Scalz OOOOOOOOOO
Ooooooooooooooooon:

trait ToDataOps extends ToIldOps with ToTreeOps with ToWriterOps with ToValidationOps wit!

Idops OO OOOOO0OOOOOOOOOOOOOOOO:

package scalaz.syntax

trait IdOps[A] extends Ops[A] {
final def ?7(d: => A)(implicit ev: Null <:< A): A = ...
final def |>[B](f: A =>B): B = ...

final def squared: (A, A) = ...

def left[B]l: (A \/ B) = ...

def right[B]: (B \/ A) = ...

final def wrapNel: NonEmptyList[A] = ...

def matchOrZero[B: Monoid] (pf: PartialFunction[A, B]): B = ...

final def doWhile(f: A => A, p: A => Boolean): A

final def whileDo(f: A => A, p: A => Boolean): A = ...
def visit[F[_] : Pointed] (p: PartialFunction[A, F[A]]): F[A] = ...

trait ToIdOps {
implicit def ToIdOps[A](a: A): IdOps[A] = new IdOps[A] {
def self: A = a
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OO000O00OOToTree0ps DOOODOOOONO TreeOps[A] OOODOO 20O
OoOoOooooOoodn:

package scalaz

package syntax
trait TreeOps[A] extends Ops[A] {

def node(subForest: Treel[A]l*): Treel[A] = ...
def leaf: Treel[A] = ...

trait ToTreeOps {
implicit def ToTreeOps[A](a: A) = new TreeOps[A]{ def self = a }

UOobdooaboUuond Tree O OOOOOHNO

scala> 1.node(2.leaf)

res7: scalaz.Tree[Int] = <tree>

WriterOps[A]OValidationOps[A]OReducerOps[A] 00 OO0 KleislildOps[A]
oOood:

scala> 1.set("logl")
res8: scalaz.Writer[String,Int] = scalaz.WriterTFunctions$$anon$2602375d245

scala> "log2".tell
res9: scalaz.Writer[String,Unit] = scalaz.WriterTFunctions$$anon$26@699289fb

scala> 1.success[String]

resll: scalaz.Validation[String,Int] = Success(1)

scala> "boom".failureNel[Int]

resl2: scalaz.ValidationNEL[String,Int] = Failure(NonEmptyList (boom))

O0OOOsyntax. ToDataOps O OOOOOONON trait OOOOOOON
OO0O00O000O000 Scalaz OOOOOOOOOO
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syntax.std.ToAllStdOps OOOOsyntax.std.ToAl11Std0ps OO
OO0 Scala OOOOOOOOOOOOOOOOOOO

package scalaz
package syntax

package std

trait ToAllStdOps
extends ToBooleanOps with ToOptionOps with ToOptionIdOps with ToListOps with ToStream0;
with ToFunction20ps with ToFunctionl1Ops with ToStringOps with ToTupleOps with ToMapOps

UOOO00OdnOoObododdnd BeoleanOps OO OO OO NOONON
ooooood:

scala> false /\ true

resl4: Boolean = false

scala> false \/ true

resl5: Boolean = true

scala> true option "foo"

resl6: Option[String] = Some(foo)

scala> (1 > 10)? "foo" | "bar"

resl7: String = bar

scala> (1 > 10)7? {List("foo")}
res18: List[String] = List()

option OOOOOOOOOODO 3 00000 ifelse OOOOOOOOO
oo

OptionOps OO OO OOOOOOOOO:

scala> 1.some? "foo" | "bar"

res28: String = foo

scala> 1.some | 2
res30: Int = 1

OO ListOps OOOOOOO Monad OOOOOOOO:
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https://github.com/scalaz/scalaz/blob/series/7.1.x/core/src/main/scala/scalaz/syntax/std/BooleanOps.scala
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scala> List(1, 2) filterM {_ => List(true, false)}
res37: List[List[Int]] = List(List(1, 2), List(1), List(2), List())

ooooooad

OOoOooooOooooooobooooooonoooooooooooog
Oooooooooooooooooooooooooooooooooon
oooobooooooooooooooooon

OO00O000000 scalaz. _ OO0 import OOOOOOOOOOOON
OoOoOooooOoodn

oooodaooaooon oobgoodgoooboooogoodnog
000 option DOOOOOOOOOOOOOOOOOOOOOOOO:

// fresh REPL
scala> import scalaz.std.option._

import scalaz.std.option._

scala> scalaz.Monad[Option].point(0)
resO: Option[Int] = Some(0)

OO0 option OOOOOOOOOOOOOOOOOOOOOOON Scala
UOO000o00d scalaz.std JOOOOOOOOOO

Oooobooooobooooooooooooooooood:

scala> import scalaz.std.AllInstances._

import scalaz.std.AllInstances._

scala> scalaz.Monoid[Int]

res2: scalaz.Monoid[Int] = scalaz.std.AnyVallnstances$$anon$3@784e6£f7c

OOoOoOoOOooooooooooooooooooooooooooadd
OOoOoO00ooooooooOoo (Oo0oooooooooooa)d

Scalaz OO0 0 syntax OO0 syntax 0000000000000
OO00O0O0 Menad OOODOOOOCDOOOOOOOOOOOO:
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scala> import scalaz.syntax.monad._

import scalaz.syntax.monad._

scala> import scalaz.std.option._

import scalaz.std.option._

scala> 0.point [Option]
resO: Option[Int] = Some(0)

OO00OO00OOMenad OOO0OOOO0OOOOOPointed OO OOOOOOONO
oOono

Tree JOO Scalaz OOOOOOOOOMN syntax [ scalaz. syntax COO0
OO00OO000O0O0000000 Scalaz OOOOOOO0O0O0OOO syntax
oOooooooo:

scala> import scalaz.syntax.all._

import scalaz.syntax.all._

scala> 1.leaf

resO: scalaz.Tree[Int] = <tree>

UoO0O0O0dOdd syntax OOOO0OOOO syntax OOOOOOO0OOO
OO0O00000000 Boolean IO OOOOOOOOOOOOOOOOOO
Ood:

// fresh REPL
scala> import scalaz.syntax.std.boolean. _

import scalaz.syntax.std.boolean._

scala> (1 > 10)? "foo" | "bar"

resO: String = bar
OOoOoooOoOooooOod syntax OOOOOOO:

// fresh REPL
scala> import scalaz.syntax.std.all._

import scalaz.syntax.std.all._

scala> 1.some | 2

resl: Int = 1
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OOooooooooooooooooooooooooo ooooooOoono

14 107

bman ojel for openphoto.net

OO0 import scalaz._ [ Scalaz._ UOOOOOOOOOOOOOOONON
OOOOOO0O0 import OOOOOM instance [ syntax OO0
OdOodoooooooooooooooooooooooooooooo
OO00O000 Scalaz OOOOOOOOOO

oooooodn

O00000000000000000000000000000 Google
Group OOOOOO

git clone

$ git clone -b series/7.1.x git://github.com/scalaz/scalaz.git scalaz

O00000O0O series/7.1.x OOOOO . /scalaz OOOOOOOOOO
OO0O0O0O00O00O00 .git/config JOOOOOOOOOO:

[core]
repositoryformatversion = 0
filemode = true
bare = false
logallrefupdates = true
ignorecase = true
[remote "upstream"]
fetch = +refs/heads/*:refs/remotes/origin/*
url = git://github.com/scalaz/scalaz.git
[branch "series/7.1.x"]
remote = upstream

merge = refs/heads/series/7.1.x

OO0 origin OOOODO scalaz/scalaz upstream OOOOO0OO0OOOO
ooooooooooooooon:
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$ git pull --rebase

Current branch series/7.1.x is up to date.

sbt

00O sbt 0.13.5 OOOOOOScala OOOOOO 2.11.1 OOOOOOcore O
OOoOoooooooooooooooOn:

$ sbt

scalaz> ++ 2.11.1

Setting version to 2.11.1

[info] Set current project to scalaz (in build file:/Users/eed3si9n/work/scalaz/)
scalaz> project core

[info] Set current project to scalaz-core (in build file:/Users/eed3si9n/work/scalaz/)

scalaz-core> compile

botboobooaobouaaotouaonouaotoaoboooaoodonod
gooo:

scalaz-core> version
[info] 7.0-SNAPSHOT

OoOO0O0O0o0ooooooO Scalaz O0OOOOOO0OOOO console 1O
O RELP OOO:

scalaz-core> console

[info] Starting scala interpreter...

[info]

Welcome to Scala version 2.10.1 (Java HotSpot(TM) 64-Bit Server VM, Java 1.6.0_33).
Type in expressions to have them evaluated.

Type :help for more information.

scala> [Ctrl + D to exit]

Vector OO0

OO 200000000000000000000000MKzector LIOOOMO
OO0 import Scalaz._ OOOOOOODODOOOO import OOOOOOO
OO0O0O00O0O00O0O00O000O0O000O00000 topic/vectorinstance
oood:
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$ git branch topic/vectorinstance
$ git co topic/vectorinstance

Switched to branch 'topic/vectorinstance'

Vector IO OOOMONONO import Scalaz._ OO OOOOOOON
OO sbt console OOOOOOM:

$ sbt

scalaz> ++ 2.10.1
scalaz> project core
scalaz-core> console
scala> import scalaz.

import scalaz._

scala> import Scalaz.

import Scalaz._

scala> Vector(l, 2) >>= { x => Vector(x + 1)}
<console>:14: error: could not find implicit value for parameter FO: scalaz.Bind[scala.c

Vector(1l, 2) >>= { x => Vector(x + 1)}

scala> Vector (i, 2) filterM { x => Vector(true, false) }
<console>:14: error: value filterM is not a member of scala.collection.immutable.Vector[

Vector(1l, 2) filterM { x => Vector(true, false) }

OoOoOooooood

std.AllInstances DO OO VectorInstances OO OOOOOOO:

trait AllInstances
extends AnyValInstances with FunctionInstances with ListInstances with MapInstances
with OptionInstances with SetInstances with StringInstances with StreamInstances

with Tuplelnstances with VectorInstances

syntax.std.ToAl1lStdOps JOILIOIL ToVectorOps LIILIOIM:

trait ToAl1lStdOps
extends ToBooleanOps with ToOptionOps with ToOptionIdOps with ToListOps with ToStream0;
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OOO0000 REPL ODOOOOOO

scala> Vector(l, 2) >>= { x => Vector(x + 1)}

res0: scala.collection.immutable.Vector[Int] = Vector(2, 3)

scala> Vector (1, 2) filterM { x => Vector(true, false) }

resl: scala.collection.immutable.Vector[Vector[Int]] = Vector(Vector(l, 2), Vector(l), V

OoooooooooooooooOooooooooooooooooon
OO0O000O00000 “include VectorInstances and ToVectorOps to import
Scalaz. ” OOOOOOOOOOOOOgithub O scalaz O OO0 O OOOO
oood

$ git remote add fork git@github.com:yourname/scalaz.git

$ git push fork topic/vectorinstance

* [new branch] topic/vectorinstance -> topic/vectorinstance

OOOO0O00 pul request DOOOOOOOOOOOOOOOOOOOO
UOO0O0O0000O scalaz-seven OO OO OOOOOOOOOOOON
OooOoobooooobooooooodoooooooooodn

snapshot

$ git co scalaz-seven

Switched to branch 'scalaz-seven'
$ git branch snapshot

$ git co snapshot

$ git merge topic/vectorinstance

OO0O0O000O Scalaz OOOOOOOOOOOOOOOOO

<*> operator

OOOApply O <> OOOOOOOOOOOOO M2 O Haskell OO0 OO
Ooboobooooooooooboooooboooooodaooooooog
ooOooooooooooodno
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$ git co scalaz-seven

Switched to branch 'scalaz-seven'

$ git branch topic/applyops

$ git co topic/applyops

Switched to branch 'topic/applyops'

OOoOobooOoooOooooOodnd ApplyTest OOOOOO:

"<x>" in {

some (9) <*> some({(_: Int) + 3}) must be_===(some(12))

OO build.scala OOOOOOO specs [ Scala 2.9.2 OOOOOOO

$ sbt

scalaz> ++ 2.9.2

Setting version to 2.9.2

scalaz> project tests

scalaz-tests> test-only scalaz.ApplyTest

[error] /Users/eed3si9n/work/scalaz-seven/tests/src/test/scala/scalaz/ApplyTest.scala:38

[error] found : org.specs2.matcher.Matcher[Option[Int]]

[error] required: org.specs2.matcher.Matcher[Option[(Int, Int => Int)]]
[error] some(9) <*> some({(_: Int) + 3}) must be_===(some(12))
[error] -

[error] one error found

[error] (tests/test:compile) Compilation failed

=== 00000000 0000000000d00

<x> [ ApplyOps OO OOOOF.ap OOO:

final def <*>[B](f: F[A => B]): F[B] = F.ap(self) (f)

oooogoogood:

scalaz-tests> test-only scalaz.ApplyTest
[info] ApplyTest

[info]

[info] + mapN

[info] + apN

155
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[info] + <*>

[info]

[info] Total for specification ApplyTest

[info] Finished in 5 seconds, 27 ms

[info] 3 examples, O failure, O error

[info]

[info] Passed: : Total 3, Failed O, Errors 0, Passed 3, Skipped O
[success] Total time: 9 s, completed Sep 19, 2012 1:57:29 AM

OO0 “roll back <*> as infix of ap” OO OOOOOOpush OO0
$ git push fork topic/applyops
* [new branch] topic/applyops -> topic/applyops

OOO0O0O0O0O0O00OOoOod pull request OO0 OO snapshot OOOO0OO
ooogo:

$ git co snapshot
$ git merge topic/applyops

Uboodbouoboaooaooaoodoodn

applicative (1]

OOoO00O00O00O0O0O00O0o0OooO0ooOgOooOOn applicative OO
oOoodno

The Essence of the Iterator Pattern (1Capplicative functor OO OO
OO0O0000O0O0OOO0OoOoOOoooDOoOooOoddoOOonnO applicative
functor OOOOOO (m O n) OOOOOOOOapplicative OOOOOON
ccd:

() :: (Functor m,Functor n) [0 (a - mb) - (a - nb) - (a - (m O n) b)

(f O g) x = Prod (f x) (g x)

Int [0 Monoid DO Monoid [ applicative functor OO OO OO
J monoidal applicative OO0 O0O000O000O00O0O00OO0 Int =>
Int JOO00OO0OOOOOOInt = [allnt OOOOOOOO

OO0O00O00000O00 Tags.Monoidal OO OOOOOOOOOOOON
oooooooodoo:
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http://www.cs.ox.ac.uk/jeremy.gibbons/publications/iterator.pdf

scala> { (x: Int) => Tags.Monoidal(x + 1) }

OO0 [A:Monoid] OO A @@ Tags.Monoidal [ applicative 1]
Oooooooooooooooooogooo

OO0O00O000O0 Kleisli OOOOOOOOO Monoidal OOOOOMMN
Ubooobogooaoodoodaood:

object Monoidal {
def apply[A: Monoid] (f: A => A): Kleisli[({type A [+a]=A}#A, A, A] =
Kleisli[({type A [+al=A})#A, A, Al(f)

OO0 monoidal OOOOOOOOOOOH:

scala> Monoidal { x: Int => x + 1 }
res4: scalaz.Kleisli[[+oa]Int,Int,Int] = scalaz.KleisliFunctions$$anon$18@1a0ceb34

OOO00O000000 [+olInt OOOOOO Applicative OO OO0
ooood:

scala> List(l, 2, 3) traverseKTrampoline { x => Monoidal { _: Int => x + 1 } }
<console>:14: error: no type parameters for method traverseKTrampoline: (f: Int => scala
--- because ---

argument expression's type is not compatible with formal parameter type;

found : Int => scalaz.Kleisli[[+c]Int,Int,Int]

required: Int => scalaz.Kleisli[7?G,?S,7B]

List(1, 2, 3) traverseKTrampoline { x => Monoidal { _: Int => x + 1 } }

Ooooooo si-2712 OOooOOoOQo? Jdddoooooooooood
OoOoOoobooooooonon:

trait MonoidApplicative[F] extends Applicative[({type A [C]=F})#A] { self =>
implicit def M: Monoid[F]
def point[A](a: => A) = M.zero
def ap[A, Bl(fa: => F)(f: => F) = M.append(f, fa)
override def map[A, Bl (fa: F)(f: (A) => B) = fa
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OO0 x + 1 O MonoidApplicative OO OOOOOOOOOOOOOO
oOoOod

UOO0000 Unapply L:

scala> List(1, 2, 3) traverseU {_ + 1}
<console>:14: error: Unable to unapply type “Int~ into a type constructor of kind “M[_]"
1) Check that the type class is defined by compiling “implicitly[scalaz.Applicative[<typ
2) Review the implicits in object Unapply, which only cover common type 'shapes'
(implicit not found: scalaz.Unapplyl[scalaz.Applicative, Int])

List(1, 2, 3) traverseU {_ + 1}

DO00000000000000 Int O Unapply OO ({type A
[al=IntH#A OO0OOO00OOOO:

trait Unapply_3 {
/** Unpack a value of type “A0~ into type ~[a]AO", given a instance of “TC ™ */
implicit def unapplyA[TC[_[_1], AO] (implicit TCO: TC[({type A [cx] = AO})#Al): Unappl.
type M[X] = AO
type A = AO
} = new Unapply[TC, AO] {
type M[X] = AO

type A = AO
def TC = TCO
def apply(ma: M[AO]) = ma
}
¥
ooOoOoo:

scala> List(1, 2, 3) traverseU {_ + 1}
resO: Int = 9

OoOoooooog ooooooooogd?

scala> val £ = { (x: Int) => x + 1 }
f: Int => Int = <functionil>

scala> val g = { (x: Int) => List(x, 5) }
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g: Int => List[Int] = <functionl>

scala> val h = f && g
h: Int => (Int, List[Int]) = <functionl>

scala> List(1, 2, 3) traverseU f
resO: Int = 9

scala> List(1, 2, 3) traverseU g
resl: List[List[Int]] = List(List(1, 2, 3), List(1, 2, 5), List(1, 5, 3), List(1, 5, 5),

scala> List(1, 2, 3) traverseU h
res2: (Int, List[List[Int]]) = (9,List(List(1, 5), List(2, 5), List(3, 5)))

OO0 res1 O res2 IOOOO0OOODOOODOOOONO res1t OO
Haskell OO OOOOOOOOOOOOOOOONO Tuple2 O applicative [
OOoOooooOoooooooooooooooooooooooooooo
OoOoooooooooooooooogon:

"traverse int function as monoidal applicative" in {
val s: Int = List(1l, 2, 3) traverseU {_ + 1}
s must be_===(9)

gooood:

scalaz-tests> test-only scalaz.TraverseTest
[info] list should

[info] + apply effects in order

[info] + traverse through option effect

[info] + traverse int function as monoidal applicative
[info] + not blow the stack

[info] + state traverse agrees with regular traverse
[info] + state traverse does not blow stack

[success] Total time: 183 s, completed Sep 19, 2012 8:09:03 AM
scalaz-seven 1[0 topic/unapplya OOOOOOO:
$ git co scalaz-seven
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M core/src/main/scala/scalaz/Unapply.scala

M tests/src/test/scala/scalaz/TraverseTest.scala
Switched to branch 'scalaz-seven'

$ git branch topic/unapplya

$ git co topic/unapplya

M core/src/main/scala/scalaz/Unapply.scala

M tests/src/test/scala/scalaz/TraverseTest.scala

Switched to branch 'topic/unapplya’

OO0O000O00000O“dds implicit def unapplyA, which unpacks A into
Y 72N o o o o o o

$ git push fork topic/unapplya
* [new branch] topic/unapplya -> topic/unapplya

OO0 pull request OO0OOO0OOO0O0O0O0OO0O0OOOOOO

oooooodno

15 00

14 000 Scalaz OOOOOOO0O0OOOVector DOOOODOOOOOOO
import Scalaz._ HNOOOOOOOONOOOOMH<*> Hap OO OL
OOOO000O0OOOOOOoOon Applicative[({type A [O]=Int})#A]
OOO0O0O0D0Oo0O0O A0 [alA OOOOOOOOOOOOOOOOO

300 pull request OOOOO0OOCOOCOOOOO! OOOOOOOOOO
.

$ git co scalaz-seven

$ git pull --rebase

OooOooboooooooooooonooooooodn

Rodolfo Cartas for openphoto.net
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Arrow

DO0O00000ooOoOoOdoOOdooOooOdoOOdOoOOdOnOd Scalaz
0 O Functionl[A, B][OPartialFunction[A, B][Kleisli[F[_], A,
Bl1OO OO CoKleisli[F[_1, A, B] OOOOOOOOOOOOOOOOO
OO0O0O000O00OodO Arrow OOOOOOOOOOO

000 Arrow OOOOOOOOOOOO:
trait Arrow[=>:[_, _]] extends Category[=>:] { self =>
def id[A]: A =>: A

def arr[A, BJ(f: A => B): A =>: B
def first[A, B, CI(f: (A =>: B)): ((A, C) =>: (B, C))

Arrow[=>:[_, _]] O Category[=>:]1] OODOOOOOOOO

Category [0 Compose

OO0 Category[=>:[, ]] O:

trait Category[=>:[_, _]] extends ArrId[=>:] with Compose[=>:] { self =>
// mo contract function

OO0 Compose[=>:] OOOOO:

trait Compose[=>:[_, _1]1 { self =>
def compose[A, B, C]J(f: B =>: C, g: A =>: B): (A =>: C)

compose LI 2 OO OOOOMOO Compose OO HOHOOOOOOH:

trait ComposeOps[F[_, _]1,A, B] extends Ops[F[A, B]] {

final def <<<[C](x: F[C, A]): FI[C, BI]
final def >>>[C](x: F[B, C]): F[A, C]

F.compose(self, x)

F.compose(x, self)

>>> [« 00000000000 000O0000O andThen [ compose
oood:
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scala> val f = (_:Int) + 1

f: Int => Int = <functionl>

scala> val g = (_:Int) * 100
g: Int => Int = <functionl>

scala> (f >>> g)(2)
resO: Int = 300

scala> (f <<< g)(2)
resl: Int = 201

Arrowd0

Arrow[=>:[_, _]] OOOOOOOOOOOOOOOOOOOO Arrow[M[_,
1l DOoOoOoOobooooooodzooooooooooooooodd
OOOO0O0o0OO=>:[A, Bl O A =: BOOOOOOOOODOOOOOOO

arr JOO00OOO00O0O00O00O0000id OO00OO00OOfirst OOOOO
oooboooboooogoogoodnod

Ooodboooodbarrow DOOOOOOOOOONO:

trait ArrowOps([F[_, _],A, B] extends Ops[F[A, B]] {
final def =**x*[C, D] (k: F[C, D]): F[(A, C), (B, D)] = F.splitA(self, k)
final def &&&I[C]l(k: F[A, C]): F[A, (B, C)] = F.combine(self, k)

Haskell OO Arrow tutorial OO OO OO:

(***) combines two arrows into a new arrow by running the two
arrows on a pair of values (one arrow on the first item of the pair
and one arrow on the second item of the pair).

(xx) 0 2000000000000 (1 Ooooooooad
000001 00oo0doo 200000) ooooodo 10
Oooooooooooogoo

oooogood:
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scala> (f *x*x g) (1, 2)
res3: (Int, Int) = (2,200)

(k&&) O 20000000000 00O0O0O0O00O0OC00OOOO10O
OooooooooOooOood:

OO0 &&& O0O:

scala> (f &&& g) (2)
res4: (Int, Int) = (3,200)

oooooooooooooooooooooooooooooood
oo

Unapply

Scala OOOO0OOOOOOOOOOOOOOOOOFMI_, 11 OFML_]]
OMI_] OFMMI_]] OOOOOOOO0O0O0O0OOooOooooooooood
oOood

00000 OApplicativeM[_]] OOOOOOOO (x => *) -> * (OO
1000000o0DO0DoDoooogooooooooogn) OO0 Int
=> Int O Int => A OOOOOOOO applicative OO OO0OOOONO
oood:

scala> Applicative[Functionl[Int, Int]]
<console>:14: error: Int => Int takes no type parameters, expected: one

Applicative[Functionl[Int, Int]]

scala> Applicative[({type 1[A]=Functionl[Int, A]})#1]
resl4: scalaz.Applicative[[A]lInt => A] = scalaz.std.FunctionInstances$$anon$20@56ae78ac

000 Validation OOOO M[_,_ ] OOOOOOO Scalaz OOOO OO
OO0 1 0000000 tnapply DOOOOOOOOOOOOOO

trait Unapply[TC[_[_11, MA] {

/** The type constructor */
type M[_]
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/** The type that "M" was applied to */
type A

/** The instance of the type class */
def TC: TC[M]

/** Evidence that MA =:= M[A] */

def apply(ma: MA): M[A]

traverse [JJ Scalaz OO OO O Applicative M[_1] OOOOOOONO
OOO0O0O Unapply [Applicative, X] OOOOOOOOOOOOON Scalac
O Functioni[Int, Int] O M[A] OODODOOOOOOOOOOOOOOO
O000Doooooooooooooooooooooooooooooo
Oooooooooood

scala> implicitly[Unapply[Applicative, Functionl[Int, Int]]]
resl15: scalaz.Unapply[scalaz.Applicative,Int => Int] = scalaz.Unapply_0$$anon$902e86566f

OO00O0O0O0O0OOOoO A doooogoooogooooyial oooo
OOO0O00Oo000dn Int O Applicative OO OOOOOOOOON
OOOdTco: TCL({type A [al = AODH#A] ODOOODOOOOOOOOO
OO0 Applicative OO OOOOOOOOOONHN

scala> implicitly[Unapply[Applicative, Int]]
resO: scalaz.Unapply[scalaz.Applicative,Int] = scalaz.Unapply_3$$anon$1@5179dc20

scala> implicitly[Unapply[Applicative, Any]]

<console>:14: error: Unable to unapply type “Any~ into a type constructor of kind "M[_]"

1) Check that the type class is defined by compiling “implicitly[scalaz.Applicative[<typ

2) Review the implicits in object Unapply, which only cover common type 'shapes'

(implicit not found: scalaz.Unapplyl[scalaz.Applicative, Any])
implicitly[Unapply[Applicative, Any]]

OOoOooooOooooooobonooooooooooooooonoog
ooo:

scala> val failedTree: Tree[Validation[String, Int]] = 1.success[String].node(

2.success[String] .leaf, "boom".failure[Int].leaf)

failedTree: scalaz.Tree[scalaz.Validation[String,Int]] = <tree>
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scala> failedTree.sequence[({type 1[X]=Validation[String, X]})#1, Int]

res2: scalaz.Validation[java.lang.String,scalaz.Tree[Int]] = Failure(boom)

OO0 sequenceU IO OOOO:

scala> failedTree.sequenceU

res3: scalaz.Validation[String,scalaz.Tree[Int]] = Failure(boom)

good

oOood

Unapply OO OO OO0 monoidal applicative functor OO OOOO0OOOO
ooooooooooooooaa:

scala> val £ = { (x: Int) => x + 1 }
f: Int => Int = <functionl>

scala> val g = { (x: Int) => List(x, 5) }
g: Int => List[Int] = <functionl>

scala> val h = f &&& g
h: Int => (Int, List[Int]) = <functionil>

scala> List(1, 2, 3) traverseU f
resO: Int = 9

scala> List(1, 2, 3) traverseU g
resl: List[List[Int]] = List(List(1, 2, 3), List(1, 2, 5), List(1, 5, 3), List(1, 5, 5),

scala> List(1, 2, 3) traverseU h
res2: (Int, List[List[Int]]) = (9,List(List(1, 5), List(2, 5), List(3, 5)))

f 0O g UOOOOONO traverseU OO OOOOO £ O g OOIOOOON
goooogo:

scala> val h = { (x: Int) => (f(x), g(x)) }
h: Int => (Int, List[Int]) = <functionil>
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OO0 Tuple2Functor [I:

private[scalaz] trait Tuple2Functor[Al] extends Functor[({type f[x] = (A1, x)}P)#f] {
override def map[A, B](fa: (A1, A))(f: A => B) =
(fa._1, f(fa._2))

Scalaz O OO OO applicative functor OO OOOOOOOOO Apply OO
OO0 product O OOOOOOOOOOOOOOOOOOOOOOOONO
OO0 implicits OOOOOOOOOOOOOOOOScalaz O EIP OOOO
O0OO0O00O00O applicative OO (A => M[B]) OO OOOOOOOOOoO
Lodn:

data (m O n) a = Prod {pfst ::m a,psnd :: n a}
(O) :: (Functor m,Functor n) [J (a - mb) - (@ - nb) - (a - (@ O n) b)
(f O g) x = Prod (f x) (g x)

OO0O00O0O000O000000O00On0 scalaz-seven OOOOO0OO0OO
O

$ git co scalaz-seven

Already on 'scalaz-seven'

$ git branch topic/appcompose

$ git co topic/appcompose

Switched to branch 'topic/appcompose'

OOoOoooooooooooooboooooooooooooonon
package scalaz
import Id._
trait XProduct[A, B] {
def _1: A

def 2: B
override def toString: String = "XProduct(" + _1.toString + ", " + _2.toString + ")"

trait XProductInstances {

implicit def productSemigroup[Al, A2] (implicit Al: Semigroup[Al], A2: Semigroup[A2]):
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implicit def Al = A1l

implicit def A2 = A2

}

implicit def productFunctor[F[_], G[_]](implicit FO: Functor[F], GO: Functor[G]): Func
def F = FO
def G = GO

}

implicit def productPointed[F[_], G[_]](implicit FO: Pointed[F], GO: Pointed[G]): Poin
def F = FO
def G = GO

}

implicit def productApply[F[_], G[_]](implicit FO: Apply[F], GO: Apply[Gl): Apply[({ty
def F = FO
def G = GO

}

implicit def productApplicativeFG[F[_], G[_]](implicit FO: Applicative[F], GO: Applica
def F = FO
def G = GO

}

implicit def productApplicativeFB[F[_], B](implicit FO: Applicative[F], BO: Applicativ
def F = FO
def G = BO

}

implicit def productApplicativeAG[A, G[_]](implicit AO: Applicative[({type A [cx] = A}
def F = AO
def G = GO

}

implicit def productApplicativeAB[A, B] (implicit AO: Applicative[({type A [a] = A})#2
def F = AO
def G = BO

}

trait XProductFunctions {
def product[A, B](al: A, a2: B): XProduct[A, B] = new XProduct[A, B] {
def _1 = ail
def 2 = a2
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object XProduct extends XProductFunctions with XProductInstances {
def apply[A, Bl(al: A, a2: B): XProduct[A, B] = product(al, a2)
}
private[scalaz] trait XProductSemigroup[Al, A2] extends Semigroup[XProduct[Al, A2]] {
implicit def Al: Semigroupl[A1]
implicit def A2: Semigroup[A2]
def append(fl: XProduct[Al, A2], £f2: => XProduct[Al, A2]) = XProduct(
Al .append(f1._1, f2._1),
A2 . append(f1._2, £2._2)
)
}
private[scalaz] trait XProductFunctor[F[_], G[_]] extends Functor[({type A [cx] = XProdu
implicit def F: Functor [F]
implicit def G: Functor[G]
override def map[A, B](fa: XProduct[F[A], G[A]])(f: (A) => B): XProduct[F[B], G[B]] =
XProduct (F.map(fa._1) (f), G.map(fa._2)(£))

private[scalaz] trait XProductPointed[F[_], G[_]] extends Pointed[({type A [cx] = XProdu
implicit def F: Pointed[F]
implicit def G: Pointed[G]
def point[A](a: => A): XProduct[F[A], G[A]] = XProduct(F.point(a), G.point(a))

private[scalaz] trait XProductApply[F[_], G[_]] extends Apply[({type A [a] = XProduct[F
implicit def F: Applyl[F]
implicit def G: Applyl[G]
def ap[A, B](fa: => XProduct[F[A], G[A]])(f: => XProduct[F[A => B], G[A => B]]): XProd
XProduct (F.ap(fa._1)(f._1), G.ap(fa._2)(f._2))

private[scalaz] trait XProductApplicative[F[_], G[_]] extends Applicative[({type A [c]
implicit def F: Applicative[F]
implicit def G: Applicative[G]
def ap[A, B](fa: => XProduct[F[A], G[A]])(f: => XProduct[F[(A) => B], G[(A) => B]]): X
XProduct(F.ap(fa._1)(f._1), G.ap(fa._2)(f._2))
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OOO0O0O00O0 Tuple2 OOOONO Product.scala OOOOOOOONO
OO XProduct OO OOOOOOOMNA:

scala> XProduct(l.some, 2.some) map {_ + 1}

<console>:14: error: Unable to unapply type ~scalaz.XProduct[Option[Int],Option[Int]]" i

1) Check that the type class is defined by compiling “implicitly[scalaz.Functor[<type co:

2) Review the implicits in object Unapply, which only cover common type 'shapes'

(implicit not found: scalaz.Unapply[scalaz.Functor, scalaz.XProduct[Option[Int],Option[I;
XProduct(l.some, 2.some) map {_ + 1}

OO00000000000000000000000000000 Unapply
OOo00000000000000000000000000000000
DO0000000000000 unapply O:

implicit def unapplyMFGA[TC[_[_11, F[_1, G[_], MO[_, _1, A0O](implicit TCO: TC[({type 2
type M[X] = MO[F[X], G[X]]
type A = AO

} = new Unapply[TC, MO[F[AO], G[A0]]] {
type M[X] = MO[F[X], G[X1]

type A = AO
def TC = TCO
def apply(ma: MO[F[AO], G[AO]]) = ma
}
00144

scala> XProduct(l.some, 2.some) map {_ + 1}

resO: scalaz.Unapply[scalaz.Functor,scalaz.XProduct[Option[Int],Option[Int]]]{type M[X]

OO0 applicative OO OOOOO:

scala> (XProduct(l, 2.some) |@| XProduct(3, none[Int])) {_ [+| (_: XProduct[Int, Option[

resl: scalaz.Unapply[scalaz.Apply,scalaz.XProduct[Int,Option[Int]]]{type M[X] = scalaz.X

EIP O word count OO OOO0OOOOOOO

scala> val text = "the cat in the hat\n sat on the mat\n".toList
text: List[Char] =
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List(t, h, e, , ¢, a, t, , i, n, , t, h, e, , h, a, t,
E b S’ a’ t’ b o, n! E t’ h’ e’ b m, a, t’

)

scala> def count[A] = (a: A) => 1
count: [A]l=> A => Int

scala> val charCount = count [Char]
charCount: Char => Int = <functionl>

scala> text traverseU charCount
resl0: Int = 35

scala> import scalaz.std.boolean.test

import scalaz.std.boolean.test

scala> val lineCount = (c: Char) => test(c === '\n')

lineCount: Char => Int = <functionl>

scala> text traverseU lineCount

resll: Int = 2

scala> val wordCount = (c: Char) => for {
x <- get[Boolean]
val y = ¢ =/= "' "'
_ <= put(y)
} yield test(y /\ !x)
wordCount: Char => scalaz.StateT[scalaz.Id.Id,Int,Int] = <functionl>

scala> (text traverseU wordCount) eval false count(_ > 0)
res25: Int = 9

scala> text traverseU { (c: Char) => XProduct(charCount(c), lineCount(c)) }
res26: scalaz.XProduct[Int,Int] = XProduct(35, 2)

OO0 applicative OOOOOOOOOOCOOOOOOOCOOOOOOOO
Ooooooooogad?

scala> text traverseU { (c: Char) => (charCount(c), lineCount(c)) }
res27: (Int, List[Int]) = (35,List(0, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O,
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0! OO0 Ounapply OOOOO0O0O0O0O0O0O0O0O0O0OOOOOOOO:

scala> text traverseU { (c: Char) => XProduct(charCount(c), wordCount(c)) }

<console>:19: error: Unable to unapply type ~scalaz.XProduct[Int,scalaz.StateT[scalaz.Id

1) Check that the type class is defined by compiling “implicitlyl[scalaz.Applicative[<typ

2) Review the implicits in object Unapply, which only cover common type 'shapes'

(implicit not found: scalaz.Unapplyl[scalaz.Applicative, scalaz.XProduct[Int,scalaz.State’
text traverseU { (c: Char) => XProduct(charCount(c), wordCount(c)) }

OOO00000000Arrow [0 Functionl J@>>> [0 e&&& 1IN
O EIP OOOOO0OOOO0OO applicative OOOOOOOOOOOOOO

booobouonogooaooaoodaood

16 L10J

ooy Aarrowl g
OOoooobooooooooooooOodond vmapply OOOOO0OO
applicative OOOOOOOOOOOOOOOONO XProduct OO OOOMN

Memo

ooOooooooooooobooooooooooooooooooog
8§ OO0 ASCII OOOOOOOOOO SHA-1 DOooooooooooono
OO0OO0OOOoooO ASCII OO 9 JOoOooooogoooooooo
OO0 100 OOOO 100 - 8 0O 10 © 16 ODOOOOOO 1000 OOOOO
OOO0OOoOo 10 - 13 OO0O0O0O 316888 O OO O

RAM OO OOO0OOOOOOOOO0O00DOO0OO00OOoooodoono
OoooooooooboooooobodoooooogooOodn Memo
oooooogn:

sealed trait Memo[@specialized(Int) K, @specialized(Int, Long, Double) V] {
def apply(z: K => V): K => V

gobodobooboooooboobooooonooooogn
ODO000000O00O0000000000 Memo object OOO
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Memo .mutableHashMapMemo [K, V][OMemo.weakHashMapMemo [K, V][
[0 Memo . arrayMemo [V] OO O OOOO0O Memo OO O OOOOOOOONO

OOoOooooOooooooooooooooooooonoooooonoog
Oooooooooooooooboooooooooooooooooog
Ooboobooooobooooooooooooooooooonooood

Memoization tutorial OO O OOOO0O0OOOOOOOOOOOO:

scala> val slowFib: Int => Int = {
case 0 => 0
case 1 => 1
case n => slowFib(n - 2) + slowFib(n - 1)
}

slowFib: Int => Int = <functionil>

scala> slowFib(30)
resO: Int = 832040

scala> slowFib(40)
resl: Int = 102334155

scala> slowFib(45)
res2: Int = 1134903170

showFib(45) OJOOOOOOOOODHOOOOOOOOOOOOON:

scala> val memoizedFib: Int => Int = Memo.mutableHashMapMemo {
case 0 => 0
case 1 => 1
case n => memoizedFib(n - 2) + memoizedFib(n - 1)
}

memoizedFib: Int => Int = <functionl>

scala> memoizedFib(30)
resl2: Int = 832040

scala> memoizedFib(40)

resl3: Int = 102334155

scala> memoizedFib(45)

resl4: Int = 1134903170
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OooooooooooOoooodooooooooooooooonodd
OO00OO00O00O00000000000 Adam Rosien (1000 Scalaz “For
the Rest of Us” talk (U0) DOOOOOOOOOO

OoOooooooodno

DDO00000000000000? Ranar Oli 00000000 000:
oooooooooooodn

ooOoOoooogdr?

f: A => BUOOAOOOOOOO OOOOO B OOOOOOO
oooOoooood

OooOooooooooooooboooooboooooooooooooog
OoOoOooooooooonom:

O e OOOOOOOOOOOOOOOOOOOOOOOOOOO
ogooodo e dbdbabanouooooooaoaod
goog

Ubooboaoodaoudooaooaboaoboaooaoodooanog
ooobogooooodgoogboobooogoogoodgooonog
oood 1 40Oo.d

oOoOooooood

Lazy Functional State Threads OO John Launchbury OO O Simon
Peyton-Jones 111 :

Based on earlier work on monads, we present a way of securely
encapsulating stateful computations that manipulate multiple,
named, mutable objects, in the context of a non-strict purely-

functional language.

Scala OO var OO OOOO0O0OOO0OOOOOO0OOOOOOstateful O
OoOooooooooooooooooooooooooooooooog
OUoooooooooooooooooooooooooooooooog
OooooooooooooOood
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ST

OO00O0O0O0O0000 sT 0000000000 Scalaz OO ST OO0
OO0 Ranar OO0 Towards an Effect System in Scala, Part 1: ST Monad
OO0O00000 sT Dooooooo:

sealed trait STI[S, A] {
private[effect] def apply(s: World[S]): (World[S], A)

State LI UO U OOUOOOOOOOOOOOOOOOOOOgoudnog
ooobooooooogoodoodgboobooooonog

STRef

LFST:

What, then is a “state”? Part of every state is a finite mapping
from reference to values. .. A reference can be thought of as the
name of (or address of) a variable, an updatable location in the

state capable of holding a value.

STRef 0 ST U OOOOOOOOOOOOOOOOOOOOOOONO
ST.newVar[A] OOOOOOOOO0OOOOOOOOOO:

sealed trait STRef[S, A] {

protected var value: A

/**Reads the wvalue pointed at by this reference. */

def read: STI[S, A] = returnST(value)

/**Modifies the value at this reference with the given function. */
def mod[B](f: A => A): ST[S, STRef[S, A]]l = ...

/**Associates this reference with the given value. */

def write(a: => A): STI[S, STRef[S, Al] = ...

/**Synonym for writex/

def |=(a: => A): ST[S, STRef[S, Al]] = ...

/**Swap the value at this reference with the value at another. */

def swap(that: STRef[S, A]): ST[S, Unit] = ...
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OO0O0 Scalaz 7 OOO:

$ sbt

scalaz> project effect

scalaz-effect> console

[info] Compiling 2 Scala sources to /Users/eed3si9n/work/scalaz-seven/effect/target/scal.
[info] Starting scala interpreter...

[info]

scala> import scalaz._, Scalaz._, effect._, ST._
import scalaz.
import Scalaz.
import effect.
import ST._
scala> def el[S] = for {

x <- newVar[S] (0)

r <- xmod {_ + 1}

} yield x

el: [S]=> scalaz.effect.ST[S,scalaz.effect.STRef[S,Int]]

scala> def e2[S]: ST[S, Int] = for {
x <- el[S]
r <- x.read
} yield r
e2: [S]=> scalaz.effect.ST[S,Int]

scala> type ForallST[A] = Forall[({type A [S] = ST[S, AI})#A]
defined type alias ForallST

scala> runST(new ForallST[Int] { def apply[S] = e2[S] })
resb: Int = 1

Runar OO0 OOOOO [Paul Chiusano 00 (@pchiusano)](http://twit-
ter.com/pchiusano) OO0 O OOOO0OOOOOOOOO:

OOO0O00 Scala OOOOOOOOOOOOOOOOOOO -O
OO0ODOOoO0oooOdoooOooo - 0O (OO4d quicksort) O
OOoOOoooOoooooooooooooooooooooon
Oooogoootodooooobooboooooboanooood
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Ooooooooooooooooooooooooooodn
OO OOooooooooooooooooooooooogd

0 0D Oonooonoooboooogod:

OOO000000 quicksort OOOOOOOOOOOOOOOO
Oooooooooooooboooboooooooooooon
Oooooooooooooooooooooooogoog
STRef OOOOOOOOOOOOO STRef OOOOOOOOO
Ooooooooooboooboooooooooooooan
OOoOoooooooooooooooooboooooonooon
Oooooooood

Ooooooooooooooooooooooooooooooogoog
OoOobooooooooooboooooboooooooooooooog
OOoOOOooOoOooooooooooboodoboOoOnOondn sTArray O
Ooooooooogood:

sealed trait STArrayl[S, Al {
val size: Int
val z: A
private val value: Array[A] = Array.fill(size) (z)
/**%Reads the value at the given index. */
def read(i: Int): STI[S, A] = returnST(value(i))
/**Writes the given wvalue to the array, at the given offset. */
def write(i: Int, a: A): ST[S, STArray[S, Al]l = ...
/**Turns a mutable array into an immutable one which ts safe to return. */
def freeze: ST[S, ImmutableArray[A]l] = ...
/**Fill this array from the given association list. */
def fill[B](f: (A, B) => A, xs: Traversable[(Int, B)]): ST[S, Unit] = ...
/*%Combine the given value with the value at the given index, using the given function
def update[B](f: (A, B) => A, i: Int, v: B) = ...

OO0 ST.newArr(size: Int, z: A JOOOO0O000O000OOOOOO
OO0O0000d 1000 dooooooooooooddd...

oo

STArray LU0 OO OOOOOOOOOOOOOOOH:
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$ git pull --rebase

Current branch scalaz-seven is up to date.
$ git branch topic/starrayfix

$ git co topic/starrayfix

Switched to branch 'topic/starrayfix'

ST DO OOooooobooooooooooobooooogoonognog
Oobooboooooboooooobooooooaoooodn

package scalaz

package effect

import std.AllInstances. _

import ST._

class STTest extends Spec {
type ForallST[A] = Forall[({type A [S] = ST[S, AI})#Al]

"STRef" in {
def e1[S] = for {
x <- newVar [S] (0)
r <- x mod {_+ 1}
} yield x
def e2[S]: STI[S, Int] = for {
x <- el[S]
r <- x.read
} yield r
runST (new ForallST[Int] { def apply[S] = e2[S] }) must be_===(1)

"STArray" in {
def e1[S] = for {
arr <- newArr[S, Boolean] (3, true)
_ <- arr.write(0, false)
r <- arr.freeze

} yield r

runST(new ForallST[ImmutableArray[Boolean]] { def apply[S] = el1[S] }).toList must be

List(false, true, true))
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oooood:

[info] STTest

[info]

[info] + STRef

[error] ! STArray

[error] NullPointerException: null (ArrayBuilder.scala:37)

[error] scala.collection.mutable.ArrayBuilder$.make (ArrayBuilder.scala:37)
[error] scala.Array$.newBuilder(Array.scala:52)

[error] scala.Array$.fill(Array.scala:235)

[error] scalaz.effect.STArray$class.$init$(ST.scala:71)

Scala [0 NullPointerException?! OO OOOO STArray OO OO COOOO
o0:

sealed trait STArray[S, Al {
val size: Int
val z: A

implicit val manifest: Manifest[A]

private val value: Array[A] = Array.fill(size) (z)

trait STArrayFunctions {
def stArray[S, A]l(s: Int, a: A)(implicit m: Manifest[A]): STArray[S, Al = new STArrayl[
val size = s
val z = a

implicit val manifest =m

OO0O0O0? Paulp OOOOO0O0O FAQ OOOOONON value OOOOOO
size U z JOOOOOOOOOOOOOOOOOOOOON:

sealed trait STArray[S, A] {
def size: Int
def z: A
implicit def manifest: Manifest[A]
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private lazy val value: Array[A] = Array.fill(size) (z2)

OO0O00000000000dpush OO pull request OO0

Back to the usual programming

Ubooobuoboaoodaooaoodaooaooooaoodn

scala> import scalaz._, Scalaz._, effect._, ST._
import scalaz.

import Scalaz.

import effect.

import ST._

scala> def mapM[A, S, Bl(xs: List[A])(f: A => ST[S, B]): ST[S, List[B]] =
Monad[({type A [c] = ST[S, al})#A].sequence(xs map f)

mapM: [A, S, B](xs: List[A]) (f: A => scalaz.effect.ST[S,B])scalaz.effect.ST[S,List[B]]

scala> def sieve[S](n: Int) = for {
arr <- newArr[S, Boolean](n + 1, true)
_ <- arr.write(0, false)
_ <- arr.write(l, false)
val nsq = (math.sqrt(n.toDouble).toInt + 1)
_ <= mapM (1 |-> nsq) { i =>
for {
x <- arr.read(i)
_<_
if (x) mapM (i * i |--> (i, n)) { j => arr.write(j, false) }
else returnST[S, List[Boolean]] {Nil}

} yield O
}
r <- arr.freeze
} yield r

sieve: [S](n: Int)scalaz.effect.ST[S,scalaz.ImmutableArray[Boolean]]

scala> type ForallST[A] = Forall[({type A [S] = ST[S, Al})#Al]
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defined type alias ForallST

scala> def prime(n: Int) =
runST(new ForallST[ImmutableArray[Boolean]] { def apply[S] = sieve[S](n) }).toA
zipWithIndex collect { case (true, x) => x }

prime: (n: Int)Array[Int]

scala> prime(1000)
res21: Array[Int] = Array(2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43, 47, 53, 59

OO 1000 DOOOOOOOOOoOoOooOooOooooOoOOond sTArray
OOoOooOoOooooooooooooooogng stis, 1 oOoooood
OOoOOOoooooooood ST ooooooooooooooooo
OO000000000000 List[ST(S, Unit]l] OOOOOOON

ST[S, B] ODOOOOOOOOOOOOOOOOOOOOOON sTIs,
List[B]] OO0 mapM OOOOOO sequence JOOOOOOOOOONO
oooooooooodoooooodd var OO ooggn
ooooooogoooooboooogoooooooggooooo
oo

ooOooooono

17 00

OOOOOoooo0OOooOoOoOoOonOodn Memo OOOOOOOOOOO
OOO0OO0ooO st Dooogooood 10 ooogooo

Daniel Steger for openphoto.net

10 OO0O

O00DOO0O0oOogOoDOgd [Ranar OO (Qrunarorama)](http://twit-
ter.com/runarorama) [ Towards an Effect System in Scala, Part 2: 10
Monad OOOO:

While ST gives us guarantees that mutable memory is never
shared, it says nothing about reading/writing files, throwing

exceptions, opening network sockets, database connections, etc.
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OOoo st OOooooooooooodnn

sealed trait ST[S, A] {
private[effect] def apply(s: World[S]): (World[S], A)

OOoOooo 1o oooooooooodn:

sealed trait IO[+A] {
private[effect] def apply(rw: World[RealWorld]): Trampoline[(World[RealWorld], A)]

Trampoline OO OOMOHOOOMOOI0 O ST OOOO RealWorld OO
OOO0OO0O000O0O sT OO0 10 object OOOOOOOOONO 10 OOOO
Ooooooood

scala> import scalaz._, Scalaz._, effect._, IO._
import scalaz._

import Scalaz._

import effect._

import IO._
scala> val actionl = for {

_ <- putStrLn("Hello, world!")
} yield O
actionl: scalaz.effect.I0[Unit] = scalaz.effect.IOFunctions$$anon$4@149f6£65

scala> actionl.unsafePerformIO
Hello, world!

OO0 10 0OoOoOogd 1o ooooOo:

/** Reads a character from standard input. */

def getChar: I0[Char] = ...

/** Writes a character to standard output. */

def putChar(c: Char): I0O[Unit] = ...

/**% Writes a string to standard output. */

def putStr(s: String): I0[Unit] = ...

/** Writes a string to standard output, followed by a newline.*/

def putStrLn(s: String): I0[Unit] = ...
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/** Reads a line of standard input. */

def readLn: IO[String] = ...

/** Write the gtven wvalue to standard output. */
def putOut[A]l(a: A): IO[Unit] = ...

// Mutable variables in the IO monad

def newIORef[A](a: => A): IO[IORef[A]] = ...
/**Throw the given error in the IO monad. */

def throwIO[A](e: Throwable): IO[A] = ...

/** An I0 action that does nothing. */

val ioUnit: IO[Unit] = ...

I0 object O apply OO OO O OOOOOOOOOOOOOOOOOOO:

scala> val action2 = I0 {
val source = scala.io.Source.fromFile("./README.md")
source.getLines.toStream
}

action2: scalaz.effect.IO[scala.collection.immutable.Stream[String]] = scalaz.effect.IOF

scala> action2.unsafePerformIO.toList

resb7: List[String] = List(# Scalaz, "", Scalaz is a Scala library for functional progra
TESS2:

Composing these into programs is done monadically. So we can
use for-comprehensions. Here’s a program that reads a line of

input and prints it out again:

def program: I0[Unit] = for {
line <- readln
_ <- putStrLn(line)

} yield O

I0[Unit] is an instance of Monoid, so we can re-use the monoid

addition function |+].
OooOoood:

scala> (program |+| program).unsafePerformIO
123
123
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Enumeration-Based I/O with Iteratees

10 OO0O0O0O0O0O 1 00000 Iteratee OOOOOOOOOOOOOO
OO000O0O0O00O000O0 Scalaz 5 OOOO Runar OOOOOOO Scalaz
Tutorial: Enumeration-Based I/O with Iteratees (EBIOI) OODO OO OScalaz
7 O0O0O0OO Iteratee OOOOOO

OOO0O EBIOI OOOOOO:

Most programmers have come across the problem of treating an
I/0 data source (such as a file or a socket) as a data structure.
This is a common thing to want to do. ... Instead of implementing
an interface from which we request Strings by pulling, we’re going
to give an implementation of an interface that can receive Strings
by pushing. And indeed, this idea is nothing new. This is exactly

what we do when we fold a list:
def foldLeft[B](b: B)(f: (B, A) => B): B
Scalaz 7 OO OOOOOOOOOOOOOOOOO Input O:

sealed trait Input([E] {
def fold[Z] (empty: => Z, el: (=> E) => Z, eof: => Z): Z
def applyl[Z] (empty: => Z, el: (=> E) => Z, eof: => Z) =

fold(empty, el, eof)

OO00000 IterateeT:

sealed trait IterateeT[E, F[_], Al {
def value: F[StepT[E, F, A]]
}
type Iteratee[E, A] = IterateeT[E, Id, A]

object Iteratee
extends IterateeFunctions
with IterateeTFunctions
with EnumeratorTFunctions
with EnumeratorPFunctions

with EnumerateeTFunctions
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with StepTFunctions

with InputFunctions {

def applyl[E, Al(s: Step[E, Al): Iterateel[E, A] = iteratee(s)

type >@>[E, A] = Iterateel[E, A]

IterateeT OO OOOOOON

EBIOL:

Let’s see how we would use this to process a List. The following
function takes a list and an iteratee and feeds the list’s elements

to the iteratee.

Iteratee object [0 enumerate IO OO EnumeratorTFunctions
Oooooooooooooooooooogood:

def enumerate[E] (as: Stream[E]): Enumerator[E] = ...
def enumList[E, F[_] : Monad] (xs: List[E]): EnumeratorT[E, F] = ...

O00OO000O0D00oogOoodO Enumerator[E] OOO:

trait EnumeratorT[E, F[_]] { self =>
def apply[A]l: StepT[E, F, Al => IterateeT[E, F, A]

}
type Enumerator[E] = EnumeratorT[E, Id]

EBIOI OOOOOOOO0OOOOOOOOOO sbt OO iteratee OO
oOoOooooon:

$ sbt
scalaz> project iteratee
scalaz-iteratee> console

[info] Starting scala interpreter...
scala> import scalaz._, Scalaz._, iteratee._, Iteratee._
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import scalaz._
import Scalaz._
import iteratee._

import Iteratee._

scala> def counter[E]: Iterateel[E, Int] = {
def step(acc: Int)(s: Input[E]): Iteratee[E, Int] =
s(el = e => cont(step(acc + 1)),
empty = cont(step(acc)),
eof = done(acc, eofInput[E])
)
cont (step(0))
}

counter: [E]=> scalaz.iteratee.package.Iteratee[E,Int]

scala> (counter[Int] &= enumerate(Stream(il, 2, 3))).run
resO: scalaz.Id.Id[Int] = 3

OOO000O00O0O00O000O Iteratee object OOOOOOOOOOOO
UO0O0000O0O000OOIterateeT OO OOOOOOOOOId OOO
OoooOobooooooooooooooodn:

scala> (length[Int, Id] &= enumerate(Stream(l, 2, 3))).run
resl: scalaz.Scalaz.Id[Int] = 3

drop [ head [ IterateeTFunctions OO OOO:

/**An iteratee that skips the first n elements of the input **/
def dropl[E, F[_] : Pointed] (n: Int): IterateeT[E, F, Unit] = {
def step(s: Input[E]): IterateeT[E, F, Unit] =
s(el = _ => drop(n - 1),
empty = cont(step),
eof = done((), eofInputl[E]))
if (n == 0) done((), emptyInput[E])
else cont(step)

/**¥An iteratee that consumes the head of the input **/
def head[E, F[_] : Pointed]: IterateeT[E, F, Option[E]] = {
def step(s: Input[E]): IterateeT[E, F, Option[E]] =
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s(el = e => done(Some(e), emptyInput[E]),
empty = cont(step),
eof = done(None, eofInput([E])
)
cont (step)

Iteratee 101

EBIOLI:

In other words, iteratees compose sequentially.

000 Scalaz 7 OOOO droplkeepl [:

scala> def dropilKeepl[E]: Iteratee[E, Option[E]] = for {
_ <= droplE, Id](1)
x <- head[E, Id]
} yield x
dropiKeepl: [E]=> scalaz.iteratee.package.Iteratee[E,Option[E]]

OO0OO0O Monoid OOOMODO repeatBuild OO OOOOOOOO
alternates [ Stream OOOOOOOOOOO:

scala> def alternates[E]: Iteratee[E, Stream[E]] =
repeatBuild[E, Option[E], Stream] (droplKeepl) map {_.flatten}

alternates: [E](n: Int)scalaz.iteratee.package.IterateelE,Stream[E]]

scala> (alternates[Int] &= enumerate(Stream.range(l, 15))).run.force
res7: scala.collection.immutable.Stream[Int] = Stream(2, 4, 6, 8, 10, 12, 14)

Iteratees OO OOO0OO0OO0OO0OO

EBIOLI:

Using the iteratees to read from file input turns out to be incred-

ibly easy.
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java.io.Reader JOOOOMOMOM Scalaz 7 (00 Iteratee. enumReader [F[_]1] (r:
=> java.io.Reader) OO OOOOOOOOOOONO Iteratee [
IterateeT OOOO0O0000OOOOOOOOOOOOOO 10 OOOO
ooOooo:

scala> import scalaz._, Scalaz._, iteratee._, Iteratee._, effect._
import scalaz._

import Scalaz._

import iteratee._

import Iteratee._

import effect._

scala> import java.io._

import java.io._

scala> enumReader[I0] (new BufferedReader(new FileReader("./README.md")))

resO: scalaz.iteratee.EnumeratorT[scalaz.effect.IloExceptionOr [Char],scalaz.effect.I0] =

OoOOO0O0O0O0O0O0O0b00000dd nead [ToExceptionOr [Char] , I0] O
oooo:

scala> (head[IoExceptionOr[Char], I0] &= resO).map(_ flatMap {_.toOption}).run.unsafePer
resl: Option[Char] = Some (#)

EBIOLI:

We can get the number of lines in two files combined, by com-
posing two enumerations and using our “counter” iteratee from

above.

Uoooogood:

scala> def lengthOfTwoFiles(fl: File, f2: File) = {
val 11 = length[IoExceptionOr[Char], I0] &= enumReader[IO] (new BufferedReader (n
val 12 = 11 &= enumReader[I0] (new BufferedReader(new FileReader(£2)))

12.run

scala> lengthOfTwoFiles(new File("./README.md"), new File("./TODO.txt")).unsafePerformI0
res65: Int = 12731
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IterateeUsage.scala O OO OOOHOOOOOOO:

scala> val readln = takeWhile[Char, List](_ != '\n') flatMap (1n => drop[Char, Id](1).ma

readln: scalaz.iteratee.IterateeT[Char,scalaz.Id.Id,List[Char]] = scalaz.iteratee.Iterat

scala> (readln &= enumStream("Iteratees\nare\ncomposable".toStream)).run

res67: scalaz.Id.Id[List[Char]] = List(I, t, e, r, a, t, e, e, s)

scala> (collect[List[Char], List] %= readLn.sequencel &= enumStream("Iteratees\nare\ncom

res68: scalaz.Id.Id[List[List[Char]]] = List(List(I, t, e, r, a, t, e, e, s), List(a, r,

OO0 sequencel OOMOMOMN readln [ EnumerateeT OO OOY%= O
OO0 Iteratee OOOOOOOOON

EBIOL:

So what we have here is a uniform and compositional interface

for enumerating both pure and effectful data sources.

Ubobdbouobaooaooaoudaooaooaoodn

oo

o Scalaz Tutorial: Enumeration-Based I/O with Iteratees
o TterateesD OO [Josh Suereth OO (@jsuereth)](http://twit-
ter.com/jsuereth) OO0 Iteratee

o Haskell wiki (0 Enumerator and iterateed

18 LI

170000000000000000000 10 OOooooooooood
O00O00O0O0 Iteratee OOOOOOOOOOOOO

Func

Applicative OO0 OOOOOOOOOOOOOOODOOOOOOOOAppFunc
oooooooodoon:
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val f = AppFuncU { (x: Int) => x + 1 }
val g = AppFuncU { (x: Int) => List(x, 5) }

(f @&&& g) traverse List(l, 2, 3)

000 pull request OO0 OOOOOCLars Hupel OO ([@larsr_h](https://twit-
ter.com/larsr_h)) OO typelevel OO OO OOO0OOOOOOOOOOOO
UOoOo0ogoododrene OOOOO:

J**
* Represents a function A => F[B]~ where ~[F: TC]".
*/
trait Func[F[_], TC[F[_]] <: Functor[F], A, B] {
def runA(a: A): F[B]
implicit def TC: KTypeClass[TC]
implicit def F: TC[F]

OO0O00O0O00OAppFunc U Func O 2 OOOOOOOOOO Applicative O
OO0OOOoOooOdoOoOodnD Lars OOOOOOOO0OO HList OOOO
OO00000O0O000000000 Scalaz 7 OOOOOOOOOOOOO

00000 Ranar OOOO0O0OO0O0OO0OOOOOOOOOOO github O
OdoOoooOoooooon
Free Monad

OOOOGabriel Gonzalez [0 Why free monads matter OO OO OO Free
Ooooooood:

OO0OO0O0oOoooOdooOoooooooo (0O oo toy O
Oooos3soooooooogn:

output b -- prints a "b" to the console
bell -- rings the computer's bell
done -- end of execution

OOoOOoooOoooooooooooooooooooooon
ooooogoo:
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data Toy b next =
Output b next
| Bell next

| Done

OO0000000000 Scala OOOOOOOOOO:

scala> :paste

// Entering paste mode (ctrl-D to finish)

sealed trait Toy[+A, +Next]

case class Output[A, Next](a: A, next: Next) extends Toy[A, Next]
case class Bell[Next] (next: Next) extends Toy[Nothing, Next]

case class Done() extends Toy[Nothing, Nothing]

// Eziting paste mode, mow interpreting.

scala> Output('A', Done())
resO: Output[Char,Done] = Output(A,Done())

scala> Bell(Output('A', Done()))
resl: Bell[Output[Char,Done]] = Bell(Output(A,Done()))

CharToy

WFMM O DSL 00000000 O0O0000000000oooooooo
ooodpoooogoooonoooodoooodno toy OOOOOO
OO0 Scala OOOOOOOOOOOOOOOScala OOOOOOOOOOO
O000 Free OOOOOOOOOOOOOOOOOOOOOOOOOO
UOooobogobogoodond char OUOOOOOOOOON:

scala> :paste
// Entering paste mode (ctrl-D to finish)

sealed trait CharToy[+Next]
object CharToy {

case class CharQOutput[Next] (a: Char, next: Next) extends CharToy[Next]

case class CharBell[Next] (next: Next) extends CharToy[Next]
case class CharDone() extends CharToy[Nothing]
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def output[Next] (a: Char, next: Next): CharToy[Next] = CharOutput(a, next)
def bell[Next] (next: Next): CharToy[Next] = CharBell(next)
def done: CharToy[Nothing] = CharDone()

// Eziting paste mode, mow interpreting.

scala> import CharToy. _
import CharToy. _

scala> output('A', done)
res0: CharToy[CharToy[Nothing]] = CharOutput(A,CharDone())

scala> bell(output('A', done))
resl: CharToy[CharToy[CharToy[Nothing]]] = CharBell(CharOutput(A,CharDone()))

L0 CharToy OHOHOOOOOOMNMN outputLlbelllldone LI

Fix
WFMM:

Oooooooooooboooooooooooooooodn
Ooooooooooooonon

Fix fOodno:

scala> :paste
// Entering paste mode (ctrl-D to finish)

case class Fix[F[_11(f: F[Fix[F]1])
object Fix {

def fix(toy: CharToy[Fix[CharToy]]) = Fix[CharToy] (toy)
// Exziting paste mode, mow interpreting.

scala> import Fix._
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import Fix._

scala> fix(output('A', fix(done)))
res4: Fix[CharToy] = Fix(CharOutput(A,Fix(CharDone())))

scala> fix(bell(fix(output('A', fix(done)))))
resb: Fix[CharToy] = Fix(CharBell (Fix(CharOutput(A,Fix(CharDone())))))

Uood fix duoooouoboaooaoodood

FixE

OO0000000000 FixE OOOO0OOO00 throw O catch OO0
OO O0O0Othrowylcatchy DO OO0 OOON:

scala> :paste

// Entering paste mode (ctrl-D to finish)

sealed trait FixE[F[_], E]

object FixE {
case class Fix[F[_], El(f: F[FixE[F, E]]) extends FixE[F, EI]
case class Throwy[F[_], E]l(e: E) extends FixE[F, E]

def fix[E](toy: CharToy[FixE[CharToy, E]]): FixE[CharToy, E] =
O Fix[CharToy, E] (toy)
def throwy[F[_], El(e: E): FixE[F, E] = Throwy(e)
def catchy[F[_]: Functor, El, E2](ex: => FixE[F, E1])
OO0 (£f: E1 => FixE[F, E2]): FixE[F, E2] = ex match {
case Fix(x) => Fix[F, E2] (Functor[F].map(x) {catchy( ) (£)})
case Throwy(e) => f(e)

// Exziting paste mode, now interpreting.
OOoO0O00oOoodd Toy b O functor OOOOOOOON

00000000000000000 (Functor 0000000
0oo)o

192



CharToy [ Functor OO HOOIOOOINH:

scala> implicit val charToyFunctor: Functor[CharToy] = new Functor[CharToy] {
def map[A, B](fa: CharToy[A]l)(f: A => B): CharToy[B] = fa match {
case o: CharOutput[A] => CharOutput(o.a, f(o.next))
case b: CharBell[A] => CharBell(f(b.next))

case CharDone() => CharDone ()

}
charToyFunctor: scalaz.Functor[CharToy] = $anon$1@7bc135fe

OoOoOoooooooood:

scala> :paste
// Entering paste mode (ctrl-D to finish)

import FixE._
case class IncompleteException()
def subroutine = fix[IncompleteException] (
output('A',
throwy [CharToy, IncompleteException] (IncompleteException())))

def program = catchy[CharToy, IncompleteException, Nothing] (subroutine) { _ =>
fix[Nothing] (bell(fix[Nothing] (done)))

OoOoboooooooooooooonooooooonoog

Free monads part 1

WFMM:

OO0 FixE OOOO0O0O0O0O0O000O0OO Free OOOOOOOO:

data Free f r = Free (f (Free f r)) | Pure r

00000000000000000 (J000¢ O Functor O
oo)
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instance (Functor f) => Monad (Free f) where
return = Pure
(Free x) >>= f = Free (fmap (>>= f) x)
(Pure r) >>=f =fr

O0O00O0O0O0O0 Scalaz OOOOOOONO Free OOOOO:

sealed abstract class Free[S[+_], +A] (implicit S: Functor[S]) {
final def map[B](f: A => B): Free[S, B] =
flatMap(a => Return(f(a)))

final def flatMap[B](f: A => Free[S, B]): Free[S, B] = this match {
case Gosub(a, g) => Gosub(a, (x: Any) => Gosub(g(x), f))

case a => Gosub(a, f)

object Free extends FreeInstances {
/** Return from the computation with the given value. */

case class Return[S[+_]: Functor, +A](a: A) extends Free[S, A]

/** Suspend the computation with the given suspension. */

case class Suspend[S[+_]: Functor, +A](a: S[Free[S, A]]) extends Free[S, Al

/**% Call a subroutine and continue with the given function. */

case class Gosub[S[+_]: Functor, A, +B](a: Free[S, A]l,
f: A => Free[S, B]) extends Free[S, B]

trait FreelInstances {
implicit def freeMonad[S[+_]:Functor]: Monad[({type f[x] = Freel[S, x]})#f] =
new Monad[({type f[x] = Free[S, x]1}H)#f] {
def point[A](a: => A) = Return(a)
override def map[A, B](fa: Free[S, A])(f: A => B)
def bind[A, Bl (a: Free[S, A])(f: A => Freel[S, B])

fa map f
a flatMap f
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Scalaz OOOOFree OOOOO O OO Free.Suspend OO OO OPure O
Free.Return OOOOOO CharToy OO OOO Free OOOOOOOOM:

scala> :paste

// Entering paste mode (ctrl-D to finish)

sealed trait CharToy[+Next]

object CharToy {
case class CharQOutput[Next](a: Char, next: Next) extends CharToy[Next]
case class CharBell[Next] (next: Next) extends CharToy[Next]
case class CharDone() extends CharToy[Nothing]

implicit val charToyFunctor: Functor[CharToy] = new Functor[CharToy] {
def map[A, B](fa: CharToy[A]l)(f: A => B): CharToy[B] = fa match {
case o: CharOutput[A] => CharOutput(o.a, f(o.next))
case b: CharBell[A] => CharBell(f(b.next))

case CharDone() => CharDone ()

def output(a: Char): Free[CharToy, Unit] =
Free.Suspend(CharOutput(a, Free.Return[CharToy, Unit] (())))

def bell: Free[CharToy, Unit] =
Free.Suspend(CharBell(Free.Return[CharToy, Unit] (())))

def done: Free[CharToy, Unit] = Free.Suspend(CharDone())

// Eziting paste mode, mow interpreting.

defined trait CharToy
defined module CharToy

googoogooooogoogooooooan

liftF OO O0O00ooooodooodobodddreturn OOOOOOO
OO0O00O0Opointed OOOO:

scala> :paste
// Entering paste mode (ctrl-D to finish)
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sealed trait CharToy[+Next]

object CharToy {
case class CharOutput[Next] (a: Char, next: Next) extends CharToy [Next]
case class CharBell[Next] (next: Next) extends CharToy[Next]
case class CharDone() extends CharToy[Nothing]

implicit val charToyFunctor: Functor[CharToy] = new Functor[CharToy] {
def map[A, B](fa: CharToy[A]l)(f: A => B): CharToy[B] = fa match {
case o: CharOutput[A] => CharOutput(o.a, f(o.next))
case b: CharBell[A] => CharBell(f (b.next))

case CharDone() => CharDone ()

}
private def 1iftF[F[+_]: Functor, R](command: F[R]): Free[F, R] =
Free.Suspend[F, R] (Functor[F].map(command) { Free.Return[F, RI(_) })
def output(a: Char): Free[CharToy, Unit] =
1liftF[CharToy, Unit] (CharQOutput(a, ()))
def bell: Free[CharToy, Unit] = liftF[CharToy, Unit] (CharBell(()))
def done: Free[CharToy, Unit] = 1liftF[CharToy, Unit] (CharDone())
def pointed[A](a: A) = Free.Return[CharToy, A](a)

// Eziting paste mode, mow tinterpreting.

Ooooboooooboooooooodd:

scala> import CharToy._
import CharToy._

scala> val subroutine = output('A')

subroutine: scalaz.Free[CharToy,Unit] = Suspend(CharOutput(A,Return(())))

scala> val program = for {
<- subroutine
<- bell

<- dome

} yield O

program: scalaz.Free[CharToy,Unit] = Gosub(<functionO>,<functioni>)

N e o}
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Ooooooooooobooooooonoooodon

OOoOOOooOoooooooooboodoOooOoOodnOdnn showProgram
OOoOOooowEFMM O OO0000O00000000004 showProgram [
OO000000000 Free OOOMOOOOOOOOOOOOONO f1atMap
ooooooood:

final def flatMap[B](f: A => Free[S, B]): Free[S, B] = this match {
case Gosub(a, g) => Gosub(a, (x: Any) => Gosub(g(x), f))

case a => Gosub(a, f)

OO0 Return [J Suspend LIOOOOOOOO Gosub OOOOOOOO
00000000 Gesub OOOOO \/ OO0 resume OOOOO0OOOOO
showProgram 1O HOOOOOOO:

scala> def showProgram[R: Show] (p: Free[CharToy, R]): String =
p-resume.fold({
case CharOutput(a, next) =>
"output " + Show[Char].shows(a) + "\n" + showProgram(next)
case CharBell(next) =>

"bell " + "\n" + showProgram(next)

case CharDone() =>
"done\n"
},
{r: R=> "return " + Show[R].shows(r) + "\n" })

showProgram: [R](p: scalaz.Free[CharToy,R]) (implicit evidence$l: scalaz.Show[R])String

scala> showProgram(program)
resl2: String =

"output A

bell

done

"

pretty printer 11 C10I:

scala> def pretty[R: Show] (p: Free[CharToy, R]) = print(showProgram(p))
pretty: [R](p: scalaz.Free[CharToy,R]) (implicit evidence$l: scalaz.Show[R])Unit
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scala> pretty(output('A'))
output A

return ()

UO0O00O0000 Free JUOOOOOOOOOOOOOOOOO0OOOON
ooooar

scala> pretty(output('A'))
output A

return ()

scala> pretty(pointed('A') >>= output)
output A

return ()

scala> pretty(output('A') >>= pointed)
output A

return ()

scala> pretty((output('A') >> done) >> output('C'))
output A

done

scala> pretty(output('A') >> (done >> output('C')))
output A

done

OOO000O done D abort OOOOOOOOHOOOOOOOOOOOO
oo

Free monads part 2

WEMM:

data Free f r = Free (f (Free f r)) | Pure r

data List a Cons a (List a ) | Nil

OO000OO0OOFree OOOO Functor OOOOOOOOOOOO
OO000Free OOOOOOOO Cons OOOOOOOO Functor
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OOoOobOoOoooboOdrure OOOOOOOO Ni1 OOOO
OO0O00O0O0OdooOognd (OO0 Functor DOOOOO)O

oood

Free monads part 3

WFMM:

Free OOOOOO0O0OOOOOOOOO Free OOOOOOOO
OO00OO0OoOnoa (free) DOOOOOODOOOOOOOOO
oooOoooood

OOO00O0O000o0O0OoOoOooOooOodOFrree OOOOOOOOOO
Oooooooooooboooboooboooodd ren OOOOOOOOO
OOOOoO0OOo0OOooodboOdrunctor OOOOOOOOOOOOOO
Free JOOOOOOOOO0OOOOOOOOOOOOOOOO

OOO0OO0000Odgdbdrree DOOOOOOOOOOOOOOOOOOO
ooOooooono

Stackless Scala with Free Monads

Free OO0OO0O00OO00O0OO00OOO00OOOOOOOOScala Days 2012 OO
Ruanar OO OO OOO: Stackless Scala With Free Monads OO OO0
Ooooooooooooooooooooooooooooooooog
0 Stackless Scala With Free Monads OO OO OOOOO

Ruanar OO0 State OODOOOOO0OOOOOOO zip OOOOOOOO
Ubooboaooaoodooaooaboooboaooaoodoodnog
ooobogoogoogoogooobooogoogoogoooog
oooooon

sealed trait Trampoline [+ A] {
final def runT : A =
this match {
case More (k) => k().runT

case Done (v) => v
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}

case class More[+A] (k: () => Trampoline[A])
extends Trampoline [A]

case class Done [+A](result: A)

extends Trampoline [A]

OO0O0000O Function0 O k OOOOOOOOOONO thunk OOOO
oon

OO0 State OOOOOODDOOOOOOOOO0OOOf1atMap O FlatMap [
Uboodbogooaoodaood:

case class FlatMap [A,+B](
sub: Trampoline [A],

k: A => Trampoline[B]) extends Trampoline[B]

OO0O0OTrampoline IO FunctionO U Free OO OO OOOOOOO
OO0 Scalaz 7 OOOOOOOOOOOOOOO:

type Trampoline[+A] = Free[FunctionO, A]

Free monads

OO0 Runar OOOO Free OOODOOOO0OO0OOOOOOOOOOOO
O :

type Pair[+A] = (A, A)
type BinTree[+A] = Free[Pair, A]

type Tree[+A] = Free[List, Al

type FreeMonoid[+A] = Free[({type A [+a] = (A, cOP#A, Unit]

type Trivial[+A] = Unit
type Option[+A] = Free[Trivial, A]

Free OO OOOONO Iteratee OOOOOOOOOOOO Free OOOOOMN
oooogoogn:

 OOOOOOoOooOooooooooooooooan
« Free OOOOOOOOOOOOOOOOatMap OOOO
oOoooogg
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ooooono

o o o o o o o
OOO0000O00O00000000O even [ odd OJ Scalaz 7 OJ Trampoline
OOO00O0O0O0O00O0OO Free object OOOOOOOOOOOOOOOO
OO0 FreeFunction OOOO:

trait FreeFunctions {
/**% Collapse a trampoline to a single step. */

def reset[A] (r: Trampoline[A]): Trampoline[A] = { val a = r.run; return_(a) }

/** Suspend the given computation in a single step. */
def return_[S[+_], Al (value: => A) (implicit S: Pointed[S]): Freel[S, A] =
Suspend[S, A](S.point(Return[S, A](value)))

def suspend[S[+_], Al (value: => Free[S, A]) (implicit S: Pointed[S]): Free[S, A] =
Suspend[S, A](S.point(value))

/** A trampoline step that doesn't do anything. */
def pause: Trampoline[Unit] =
return_(())

OOO0000O00 import Free._ OO

scala> import Free._

import Free._

scala> :paste
// Entering paste mode (ctrl-D to finish)

def even[A] (ns: List[A]): Trampoline[Boolean] =
ns match {
case Nil => return_(true)
case x :: xs => suspend(odd(xs))
}
def odd[A] (ns: List[A]): Trampoline[Boolean] =

ns match {
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case Nil => return_(false)

case x :: xs => suspend(even(xs))

// Eziting paste mode, mow interpreting.

even: [A]l(ns: List[A])scalaz.Free.Trampoline[Boolean]

odd: [A]l(ns: List[A])scalaz.Free.Trampoline[Boolean]

scala> even(List(1, 2, 3)).run

resl118: Boolean = false

scala> even(0 |-> 3000).run

resl119: Boolean = false

ooooboooooodoon

Free OOOOOOO

Free OOOOOOOOOOOOOOOOOO

scala> type FreeMonoid[A] = Free[({type A [+a] = (A, cOD#A, Unit]

defined type alias FreeMonoid

scala> def cons[A]l(a: A): FreeMonoid[A] = Free.Suspend[({type A [+a] = (A, COP#A, Uni
cons: [A](a: A)FreeMonoid[A]

scala> cons(1)

resO: FreeMonoid[Int] Suspend ((1,Return(())))

scala> cons(1) >>= {_ => cons(2)}
resl: scalaz.Free[[+a] (Int, O),Unit] = Gosub(Suspend((1,Return(()))),<functioni>)

OOoOOoOoooOooooooOnodn List oOoOooood:

scala> def toList[A](list: FreeMonoid[A]): List[A] =
list.resume.fold(
{ case (x: A, xs: FreeMonoid[A]) => x :: toList(xs) 1},
{ _ =>Nil })
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scala> toList(resl)
res4: List[Int] = List(1, 2)

OoOoOooooOno

19 010

Scalaz [0 Haskell OO OOOOOOO Monoid O Functor OOOOOOO
OdO0O0oOoOoOooooooooooooooooooooooooooono
Scalaz OOOO0OOOOOOOOOOOOOOOOOO

oo

OO00000000000000000000 Lawvere O Schanuel 0010
Conceptual Mathematics: A First Introduction to Categories OO0 OO0
OO0O00O00O00O00ododOodn Article OOO OO Session 110
OOoOOOoOoooooobOoooooodoooooooogooood
oooood

Article OO OO0O0O0OOOOOO0O0O0O0OOOOOOOOOOOOOOO
OOoOoooooooooooooooonon

Ooooooooog
Conceptual Mathematics (OO CM) OOOOO0OODOOOOOOOOOO

OO0O00O0OOOoOooooodOay_ties 02013 0 DOOCOOOOOO
ooooooooobooooood:

O0OO(category) OO OO OOOOOOOOO OOOOO4d
OOO00OO0oOoooooooooooOooogodnO (object) O
OOO0O (finite set) OO collection OO .. OOOOOOOOO
OOoooOoooooooooOooood:

{ John, Mary, Sam }

OO0 Scala OO 20000O00000000OOOOOOa: Set[Person]
Oooooooooodn:
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scala> :paste

sealed trait Person {}
case object John extends Person {}
case object Mary extends Person {}

case object Sam extends Person {}
val a: Set[Person] = Set[Person] (John, Mary, Sam)
// Eziting paste mode, mow interpreting.

OO0O00000O00OpPerson OOOOOONOONO Set OOOOOOON
OoOO0oooooooooooogood: ¢M OO0 map OOOOOO
OO0O0O0OodOdMac Lane OOOOOOOOOOOOO arrow OO0
Ooooooooodon

Ooodo (arow) fOOD0O 3 00000000

1. 00 ADD0OO000000 (domain) OOOO00
2. 00 BOOOOOOO0000 (codomain) OO0000
3. 0000000000000 (element, DOO00) o OO
OO000000000 » 000000000000 b0 f
¢ (000 f(e)) DOO00OO0f000 «00000

(DO0O0D0DOO0OMOd0O(map) M OO O(function) OO OO
(transformation) 0 O O O (operator ) Cmorphism OO OO
OooOoooooooog)

OooOooooooooooogoo

scala> :paste

sealed trait Breakfast {}

case object Eggs extends Breakfast {}
case object Oatmeal extends Breakfast {}
case object Toast extends Breakfast {}

case object Coffee extends Breakfast {}

val favoriteBreakfast: Person => Breakfast = {

case John => Eggs
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case Mary => Coffee

case Sam => Coffee
// Eziting paste mode, mow interpreting.
favoriteBreakfast: Person => Breakfast = <functionil>
OO000O000000 Set[Person] O Person OOOOOOOOOOOO

[l favoriteBreakfast [I[[] Person OO OOOOOOOOO
O000oOooOooOOObOb0OO0O0O0OgOggg (internal diagram) OO

f= favorite breakfast

John

- »e cogs
Mary
@ loast ® oatmeal
*—

Sam —Fe coffee

Oooooooooooooooooboooooooooodn
OOoOooOooooooooooooobooooooooOooon
ooodo

0O Functioni[A, B] OOOOOOOOOOOOOOOOOOOOOOO
00000000 00000000000000 favoritePerson 1O
O:

scala> val favoritePerson: Person => Person = {
case John => Mary
case Mary => John
case Sam => Mary

}

favoritePerson: Person => Person = <functionl>

OoooooooooooooOoOoooooooodd (endo-
morphism) OO0

Oooooooooooooooo A 0ooo A goddd a
00004 fle) = « OOOOOOOOO (identity arrow) OO OO
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Sam

[0 1: favorite person

9

Sam

OA OO0OOO0 1A OOOogoo

OOoOoOoOoooooooooooooooooooooooooooood
O00O0OOscala.Predef.identity O OO OOOOON

scala> identity(John)
resO: John.type = John

00 3000000000000000 (external diagram) 0000000
f
A > i

9}
Q y
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OdO000000Odoood_Oogoooooooooo_oodoon
Person [ Breakfast OO NOOOONOON Person => Person [
AOdOdooodoooooooOoOoOoOOoOnn Person => Person LI
Ooooooooooooooooooodd

oo oogooogodod
OO0 (composition of maps) OO OOOOOO 2 000000
oOooOos3oooooooooooonOn

Scala (0 scala.Functionl [0 andThen [ compose OO OO OOOON

scala> val favoritePersonsBreakfast = favoriteBreakfast compose favoritePerson

favoritePersonsBreakfast: Person => Breakfast = <functionl>

@ oaimeal

coffee

Hooooogd:

g I
‘__.-i' _.- ‘_4 —_——- H
OoOoOoOodd:

4—" B
Odoooooooogoooooo:
¢ ¢ 00f00 ¢MOO00Of0 ¢ 000000000
OO0O0000o0004 000o00gogn:
o OO (objects): 4, B, C, ...
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o O (arrows): fr A => B
o OO (identity arrows): 1A: A => A
o OO

Oooooboooooooooooooonoooodnon:

OO0O0O (The identity laws):

o If 1A: A => A, g- A=>B,theng 1A=y
o Ifft A=> B, 1B: B=> B, then 1A f=f

OO0 (The associative law):

e Iff: A=>B,g: B=>C,h: C=>D,thenh (g f)=(h g)
f

CM:

OO0 (singleton) OOOOOOOOOODOOOOOOOOOO
OO0 (element; OO0O) OOOOOOOOOOOO {me} OO
OOooOooooonooonod  oodao

O0: OO0O0O0O4d (point) OO => X OOOOOO

(00O A OO0O0OoDOooO0b0bOOo0ODA 0o X oooo x O
OA-O00DOO0000O000mm -000000oog) ogoo
Oooooooooooooooooooooooodn

OoO00o000oooooooooocM dooooooooooooogo
000000 O000o0ogoooOoOnodod (singleton) OOOO unit set
OO0O0000O0O0O0OOScala OO O: Unit OOOOOOOOOO Unit =>
X OooOoooooooooooooooooo

scala> val johnPoint: Unit => Person = { case () => John }

johnPoint: Unit => Person = <functionl>

scala> favoriteBreakfast compose johnPoint

resl: Unit => Breakfast = <functionil>
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scala> res1(())

res2: Breakfast = Eggs

oooobooooooooooboooooboooooooooooooog
OOoOooooooooooobooooooonoooooooooonoog
Ooooooooog

Session 2 0 3 O Article ] OO OOOOOOOOOOOOOOOOOOONO
ooogn

OoOoOooooOno

Session JOOOOO0O0O000O0O0O0OO0OCOOOOOOOOOOOOOO
OoOooooooooooooooooogooofg g ooooooo
OoooooooooooooooOood?

20000 3 0000ooo0oooooooooooaoan

« OOODO A
« OOOOO B
« f o« O0OOOOOOOO

1 O0O000O0ooOoo s A=>B0yg A=>BO0O0O0O00O0O00O0OOOog
OoOoOoooodn:

00000 a 1 =>A0000f a=g oO000000Of
=¢000o

OO0 scalacheck OOOOO0OOOOOf: Person => Breakfast OO
oooooood

scala> :paste
// Entering paste mode (ctrl-D to finish)

sealed trait Person {}
case object John extends Person {3}
case object Mary extends Person {}

case object Sam extends Person {}
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sealed trait Breakfast {}

case object Eggs extends Breakfast {}
case object Oatmeal extends Breakfast {}
case object Toast extends Breakfast {}

case object Coffee extends Breakfast {}

val favoriteBreakfast: Person => Breakfast = {
case John => Eggs
case Mary => Coffee

case Sam => Coffee

val favoritePerson: Person => Person = {
case John => Mary
case Mary => John

case Sam => Mary

val favoritePersonsBreakfast = favoriteBreakfast compose favoritePerson

// Eziting paste mode, mow interpreting.

scala> import org.scalacheck.{Prop, Arbitrary, Gen}

import org.scalacheck.{Prop, Arbitrary, Gen}

scala> def arrowEqualsProp(f: Person => Breakfast, g: Person => Breakfast)
(implicit evl: Equal[Breakfast], ev2: Arbitrary[Person]): Prop =
Prop.forAll { a: Person =>
f(a) === g(a)
}
arrowEqualsProp: (f: Person => Breakfast, g: Person => Breakfast)

(implicit evl: scalaz.Equal[Breakfast], implicit ev2: org.scalacheck.Arbitrary[Person])o:
scala> implicit val arbPerson: Arbitrary[Person] = Arbitrary {
Gen.oneOf (John, Mary, Sam)
}

arbPerson: org.scalacheck.Arbitrary[Person] = org.scalacheck.Arbitrary$$anon$2041ec9951

scala> implicit val breakfastEqual: Equal[Breakfast] = Equal.equalA[Breakfast]
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breakfastEqual: scalaz.Equal[Breakfast] = scalaz.Equal$$anon$4@783babde

scala> arrowEqualsProp(favoriteBreakfast, favoritePersonsBreakfast)

resO: org.scalacheck.Prop = Prop

scala> res0O.check
! Falsified after 1 passed tests.
> ARG_O: John

scala> arrowEqualsProp(favoriteBreakfast, favoriteBreakfast)

res2: org.scalacheck.Prop = Prop

scala> res2.check

+ 0K, passed 100 tests.
arrowEqualsProp LU O HOOHOHOO:

scala> def arrowEqualsProp[A, B](f: A => B, g: A => B)
(implicit evl: Equal[B], ev2: Arbitrary[A]): Prop =
Prop.forAll { a: A =>

f(a) === g(a)
}
arrowEqualsProp: [A, B]J(f: A => B, g: A => B)

(implicit evl: scalaz.Equal[B], implicit ev2: org.scalacheck.Arbitrary[A])org.scalacheck

scala> arrowEqualsProp(favoriteBreakfast, favoriteBreakfast)

res4: org.scalacheck.Prop = Prop

scala> resé4.check

+ 0K, passed 100 tests.

OoOoad
CM:

O0: 000 f A=>BO0O0O0Og f=1A0Ff g-=
1B O0O000O0O0O0O0O ¢- B=>A0O000O000O0OOf O0OOO
(isomorphism) OO OOOOO (invertible arrow) OO OO OOO
oo 0ooddo - A =>pO00OoOooooo20o00dd A
0 B OO0 (isomorphic) OO OOOOO
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Scalaz OO OO0 Isomorphism OOOOO0O0 trait OOOOOO:

sealed abstract class Isomorphisms extends IsomorphismsLowO{
/**Isomorphism for arrows of kind * -> * -> % x/
trait Iso[Arr[_, _1, A, Bl {
self =>
def to: Arr[A, B]
def from: Arr[B, A]

/**Set isomorphism */

type IsoSet[A, B] = Iso[Functionl, A, B]

/**¥A1ias for IsoSet */
type <=>[A, B] = IsoSet[A, B]

object Isomorphism extends Isomorphisms

OOooOobooooobooooodoonOodnd Iseset OOOOO

scala> :paste
// Entering paste mode (ctrl-D to finish)

sealed trait Family {}

case object Mother extends Family {}
case object Father extends Family {}
case object Child extends Family {}

sealed trait Relic {}
case object Feather extends Relic {}
case object Stone extends Relic {}

case object Flower extends Relic {}

import Isomorphism.<=>
val isoFamilyRelic = new (Family <=> Relic) {
val to: Family => Relic = {
case Mother => Feather
case Father => Stone

case Child => Flower
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}

val from: Relic => Family = {
case Feather => Mother
case Stone => Father
case Flower => Child

isoFamilyRelic: scalaz.Isomorphism.<=>[Family,Relic]{val to: Family => Relic; val from:

Scalaz OO OO0 OOOO0OOOOOOOOOOOOOOOOOOODOO
oooooooooodn

oO: OO f A => B 0O (OO00O0O0O) OO (inverse) OO0
OOoOofOoooo f~ ooooo (ooof Dohogoood
0ot 0oOoo)

OO isoFamilyRelic OO OO OO OO arrowEqualsProp IO ON
ooOoOo:

scala> :paste
// Entering paste mode (ctrl-D to finish)

implicit val familyEqual = Equal.equalA[Family]

implicit val relicEqual = Equal.equalA[Relic]

implicit val arbFamily: Arbitrary[Family] = Arbitrary {
Gen.oneOf (Mother, Father, Child)

}

implicit val arbRelic: Arbitrary[Relic] = Arbitrary {

Gen.oneOf (Feather, Stone, Flower)

// Eziting paste mode, mow interpreting.

scala> arrowEqualsProp(isoFamilyRelic.from compose isoFamilyRelic.to, identity[Family]

res22: org.scalacheck.Prop = Prop

scala> res22.check
+ OK, passed 100 tests.
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scala> arrowEqualsProp(isoFamilyRelic.to compose isoFamilyRelic.from, identity[Relic]

res24: org.scalacheck.Prop = Prop

scala> res24.check
+ OK, passed 100 tests.

ooooooog

CM:

1. OOOO (determination problem; OO0 extension) OO
00 /0 ¢000000h=g¢ fO00000¢0000000
ood

0 2: determination

2. OO0O0O (choice problem; OOOO lifting) OOOO g O A
Oooooods =g fO0O0O0OO ¢ OO0OOCOOOC0OOO

[0 3: choice

Ooo 2 000oooooobooooanond
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ooOooboooooodon

oo: £ A => B 0O000ood

e r f=1A000000r B=>A0f0O00O0OOOO
O (retraction) OOOO

e f  s=1B0O0O0O0OOO s: B=>A0f O000O0O0OO
(section) OO OO

Ooooboooooboooooooodd:

[ 4: retraction

OO0O0OoOoOoooooom:
B
! -
.'."."r /
I
i
%
A
] 5: section
aad

O0of A => BO0O0O0O0000O0y: T =>B0O0O0O0 f

r=y 000000 T=>A0000000000000
0O0000Df 0 T 0000000000 (surjective) OO0
oooog
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O0OO00O00OOd (surjective) OOODOODOODOOOOOOOOOOOO

/= in-flight meal

Jol
om »® i roll

—rg clana masala

oooooooogOd:
John OOOO0OOO0OOO0OOOO0OOOOOOOOOOOOOOOOO
O: OOOooooooooooooooooboooooooooooog
OOoOoOoooOoooooooboooooonoooooooooonoog
Oooooooooooooooooooooon

Ooooooooooooooooooooooooooooooooaodd

f=in-flight meal

kati roll

Mary

chana masala

keati roll”

‘chana masala’

oo

OoooOoooooooooooooood: gooo ¢y T=> pOodg
f c=yO0O0000O0q« T=>A00O0O0O0OO0O0O 7100 B((@O) O
OoOoooogoOoof <=y 00000 100 A (O) Doooooodd
OooOoofo r gooooooooooooooooo

‘A
.
y /
/
’
’
[ ——®p
"
00000000000000 : 00000
00000000
mnlnlnluln

OO OO0 fOoooooooooog «f: T=>A022: T
=>A0000f «1=f 22000 =220000000
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OO0O0OooOoOOgOof O T OO0O0O000OO0O0dOd (injective)
OOooOoOodoono

OO0 0000 7roooooooooooooogfooogd
OOO00DOOoOd (monomorphism) OOOO0OOO

/= in-flight meal

\ / »® jati roll
/ t‘. paneer tikka @ kacchi bir)

9 chana masala

John
L |

Uooboooauaooaaoooodd:

Ooooooooboooooooogooooooooog sooogo T
O000O0O00O000OodOoO JohnOMarydSam OOOO0OOOOOO
ooOoboooooooooobooooobooooooooooooood

.TJ. ,|"
r—% 4 — B
X,
Ood: -
oo
O0:. 00O fOoO0oooooooad ¢1: T=>A0¢t2: T
=>A0000¢ f=¢2 fOO0O ¢ =t20000000

000000 TOhOoooooooooo 0OdO (epimorphism)
ooooodno

Uooobogooaooaooaoooboobooooaoodooaonog
oooooodn

I

O0O: OOOdO4d (endomorphism) OO0O0 e e = e OO
OO0O000O000 (idempotent) OO0

ooooooogon
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ooodo

O0OO00O4d (endomorphism) OO OO0OOO (isomorphism) O
OO00O0oOooOododO (automorphism) OO0

OOoOoOoooOoooooooboooooooooooooooonoog
Ooooooooobooooooogn

2000

19 OO O Lawvere [ Schanuel (1T Conceptual Mathematics: A First In-
troduction to Categories 1 OO OO OOOOOOOOOOOOOOOO
OoOooOooOoooooOoooooOooooooooooooooooog
dodooooooooooooooooooooboooooooogoogd
Oooooooogoooooooogoo

Awodey [00Category Theory[]

OOOO00 Steve Awodey I Category Theory O OO OOOCOOOOOO
02013 JOOOOOooooooooooooooooooooooo
OOoDOoOoooooooooooooooodoooooooogoooad
ogoono

OoooOooooooooooooooooooooooooooogoog
OO000OO00O0DOO0O0OOOgOnO (abstract) OOOOODOOOOOOOO
OOoOoooooooooooooooooooooOn

00O 1.3 0000 c oooooooo - A => pooodd
Ooooooood g B=> A0 CcOooooooooood
OO (isomorphism) OOOOOO:

g [f=1A00f g¢g=1BO

OO0000000ooooooooodddAwoedey OOOOOOOOO
OoOoOooooOno

OO0 Scalaz OOOOOOOOOOOOOOOOOOOOOOOOOOOO
N O
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./day19.html
http://www.amazon.com/Category-Theory-Oxford-Logic-Guides/dp/0199237182
http://nineties.github.io/category-seminar/

I

ooOoobooooobooooooooooooooooooboonooan
OOoOoobooOooooooooooooooOon

Sets

OOO0O0O0O0OOOOo0Ood Sets OOOOO4d

Setsfin

OO000O0O00OO0OoOOoOooOon Setsfin OOOOCOOOOOOOOO
oood

Pos

Awodey OO OOOOO0OO0OOOOOOOOOOO:

OO0DOO00OO0O0D0O0oOoOdognO (structured set) OO0 OOOOO
oo oogooogooooodd
OJooooooooogoooooooogggooooog

OOD0O00O (partially ordered set) IO OO OOO poset OO
O0ooOo Adodooadae, b, e 0 A DOOOOOOOOOOO
Ooodood e=A b OOO:

o OODO (reflexivity): a =A a
o OODO (transitivity): D0 a=AbOOb=AcO0O0Oa

=Ac
o OOOO (antisymmetry): D0 a=AbOO0Ob=Aal
OO0a=b

poset A OO poset B OO OOO (monotone) IO m: A =>
BOOOOOOOOa, 2’ O A ODOOOOO0OOOOOOOOO
ad:

e a=Aa 000 m(a) <A m(a)

00000 (monotone) OOODODOODOODOODOOOOOODIMOOON
0000000000 peset OOOOOOOO Pos OOOOOOO Awodey
U poset IO OOOO0OOO0OOOOOO0OOOOONO
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Cat

0O 1.2. OO (functor) F: C => D 0OOO C OO D OOOd
Oooboooooogoogbognoooooooooonogoadne

. F(f: A =>B) =F(f): F(A) => F(B)
. F(1A) = 1F(A)
« Flg f)=F() F)

OOoO0OorF D0ooooooooooooooooooooogd
oooono

00000000 (functor) O 2 OO0ODOOOOOOOOODOOOODOO:

4—" » g
E l
C
F
FB) _
Y Fif) Mgl
D
—» F(C)
F(4) . {
Flg = f)
[ 6: functor

F(A)O F(B)O F(C) D00OO0O00000000000000 F 0000
O00000000000000000000000000

OOoOO0O0O0o0o0dd Cat DOOOoOodd
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oood

0000 (DO0bDoooooooogon) ooog My oood
Oogd -: M= M=>MOOOOOOOOO(unit) u O M OO
Ooodfdx,y, z OM OOOOOOOOOOOOOOO:

Oooooooooooooooooboooooooooodn
OOoOoooOooooooooooooodono « oooooodn
Ooooodboodd m - n OO

OOO000000 Scalaz OOOOOOOO0OO 3 OO0 Monoid OO
Uoooogo

trait Monoid[A] extends Semigroup[A] { self =>
/777
/** The identity element for “append . */

def zero: A

trait Semigroup[A] { self =>
def append(al: A, a2: => A): A

Int OO0 0 OOOOH:

scala> 10 |+| Monoid[Int].zero
res26: Int = 10

Int OO0 1:

scala> Tags.Multiplication(10) [|+| Monoid[Int @@ Tags.Multiplication].zero
res27: scalaz.@@[Int,scalaz.Tags.Multiplication] = 10

ooooboooooooooobonoooboooooooooooooog
OOoOoOoooOooooooooooooboooooooooooonoog
oon

221


Monoid.html

Mon

OOoOOooooooooooooboooodnno Moen OOOOOO0OOOO
O0000000OOooOo0dogogon (homomorphism) OOOOOO

OO0OooO M OO0O000O0 N OOOOOO0oOOoo0n h: M =>
NOOOOm,n OM OOOOOOOOOOOOOO

e h(m -Mn) = h(m) - N h(n)
e h(uM) = uN

Uboobaooaouodouoaooaboooboaooaoodooanog
oo

Groups

00O 1.4 O (group) G DODOOOOOOOOOOO g OOO
000 g1 OOOOoOoooooG Doooooooooooo
OOoooOooooooooonon

OOO0O0O0o0o0oOoonO Groups JOOOOOO

Scalaz OO OO00OOOOOOOOOOOOOOOOO Spire OO OOO
OOOO0000O0O#27 ODOOoOoOOooo

oooogg

OOOoOooooooooooooooooooodo (oooo) oad
OOO0O0O0O0O00000 abe OOOOOOOOOOOOO xyz OOOOOO
(commute) OOOOO0O x OODOOOOODOOODOOOOOOOOOOO
OdOodoooooddooooooooodooooooooooooono
OO (universal property) OOOO O OO0 (universal mapping property)
OOO0O0O0O0OoOoooOodo vMp OoOdoOd

Ooooooooooooooooobooooooooobooboooonon
OOO0O0 Sets DO OOOOOOOOOOOOOOOOOCOOOOOOOO
OoOoooono

OO 2.9 0000 Cc OOOoo
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https://github.com/non/spire
https://github.com/scalaz/scalaz/pull/279

o OO0 (initial) 0 OOOOOOO cOOOOOoOoOOoog
OOoOOooooo=>cC

o OODO (terminal) 1 OOOOOOO ¢ OOOOOOOOO
Ooooooog c=>1

oooooodn

Odoooooooooooooboooogoooooooogooooo
00O (unique up to isomorphism) OO OOO0O0OO0OO0OOOOOOO
OAQD BOOOOOOOOOOOOUOOOoooooooooooodn
OOoO0OoOO0do A O pOOOOdn

0g 2.10 OOOOO0O (O00O0) oooooooooodd
Ooo0Dd C O ¢ oogoooogogoooogo (0o
0) DOooOoODodoooooood ¢ => ¢ Ooooood
000 O000 CcOboooooooooooobooooOodno
O ooooooooooooood:

()| —— ()’

f] = (]’

i

[0 7: initial objects

OOo0000d gy f=1AD00f ¢=1B000000000000
OO0

Sets O OOOOOOOOOOOOOOOOOOOOGd {x} O
oooono
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ooOoboooooooooobooooobooooooooooooood
oOoodno

poset OO OO OOOOOOOOOOOOOOOOOOOOO
oboooooooooood

poset OO =sO0000000O000O000O0O00O00O00O00O00O00OOOO
oon

ooobogoogooaooaooobooobogooaooaooaonog
oooooooooooood

OoooOoooo0o0o0odO A0 BOOOOOoAO B O
OO0O0D0O0O00O0O04 (ordered pairs) OOOOOO A =< B = {(a,
b)la O A, b O B}

[t s
A d——— ¥ f——
200000034 (coordinate projection) OO0

ooOoooooooood:

e fst  (a,b) =a
e snd  (a,b) =D

OO000000OO0O0 case class OOOOO0OOO trait OO scala.Product O
ooooono

OO00O0 ¢ O A=< BOOOOOe = (fst ¢, snd  ¢) OOOOOOO
oo

oooboooooooooognooobooboooogd:

OO (00D) 0oooooooooooooogoo-gogooogoog
ooooooOoodn

00 2.15. 0000 C OO0O0O0O00 A O B 00000000
7, P

A - P > f

P OO pl O p2 000000
OO0 UMP OOO0:
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http://www.scala-lang.org/api/2.10.3/index.html#scala.Product

fa, b

-

\

A t—— x f— [}
=t snd

[0 8: product of sets

4 a— X > 5

gooodoooogoooodo

T
\
F

T, ]
oogoog P P;
000000 (0000x1 = pl u OO0 x2 = p2 u OOOO0O)
OO0o0 w X =>P OOoOoOono

A - >

Hbodobuobaoodaoodoodanooaooooaonod

ooodo

0000 A0 pO000000000000oooooooooooonO

0o 217 OOOooooooooooogd

PO QUOOOADO BOOOOOOOOO
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[0 9: uniqueness of products

1. POOOOOOOOp! = ¢f i00p2=g¢2 0000000 i
P=>QODO0O0O00O

2. QOOOOOO0OOqI =p! 00 ¢2 =p2 jO00000OO0
Q => POOO000O0O

3.0, ;00000000 1P =4 000000

4. 00000 1Q =4 4O

5. 00000P0O QOOOO

OO0O0O0O00OOoOoOoooodooOood A < pOO000O0OooOodn u:
X=>A> B0l 2000000

O

Sets OOOOO0O0OOO0OOOOOOOOOOOO

P O poset 0O0OOO00 p, q O P 000000000000
Oooooooo

* P>XQq=p
s P>Xq=q
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OO0 x Ox=p OO0 x = q OOOOOOOO
oo

. XSqu

ooboooodaood

O0O0d0 p < ¢ OOOODO (greatest lower bound) OO OO

I
oo

Ooboooooooboooooboooooboooooooooooooog
OoOoboooooooooobonoooboooooooooooooog
OooOoboooooboooooooooooooooooooodn

OO0O0d € OOd (opposite category OO dual DO OO OO
0) Cop OOC ODOOOOOOOOOCep OOOO € OO f:
D=>CO0O00O00OO0OCop O C OOOOOOODOOOOO
oOoOooo

ooodo

ooboooogoogooboooodnDg = bgoogogooodgog
>* Oooooogogo

o [ gOOOOOdg f
 OOOOoOoOOooOoodoOon
« JOOOOoOooOooooooo

OOoOoOooooo fO g Ooooooooooooo=zoogooooog
Ooooooooooooooboooooooooooooooooog
O000000OOooo0ogoooogooood (duality principle) OO
oo

OO00000000O00 = 00000 c 00oooooododddtCop
O000oooOgoooogoooo=* 0 (Cop)opd OO C OOO
ooOooooono

Uooobogobooooaoodgoodnod:
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00O 2.9 0000 Cc OOOOO

o OO (initial) 0 DOOOOOO C ODOOOOOOOOO
OOoOOooooo=>cC

« OO0 (terminal) 1 OOOOOOO ¢ OOOOOOOOO
Oooooodd Cc=>1

OOO0Ooooooooooooooo c gooooodd Cep OO
ooodoao

oooobooooooooooboooooboooooooooooooog

i
() = ]

i} ——— /)

i
ooodooond

Ooooooooooooooooduooooooooooooooadd

i
[ —————— ]

Uooobooooooogoodaod

21000

20 00O 00O OODooDoobDoobDooboooooooooogoo
O Awodey OOOOOOOOO0O0O0O00OO0O0OOOOOOOOOOOOOO
OOoOoOoooOoooooooboooooooooooooooonoog
OooooooOoogo
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./day20.html
http://www.amazon.com/Category-Theory-Oxford-Logic-Guides/dp/0199237182

LI

OO0O00OOO00oooooo0oooooooooog (coproduct MO
O00O0O0) OO0DOooooOdoooOooogd “co-” OOOOOooOoOoog
ooodn

oooogoogood:

00 2.15. OO0 Cc OOOOOoo A O Boooooodd

P, P,
A - P > 7

P OO pl O p2 0OO0O0OO
OO0 UMP OOOO:

4 — X > 7

goooduoooaoooddo

¥
\
F

P, P,

A == > i

oooao
OO000OOno (O0odoxl = pluw OO x2 = p2 u OOOONO)
o000 w X =>P OOOOOO

Q===

\J

0.
N .I'_.
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OO00OO00OooOooooOodoodog A + BOw: A + B =>X0O0O0O [f,
g/ OOOOOOOoOooOoo™

000000 i: A =>A + BOi2: B=>A + BOOOO
(“injective”) OOOOOOOOO0(“injection”) OOOO

OO0O00O0O0(embedding) OOOOOOOOOOO scala.Product OO0
OO00OO00ooOO0oOoooodooooOdooOodOnO (sum type, union
type) OOOOO:

data TrafficLight = Red | Yellow | Green

Unboxed union types

case class O sealed trait OO0OOO00O000O0O0O0O0OO0OOOOO Int
O string O union OOOOO0OO00OOO00OOO00OOOOOOOOOOO
O0O0O-d [Miles Sabin (@milessabin)][@milessabin] (100 Unboxed union

types in Scala via the Curry-Howard isomorphism (I

D0000000000000000000000: /(A /| B) <=> (IA &6
IB)

Scala 0O A with B OOOOO0OO0O0OOOOOOMiles OOOOOOO
Oo000O00oooooooooooo0OdOOdOdd Scalaz OO
scalaz.UnionTypes OO OO :

trait UnionTypes {
type ![A] = A => Nothing
type !![A] = '[![A]]

trait Disj { self =>
type D
type t[S] = Disj {
type D = self.D with ![S]

type t[T] = {
type t[S] = (Disj { type D = ![T] })#t[S]
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http://www.chuusai.com/2011/06/09/scala-union-types-curry-howard/
http://www.chuusai.com/2011/06/09/scala-union-types-curry-howard/

type or[T <: Disj] = ![T#D]

type Contains[S, T <: Disj] = !![S] <:< or[T]
type O[S, T <: Disj] = Contains[S, T]

sealed trait Union[T] {

val value: Any

object UnionTypes extends UnionTypes

Miles O size OOOOOOOOO:

scala> import UnionTypes._

import UnionTypes. _

scala> type StringOrInt = t[String]#t[Int]
defined type alias StringOrInt

scala> implicitly[Int [J StringOrInt]

resO: scalaz.UnionTypes. O [Int,StringOrInt] = <functionl>

scala> implicitly[Byte [0 StringOrInt]
<console>:18: error: Cannot prove that Byte <:< StringOrInt.
implicitly[Byte [0 StringOrInt]

scala> def size[Al(a: A) (implicit ev: A O StringOrInt): Int = a match {
case i: Int =>1i
case s: String => s.length

}
size: [A]l(a: A)(implicit ev: scalaz.UnionTypes. [ [A,StringOrInt])Int

scala> size(23)

res2: Int = 23

scala> size("foo")

res3: Int = 3

231



Scalaz OO0 \/ OOOOOCOOOOOCOOOOOCOOOOOOOOOOOOOO
Ooodoo\/ oog ogoo (logical disjunction) OO OOOOOOO
UOoO0dDooogood 7oOogboodnond size DOOOOOOOoQOd
Ood:

scala> def size(a: String \/ Int): Int = a match {
case \/-(i) => i
case -\/(s) => s.length
}
size: (a: scalaz.\/[String,Int])Int

scala> size(23.right[String])
resl5: Int = 23

scala> size("foo".left[Int])
resl6: Int = 3

Coproduct [0 Inject

Scalaz OO OO Coproduct OO OOOOOOOOOOOOOOOO
Either OO OO OOO:

final case class Coproduct[F[_], G[_], Al (run: F[A] \/ G[A]) {

object Coproduct extends CoproductInstances with CoproductFunctions
trait CoproductFunctions {
def leftc[F[_], G[_], Al(x: F[A]): Coproduct[F, G, A] =

Coproduct (-\/(x))

def rightc[F[_], G[_], Al(x: G[A]): Coproduct([F, G, A] =
Coproduct (\/-(x))
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Either.html

Data types a la carte OO [Wouter Swierstra (Qwouterswierstra)][@Qwouter-
swierstra] 0O O OO0 O0O0OOOOOO Expression Problem OOOOOOO
oooooooogoooooe:

Ooooooooooooooooooooooooooon
Oooooooooooooooooboooooboooogg
Ooooboooboooooboooooooooooooooan
ooooooooon

000000000000 automatic injection 010 [@ethul][@ethul] OO0
O#502 O Scalaz OOOOOOO0OOOOOOOOON typeclass-inject [J
README OOOOOOCOOOO

OOO0O0O000O Free[F, Int] OOOOOOOOF O3 000000000
ooodoao

Hom [

Ooooboooooboooooooodn

oooboooboooogooaood

OO 1.11. OO0O0 Cc OOOoOOoc OOoOooooQ co ooc
000000 Cc1 DOoooooooooooooooooood
OooOooc ooOoooodo

OOooOoooooooooonoooooooooooooodn
OO0 Setsfin OOOOO

Cat OOOOOODOOOOO0OOOOOOOOCat OOOOOOOOO
OO 1.12. OO0 Cc OOoc OOooOooo X Oy ooood

HomC(X,Y)={fOC1|f X =Y} 00000000000
O00000000000000000 hom OOOO00
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Hom OO

Hom OO (Hom-set) O Hom(A4, B) OOOOOOOO A O B OOOOO
OO0 Hom OOOODOOOOOOOOOOO (DO0OOOO0) ooooad
ooooooogd

C OOOdd f A=> BUOHom(X, A) OOOOOOOOOOOO:
o Hom(X, f): Hom(X, A) => Hom(X, B)
e casez=>(f x X=>A=>B)

OO00Hom(X, ) =f _ 0000

Sets JODO0ODO0OOOODOOOOOOA O HomSets(1, A) O
0000000000000 gO0ooddHom(X, A) OOX
OO0OO0OO0O generalized element OOOOOOOOOOOOOOO

X
A A
C Sets
AQD _ OO000O0000O0OO00O0OoOoOodoOs Hom(X, _): C => Sets.
X
A A
—

C Homi X, Sets

OOOO0O representable functor OO0 Hom COOOOOOOO
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Hom OOOOOO

OOooOoo pOO0O00OOOOOd pi: P=>A0Op2 P=>B
O0O0O00Od Hom(P, A) < Hom(P, B) OO (pl, p2) OOO
Ogoooooooo

¥
\
F

P, P,

A -

OOO00000O0O0x: X => POOOODOOOOOOO p1 O p2 O00O0OO
OO0Oo0OOoOOooOoodn 1 O z2 OOO0OO0O0OO0OoO0ooooOogn
Hom OO OO0 OOOOOOOOOOOOOOOOOOOOOOn:

9 X = (Hom(X, p1), Hom(X, p2)): Hom(X, P) => Hom(X, A) > Hom(X,
B) OOO 9 X(2) = (=1, 22)

P, P,
A - P > B

00 2.20. OOOOOdonf
OoOooodnD X 0ogod(el) oogoooooogooo
S X OO0 9 X: Hom(X, P) O Hom(P, A) < Hom(P, B) OO
o N = B B B Y Y

OobOobooooobooooooooooooooooooonooood

Natural Transformation

OOoOoooooooooooooooooooooooooooooog
Or4 00000000000

OOO00O (natural transformation) OO OOOCOOO0OOOOO
OoOoOooocobOoooodno c=>Db oooooood
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Oooooooobooooooooobooobooooooodn
oono

Scala OO0OOOOOOOOOOOOOOOOOOOOOOOO:

o Higher-Rank Polymorphism in Scala, [Rinar (@runarorama)][@runaro-
rama)] July 2, 2010

o Type-Level Programming in Scala, Part 7: Natural transformation
literals, [Mark Harrah (@harrah)][@harrah] October 26, 2010

« First-class polymorphic function values in shapeless (2 of 3) — Natural
Transformations in Scala, [Miles Sabin (@milessabin)][@milessabin]
May 10, 2012

Mark OOOOOOOO0O0OCOO0OOOO0OOCOO0OOOOOOOOOOO
ooo:

OooooooooooooooooooooOoo T oooo
Option[T] O List[T] OOOOOOOOOOOOOOOOOOO
OooooooooooooobooddoOooOoddn tolist
ooooodon:

val tolList = ...

val a: List[Int] = toList(Some(3))
assert(List(3) == a)

val b: List[Boolean] = toList(Some(true))
assert(List(true) == b)

OOoOoMm ~> N (OOOO M=OptionON=List) OOOOOO
OOO00O0O0DOOO0OO0OooOoOdd Scala OOOOOOOOO
(quantified function) OOOOOOOOOOOOOOOO

OO0 Scalaz OOOOOOOOO NaturalTransformation OOOOOO:
/*% A universally quantified function, usually written as F ~> G,
* for symmetry with A => B~.

*/
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https://github.com/scalaz/scalaz/blob/series/7.1.x/core/src/main/scala/scalaz/NaturalTransformation.scala

trait NaturalTransformation[-F[_1, +G[_1] {
self =>
def applyl[A]l(fa: F[A]): G[A]

OO0O0O0000000000O0 scalaz OOOOO package object OO
ooogooo:

/**% A [[scalaz.NaturalTransformation]][F, G]. */
type ~>[-F[_], +G[_]] = NaturalTransformation[F, G]
/** A [[scalaz.NaturalTransformation]][G, F]. */
type <~[+F[_], -G[_]] = NaturalTransformation[G, F]

toList LJOIOIOIOIOIO:

scala> val tolList = new (Option ~> List) {
def applyl[T] (opt: Option[T]): List[T] =
opt.tolist
}
tolList: scalaz.~>[Option,List] = 102fdb237

scala> toList(3.some)
resl17: List[Int] = List(3)

scala> toList(true.some)

res18: List[Boolean] = List(true)

OoOOO000O000O0O000000OScalaz OOOOO List O Option O
OoooOoooddnn 20000 map OO Functor OOOOOOOOOO

trait Functor[F[_]] extends InvariantFunctor[F] { self =>

4

/** Lift “f 4nto "F° and apply to F[A] . */
def map[A, Bl (fa: F[A])(f: A => B): F[B]
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ODoOooOoooooOd € => D ODOooooooooooooood
OooooOooooooooooooooooooooooooog

a, :: Nil map b, Nil

List[A] List|B]

NaturalTransformation (~>) DOOOOO0000 (0DO00O0000) OO0
DO000000000000000 (00000000000000) 00

a, .some map b, .some
3
Option|A] Option|B|
:#_I .E'H
a, . Nil map b L Nil
-
List|A] List|B]
minlnln
OoO00000ooo
OoO000000000

OoOobooooooooooboooooboooooooooooooog
00000000000 retweet OOOOO!

Learn You a Haskell for Great Good! 111 Miran Lipovaca OO OO
OO00O0O0000000000000 Haskell OO O OO0 O OOOO0OO
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oooOobooooobooooooooooooogood

000 Scalaz OO OOOOOOOOOODOOOOOOOOOO! OOooO
Oog 1000 (ood):

@retronym|retronym Jason Zaugg
@xuwei-k]xuwei-k Kenji Yoshida
@tonymorris]tonymorris Tony Morris
@larsrh]larsrh Lars Hupel
@runaroramalrunarorama Runar
@S11001001]S11001001 Stephen Compall
@purefn]purefn Richard Wallace
@nuttycom]nuttycom Kris Nuttycombe
@ekmett]ekmett Edward Kmett

[
[
[
[
[
[
[
[
[
[

@pchiusano]pchiusano Paul Chiusano

Scalaz OO OO0O0OCOOOO0OOOOOOOOOOOOOOOOOOOOO
OO0000000000000000 Scalaz cheat sheet OOOOOO

Scalaz cheatsheet
Equal[A]

def equal(al: A, a2: A): Boolean

(1 === 2) assert_=== false
(2 =/= 1) assert_=== true
Order[A]

def order(x: A, y: A): Ordering

1.0 ?|? 2.0 assert_=== Ordering.LT
1.0 1t 2.0 assert_=== true

1.0 gt 2.0 assert_=== false

1.0 1te 2.0 assert_=== true

1.0 gte 2.0 assert_=== false

1.0 max 2.0 assert_=== 2.0

1.0 min 2.0 assert_=== 1.0
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Show[A]

def show(f: A): Cord

1.0.show assert_=== Cord("1.0")
1.0.shows assert_=== "1.0"
1.0.print assert_=== ()
1.0.println assert_=== ()

Enum|A] extends Order[A]

def pred(a: A): A
def succ(a: A): A

1.0 |-> 2.0 assert_=== List (1.0, 2.0)

1.0 |--> (2, 5) assert_=== List(1.0, 3.0, 5.0)

/7S 1=>/1==>/from/fromStep return EphemeralStream[A]
(1.0 |=> 2.0).toList assert_=== List(1.0, 2.0)

(1.0 |==> (2, 5)).tolList assert_=== List(1.0, 3.0, 5.0)
(1.0.from take 2).toList assert_=== List(1.0, 2.0)
((1.0 fromStep 2) take 2).tolList assert_=== List(1.0, 3.0)
1.0.pred assert_=== 0.0

1.0.predx assert_=== Some(0.0)

1.0.succ assert_=== 2.0

1.0.succx assert_=== Some(2.0)

1.0 —=+- 1 assert_=== 2.0

1.0 === 1 assert_=== 0.0

Enum[Int] .min assert_=== Some(-2147483648)

Enum[Int] .max assert_=== Some(2147483647)

Semigroup|[A]

def append(al: A, a2: => A): A

List(1, 2) |+| List(3) assert_=== List(1, 2, 3)

List(1, 2) mappend List(3) assert_=== List(l, 2, 3)

1 |+] 2 assert_===

(Tags.Multiplication(2) |+| Tags.Multiplication(3): Int) assert_===

// Tags.Disjunction (//), Tags.Conjunction (€£)

(Tags.Disjunction(true) |+| Tags.Disjunction(false): Boolean) assert_=== true

(Tags.Conjunction(true) |+| Tags.Conjunction(false): Boolean) assert_=== false
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(Ordering.LT: Ordering) |+| (Ordering.GT: Ordering) assert_=== Ordering.LT

(none: Option[String]) [|+| "andy".some assert_=== "andy".some
(Tags.First('a'.some) |+| Tags.First('b'.some): Option[Char]) assert_=== 'a'.some
(Tags.Last('a'.some) |+| Tags.Last(none: Option[Char]): Option[Char]) assert_=== 'a'.som

Monoid[A] extends Semigroup[A]

def zero: A

mzero[List[Int]] assert_=== Nil

Functor[F[_]]

def map[A, B](fa: F[A])(f: A => B): F[B]

List(1, 2, 3) map {_ + 1} assert_=== List(2, 3, 4)
List(1, 2, 3) {_ + 1} assert_=== List(2, 3, 4)
List(1, 2
List(1, 2

List(1, 2, 3).fpair assert_=== List((1,1), (2,2), (3,3))

List(1, 2, 3).strengthL("x") assert_=== List(("x",1), ("x",2), ("x",3))
List(1, 2, 3).strengthR("x") assert_=== List((1,"x"), (2,"x"), (3,"x"))
List(1l, 2, 3).void assert_=== List((), O, O)

Functor[List].lift {(_: Int) * 2} (List(1, 2, 3)) assert_=== List(2, 4, 6)

R 3) >| Il assert === LiSt("X", nx", "X")

, 3) as "x" assert_=== List("x", "x", "x")

Apply[F[_]] extends Functor[F]

def ap[A,B](fa: => F[AI)(f: => F[A => B]): F[B]

1.some <¥> {(_: Int) + 2}.some assert_=== Some(3) // ezcept in 7.0.0-M3

1.some <*> { 2.some <*> {(_: Int) + (_: Int)}.curried.some } assert_=== 3.some

1.some <* 2.some assert_=== 1.some

1.some *> 2.some assert_=== 2.some

Apply[Option] .ap(9.some) {{(_: Int) + 3}.some} assert_=== 12.some

Apply[List].1ift2 {(_: Int) * (_: Int)} (List(l, 2), List(3, 4)) assert_=== List(3, 4, 6
(3.some |@| 5.some) {_ + _} assert_=== 8.some

// ~(3.some, 5.some) {_ + _} assert_ === 8.some
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Applicative[F[_]] extends Apply[F]

def point[A]l(a: => A): F[A]

1.point[List] assert_=== List(1)

1. [List] assert_=== List(1)

Product/Composition

(Applicative[Option] product Applicative[List]).point(0) assert_=== (0.some, List(0))
(Applicative[Option] compose Applicative[List]).point(0) assert_=== List(0).some
Bind[F[_]] extends Apply[F]

def bind[A, Bl (fa: F[A])(f: A => F[B]): F[B]

3.some flatMap { x => (x + 1).some } assert_=== 4.some
(3.some >>= { x => (x + 1).some }) assert_=== 4.some

3.some >> 4.some assert_=== 4.some

List(List(1, 2), List(3, 4)).join assert_=== List(l, 2, 3, 4)

Monad[F[_]] extends Applicative[F] with Bind[F]

// mo contract function

// failed pattern matching produces None

(for {(x :: xs) <- "".toList.some} yield x) assert_=== none

(for { n <- List(1l, 2); ch <- List('a', 'b') } yield (n, ch)) assert_=== List((1, 'a'),
(for { a <= (_: Int) * 2; b <= (_: Int) + 10 } yield a + b)(3) assert_=== 19

List(1, 2) filterM { x => List(true, false) } assert_=== List(List(1l, 2), List(1), List(
Plus[F[_]]

def plus[A]l(a: F[A], b: => F[A]): F[A]
List(1, 2) <+> List(3, 4) assert_=== List(1, 2, 3, 4)
PlusEmpty[F[_]] extends Plus[F]

def empty[A]: F[A]
(PlusEmpty[List].empty: List[Int]) assert_=== Nil

242



ApplicativePlus[F[_]] extends Applicative[F] with PlusEmpty[F]

// mo contract function

MonadPlus[F[_]] extends Monad[F] with ApplicativePlus[F]

// mo contract function
List(1, 2, 3) filter {_ > 2} assert_=== List(3)

Foldable[F[_]]

def foldMap[A,B](fa: F[A])(f: A => B) (implicit F: Monoid[B]): B

def foldRight[A, B](fa: F[A], z: => B)(f: (A, => B) => B): B

List(1, 2, 3).foldRight (0) {_ + _} assert_===

List(1, 2, 3).foldLeft (0) {_ + _} assert_===

(List (1, 2, 3) foldMap {Tags.Multiplication}: Int) assert_===

List(1, 2, 3).foldLeftM(0) { (acc, x) => (acc + X).some } assert_=== 6.some

Traverse[F[_]] extends Functor[F] with Foldable[F]

def traverseImpl([G[_]:Applicative,A,B](fa: F[A])(f: A => G[B]): G[F[B]]

List(l, 2, 3) traverse { x => (x > 0) option (x + 1) } assert_=== List(2, 3, 4).some
List(1, 2, 3) traverseU {_ + 1} assert_=== 9

List(l.some, 2.some).sequence assert_=== List(l, 2).some

1.success[String] .leaf.sequenceU map {_.drawTree} assert_=== "1\n".success[String]

Length[F[_]]

def length[A] (fa: F[A]): Int

List(1, 2, 3).length assert_===
Index[F[_]]

def index[A](fa: F[A], i: Int): Option[A]

List(1, 2, 3) index 2 assert_=== 3.some

List(1, 2, 3) index 3 assert_=== none
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ArrId[=>:[, |]

def id[A]: A =>: A

Compose[=>:][, ]

def compose[A, B, C](f: B
val f1 = (_:Int) + 1

val £f2 = (_:Int) * 100
(f1 >>> £2)(2) assert_=== 300
(f1 <<< £2)(2) assert_=== 201

>: C, g: A=>: B): (A=>:0C)

Category[=>:[, ]] extends ArrId[=>:] with Compose[=>:]

// mo contract function

Arrow[=>:[, ]] extends Category[=>>]

def arr[A, B]J(f: A =>B): A =>: B

def first[A, B, Cl1(f: (A =>: B)): ((A, C) =>: (B, O))
val f1 = (_:Int) + 1

val £f2 = (_:Int) * 100

(f1 *xx £2) (1, 2) assert_=== (2, 200)
(f1 &&& £2) (1) assert_=== (2,100)
Unapply[TC[_[_]], MA]

type M[_]

type A

def TC: TC[M]

def apply(ma: MA): M[A]

implicitly[Unapply[Applicative, Int => Int]].TC.point(0).asInstanceOf [Int => Int] (10) as:
List(1, 2, 3) traverseU {(x: Int) => {(_:Int) + x}} apply 1 assert_=== List(2, 3, 4) //
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Boolean

false /\ true assert_=== false // &4
false \/ true assert_=== true // //
(1 < 10) option 1 assert_=== 1.some
(1 >10)? 1 | 2 assert_===

(1 > 10)?? {List (1)} assert_=== Nil
Option

1.some assert_=== Some(1)

none[Int] assert_=== (None: Option[Int])
1.some? 'x' | 'y' assert_=== 'x'
1.some | 2 assert_=== 1 // getOrElse
Id[+A] = A

// no contract function
1+2+ 3 |>{_ * 6}
1 visit { case x@(2|3) => List(x * 2) }

Tagged[A]

sealed trait KiloGram

def KiloGram[A](a: A): A @@ KiloGram = Tag[A, KiloGram] (a)
def f[A] (mass: A @@ KiloGram): A @@ KiloGram
Tree[A]/TreeLoc[A]

val tree = 'A'.node('B'.leaf, 'C'.node('D'.leaf), 'E'.leaf)

(tree.loc.getChild(2) >>= {_.getChild(1)} >>= {_.getLabel.some}) assert_=== 'D'.some
(tree.loc.getChild(2) map {_.modifyLabel({_ => 'Z'})}).get.toTree.drawTree assert_=== '
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Stream[A]/Zipper[A]

(Stream(1l, 2, 3, 4).toZipper >>= {_.next} >>= {_.focus.some}) assert_=== 2.some
(Stream(1l, 2, 3, 4).zipperEnd >>= {_.previous} >>= {_.focus.some}) assert_=== 3.some
(for { z <- Stream(1, 2, 3, 4).toZipper; nl <- z.next } yield { nl.modify {_ => 7} }) maj
unfold(3) { x => (x =/= 0) option (x, x - 1) }.tolList assert_=== List(3, 2, 1)
DList[A]
DList.unfoldr(3, { (x: Int) => (x =/= 0) option (x, x - 1) }).tolList assert_=== List(3,
Lens[A, B] = LensT[Id, A, B]
val t0 = Turtle(Point(0.0, 0.0), 0.0)
val t1 = Turtle(Point(1.0, 0.0), 0.0)
val turtlePosition = Lens.lensu[Turtle, Point] (
(a, value) => a.copy(position = value),
_.position)
val pointX = Lens.lensu[Point, Double] (
(a, value) => a.copy(x = value),
_.X)
val turtleX = turtlePosition >=> pointX
turtleX.get(t0) assert_=== 0.0
turtleX.set(t0, 5.0) assert_=== Turtle(Point(5.0, 0.0), 0.0)
turtleX.mod(_ + 1.0, t0) assert_=== ti
t0 |> (turtleX =>= {_ + 1.0}) assert_=== til
(for { x <- turtleX %= {_ + 1.0} } yield x) exec t0 assert_=== tl
(for { x <- turtleX := 5.0 } yield x) exec t0 assert_=== Turtle(Point(5.0, 0.0), 0.0)
(for { x <- turtleX += 1.0 } yield x) exec t0O assert_=== tl
Validation[+E, +A]
(1.success[String] |@| "boom".failure[Int] [@| "boom".failure[Int]) {_ [|+| _ |+| _} asse
(1.successNel[String] |@| "boom".failureNel[Int] [@| "boom".failureNel[Int]) {_ [+| _ [+

"1".parselnt.toOption assert_=== 1.some
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Writer[+W, +A] = WriterT[Id, W, A]

(for { x <= 1.set("logl"); _ <- "log2".tell } yield (x)).run assert_=== ("logllog2", 1)

import std.vector._

MonadWriter [Writer, Vector[Stringl].point(l).run assert_===

(Vector(), 1)

/I+A, +B]

1.right[String] .isRight assert_=== true

1.right[String] .isLeft assert_=== false

1.right[String] | 0 assert_=== // getOrElse

("boom".left ||| 2.right) assert_=== 2.right // orElse

("boom".left[Int] >>= { x => (x + 1).right }) assert_=== "boom".left[Int]

(for { el <~ 1l.right; e2 <- "boom".left[Int] } yield (el |+| e2)) assert_=== "boom".left

KleisliiM[+_], -A, +B]

val k1 = Kleisli { (x: Int) => (x + 1).some }
val k2 = Kleisli { (x: Int) => (x * 100).some }

(4.some >>= k1 compose k2) assert_=== 401.some
(4.some >>= k1 <=< k2) assert_=== 401.some
(4.some >>= k1 andThen k2) assert_=== 500.some
(4.some >>= k1 >=> k2) assert_=== 500.some

Reader[E, A] = Kleisli[ld, E, A]

Reader { (_: Int) + 1 }

trait Memo[K, V]

val memoizedFib: Int => Int = Memo.mutableHashMapMemo {
case 0 => 0
case 1 => 1

case n => memoizedFib(n - 2) + memoizedFib(n - 1)
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State[S, +A] = StateT[Id, S, A]

State[List[Int], Int] { case x :: xs => (xs, x) }.run(l :: Nil) assert_=== (Nil, 1)
(for {

xs <- get[List[Int]]

_ <- put(xs.tail)
} yield xs.head).run(l :: Nil) assert_=== (Nil, 1)

ST[S, A]/STRef[S, A]/STArray[S, A]

import scalaz._, Scalaz._, effect._, ST._
type ForallST[A] = Forall[({type 1[x] = ST[x, A]l})#1]
def e1[S]: ST[S, Int] = for {
x <- newVar [S] (0)
_ <= xmod {_ + 1}
r <- x.read
} yield r
runST(new ForallST[Int] { def apply[S] = e1[S] }) assert_===
def e2[S]: ST[S, ImmutableArray[Boolean]] = for {
arr <- newArr[S, Boolean] (3, true)
x <- arr.read(0)
_ <- arr.write(0, !x)
r <- arr.freeze
} yield r
runST(new ForallST[ImmutableArray[Boolean]] { def apply[S] = e2[S] })(0) assert_===

IO[+A]

import scalaz._, Scalaz._, effect._, IO._
val actionl = for {

x <- readln

_ <- putStrLn("Hello, " + x + "I")
} yield O

actionl.unsafePerformIO
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IterateeT[E, F[_], A]/EnumeratorT[O, I, F[_]]

import scalaz._, Scalaz._, iteratee._, Iteratee._
(length[Int, Id] &= enumerate(Stream(l, 2, 3))).run assert_===
(length[scalaz.effect.IloExceptionOr [Char], I0] &= enumReader [IO] (new BufferedReader (new |

Free[S[+_], +A]

import scalaz._, Scalaz._, Free._
type FreeMonoid[A] = Free[({type A [+a] = (A, cO)})#A, Unit]
def cons[A](a: A): FreeMonoid[A] = Suspend[({type A [+al = (A, c)})#A, Unit] ((a, Retur
def toList[A] (list: FreeMonoid[A]): List[A] =
list.resume.fold(
{ case (x: A, xs: FreeMonoid[A]) => x :: tolList(xs) 1},
{_=>0Nil })
toList(cons (1) >>= {_ => cons(2)}) assert_=== List(1l, 2)

Trampoline[+A] = Free[Function0, A]

import scalaz._, Scalaz._, Free._
def even[A] (ns: List[A]): Trampoline[Boolean] =
ns match {
case Nil => return_(true)
case x :: xs => suspend(odd(xs))
}
def odd[A] (ns: List[A]): Trampoline[Boolean] =
ns match {

case Nil => return_(false)

case x :: xs => suspend(even(xs))
}
even(0 |-> 3000).run assert_=== false
Imports

import scalaz._ // imports type names
import scalaz.Id.Id // imports Id type alias

import scalaz.std.option._ // imports instances, converters, and functions related to 0
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import
import

import

Note

type FunctionlInt[A]
type FunctionlInt[A]

scalaz.
scalaz.
scalaz.
scalaz.
scalaz.
scalaz.

scalaz.

std.AllInstances._ // imports instances and converters related to standard
std.AllFunctions._ // imports functions related to standard types
syntax.monad._ // injects operators to Monad

syntax.all._ // injects operators to all typeclasses and Scalaz data types
syntax.std.boolean._ // injects operators to Boolean

syntax.std.all._ // injects operators to all standard types

_, Scalaz._ // all the abowe

({type 1l[x]=Functioni[Int, x]})#1[A]
Functionl[Int, A]
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