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O yem noroBopum?

AKTOpHas Moaenb
PacnpenenéHHble akTopsl

Mpnmep




Hauvano

Hewitt, Carl; Bishop, Peter; Steiger, Richard (1973). "A Universal Modular
Actor Formalism for Artificial Intelligence”

https://professorhewitt.blogspot.com/



https://professorhewitt.blogspot.com/

Actor model — 410 3T0?

Mopenb napannesibHbIX BblYUCIEHWU
(1973 1)

AKTOpP — NPUMUTMB NapannenbHo
BbIMOMHAEMOro AeNCTBUS

Internal
State

AKTOpPbI 06MEHMBAIOTCA COOBLLIEHNSAMM




Who is mr. AKTop

NPUMNTUB (BCE — aKTOP)

paboTaeT napannenbHo ¢ APYrMMu akTopamu

NMeET BXOAHYI0 ovepeab COObLEHNN

nony4vaeT coobLleHnsa n3BHe Unn ot ApPYyrnx akTopos

obpabaTtbiBaeT 04HO coobLuLleHME B OO0 MOMEHT BPEMEHU U
NOSTHOCTbIO®

NMEeT «aapecy



Ho

OTCYTCTBYHOT OrpaHU4YeHnNs Ha NOPSA0K NPUOLITUA COOOLLIEHNN
OTCYTCTBYHT rapaHTumM OOCTaBKM COOOLLIEHNS

OTCYyTCTBYET CUHXPOHHAasA KOMMYHUKaUuA




ObpaboTKka coobLieHnn

oTocnaTb KOHEYHOE YMCII0 COOBLLEHUN OAPYrMM akTopam™

co3gaTb KOHEYHOE YNCITO HOBbIX aKTOPOB Actor

NMOMEHATb CBOE COCTOSAHMEe @4-. =]

NOMEHATb NoBeaeHne Ans o6paboTkn crieayroLmnx
coobLleHnmn

BbIMNOJTHATb MNMPONU3BOJIbHOE AencTeue

* omeemumb omnpasumernio 0 unu 6onee pas




BuinonHeHue 10

Actor model = Raralletisra Concurrency :_: S- —r
e —

Concurrent, non-parallel execution

—
g EEEE
g I

Concurrent, parallel execution

Concurrency is not Parallelism by Rob Pike
https.//www.youtube.com/watch?v=0V9rvDIIKEQ



https://www.youtube.com/watch?v=oV9rvDllKEg

[Mpob6nembl cTaHAapTHOro noaxoaa

He Ttak noHanu OOIT

MHoronoto4Hoe nporpamMmmumpoBaHne CrioxHoe!
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Dr. Alan Kay on the Meaning of 12
“Object-Oriented Programming”

OORP to me means only messaging, local retention and protection and
hiding of state-process, and extreme late-binding of all things.

OOQOI1 0nsa meHsi o3Ha4aem mosibKo obmMeH coobuweHUsIMU, 1T0KasibHOe
COCMosiHUe, 3awumy U COKpblImue coCmosiHUSI-ripouyecca U KpatiHe rno3oHee
c8si3bIBaHuUe scex sewel.

https://userpaqge.fu-berlin.de/~ram/pub/pub jf47ht81Ht/doc kay oop en



https://userpage.fu-berlin.de/~ram/pub/pub_jf47ht81Ht/doc_kay_oop_en

Concurrency models

[Mpoueccel

Tpenbl (CUCTEMHbIE U 3eneHble)
Futures and tasks

KopyTuHbI

CSP (kaHanbl)

etc.

13




MpobGnembli

Pasgengaemasa namsatb
brnoknpoBkn & CUMHXPOHU3aLNK

[oHKkn & oTnagka

14



UcTopusa Bonpoca

MHOrosiaepHbIe NPoLECCopbI
Thread B C, C++, C#, Java
Apple way

15



UcTopusa Bonpoca

MHOrosiiepHble npoLeccopsl actor BankAccount {
Thread B C, C++, C#, Java private var balance: Int
Apple way init(initialBalance: Int) {
balance = initialBalance
}
}

https://qgithub.com/apple/swift-evolution/blob/main/proposals/0306-actors.md

16


https://github.com/apple/swift-evolution/blob/main/proposals/0306-actors.md#actors-1

17

Joe Armstrong n Co paspabotanu B Ericsson B 1986 r.

CospgaBanca nog 3agaym TerieKoMMyHUKaumm
(mapannernbHble N pacrnpenenéHHble BblHUCITEHNS)

OnepupyeT nerkoBecHbIMK rnpoueccamm (Process)

Mpouecchl U3onuMpoBaHbl Apyr OT Apyra, He UMetoT ObLLero E R |. A N G
COCTOSAHVSA U BbINOSHAKOTCSA NnaparnnenbHo



PaoboTaeT!

MOXHO CO340aTb MUJTTTMOHbI aKTOPOB Ha 06blYHOW MaLLnHe

3a NnepekrityYeHne KOHTEKCTa NpoLEeCcCcoB (akTOpoB) OTBeYaeT

BUPTYyanbHas mMallunHa
Local

<]
R

location transparency”
NUHEeNHas macTabnpyemocTb

18



Virtual actors

Orleans: Distributed Virtual Actors for Programmability and Scalability

https://www.microsoft.com/en-us/research/wp-content/uploads/2016/02/Orlea

ns-MSR-TR-2014-41.pdf

19


https://www.microsoft.com/en-us/research/wp-content/uploads/2016/02/Orleans-MSR-TR-2014-41.pdf
https://www.microsoft.com/en-us/research/wp-content/uploads/2016/02/Orleans-MSR-TR-2014-41.pdf

CBoucTtBa BUpPTYyalribHbIX aKTOPOB

BeyHoe cyuiectBoBaHue
ABTOMAaTU4yeckoe co3gaHune
CcblniovHast Npo3padYHOCTb

ABTOMaTM4eckoe macluTabnpoBaHue
(single activation & stateless)

Promise based programming (async-await)

20



Serverless Computing

Lambda/Functions vs Actors

21
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Lambda/Functions vs Actors

Data Cloud
[Mpobnembl

OpkecTtpauyma (yxe ectb k8s) bt

CeTeBble 3a4epXXKu

Serverless

Resource Overhead

https://www.primevideotech.com/video-streaming/scaling-up-the-prime- V|deo audlo vid
eo-monitoring-service-and-reducing-costs-by-90



https://www.primevideotech.com/video-streaming/scaling-up-the-prime-video-audio-video-monitoring-service-and-reducing-costs-by-90
https://www.primevideotech.com/video-streaming/scaling-up-the-prime-video-audio-video-monitoring-service-and-reducing-costs-by-90

Mogenb OTHOLWEHUA aKTOPOB

Nepapxuyeckas

OpgHopaHroBas

23



Uepapxunyveckasa moagenb (Akka)

«Poantenb» peluaeTt, 4To AenaTtb B cry4Yyae owwmbku

MoxeT otnpasuTb PoisonPill message

Fault Tolerance

CamoBoccTaHaBnuBaLLasics cuctema

Top Level
Supervisor

Actor

‘ Actor

............ -. check
iif Alive

' Restart

Actor ActorHW

Self-Healing Systems



OaHopaHroBasa mogenb (Orleans)

BupTyanbHble aktopbl (Grain)
Lifetime ynpasnsetca runtime'om

AP-cuctema .
Grains

25
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Moaxopn K cHapsany




Nnartex

3apernctpmpoBaThb
ABTOpPKM30OBaTbH
MNooTBepanTb

OTMeHUuTb*

Auth/
Hold

l

Commit/
Capture

Cancel/
Refund




[NenctBusA

Komanga

KomaHab! nmetot side-adoekTol

Side-adbpekTbl MOryT ObITb HEMOAEMMNOTEHTHLIMU

PesynbtaT kKOMaHAObl MOXET ObITb CUHXPOHHbBIM NN aCUHXPOHHbBIM

J10ImKHbI BbINOSTHATLCS NocrieaoBaTenbHO

28



HeMHOro acMHXpPoHHOro

Service
API

(<]

Command

——{ 3 Message Broker |——

Service
Worker

“T=

Command2
‘ Paymentl

Command
Payment2

Command
Paymentl

29



[Mpobnembli

He Bceraa ectb CUHXPOHHbLIV pe3ynbraT

(B BOMBLUMHCTBE Crny4vaes)

Service Service
HoTtndpmkauum API Worker

[Mopsagok ]

Command

Pessimistic lock _

Head of line blocking

Command2 Command Command
- Paymentl Payment2 Paymentl

30



IBOJIOUMUA

31



Orleans 3.x — 7

Dramatic performance improvements

Package hell

32


https://devblogs.microsoft.com/dotnet/whats-new-in-orleans-7/#dramatic-performance-improvements

Orleans 3.x — 7

Grain identities
Serialization

33


https://devblogs.microsoft.com/dotnet/whats-new-in-orleans-7/#dramatic-performance-improvements

Orleans 3.x — 7

Dramatic performance improvements
Package hell

Grain identities

Serialization

OpenTelemetry

etc.

34


https://devblogs.microsoft.com/dotnet/whats-new-in-orleans-7/#dramatic-performance-improvements

Orleans 3.x — 7

Grain identities
Serialization

No backward compatibility

35


https://devblogs.microsoft.com/dotnet/whats-new-in-orleans-7/#dramatic-performance-improvements

PelwleHue

Ouepenb — akTop

| Queue

Inbox

AKTOp MMeeT Tanumep o

Actor

Mo Tanmepy NnpoBepsAeT COCTOSHNE
(ovepeon | ncnonHeHms)

PaHTanm nepecos3gaéeT akTopbl (reminders)

Executor

36



KoHTpakT a7

public interface ICommandsQueue : IGrainWithStringKey, IRemindable, IHaveTimer
{

public Task Enqueue(ICommand command);

public Task SetCompleted(string commandid);

public Task<CommandView> GetCurrentCommand();

Task Notify(IQueueNotification notification);



ACUHXpOHHOEe api a8

public interface ICommandsQueue : IGrainWithStringKey, IRemindable, IHaveTimer
{

public Task Enqueue(ICommand command);

public Task SetCompleted(string commandld);

public Task<CommandView> GetCurrentCommand();

Task Notify(IQueueNotification notification);



UpeHTndukaTtop 39

public interface ICommandsQueue : IGrainWithStringKey, IRemindable, IHaveTimer
{

public Task Enqueue(ICommand command);

public Task SetCompleted(string commandId);

public Task<CommandView> GetCurrentCommand();

Task Notify(IQueueNotification notification);



OTnpaBKa coobOLweHuns

public static ICommandsQueue GetCommandsQueue(
this IClusterClient factory,
string queueld)
=> factory.GetGrain<ICommandsQueue>(queueld);

public async Task Enqueue(string queueld, ICommand command)
=> await _clusterClient. GetCommandsQueue(queueld)

.Enqueue(command);

40



3anpocuTb ref

public static ICommandsQueue GetCommandsQueue(
this IClusterClient factory,
string queueld)
== factory.GetGrain<ICommandsQueue>(queueld);

public async Task Enqueue(string queueld, ICommand command)
=> await _clusterClient. GetCommandsQueue(queueld)

.Enqueue(command);

41



OTnpaBuTb cobueHue

public static ICommandsQueue GetCommandsQueue(
this IClusterClient factory,
string queueld)
=> factory.GetGrain<lCommandsQueue>(queueld);

public async Task Enqueue(string queueld, ICommand command)
=> await _clusterClient. GetCommandsQueue(queueld)

.Enqueue(command);

42



HanomMmuyuHaHus 43

public interface ICommandsQueue : IGrainWithStringKey, IRemindable, IHaveTimer
{

public Task Enqueue(ICommand command);

public Task SetCompleted(string commandId);

public Task<CommandView> GetCurrentCommand();

Task Notify(IQueueNotification notification);



Hapo perncrtpupoBaTthb

public class CommandsQueueGrain : Grain, ICommandsQueue
{
public override async Task OnActivateAsync(CancellationToken ct)
=> await this.RegisterOrUpdateReminder(
reminderName: ConstantName,
dueTime: TimeSpan.FromMinutes(1),
period: TimeSpan.FromMinutes(1)

);

public Task ReceiveReminder(string reminderName, TickStatus status)
=> Task.CompletedTask;

44



Mpu akTMBaLnU

public class CommandsQueueGrain : Grain, ICommandsQueue
{
public override async Task OnActivateAsync(CancellationToken ct)
=> await this.RegisterOrUpdateReminder(
reminderName: ConstantName,
dueTime: TimeSpan.FromMinutes(1),
period: TimeSpan.FromMinutes(1)

);

public Task ReceiveReminder(string reminderName, TickStatus status)
=> Task.CompletedTask;

45



Create or update

public class CommandsQueueGrain : Grain, ICommandsQueue
{
public override async Task OnActivateAsync(CancellationToken ct)
=> await this.RegisterOrUpdateReminder(
reminderName: ConstantName,
dueTime: TimeSpan.FromMinutes(1),
period: TimeSpan.FromMinutes(1)

);

public Task ReceiveReminder(string reminderName, TickStatus status)
=> Task.CompletedTask;

46



Hago nonyuntb

public class CommandsQueueGrain : Grain, ICommandsQueue
{
public override async Task OnActivateAsync(CancellationToken ct)
=> await this.RegisterOrUpdateReminder(
reminderName: ConstantName,
dueTime: TimeSpan.FromMinutes(1),
period: TimeSpan.FromMinutes(1)

);

public Task ReceiveReminder(siring reminderName, TickStatus status)
=> Task.CompletedTask;

47



Timer 4

public interface ICommandsQueue : IGrainWithStringKey, IRemindable, IHaveTimer
{

public Task Enqueue(ICommand command);

public Task SetCompleted(string commandId);

public Task<CommandView> GetCurrentCommand();

Task Notify(IQueueNotification notification);



Koraa 3anyckatb? 49

public interface ICommandsQueue : IGrainWithStringKey, IRemindable, IHaveTimer

{

public Task Enqueue(ICommand command);

~Queue

public Task SetCompleted(string commandId);

public Task<CommandView> GetCurrentCommand();

Task Notify(IQueueNotification notification);




3aperncTtpvpoBaTb

public override async Task OnActivateAsync(CancellationToken ct)
{
_timer = RegisterTimer(
asyncCallback: GrainTimerUtils.OnTimerTickCallback<lICommandsQueue>,
state: this,
dueTime: TimeSpan.FromMilliseconds(FirstTimerTickDelayMs),
period: TimeSpan.FromMilliseconds(TimerTickPeriodMs)

50



Ticks

public override async Task OnActivateAsync(CancellationToken ct)
{
timer = RegisterTimer(
asyncCallback: GrainTimerUtils.OnTimerTickCallback<ICommandsQueue>,
state: this,
dueTime: TimeSpan.FromMilliseconds(FirstTimerTickDelayMs),
period: TimeSpan.FromMilliseconds(TimerTickPeriodMs)

51



Callback

public override async Task OnActivateAsync(CancellationToken ct)
{
_timer = RegisterTimer(
asyncCallback: GrainTimerUtils.OnTimerTickCallback<|ICommandsQueue>,
state: this,
dueTime: TimeSpan.FromMilliseconds(FirstTimerTickDelayMs),

period: TimeSpan.FromMilliseconds(TimerTickPeriodMs)

52



Terms

public async Task Enqueue(ICommand command)

{

await _commandsRepository.Add(_queueld, command);
_commandsQueue.Enqueue(command);

}

public async Task OnTimerTick()
{

await RefreshCommandExecutionState();
await Checkldle();

/] term

/] term
/] term

53



ActivationTaskScheduler & WorkltemGroup o4

[—Tasks enqueued on the grain activation's scheduler

Grain A Scheduler Grain B Scheduler Grain A Scheduler

NET
ThreadPool

Threads :

Grain C Scheduler Grain A Scheduler

k Regular, non-Grain work items J

Task.Run(...), for example

Individual tasks scheduled on
the grain's scheduler

Grain A Scheduler The grain scheduler itself

is scheduled on the .NET
ThreadPool as a work item.
When it is executed, it
executes the enqueued
tasks one-by-one




No "Atomicity"

public async Task Enqueue(ICommand command)

{

await _commandsRepository.Add(_queueld, command);
_commandsQueue.Enqueue(command);

}

public async Task OnTimerTick()
{

await RefreshCommandExecutionState();
await Checkldle();

/11
N7

/2
N7
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Hack

public static Task OnTimerTickCallback<TGrain>(object grain)
where TGrain : |IGrain, IHaveTimer

=> ((TGrain) grain).AsReference<TGrain>().OnTimerTick();

56



Message 1

public async Task Enqueue(ICommand command)

{

await _commandsRepository.Add(_queueld, command);

_commandsQueue.Enqueue(command);

11
/11

57



Message 2

public async Task Enqueue(ICommand command)

{

await _commandsRepository.Add(_queueld, command);

__commandsQueue.Enqueue(command);

}
public async Task OnTimerTick()

{

await RefreshCommandExecutionState();
await Checkldle();

»

/11
/11

Il 2
Il 2
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Reentrancy and read only

Immutable

Event sourcing ‘

Grains persistence Y
Grains placement Microsoft Orleans
Grains service fOI’ DEVE'OPEI’S
Stateless workers s ot At it Sl
Streams and observers Distributed Systems in NET Using Orleans
Transactions Richard Astbury

Interface versioning

etc.

Apress’



Anti Use-Cases

Non-concurrent system and|or no mutable state
Performance critical app
"Actor-based" design

61



O yeM He 3a0bITb
Observability (norn, MmeTpuku, Tpencsol)

Overload/Deploy behavior
pecypcbl OrpaHUY€EHb!
mailbox He BECKOHEYHbIN
BOCCTaHOBMNEHNE COCTOSIHUSA

GanaHcupoBKka Harpysku aka ctpaTterns cosaaHus
aKTOpOB

nennoku (local & distributed)

62



O yeMm A He paccka3san

Address != identity
Distributed algos under the hood

Use-Cases
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BbiBOAbI

[MpocTas abcTpakums
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BbiBOAbI

[MpocTas abcTpakums
ABCTpakumsa ans ynpoLlueHus Kkoga
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BbiBOAbI

[MpocTas abcTpakums
ABCTpakumsa ans ynpoLlueHus Kkoga

AbcCTpakuma ans ynpoweHus maclutabnpoBaHumd
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BbiBOAbI

[MpocTas abcTpakums
ABCTpakumsa ans ynpoLlueHus Kkoga
AbcCTpakuma ans ynpoweHus maclutabnpoBaHumd

AKTyanbHOCTD ...
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YTO nocmoTpeThb

Hewitt, Meijer and Szyperski: The Actor Model
(everything you wanted to know...)
https://www.youtube.com/watch?v=7erJ1DV_Tlo

Book "Seven Concurrency Models in Seven Weeks"

Cloud Design Patterns
https://learn.microsoft.com/en-us/azure/architecture/patterns

68

Seven Concurrency Models
in Seven Weeks



https://www.youtube.com/watch?v=7erJ1DV_Tlo
https://learn.microsoft.com/en-us/azure/architecture/patterns

Ha 4yTo nocMoTpeTb

Akka (Java & .NET)
Orleans (.NET)
Proto.Actor (.NET & Go)
Dapr (MHOro)
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