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Cats Effect




Yuctble QyHKUMM

» ToTa/bHble - ANS BCEX BXOAHbIX 3HAYEHUM CYLLECTBYET pe3y/ibTaTt

>  JeTEPMUHUCTMYHbIE - ANA OAHMX M TEX e BXOAHbIX AAHHbIX OJMH U TOT Ke
pesy/bTart

» OtcyTtcBue cang 3pdeKToB - DYHKUMS HE A0JIKHA OCYLLECTBNIATL onepaumm
BBOZA - BblBOAA, U3IMEHATb r/106a/IbHble NepeMeHHbIe, U3MEHATb BXOAHbIe
NnapamMeTpsbl, T.€. He A0JIKHO OCYLLECTBASATb B3aMMOAENCTBUE C BHELLHUM
MMUPOM




[11t0Cbl YUCTbIX PYHKLUM

» Jlerko tectupoBaTthb

» CurHatypa yHKUMKM OAET 6osiee ncHepnbiBaloLwyo MHPOPMaUMIo 0 PYHKLMK
» Jlerko pedakTopuTb
>

Jlerko KoMno3unpoBsaTtb




CcblI0MHaA NPO3payvYHOCTb

» CBOMCTBO BblpaxKeHMA MMETb BO3MOXHOCTb 6biTb 3aMEHEHHBIM CBOMM
3HaYEeHMEM 63 M3MEHEHUS NOBEAEHUS NPOrPaMMbl

foo(42) + foo(42)

val x = foo(42)
X + X




NpaeanbHbIU MUP




Bosblioe Yncno Bbi30BOB (peasibHbliM MUP)

java.lang.StackOverflowError |

&
- e0ec0cooe ﬁ-
OVER 9000




OrpaHMYyeHMa XBOCTOBOU PEKYPCUM

» OnNTMMM3aLMS XBOCTOBOM PEKYPCUM PaBOTaET TO/IbKO A1 CaMO PEKYPCUBHbIX
byHKUMM

def even(i: Int): Boolean = i match {
case 0 => true
case _ => odd(i - 1)

}

def odd(i: Int): Boolean = i match {
case 0 => false
case _ => even(i - 1)

}

» YT106bl €€ MCNONb30BaTb HYXKHO YTO6bI BbIpaXKEHUE, M3 KOTOPOIro BblYMCAAETCA
pe3ynbTaT, €C/IM OHO COAEPKUT PEKYPCHBHbIM BbI30B, COCTOAO TOJIbKO M3
3TOro Bbi30Ba

def unsafeFac(n: Int): Int =
if (n==90) 1
else n * unsafeFac(n - 1)




Trampolining

» OcHoBHasg uaes - caenatb, YToObI KaxXaasa dpyHKumsa (even, odd) Bo3Bpallana
continuation, KoTopbIM NpeacTaBAAeT C/eAyoLWmi BbI30B MM OKOHYATEIbHbIN
pe3ynbTaTt BblYUCNEHMA. DTU DYHKUMU OYAYT BbIYMCAATLCA B UMKAE, MOKA HE
oyaeT NosydeH pesynbtart

» Continuation npeactaBnseT co6om thunk - dyHKUMIO 6€3 apryMeHToB,
coAep:Kallyo OCTaBLUYHCS YaCTb BblYUC/IEHMM




Trampoline data structure

sealed trait Trampoline[+A] // ADT for holding either thunk or result

final case class Done[A](result: A) extends Trampoline[A]
final case class More[A](f: () => Trampoline[A]) extends Trampoline[A]




Simple trampoline

def run[A](t: Trampoline[A]): A = {

var curr: Trampoline[A] = t
var res: Option[A] = None

while (res.isEmpty) {
curr match {
case Done(result) =>
res = Some(result)
case More(k) =>
curr = k()
}
}

res.get

}

def even(n: Int): Trampoline[Boolean] = {
if (n == @) Done(true)
else More(() => odd(n - 1))

}

def odd(n: Int): Trampoline[Boolean] = {
if (n == @) Done(false)
else More(() => even(n - 1))

}

println(run(even(100000001)))

curr == More(() => odd(100000EO1-1))
curr == More(() => even(_-l))

curr == More(() => odd(@-1))

curr == Done(false)




Factorial

def fact(n: Int): Trampoline[Int] =
if (n == @) Done(1l) else More(() => n * fact(n - 1))

» /lns ocywecTBNeHUs onepaumim C NoJlyYeHHbIM Pe3y/IbTAaTOM OZJHOIO M3
BbI30BOB (bYHKLMM HEO6XOAUMO A06aBMTb case Knacc Cont 1 B UUKAIE B
YHKUMM run A06aBMTb CTPYKTYPY SMYJIMPYIOLLYIO cTeK. T.0. Mbl Jo6UBaemcs
SMY/ISLUMM CcTeKa B heap




Trampoline data structure

sealed trait Trampoline[+A] // ADT for holding either thunk or result

final case class Done[A](result: A) extends Trampoline[A]
final case class More[A](f: () => Trampoline[A]) extends Trampoline[A]
final case class Cont[A, B](a: Trampoline[A], f: A => Trampoline[B]) extends Trampoline[B]




def fact(n: Int): Trampoline[Int] =

StackBase trampoline

if (n == 0)
def run[A](t: Trampoline[A]): A = { elsgone(l)

var curr: Trampoline[Any] = t

i Cont[Int, Int](More(() => fact(n - 1)), res => Done(n * res))
var res: Option[A] = None

var stack: List[Any => Trampoline[A]] = List() run(fact(3))
while (res.isEmpty) {
curr match { curr == Cont(More(() => Fact(l-l)), res => Done(l*res))
case Done(result) => curr == More(() => Fact(l—l)) stack == List(res => Done(l*res))
stack match { curr == Cont(More(() => fact(2-1)), res => Done(2*res))
case Nil => curr == More(() => fact(l-1)) stack == List(res => Done(2*res),
res = Some(result.asInstanceOf[A]) res => Done(3*res))
case f :: rest =>
stack = rest curr == Done(1l) stack == List(res => Done(l*res),
curr = f(result) res => Done(§*res))
} curr == Done(2) stack == List(res => Done(l*res))
case More(k) =>
curr = k() curr == Done(6)
case Cont(a, f) =>
curr = a
stack = f.asInstanceOf[Any => Trampoline[A]] :: stack
}
}
res.get

}



Trampoline data structure

sealed trait Trampoline[+A]{
def map[B](f: A => B): Trampoline[B] = flatMap(f andThen (Done(_)))

def flatMap[B](f: A => Trampoline[B]): Trampoline[B] = Cont(this, f)
}

final case class Done[A](result: A) extends Trampoline[A]
final case class More[A](f: () => Trampoline[A]) extends Trampoline[A]
final case class Cont[A, B](a: Trampoline[A], f: A => Trampoline[B]) extends Trampoline[B]

\




Tailrec run loop

@scala.annotation.tailrec
def run[A](tr: Trampoline[A]): A = tr match {
case Done(a) => a
case More(r) => run(r())
case Cont(x, f) => x match {
case Done(a) => run(f(a))
case More(r) => run(Cont(r(), f))
case Cont(y, g) => run(y.flatMap(g(_) flatMap f))

h
¥
def fact(n: Int): Trampoline[Int] =
if (n == 0)
Done(1)

else More(() => fact(n - 1)).flatMap(res => Done(n * res))




Scala.util.control.TailCalls

import scala.util.control.TailCalls.

def fac(n: Int): TailRec[Int] =
if (n == 0)
done(1)
else
for {
X <- tailcall(fac(n - 1))
} yield (n * x)




NpaeanbHbIU MUP




Canpg acbdeKTbl (peasibHbi MUP)

YCNIOXHAKT TEeCTU poBaHHE
YCNIOXHAT KOMIMO3ULMIO

YCNOXHSAIT OpraHu3aumio napannebHoM 06paboTKU JlaHHbIX

vV v v Y

Mo cMrHaType cnoXKHee NOoHATb: YTo AenaeT PpyHKUUS




Functional Effects (John A. De Goes)

Execution Description

{ for {
Statementl Data vl <- io1l
Statement2 v2 <- io02
Statement3 v3 <- 103

} } yield ()

/ unsafeRun

» OyHKUMOHAbHbIE 3PP eKTbI - onucaHue cang 3bdeKToB B BUaE
MMMYTabeIbHOM CTPYKTYPbl AAHHbIX.

» BMecTo HenocpeaCcTBEHHOrO OCyLLECTBAEHMA cang 3 heKTOB, NporpaMma
CTPOMTCA HA OCHOBE KOMMO3ULMKU PYHKLUMOHAbHbIX 3P deKToB. [locne yero B
main (at the end of the world) ocywecTtsnaerTca uHTepnpeTtaumsa
PYHKLUMOHaNbHBIX 3P DEKTOB, T.€. MX NpeobpasoBaHMe B calj 3DdeKTbl
(HenocpeACTBEHHOE B3aMMOAENCTBME C BHELLHUM MMPOM)




Functional Effects




|O MOHaa

vV vV v vV vV v Vv Y

[Mo3BOSIAET CTPOUTL YMCTbIE PYHKLUM
O6ecneymBaeT CUHXPOHHbIM FFI

Ob6ecneunBaeT nocseaoBaTesIbHy0 KOMMO3MLMIO
MoaaepxmBaeT 06paboTKy OLLIMOOK
MoanepmBaeT aCUMHXPOHHOCTb

Moaaepxusaet Concurrency

Stack safety

Resource safety




|O monads

» Cats Effect
» ZI0
» Monix




Haskell

main :: IO ()
main = putStrLn "Hello, World!"

FFl 06€pHyT B 10
|O/runtime ynpaBnseTt concurrency
Lazy evaluation

[MpoTtoTnn main BkAoYaeT 10 No yMONYaHMIO

vV v v v Y

Tail call elimination




Scala

Eager evaluation
Hukakoro |0 FFI k Java
Main Bo3spawaeT Unit

HuskoypoBHeBble Concurrency NnpMMMTHMBbI

vV v .v. v Y

OrpaHuyeHHble Bo3MoXKHoCTHU No tail call elimination




|O monad API

» FFI - o6opaunBaHue cang addeKkTos

» KoM6MHaTOopbI - MOCTPOEHUE CNOXKHbIX |0 NnocpeacTBOM KOMNO3MLUMKM 6oJiee
MPOCTbIX

» Runners - npeo6pa3soBaHue |0 B cang 3 deKThbI




[pocTtenwee 10

// FFI

def delay[A](a: => A): IO[A]

// combinators

def pure[A](a: A): IO[A]

def flatMap[A, B](fa: IO[A])(f: A => IO[B]): IO[B]
// runners

def unsafeRunSync[A](fa: IO[A]): A

» W3oMopdHO () => A
» Data Type + Interpreter




|0 as Data Type

sealed trait IO[+A]

case class FlatMap[B, +A](io: IO[B], k: B => IO[A]) extends IO[A]
case class Pure[+A](v: A) extends IO[A]

case class Delay[+A](eff: () => A) extends IO[A]

println("name?")
val n = readLine()
println(s"Hello $n")

FlatMap[String, Unit](
FlatMap[Unit, String](
Delay(() => println("name?")),
_=> Delay[String](() => readLine())

)>
n => Delay[Unit](() => println(s"Hello $n"))

)




Runloop

def unsafeRunSync[A](io: IO[A]): A = {

def loop(current: IO[Any], stack: Stack[Any => IO[Any]]): A =
current match {
case FlatMap(io, k) =>
loop(io, stack.push(k))
case Delay(body) =>
val res = body() // 3anyck calod 3¢pexkmoB
loop(Pure(res), stack)
case Pure(v) =>
stack.pop match {
case None => v.asInstanceOf[A]
case Some((bind, stack)) =»>
val nextIO = bind(v)
loop(nextIO, stack)

}

}
loop(io, Stack.empty)

¥




I0[A]

» Tun AaHHbIX ANA NpeacTaB/ieHua cang 3 deKToB.
» CnocobeH Bblpa3nTb KaK CUHXPOHHbIE TaK M aCMHXPOHHbIE BblYMUC/IEHUA

» [peacTaBasfeT BblYMCAEHME, KOTOPOE NPOU3BOAMUT OHO 3HAYEHUE TUMA A,
OKaH4YMBaEeTCA Heyaaden UM HUKOrAa He OKaH4YMBaeTC

» CCblI0YHO npo3payeH
» Immutable

» MHoxecTBo anredbp (Monad, Concurrent...)




/lenaem CUHXPOHHbIM KOJ JIEHMBbIM U H
CCbIJIOYHO MPO3PayYHbIM

def main(args: Array[String]): Unit = {
import cats.effect.IO

val ioa = IO { println("hey!") }
val program: IO[Unit] =
for {
_ <- 1ioa
_ <- 1ioa
} yield ()

program.unsafeRunSync()
//=> hey!
//=> hey!

}




Simple interactive app

def delay[A](body: => A): IO[A]

import cats.effect.IO
val program: IO[Unit] =
for {
_ <- I0.delay(println("name?"))
n <- I0.delay(readLine())
_ - I0.delay(println(s"Hello $n"))
} yield ()

program.unsafeRunSync()




CTekobe30nacHOCTb M NOMELWEHME
3HAYEHUA B KOHTEKCT

def pure[A](a: A): IO[A]

def fib(n: Int, a: Long = 0, b: Long = 1): IO[Long] =

IO(a + b).flatMap { b2 =>
if (n > 9)
fib(n - 1, b, b2)
else
10.pure(a)
}




OnucaHWe acCMHXPOHHOIO Mpouecca H

def async[A](k: (Either[Throwable, A] => Unit) => Unit)

def convert[A](fa: => Future[A])(implicit ec: ExecutionContext):
I0[A] =
I0.async { cb =>
fa.onComplete {
case Success(a) => cb(Right(a))
case Failure(e) => cb(Left(e))
}
}




OTnoXKeHHoe BbinosiHeHUe 10.suspend

import cats.effect.IO

def fib(n: Int, a: Long, b: Long): IO[Long] =
I0.suspend {
if (n > 9)
fib(n - 1, b, a + b)
else
10.pure(a)




|0 as data type with error handling

sealed trait IO[+A]

case class FlatMap[B, +A](io: IO[B], k: B => IO[A]) extends IO[A]
case class Pure[+A](v: A) extends IO[A]

case class Delay[+A](eff: () => A) extends IO[A]

case class RaiseError(e: Throwable) extends IO[Nothing]

case class HandleErrorWith[+A](io: IO[A], k: Throwable => IO[A])vextends IO[A]

sealed trait Bind {
def isHandler: Boolean = this.isInstanceOf[Bind.H]

¥

object Bind {
case class K(f: Any => IO[Any]) extends Bind
case class H(f: Throwable => IO[Any]) extends Bind

¥




O6paboTKa OLLUMOOK

def unsafeRunSync[A](io: IO[A]): A = {
def loop(current: IO[Any], stack: Stack[Bind]): A =
current match {
case FlatMap(io, k) =>
loop(io, stack.push(Bind.K(k)))
case HandleErrorWith(io, h) =>
loop(io, stack.push(Bind.H(h)))
case Delay(body) =>
try {
val res = body()
loop(Pure(res), stack)
} catch {
case NonFatal(e) => loop(RaiseError(e), stack)
}
case Pure(v) =>
stack.dropWhile(_.isHandler) match {
case Nil => v.asInstanceOf[A]
case Bind.K(f) :: stack => loop(f(v), stack)
}
case RaiseError(e) =>
stack.dropWhile(! .isHandler) match {
case Nil => throw e
case Bind.H(handle) :: stack => loop(handle(e), stack)

}

}
loop(io, Nil)

}




O6paboTKa owmnbok B 10 npmmep

def getUserIdByEmail(string: String): IO[Long] =
if (!string.contains("@"))
I0.raiseError(new Exception("Invalid Email"))
else
I0.pure(1L)

def getUsersCosts(id: Long): IO[Array[Int]] =

if (id == 1)
I0.pure(Array[Int](1, 2, 3))
else

I0.raiseError(new Exception("There are no costs"))

def getReport(costs: Array[Int]): IO[String] =
I10.pure("Mega report")




Attempt

def attempt: IO[Either[Throwable, A]]

val email = "SomeEmail"

val program = for {
id <- getUserIdByEmail(email)
costs <- getUsersCosts(id)
report <- getReport(costs)

} yield (report)

program.attempt.unsafeRunSync() match {
case Right(report) => println(report)
case Left(error) => println(s"Ops $error")

¥




AHanorn4yHas o6padboTKa OLMOOK B
CUHXPOHHOM KoJie

def getUserIdByEmail(string: String): Long =
if (!string.contains("@"))
throw new Exception("Invalid Email")
else
1L

def getUsersCosts(id: Long): Array[Int] =

if (id == 1)
Array[Int](1, 2, 3)
else

throw new Exception("There are no costs")

def getReport(costs: Array[Int]): String = "Mega report"




AHanorn4yHasa O6paboTKa OLIMOOK B
CUHXPOHHOM Koae. CpaBHeHuMe

val email = "SomeEmail"

try{
val id = getUserIdByEmail(email)

val costs = getUsersCosts(id)

val report = getReport(costs)
println(report)

}

catch {

case e:Throwable => println(s"Ops $e")

}

val email = "SomeEmail"

val program = for {
id <- getUserIdByEmail(email)
costs <- getUsersCosts(id)
report <- getReport(costs)

} yield (report)

program.attempt.unsafeRunSync() match {
case Right(report) => println(report)
case Left(error) => println(s"Ops $error")

¥



Custom Error type

sealed trait ReportError

case object InvalidEmail extends ReportError
case object ThereAreNoCosts extends ReportError

def getUserIdByEmail(string: String): IO[Either[ReportError, Long]] =
if (!string.contains("@"))
I0.pure(Left(InvalidEmail))
else
I10.pure(Right(1L))

def getUsersCosts(id: Long): IO[Either[ReportError,Array[Int]]] =
if (id == 1)
I10.pure(Right(Array[Int](1, 2, 3)))
else
I0.pure(Left(ThereAreNoCosts))

def getReport(costs: Array[Int]): IO[String] =
10.pure("Mega report")




EitherT

val email = "SomeEmail"

val program = for {
id <- EitherT( getUserIdByEmail(email))
costs <- EitherT(getUsersCosts(id))
report <- EitherT.liftF(getReport(costs))

} yield (report)

program.value.unsafeRunSync() match {
case Right(report) => println(report)
case Left(error) => println(s"Ops $error")

}




ZIO[R,E,A]

» R - TN OKpYXXeHuA, KoTopoe TpebyeT 3dpdeKT
» E - Tmn owmbKM

» A - TMN 3HaYeHMA npu ycnewHoMm 3aBepeHn ycnewHoro 3aBepeHmnA

3HaveHue tmna ZIO[R,E,A] onucbiBaeT BbluncieHnA suaa R => Either[E, A]




Type Aliases

» UIO[A] - anmnac ansa ZIO[Any, Nothing, A], KoTopbii npeacTaBaseT 3DdeKT,
KOTOPbIX HE TPEBYET HUKAKOIO OKPYKEHUA, HE MOXKET 3aBEPLUMTHLCSA OLUMOKOM
M BO3BpallaeT 3HayYeHue Tuna A

URIO[R, A] - annac gna ZIO[R, Nothing, A]
Task[A] - annac gna ZIO[Any, Throwable, A]
RIO[R, A] - annac ana ZIO[R, Throwable, A]
|IO[E, A] - annac gna ZIO[Any, E, A]

vV v v Vv




[Ipnmep
import zio.
sealed trait ReportError

case object InvalidEmail extends ReportError
case object ThereAreNoCosts extends ReportError

def getUserIdByEmail(string: String): IO[ReportError, Long] =
if (!string.contains("@"))
I10.fail(InvalidEmail)
else
I10.succeed(1L)

def getUsersCosts(id: Long): IO[ReportError, Array[Int]] =

if (id == 1)
10.succeed(Array[Int] (1, 2, 3))
else

I10.fail(ThereAreNoCosts)

def getReport(costs: Array[Int]): IO[ReportError,String] =
I10.succeed("Mega report")




[Tpymep

import zio.

val email = "SomeEmail"

val program = for {
id <- getUserIdByEmail(email)
costs <- getUsersCosts(id)
report <- getReport(costs)

} yield (report)

val runtime = new DefaultRuntime {}

runtime.unsafeRunSync(program) match {
case Exit.Failure(cause) => println(s"Ops $cause")
case Exit.Success(value) => println(value)

}




ACMHXPOHHbIM NpoLecc

» [pouecc, Npoo/KaLWmii CBOE BbINOJIHEHUE B PYrOM MECTE UM B ApYyroe
BPEMS MO OTHOLLIEHMIO K TOMY I'Zleé OH CTapToBas




ACMHXPOHHbIX NpoLecc

Al

Q% Async Boundavy

A4
A%
Ab




Concurrency

» TexHWKa CTPYKTYPUPOBaHUSA NPOrpaMMbl, B KOTOPOM €CTb HECKOJIbKO
JIOrMYECKUX NOTOKOB YrpaBaeHMs, YbM 3PP eKTbl OKa3bIBAKOTCH
nepemeLLaHHbIMU




JlorMyecKmm noToK

» JlorM4yeckmim NoToK - NocaeAoBaTeNIbHOCTb AUCKPETHBIX LUAroB

Al

Al
A%
A4
A5
Ab
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[TOTOKU - abCTpaKuMm

» JlorM4eckum noToK - NpeAoCcTaB/IAET CUHXPOHHbIM MHTEPdENC K aCMHXPOHHOMY
npoweccy
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b1IOKMpOBKa

» BJIOKMpOBKa Ha OJHOM M3 YPOBHEWN 03HAYAET BPEMEHHOE NpeKpaLleHMe paboThl
No JAHHOM 3aja4e Ha 60/1ee HM3KOM ypoBHe (suspending), NpM 3TOM MOTOKMU Ha
60J1e€ HU3KOM YPOBHE MpPOJO0/IKalT paboTaTthb

A ®
AL Blocks on ; %EL
Al | 8%

Al o> Suspends

81 o—> Schedules

o




YpOBHMU

» [pouyecchbl OC - M:N ¢ npoueccopammn. Co6CTBEHHOE COCTOAHME BbINOJIHEHUS,
CO6CTBEHHOE NPOCTPAHCTBO MNaMATHU

» OC/JVM Threads - M:N ¢ npoueccamu. Co6CTBEHHOE COCTOAHUE BbIMOJIHEHMA,
pasgenaemMoe nNpoCcTpaHCTBO NaMATH

» Fibers - M:N c notokamu. Paszgensemoe coCcTosHME BbINOJIHEHME, pa3aesisiemMoe
NPOCTPAHCTBO NAMATHU




CeMaHTHnyeckue 6,71I0KMPOBKM

» JVM NoToKu - AedprUMTHBIK pecypc
» Fibers - 6onee aeweésbin pecypc

» bnokupoBKa Ha ypoBHe Fiber He Bbi3blBaeT 6JIOKMPOBKY HUXKENEKALLEro
notoka JYM




KoonepaTnBHOe niaHMpoBaHue Fiber’os
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Fibers

def start[A](io: IO[A]): IO[Fiber[IO, A]]

trait Fiber[F[_], A] {
def join: F[A]
def cancel: F[Unit]
}

def sleep(duration: FiniteDuration)(implicit timer: Timer[IO]): IO[Unit]
def race[A, B](1lh: IO[A], rh: IO[B])(implicit cs: ContextShift[IO]): IO[Either[A, B




ContextShift

import scala.concurrent.ExecutionContext
trait ContextShift[F[_]] {

def shift: F[Unit]

def evalOn[A](ec: ExecutionContext)(f: F[A]): F[A]
}

» AHanor executionContext

> npeAOCTaBIIFIeT cpeacTtBa AAd KOOﬂepaTMBHOl‘;i MHOIro3aga4yHoCTH

» [peactaBnaeT cpeacTBa 419 CMEHbI Nyaa NOTOKOB AJ/1A BbINOJHEHMA
onepaumm, HanpMmep BbiNoJIHEHWE 610KMpYeMbIx onepaumi (jdbe, file io)




THREAD POOL BEST PRACTICES

WORK-STEALING
CPU-BOUND L#GPUS)

CAGHING
UNBOUNDED SIZE

HIGHEST PRIORITY
COMPUTATION 10RCOUPLE OF THREADS BLOCKING 10

FINITE RESOURCES /
AVOID BLOCKING AT ALL COSTS

DISCLAIMER
TEST AND MEASURE?
AVOID WORK AT ALL GOSTS WHEN IT COMES TO CONCURRENCY

~—EVENT DISPATCHER NOBODY HAS IDEA WHAT THEY'RE DOING




Shift

» JddeKT, KOTopbIM Bbi3biBaeT Jlornyeckmm fork. Hanpmmep Mbl XOTUM, YTOObI
AONrMe 3aayvm He 3aHMMaJsIM NOTOK Ha A0roe Bpems

import cats.effect.
import cats.implicits.

def fib(n: Int, a: Long = 0, b: Long = 1)
(implicit cs: ContextShift[F]): IO[Long] = {

I0.suspend {
val next =
if (n > @) fib(n - 1, b, a + b)
else I0.pure(a)

// Triggering a logical fork every 100 iterations
if (n % 100 == 0)

cs.shift *> next
else

next




Simple example

import cats.effect.{ContextShift, IO}

import scala.concurrent.ExecutionContext

implicit val contextShift: ContextShift[IO] =
I10.contextShift(ExecutionContext.global)

val jobOne: IO[Int] = IO(???)
val jobTwo: IO[String] = IO(???)
for {
jlFiber <- jobOne.start
j2Fiber <- jobTwo.start
i <- jlFiber.join
S <- j2Fiber.join
} yield (i,s)




parMapN

import cats.effect.{ContextShift, IO}
import cats.implicits.

import scala.concurrent.ExecutionContext

implicit val contextShift: ContextShift[IO] =
I0.contextShift(ExecutionContext.global)

val ioA = IO(println("Running ioA"))
val ioB = IO(println("Running ioB"))
val ioC = IO(println("Running ioC"))

val program = (ioA, ioB, ioC).parMapN { (., _, ) => () }

program.unsafeRunSync()
//=> Running 1ioB
//=> Running 1ioC
//=> Running 10A




parSequence

import cats.data.NonEmptylList
import cats.effect.{ContextShift, Timer, IO}
import cats.syntax.parallel.

import scala.concurrent.ExecutionContext

implicit val cs: ContextShift[IO] = I0.contextShift(ExecutionContext.global)
val anI0O = I0(1)
val aLotOfIOs = NonEmptyList.of(anIO, anIO)

val io0fList: IO[NonEmptyList[Int]] = aLotOfIOs.parSequence




parTraverse

import cats.data.NonEmptylList
import cats.effect.{ContextShift, Timer, IO}
import cats.syntax.parallel.

import scala.concurrent.ExecutionContext

implicit val cs: ContextShift[IO] = I0.contextShift(ExecutionContext.global)

val results:I0[NonEmptyList[Int]] = NonEmptyList.of(1, 2, 3).parTraverse { i
I0(1i)
}




besonacHaa paboTta c pecypcamm

import java.io._
def javaReadFirstLine(file: File): String = {
val in = new BufferedReader(new FileReader(file))

try {
in.readLine()

} finally {
in.close()

}
}

» Canpa 3dpdeKT, KOTOPbIM CNOXKHO MCNoNb30BaTb 418 Pl
» C/I0}KHO MCNOJIb30BaThb /1S ACMHXPOHHBIX onepaLum

» Ecam exception B finally To oH nepekpbiBaeT 0CHOBHOM exception




|O.bracket

import java.io._
import cats.effect.lO
import cats.syntax.functor._
def readFirstLine(file: File): IO[String] =
|O(new BufferedReader(new FileReader(file))).bracket { in =>
// Usage (the try block)
|O(in.readLine())
Hin=>
// Releasing the reader (the finally block)
|0(in.close()).void

MoxeT ncnosibsoBaTtbca B Ol

Pa6oTaeT C aCMHXPOHHbIMM JENCTBUSIMM

CeKuusa release BbINOIHUTCA HE3ABMCMMO OT pe3yJ/ibTaTa use, 6yp,eT 1 3TO yCcnewHoe
3aBepLieHne nau OLUMOKA UJIM OTMEHA BbINOJIHEHUA

» Ecam use Knpaet ownbKy M ecTb OlIMbOKa BHYTpU release byaeT, TO OLLIMOKA BHYTPM
release BbIBeAeHa B std.err, a OCHOBHOM OCTaHETCA OLIMBKaA, KOoTopas 6blsla B USe




Cancellation

» He Bce |0 oTMeHAeMble
» CTaTyCc OTMEeHbl NpoBepAETCA TONbKO nocae asynchronous boundary

» JloCTHUYb 3TOr0 MOXHO C/leAyHLWUMKM CNOCoO6aMu
» TMoctpouTtsb |0 ¢ 10.cancelable, 10.async, 10.bracket

» Wcnonb3osatb 10.cancelBoundary nam 10.shift

» [locne asynchronous boundary nposepka Ha cancelation MAET Ha KaxXaom 512
flatMap




Cancelation gosikeH noaaepmBaTbCA

import cats.effect.{ContextShift, Timer, IO}
import scala.concurrent.ExecutionContext
implicit val cs: ContextShift[IO] = I0.contextShift(ExecutionContext.global

val program = for {
aFiber <- I0 {
Thread.sleep(1000)
println("Still alive!!")
}.start
_ <- aFiber.cancel

} yield ()

program.unsafeRunSync()

//Still alivell




cancelBoundary

import cats.implicits.

import cats.effect.{ContextShift, Timer, IO}
import scala.concurrent.ExecutionContext
implicit val cs: ContextShift[IO] = I0.contextShift(ExecutionContext.global)

val program = for {
aFiber <- (IO {Thread.sleep(1000)} *>
I0.cancelBoundary *>
IO{println("Still alive!!")}).start
<- aFiber.cancel

} yield ()

program.unsafeRunSync()




cancelBoundary

import cats.effect.IO
import cats.syntax.apply.

def fib(n: Int, a: Long, b: Long): IO[Long] =
I0.suspend {
if (n <= @) I0.pure(a) else {
val next = fib(n - 1, b, a + b)

// Every 100-th cycle check cancellation status
if (n % 100 == 0)

I0.cancelBoundary *> next
else

next




LIFT10 EFFECT
\

+ CONVERT IOEAI INTO FLAJ + LAZY AND ASYNG EVALUATION

4 4 "~ CONCURRENT
BRACKET EFFECT
N
"AELEASE ESOURCES CONGURRENT EVALUATION
N AN v
CUNCUHHENT
+ SYNCHRONOUS SUSPEND + CONCURRENTLY START OR CANCEL

CATS-EFFECT 1.0



OTCYyTCTBME CCbIZIOYHOM MPO3PAYHOCTH
ana Future

def main(args: Array[String]): Unit = {

import scala.concurrent.Future

import scala.concurrent.duration.

import scala.concurrent.ExecutionContext.global

implicit val contextGlobal: ExecutionContextExecutor = global

val ioa = Future {
println("hey!")
}
val program: Future[Unit] =
for {
_ <- 1ioa
_ <- 1ioa
} yield ()

Await.result(program, 5.seconds)
//=> hey!
}




[locnepoBaTenbHOE M NapaaiesibHoe
BbinoJsiIHeHMe Future

// nocnepoBaTesibHOE BbiNOJIHEHUE
def jobOne: Future[Int] = Future[Int](???)
def jobTwo: Future[String] = Future[String](???)

jobOne.flatMap(i=>jobTwo.map(s=>(i,s)))

// napannenbHoe BbiNOJIHEHUE
val jobOne: Future[Int] = Future[Int](???)
val jobTwo: Future[String] = Future[String](???)

jobOne.flatMap(i=>jobTwo.map(s=>(i,s)))




Future vs IO

» 10 - 3HaYeHMe onUucbIBatOLIME HEKOTOPOE JIEMCTBME (BO3MOXKHO ACMHXPOHHOE)

» Future - geckpunTop ANA A0CTyNa K pe3ynbTaTty YKe 3anyLeHHOro AeMCcTBMS
(BO3MOXHO aCMHXPOHHOr0)




Future vs 10 ckopocTb

[0]
» Thread shift no 3anpocy

» EcTb BO3MOXHOCTM AenaTb thread shift Ana Toro 4To6bI NOTOKU HE 3aHMMAUCb
A0NrMMK onepaumamu (fairness)

» [lo 6eHYMapKam 6onee 6bICTPO paboTaeT

Future
» Thread shift Ha Kaxabii map/flatMap

» MoKeT 6bITb CKOHMIYpMpOBaHa TO/IbKO Yepe3 yKkasaHue Execution context




Future vs |0 cancellation

» Future He Mo}KeT 6blTb OTMEHEHA M OCTAHOBJIEHA MOC/IE CO3AAaHMA, YTO
NMPUBOJMT K TpaTe pecypcoB

» 10 mMoxeT 6b1Tb fork’HyTO, Nocsie Yyero Ha HEM MOXKHO BbI3BaTb join Uau cancel




