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Disclaimer
If | had asked people what
they wanted, they would
have said faster horses.
Henry Ford
Must Watch

Jonas Bonér. State: You're Doing It Wrong — Alternative
Concurrency Paradigms For The JVM?. JavaOne 2009.

“http://www.slideshare.net/jboner/
state-youre-doing-it-wrong-javaone-2009

v
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MapannensHoe nporpammuposarne
[lapannensHoe nporpaMmupoBaHme

Damien Katz
@ Beginner: "Threads are hard."
o Intermediate: "Don't fear multithreading."
@ Expert: "Threads are hard."

Tem He mMeHee
The free lunch is over?.

2Herb Sutter. The Free Lunch Is Over. 2009
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[Tpobnema

NcToununk bonm
Pa3pensiemoe cocrosiHue.

A ecnu TouHee, TO
N3meHsiemoe pa3gensemoe coctosiHue.

N
YacTto oHO HEen30e>KHO.
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Knaccudpukaums sapaq u noaxopos
KJ’IaCCI/IdDVI KauhAa 3aa4 1 nogxoaonB

@ Shared State Concurrency (4yryHHas nyns)

@ HeBeposiTHO cnoXHo
e [laxke pnsa skcnepTos

o KoopanHauus HezaBUCUMbIX 3aga4/npoueccos

e [lnaHnpoBaHue, nrpsl
o Message-Passing Concurrency (Actor Model)

o Workflow-3aBucumsie npoueccsi

o bankosckas cdepa, MapReduce, Spark, etc.
e Dataflow Concurrency

o KOHCeHCyC N NCTUHHOE pa3fgendemMoe 3HaHne

o bankosckas cdepa
e Software Transactional Memory (STM)

Llecbko B. A. (Crierny) Actor Model 21 Hosbps 2014 . 6 /61



[ IponcxoxaeHne

o Carl Hewitt!, Peter Bishop and Richard Steiger. A
Universal Modular Actor Formalism for Artificial
Intelligence. 1973.

@ Gul Agha. Actors: A Model of Concurrent
Computation in Distributed Systems. 1986.

@ VI3HayanbHO A5t onucaHmsa napanienbHbix
BbIYUNCAEHNTA

@ [lo3gHee B Ka4ecTBe OCHOBbI A1 MHOMOYNCAEHHbIX
peannsayni

http://letitcrash.com/post/20964174345/
carl-hewitt-explains-the-essence-of-the-actor
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Actor

@ Bcé a1o akTop
@ DyYHKUMOHMPYIOT NapanienbHo

@ ACUHXPOHHO ODMEHMBAKOTCS COODLIEHUSIMY
@ [lpn obpaboTke coobuieHnst akTop MOXeET
@ OTNpPaBUTb KOHEYHOE YNCNIO COODLLEHUI APYrIM aKTOpaMm
@ CO30aTb KOHEYHOE HYNCNO HOBbIX aKTOPOB
@ Ha3Ha4YunTb NoBeAEHWNE ONA O6pa6OTKI/| cnegyroulero
coobLyeHns

MNopsimok mocTaBky coobuieHnii He cneunuiLMpoBaH
AKTOpbI NMeT «agpecay
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Concurrency vs Parallelism
Concurrency vs Parallelism

o Actor Model He o Parallelism, a o Concurrency?

Concurrency
CnocoBHOCTb BbLINOJHATLCA NapasienbHO.

Parallelism
[eiAcTBUTENbHO napanenbHOe BbINOJHEHNE.

2Rob Pike. Concurrency is not Parallelism:
https://player.vimeo.com/video/49718712
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Peannzauunm

3

73bIKN® C «pOAHOIRY» NOALEPIKKOIA:

e Erlang

@ Scala
°

BubnnoTtekn gna s3bIkoB:

@ Scala
@ Java

o F#

3http://en.wikipedia.org/wiki/Actor_model
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Actor Model Peanunsauun

Erlang

@ Joe Armstrong, Ericsson, 1986

@ [lns paspaboTku pacnpenenéHHbix,
OTKa30YCTOMYMBbIX, HEOCTAHABINBAOLLNXCS
NPUNOXKEHNIT MATKOTO PEaNibHOrO0 BPEMEHM

@ [lopaep)KmBaeT «ropsidytoy 3ameHy Koza
@ [lpumep — O kommyTaTopa Ericsson AXD301

@ MWIJIMOH CTPOK KoAa
e poctynHocTb 0.999999999 (31 ms/year downtime)

Parallelism vs Concurrency
MNoagnepxka SMP B 2006.
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Actor Model Peanunsauun

Akka

By,qu MCNoab30BaTb

Akka (Scala API).
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O npoekTe

Jonas Bonér:

e Java Champion
@ Terracotta JVM clustering, JRockit JVM,
AspectWerkz AOP, Eclipse AspectJ

Pecypcbl:

@ http://akka.io/docs/
@ http://letitcrash.com/

Koga:
@ https://github.com/akka/akka
@ Apache V2 license
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[lpon3BOANTENBHOCTL

BHumanne
CuHTeTnyeckne Ttectbl © J
Erlang R14B04 vs Akka 2.0-SNAPSHOT*:

@ IM mps vs 2.1M mps
Akka 2.0°:

e 50M mps
@ 48-core, 128 GB, ForkJoinPool

*http://letitcrash.com/post/14783691760/akka-vs-erlang
Shttp://letitcrash.com/post/20397701710/
50-million-messages-per-second-on-a-single-machine
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OcobeHHoCcTU peannsaunm

300 GaiiT Ha akTop

@ AKTOp: cocTosiHve, NoBeAeHUe, NOYTOBbIA SILIVK,
CMNCOK feTell, CTpaTerus cynepsusopa

@ MHOXeCTBO aKTOPOB Ha MHOXECTBE HUTEN

@ HeT rapaHTupoBaHHOI AOCTaBKU, CEMaHTUKa
at-most-once, nopafoK coxpaHseTcs

@ CoobuieHusi obpabaTbiBatoTcsl CTPOro NO NOPsSAKY

@ llepapxunsa: cosgaBaembie akTOpbl — LETH,
poAUTENb — CynepBr3op

@ AkTOp CKpbIT 3a nepeHocnmoi ActorRef

o [loaxopn «Let it crash»
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Actor Model Akka

[TyTw

[Mpumepsl
@ akka://system/user/a/b
@ akka.tcp://system@server.yandex.ru:2552/user/a/b
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Actor Model Akka

KoHcTpyupoBaHue cCbinok

e CozpgaHue akTopoB: ActorRefProvider.actor0Of

@ [louck akToOpOB:
ActorRefProvider.actorSelection

@ Kaxnablii akTop 3HaeT cebs, poanTtens n aeteil

MoxxHO nenaTb Tak:

1 context.actorSelection("../brother") ! msg
> context.actorSelection("/user/service") ! msg
3 context.actorSelection("../*") ! msg

Llecbko B. A. (Crierny) Actor Model 21 Hosbps 2014 r. 17 / 61



OnpeneneHue akTopa

1 class Partitioner(partitionStorage: ActorRef) extends Actor {
2
3 def receive = {

4 case PartitionFeed(partner, offers) =>

5 partition(partner, offers)

6 case msg =>

7 log.error ("Unsupported message received: {}", msg)
s}

10 def partition(partner: Partner, offers: Traversable[Offer]) {

13 partitionStorage ! UpdatePartitions(partner, partitioning)

14 T
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Actor Model Akka

Co3pgaHune akTopa

1 val system = ActorSystem("sharder")
3 val partitionStorage = ...

s val partitioner =
6 system.actorOf(

7 FromConfig.props(

8 Props[Partitioner] (new Partitioner(partitionStorage))
9 .withDispatcher("dispatcher.cpu")),

10 "partitioner")
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KoHdurypaums gucnerdepa

Kondurypaums 8 HOCONS®:

1 dispatchers.cpu {
2 type = Dispatcher
3 executor = "fork-join-executor"

5  fork-join-executor {

6 parallelism-min = 4

7 parallelism-factor = 1.0
s}

o }

®Human-Optimized Config Object Notation:

https://github.com/typesafehub/config
Actor Model 21 Hon6ps 2014r. 20 / 61


https://github.com/typesafehub/config

Actor Model Akka

HOCON

HesaBncnmas camoueHHas bubanoreka:

@ Yucras Java bes 3aBucnmocteii

o [lopaepxmusaet Java properties 1 JSON superset
@ Merge n include n3 aiinos, URL, classpath

@ MouHas nogaep)ka BNOXKEHHOCTM

o lMogpepxka duration (10 seconds) u size (512K)
e KoHBeepTauus tunos
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lncnetyepsl

@ Dispatcher

@ PinnedDispatcher

@ BalancingDispatcher

@ CallingThreadDispatcher

Ha

@ fork-join-executor
@ thread-pool-executor
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[louToBbIE ALLMKM

UnboundedMailbox
BoundedMailbox
UnboundedPriorityMailbox

(*]
(*]
(]
@ BoundedPriorityMailbox
trait MessageQueue {

def enqueue(receiver: ActorRef, handle: Envelope): Unit

def dequeue(): Envelope

def numberOfMessages: Int

def hasMessages: Boolean

def cleanUp(owner: ActorRef, deadLetters: MessageQueue): Unit

N o a0~ W N R
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[Tynbl akTopos

1 akka.actor.deployment {
> /partitioner {

3 router = smallest-mailbox-pool
4 nr-of-instances = 4

5}

6 }

1 akka.actor.deployment {
> /unifier {

3 router = round-robin-pool
4 resizer {

5 lower-bound = 2

6 upper-bound = 16

7 }

s}

o}
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Actor Model Akka

Twunbl poyTepos

Peanuzayumn Pool u Group:
@ RoundRobin
@ Random
@ SmallestMailbox
@ Broadcast
@ ScatterGatherFirstCompleted
o CamonucHble
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Actor Model Akka

KoHdurypuposatme ns koga

1 val shardActorPaths: immutable.Seq[String] = ...
2

3 val shard = system.actor0f(

4 RoundRobinGroup (shardActorPaths) .props(),

5 "shard")
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Actor Model Akka

VianéHHble akTopbl

1 akka {

> actor {

3 provider = "akka.remote.RemoteActorRefProvider"
4}

5

6 remote {

7 enabled-transports = ["akka.remote.netty.tcp"]
8

9 netty.tcp {

10 hostname = "server.yandex.ru"

11 port = 2553

12 }

13}

1}
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TecTupoBaHue akTopoB

@ MopynbHoe TecTuposarune ¢ TestActorRef
@ lHTerpauunorHoe TecTuposaHue ¢ Probe
@ [lpoBepku c conocTaBsieHnem no wabnaoHy
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[Tpumep TecTa

1 val probe = TestProbe()
> val burstScaler = TestActorRef (new BurstScaler (probe.ref))

3
4 before {
5 burstScaler.underlyingActor.sent =

6 burstScaler.underlyingActor.sent.empty
7}

8

o "A BurstScaler" should {

10 "always forward the first message" in {
11 probe.within(1l second) {

12 burstScaler ! 1

13 probe.expectMsg(1)

14 }

15 3

16 }
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Actor Model Akka

Cynepsusop

Pewierune npu cboe

Resume
Restart
Stop
Escalate

0000

Mpunstoe pewenne (1-3) gelicTByeT pekypcuBHO
PyHkuna Exception = Directive
Terminated, preStart, preRestart, postStop,
postRestart

@ OneForOneStrategy n AllForOneStrategy

@ OrpaHu4yeHne KoNMYeCTBa Nepe3anyckoB
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Actor Model Akka

CynepBr3op Mo yMOAYaHWIO

1 final val defaultDecider: Decider = {

> case _: ActorInitializationException => Stop
3 case _: ActorKilledException => Stop

4 case _: DeathPactException => Stop

5 case _: Exception => Restart
6 }

s final val defaultStrategy: SupervisorStrategy =
o OneForOneStrategy() (defaultDecider)
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Actor Model OneiT

AKkTOpSI

@ XpaHuTe COCTOsSIHUE BOBHE

o CrpoiiTe BCHO CUCTEMY Ha aKTOpax

@ [lnwnTe aCUHXPOHHbIA Kof

@ lI3beraiiTe KOCBEHHOrO B3aUMOAECTBIS aKTOPOB
@ baru ectb, HO BbICTPO YNHAT
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Actor Model OneiT

[lamMsATb 1 AWmKN

@ HeorpaHuueHHble SWUKN = HEOTPAHNYEHHAS NaMsTb
Npu neperpyske

@ OrpaHuyentble auwmkn = Bo3MoxHble deadlock'n
npy HaMYNN LNKNOB

@ = cTpoiiTe cuctemsbl bes yuknos ©

CyulecTByeT AncneTyep no yMONYaHMIO

@ Het gocTyna Kk pasmepy Awuka’

7
http:
//letitcrash.com/post/17707262394/why-no-mailboxsize-in-akka-2
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Actor Model Alan Kay on OOP, 1967

Alan Kay on OOP, 1967

| thought of objects being like biological cells and/or
individual computers on a network, only able to
communicate with messages (so messaging came at the
very beginning — it took a while to see how to do
messaging in a programming language efficiently enough
to be useful).

OOP to me means only messaging, local retention and
protection and hiding of state-process, and extreme
late-binding of all things. It can be done in Smalltalk and
in LISP. There are possibly other systems in which this is
possible, but I'm not aware of them.
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Futures and Promises

David Ross

So a Promise can be broken, but you can't change the
Future. Love the metaphors.
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[ IponcxoxaeHne

@ Henry Baker and Carl Hewitt. The Incremental
Garbage Collection of Processes®. 1977.

Future

CTpyKTypa AaHHbIX 415 CUHXPOHHOIO
(6nokunpytoLerocs) UaN aCUHXPOHHOTO
(Hebnokmpytoulerocst) n3enedeHus pesyastarta
napanfieibHON onepauunn.

8http://en.wikipedia.org/wiki/Futures_and_promises
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Peannzauunm

Java (java.util.concurrent.Future)
Scala
CH#
Python
Haskell
Clojure
Oz

R
Scheme
Node.js
Akka

Llecbko B. A. (Crierny) Actor Model 21 Hosbps 2014 r. 37 /61



Futures and Actors

Obuyerne ¢ aktopamu BHe Actor System:

1 implicit val timeout = Timeout(5 seconds)
2

3 val future = actor 7 msg

4 val result
5 Await.result(future, timeout.duration)
6 .asInstanceOf [String]

Nnn tak:

1 val future: Future[String] = ask(actor, msg).mapTo[String]
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ETLTTEEIET ST IO Akka Futures

[Ipsimoe ncnonb3oBaHMe

1 val future = Future {
2 "Hello" + "World"
3 }

4 val result = Await.result(future, 1 second)

1 val future = Promise.successful("Yay!")

1 val otherFuture =
> Promise.failed[String] (
3 new IllegalArgumentException("Bang!"))
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ETLTTEEIET ST IO Akka Futures

Future — 370 moHaga: map (1)

1 val f1 = Future {

2 "Hello" + "World"

3 }

s val £2 = f1 map { x =>

6 X.length

7}

o val result = Await.result(f2, 1 second)

11 result must be(10)

13 f1.value must be(Some(Right ("HelloWorld")))
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ETLTTEEIET ST IO Akka Futures

Future — 370 mMoHaga: map (2)

val f1 = Future {

1
2 "Hello" + "World"
3 }
4 val £2 = Promise.successful(3)
s val £3 = f1 map { x =>
6 f2map { y =>
7 X.length * y
s}
0}
Tun £37

@ Future[Future[Int]]
@ A xotenn: Future[Int]
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ETLTTEEIET ST IO Akka Futures

Future — 3To moHaga: flatMap

1 val f1 = Future {

2 "Hello" + "World"

3 }

4 val £2 = Promise.successful(3)
s val £3 = f1 flatMap { x =>

6 f2map {y=>

7 x.length * y

s}

o}

11 val result = Await.result(f3, 1 second)

13 result must be(30)
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ETLTTEEIET ST IO Akka Futures

Llecbko B. A. (Crierny) Actor Model 21 Hosbps 2014 r.

Future — 310 MoHaga: filter

val futurel = Promise.successful (4)

val future2 = futurel.filter(_ % 2 == 0)

val result = Await.result(future2, 1 second)
result must be(4)

val failedFilter = futurel.filter(_ % 2 == 1).recover {
case m: MatchError => 0

3

val result2 = Await.result(failedFilter, 1 second)
result2 must be(0)
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ETLTTEEIET ST IO Akka Futures

Futures: komnosuuus (1)

1 val f1 = ask(actorl, msgl)

> val f2 = ask(actor2, msg2)

3

4 val a = Await.result(f1, 1 second).asInstanceOf [Int]

5 val b = Await.result(f2, 1 second).asInstanceOf [Int]

7 val £3 = ask(actor3, (a + b))

o val result = Await.result(f3, 1 second).asInstanceOf[Int]
Bnoknposku

Kaxapiii Bbi3oB Await.result() — bnokuposka.
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ETLTTEEIET ST IO Akka Futures

Futures: komnosuuus (2)

1 val f1
> val £2

ask(actorl, msgl)
ask(actor2, msg2)

4 val £3 = for {

5 a <= f1l.mapTo[Int]

6 b <= f2.mapTo[Int]

7 ¢ <= ask(actor3, (a + b)) .mapTo[Int]
s } yield ¢

10 val result = Await.result(f3, 1 second).asInstanceOf[Int]

Bnokunposku

Vrke nydlle, HO YCNOXKHSETCS C pOCTOM YUC/Ia aKTOPOB.
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Futures: komnosuuus (3)

1 Future.sequence:
> M[Future[A]] => Future[M[A]]

1 Future.traverse:
> M[A] => (A => Future[B]) => Future[M[B]]

1 Future.fold:
> Traversable[Future[T]] => R => ((R, T) => R) => Future[R]

1 Future.reduce[T, R >: T]:
> Traversable[Future[T]] => ((R, T) => R) => Futurel[R]
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Futures: Callbacks

1 future onSuccess {

> case "bar" => println("Got my bar alright!")
3 case x: String => println("Got some random string: " + x)
2}

1 future onFailure {
2> case ise: IllegalStateException

3 if ise.getMessage == "OHNOES" =>

4 // OHNOES! We are in deep trouble, do something!
5 case e: Exception =>

6 // Do something else

7}

1 future onComplete {
> case Success(result) => doSomethingOnSuccess(result)
3 case Failure(error) => doSomethingOnFailure (error)

2}
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ETLTTEEIET ST IO Akka Futures

Futures: MNopsinok Callback os

cnonnenne Callback os
ObpaboTynky MCMONHAOTCS B HEoONpeae1eHHOM
nopsigke n/viv napannesnsHo.

val result = Future { loadPage(url) } andThen {
case Left(exception) => log(exception)

} andThen {
case _ => watchSomeTV

a oA W N R

}
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Futures: Tlonesnoctn

Future.fallbackTo():

1 val future4 = futurel fallbackTo future2 fallbackTo future3

Future.zip():

1 val future3 =
> futurel zip future2 map { case (a, b) => a + " " + b }
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Futures and Exceptions

lckntoyeHns poctaBnstoTcs BMECTO pesyibTaTa Future.
Ho MoxHO genaTh Tak:

1 val future = akka.pattern.ask(actor, msgl) recover {
2 case e: ArithmeticException => 0

3}

Nnn tak:

1 val future = akka.pattern.ask(actor, msgl) recoverWith {
2 case e: ArithmeticException =>

3 Promise.successful (0)

4 case foo: IllegalArgumentException =>

5 Promise.failed[Int] (

6 new IllegalStateException("All brOken!"))
7}
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Knaccnpukaums

e KoHBeliepHast nHaeKCaLUs

o Anpekc.{AsTo, Hegemxumocts, Paborta}
e etc.
o llepapxunyeckas obpaboTka Nosb30BaTENBCKNX
3anpocos
e Spray®
o MapuwpyTuzauus n obpaboTka KAMKOB 1N MNOKa30B
e MatuuHr obbsiBAEHUN Ha NOANNCKN
e etc.

http://spray.io
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Mpumepbl cuctem Koneeiiep

KohBeiiep

Lleceko B. A. (CM6FMY)

MacwTabupyemocTb
VcTolumnBoCTb K cbosim
OrpaHnyeHHble ovepean
Back pressure

Bblgenentble gucneTyeps
HeTepMmuHupoBaHHoe
noTpebieHne namsTy
[pacbukn pasmepoB o4vepeseli
Ilekomnosnuusi ctaanii
MacwTtabuposatue nynamu

3arpyska CPU 100%
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Mpumepbl cuctem Konseiiep

Anpekc. AsTo: ApxutekTypa

(Resized >
Image
Cache

@
Resizer
Indes ..
4 Recei

3

Cluster

Search Machine

Partner
Data
Storage

Search Machine

Search Machine
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Anpexc. AsTto: [ nnepkoHseliep

Partner
Data
Storage

Index
Receiver
Index
Receiver

Upd:

Validator (Rartition >
Cache. Archive
Storage
E B  F Ja
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Viepapxuyeckas obpaboTka
Vepapxudeckast obpaboTka

e MacwTabupyemocTb

@ Bbicokast gocTtynHocTb

@ EcTtecTBeHHble noacucTemsi

@ Yacrto anHammnyeckas
TOMONOrUs

@ Actor per request

@ Request-reply
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Vlepapxndeckne cuctemsi

BHyTpeHHNe cepBuUChI

Nepapxnsi akTOpoB f/1s1 KaXKAOr0 aKTUBHOTO
nonb3oBaTens/nognuckn /su3nTa/3anpoca
OuHamunyeckas Bbirpyska/nogrpyska cylyHocTel
Pacnpegenetrune nonbsosaTeneii Ha bakeTbl (1 HoAbI)
yepes ZooKeeper + Curator!® (Consistent Hashing!?)

Ohttp://curator.apache.org
Uhttp://en.wikipedia.org/wiki/Consistent_hashing
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KomnoHeHT cepBuca yBegoMEHWT

Node A | Node B
|Bucket #0| |Bucket #2| | Balancer |> ******* ZooKeeper (€---—---- <| Balancer | |Bucket #1| |Bucket #3|

»fUser >
Stable
| SMS | | Email | | Email | | SMS | Storage | SMS | | Email | | Email | | SMS |

Llecbko B.
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O 4éM Hy>XHO AymaTb

e Habnropaemoctb
e JlorrnposaHue
@ ArperaTtHble rpadgpukm
e MoHutopuHru
@ [loBeaeHune npu neperpyske
o [letekTupoBaHue neperpysku
e OrpaHunyeHue pecypcos
o [lpeBeHTMBHBINA reject
e BoccraHoBnenue nocne neperpysku
e BbipaBHuBaHue Harpysku
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3aktoueHmne

@ [lapannesnbHblie nporpaMMbl — 3TO HEM3DEXXHO

@ HyxHbl bonee npocTble cnocobwl cozgarmns
KOPPEKTHbIX NapanfenbHbIX NporpaMMHbIX
cncTeM

@ HuskoyposHeBbIi MapannennsMm — 370 Ype3BblYaiHO

CJNTO>KHO
e Ho ecTb anbTepHaTuebI?:
o Message-Passing Concurrency (Actor Model)
e Dataflow Concurrency
e Software Transactional Memory (STM)

@ No Silver Bullet

12ScalaDays 2013. Concurrency — The good, the bad, the ugly:
http://www.parleys.com/play/51cObc58e4b0ed877035680a/
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Kyna aBuraTbcs ganblie

o Typesafe Activator!3
o Reactive Manifesto'

@ Principles of Reactive Programming®®

o KHuru:
e Jamie Allen. Effective Akka. 2013

Derek Wyatt. Akka Concurrency. 2013

Series: The Neophyte's Guide to Scala'®

EAIl Patterns Series!’

Chris Okasaki. Purely Functional Data Structures. 1999
e JCIP 2nd edition + JMM

Bhttp://typesafe.com/activator

Yhttp://www.reactivemanifesto.org

https://class.coursera.org/reactive-001/class

Bhttp://letitcrash.com/post/64667109914/
series-the-neophytes-guide-to-scala
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Bonpochkl?

@ http://incubos.org/

e Obuwwme Bonpockl — B Twitter: @incubos

e Bonpocbl no nekyusim — B KOMMEHTapusix:
http://incubos.org/blog/

@ YacTtHble Bonpockl — B nouyTy incubos@yandex.ru
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