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UTto Takoe Combine

Combine Combine

PEaKTUBHbIN PPEMMBOPK, NPEAOCTaBAAOLLNN 6bin BbiNyLWeH Apple B 2019 roay oaHOBPEMEHHO
nexknapatusHoe APl aona obpaboTku cobbiTum co SwiftUl, noatomy oba ppenmBopKa bbiint TECHO
BO BpEMEHMU cBA3aHbl 40 2023 1 BbIXxoAa GpenMBOPKa
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BOT, UTO roBOPUT
ONOKYMeHTauuna

By adopting Combine, you'll make your code
easler to read and maintain, by centralizing
your event-processing code and eliminating
troublesome techniques like nested closures

and convention-based callbacks
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O yem noroBopnm?

1. Subjects — 4yto He Tak ¢ CurrentValueSubject?
Nnn HecTtabunbHbin Ul
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O yem noroBopnm?

1. Subjects — 4yto He Tak ¢ CurrentValueSubject?
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3. Contracts — [laTapencsl 1 KpeLuu,
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O yem noroBopnm?
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Subjects — 4yT0 He Tak ¢ CurrentValueSubject?
Nnn HecTtabunbHbin Ul

. Operators — [loyemy y Bac Te4yeT namAaTb?

. Contracts — [laTtapeuchbl 1 KpeLuu,

a elle no4yemy ClnoXHo HanmcaTb 3KCTEHLUEHbI?

API| — [loyemy Ha4aTb ncnonb3oBatb Combine,
He TaK NpPOCTO Kak gpyrue third-party dopenmmBopKn
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@ AHOEKC 360 / OcTtopoxHo, Combine




CurrentValueSubject




CurrentValueSubject

TekyLiee 3Ha4eHne He NoTokobe3onacHo
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CurrentValueSubject

let subject = CurrentValueSubject<int, Never>(0) // ACUHXPOHHO OTNpaBnsieM HOBOE 3HAYEHMe
let finishExpectation = expectation(description: "Subject finished") DispatchQueue.global().async {
subject.send(1)
subject.send(completion: .finished)

let expectedResults: Set = | }
],
1], // TlognucbiBaemcsi Ha subject
0, 1], subject

] .sink { completion in

var results: [Int] =[] finishExpectation.fulfill()

} receiveValue: { value In
results.append(value)

}

[ Xoem nonyyveHusa .finished
waltForExpectations(timeout: 2)

XCTAssertTrue(expectedResults.contains(results))
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CurrentValueSubject

let subject = CurrentValueSubject<int, Never>(0)
let finishExpectation = expectation(description: "Subject finished")

let expectedResults: Set = |
It
1],
0, 1],

]

var results: [Int] =[]
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CurrentValueSubject

[/ ACUHXPOHHO OTNpPaBnsieM HOBOE 3Ha4YeEHUE
DispatchQueue.global().async {
subject.send(1)
subject.send(completion: .finished)

}

// TlognucbiBaemcsi Ha subject
subject
.sink { completion in
finishExpectation.fulfill()
} receiveValue: { value In
results.append(value)

}

[ Xoem nonyyveHusa .finished
waltForExpectations(timeout: 2)

XCTAssertTrue(expectedResults.contains(results))
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CurrentValueSubject

let subject = CurrentValueSubject<int, Never>(0)
let finishExpectation = expectation(description: "Subject finished")

O AHOEKC 360 / OcTtopoxHo, Combine



CurrentValueSubject

let subject = CurrentValueSubject<int, Never>(0)
let finishExpectation = expectation(description: "Subject finished")

let expectedResults: Set = |
It
1],
0, 1],
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CurrentValueSubject

let subject = CurrentValueSubject<int, Never>(0)
let finishExpectation = expectation(description: "Subject finished")

let expectedResults: Set = |
It
1],
0, 1],

]

var results: [Int] =[]
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CurrentValueSubject

let subject = CurrentValueSubject<int, Never>(0) // ACUHXPOHHO OTNpaBnsieM HOBOE 3HAYEHMe

let finishExpectation = expectation(description: "Subject finished") DispatchQueue.global().async {
subject.send(1)

subject.send(completion: .finished)
let expectedResults: Set = | }

It
1],
0, 1],

]

var results: [Int] =[]
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CurrentValueSubject

let subject = CurrentValueSubject<int, Never>(0) // ACUHXPOHHO OTNpaBnsieM HOBOE 3HAYEHMe
let finishExpectation = expectation(description: "Subject finished") DispatchQueue.global().async {
subject.send(1)
subject.send(completion: .finished)

let expectedResults: Set = | }
It
1], // TlognucbiBaemcsi Ha subject
0, 1], subject

] .sink { completion in

var results: [Int] =[] finishExpectation.fulfill()

} receiveValue: { value In
results.append(value)

}
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CurrentValueSubject

let subject = CurrentValueSubject<int, Never>(0) // ACUHXPOHHO OTNpaBnsieM HOBOE 3HAYEHMe
let finishExpectation = expectation(description: "Subject finished") DispatchQueue.global().async {
subject.send(1)
subject.send(completion: .finished)

let expectedResults: Set = | }
],
1], // TlognucbiBaemcsi Ha subject
0, 1], subject

] .sink { completion in

var results: [Int] =[] finishExpectation.fulfill()

} receiveValue: { value In
results.append(value)

}

[ Xoem nonyyveHusa .finished
waltForExpectations(timeout: 2)

XCTAssertTrue(expectedResults.contains(results))
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expectedResults = |}
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expectedResults = |1]




expectedResults = (0, 1]




CurrentValueSubject

let subject = CurrentValueSubject<int, Never>(0) // ACUHXPOHHO OTrnpaBnseM HOBOE 3Ha4YeHne
let finishExpectation = expectation(description: "Subject finished") DispatchQueue.global().async {

subject.send(1)
subject.send(completion: .finished)

let expectedResults: Set = | }
1,
1], // TlognucbiBaemcst Ha subject
0, 1], subject
1, O], .sink { completion in
1, 1], finishExpectation.fulfill()
] } receiveValue: { value In
var results: [Int] =[] results.append(value)

}

[l Xoem nonydveHusa .finished
waltForExpectations(timeout: 2)

XCTAssertTrue(expectedResults.contains(results))
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CurrentValueSubject



4TO npounucxoguT
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4TO npounucxoguT

1. 3axBaTuTtb Lock

2. [lpoBepnUThb CKOMbKO 3HAYEHU
HY>XHO OTNpaBUTb NOAMNUCYUKY

3. [request( :)] B3aTtb TekyLlee
3Ha4deHune n3 CurrentValueSubject

. OTnyctutb Lock
. 3axBaTtuTb Recursivelock

: OTI'IpaBI/ITb 3Ha4vYeHne noarnncHmMKyY

~N O 01 B

. OTnyctutb RecursivelLock

v l

______________________________________________________________________ 1 _________________
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4TO npounucxoguT

1. 3axBaTuTtb Lock

2. [lpoBepUTb CKOMbKO 3HAYEHUN
Subscriber HY>KHO OTNPaBUTb NOAMMUCHUKY

3. [request( :)] BaaTtb Tekyllee

3Ha4deHune n3 CurrentValueSubject
Thread = Lock ECUSiVe LoCK ™~ """t
. OTnyctutb Lock
. 3axBaTtutb Recursivelock
------------------------ SRR R

, l

______________________________________________________________________ 1 _________________
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. OTnyctutb RecursivelLock



4TO npounucxoguT

1. 3axBaTuTtb Lock

2. [lpoBepUTb CKOMbKO 3HAYEHUN
Subscriber HY>KHO OTNPaBUTb NOAMMUCHUKY

3. [request( :)] B3aTtb Tekyllee
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, l
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4TO npounucxoguT

O ___________ i _______________________________________________________________
Offer
SUDSCiDEr | SRR
Request
_____ LOCk ____________________________________________________________________
........................ SRR N R

, l

______________________________________________________________________ 1 _________________
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. 3axBatuTtb |.ock

. ['lpoBepnTb CKOMBLKO 3HAYEHUN

HY>XHO OTMNpPaBunTb NOANMNCHUKY

. [request( :)] BaaTtb Tekyllee

3Ha4vyeHue u3 CurrentValueSubject

. OTnyctutk Lock
. 3axBaTuTb RecursivelLock
. OTnpaBuTb 3Ha4YeHUE NOANMUCHUKY

. OTnyctutb RecursivelLock



4TO npounucxoguT

O ___________ i _______________________________________________________________

A i 1. 3axBaTuTtb Lock

Offer 2. [lpoBepuTb CKONMbKO 3HAYEeHU
SUDSCrI eI e HY>XHO OTNPaBUTb NOLMNCYUKY
Request

3. [request( :)] B3aTtb Tekyllee

3Ha4vyeHue u3 CurrentValueSubject
Thread = Lock Recursive Lock T
. OTnyctutk Lock
. 3axBaTuTtb Recursivel.ock
------------------------ o R

, l

______________________________________________________________________ 1 _________________

@ AHAEKC 360 / OcTopoxHo, Combine

: OTI'IpaBI/ITb 3Ha4eHne noarMncHnKy

SR © ) B~

. OTnyctutb RecursivelLock



4TO npounucxoguT

@ AHOEKC 360
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Request
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-~ O 01 b

. 3axBatuTtb |.ock

. ['lpoBepnTb CKOMBLKO 3HAYEHUN

HY>XHO OTMNpPaBunTb NOANMNCHUKY

. [request( :)] BaaTtb Tekyllee

3Ha4vyeHue u3 CurrentValueSubject

. OTnyctutk Lock
. 3axBaTtuTtb RecursivelLock
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4TO npounucxoguT
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Request
""" Lock Recursive Lock Tttt
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~N O 01 B

. 3axBatuTtb |.ock

. ['lpoBepnTb CKOMBLKO 3HAYEHUN

HY>XHO OTMNpPaBunTb NOANMNCHUKY

. [request( :)] BaaTtb Tekyllee

3Ha4deHune na CurrentValueSubject

. OTnyctutk Lock
. 3axBaTuTtb Recursivelock
. OTnpaBuTb 3Ha4YeHUE NOANMUCHUKY

. OTnyctutb RecursivelLock



Kak nony4unocs [1, O]

Kak OomnmXHO ObITh: Kak nony4mnocs:

R ——
v

v

@ AHAEKC 360 / OcTopoxHo, Combine 36



Kak nony4yunochb |1, 1]
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~N O O B

. 3axBatuTtb Lock

. ['lpoBepnTb CKONMBLKO 3HAYEHUN

HY>XHO OTMNpPaBunTb NOANMNCHUKY

. [request( :)] B3aTb TekyLlee

3Ha4vyeHue u3 CurrentValueSubject

. OTnyctutb Lock
. 3axBaTutb RecursivelLock
. OTnpaBnTb 3Ha4YeHWe NoANUCHNKY

. OTnyctntb RecursivelLock
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BbiBOOb

Bcerga cnatb coObiTUS M NOANUCLIBATbLCA
Ha TOJIbKO C OHOIo NOTOKa
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Operators

e CombinelLatest
e SubscribeOn

e Multicast
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CombinelLatest

Publisher
CombinelLatest
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CombinelLatest

[loTeps aBeHTOB

Publisher
Combinelatest EE——
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CombinelLatest

let finishExpectation = expectation(description: "Subject finished") publisherO

let gueue = DispatchQueue(label: "testCombinelLatest") .subscribe(on: queue)
.combineLatest(publisherl)

let publisherO = [O].publisher Sink { value in

let publisherl = [1].publisher results.append(value.0)

results.append(value.l)
var results: [Int] = ]
finishExpectation.fulfill()

}

waltForExpectations(timeout: 1)

XCTAssertequal(]0, 1], results)
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CombinelLatest

let publisherO = [0].publisher
let publisherl = [1].publisher

var results: [Int] =[]
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CombinelLatest

let finishExpectation = expectation(description: "Subject finished")
let queue = DispatchQueue(label: "testCombinelLatest")

let publisherO = [0].publisher
let publisherl = [1].publisher

var results: [Int] =[]
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CombinelLatest

let finishExpectation = expectation(description: "Subject finished") publisherO

let gueue = DispatchQueue(label: "testCombinelLatest") .subscribe(on: queue)
.combineLatest(publisherl)

let publisherO = [0].publisher

let publisherl = [1].publisher

var results: [Int] =[]
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CombinelLatest

let finishExpectation = expectation(description: "Subject finished") publisherO

let gueue = DispatchQueue(label: "testCombinelLatest") .subscribe(on: queue)
.combineLatest(publisherl)

let publisherO = [O].publisher Sink { value in

let publisherl = [1].publisher results.append(value.0)

results.append(value.l)
var results: [Int] = ]
finishExpectation.fulfill()

}

waltForExpectations(timeout: 1)

XCTAsserteEqual(]0, 1], results)
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CombinelLatest

let finishExpectation = expectation(description: "Subject finished") publisherO

let gueue = DispatchQueue(label: "testCombinelLatest") .subscribe(on: queue)
.combineLatest(publisherl)

let publisherO = [O].publisher Sink { value in

let publisherl = [1].publisher results.append(value.0)

results.append(value.l)
var results: [Int] = ]
finishExpectation.fulfill()

}

waltForExpectations(timeout: 1) // Asynchronous walit failed

XCTAsserteEqual([0, 1], results) // []
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CombinelLatest

________________________________________________________________________________________________________________
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YTO C 3TMM MOXHO caenatb”?

HanucaTtb cBOIO peanun3ayuto
CombinelLatest

McnpaBuTtb 6arun B pabote
subscribe(on:options:)
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Operators

e CombinelLatest

e SubscribeOn

e Multicast



SubscribeOn
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SubscribeOn

YTeuykn namsaTu
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SubscribeOn

et subscribeExpectation = expectation(description: "Sink subscribed") let cancellable = subject

et serialQueue = DispatchQueue(label: "testSubscriptionLeaks") .subscribe(on: serialQueue)

et subject = PassthroughSubject<iInt, Never>() .handleEvents(receiveSubscription: { _In
subscribeExpectation.fulfill()

var results: [Int] =[] })

.sink { value in
results.append(value)

}

// TIpobyemM OTMEHUTL NOAMUCKY OO0 ee MNofyvYeHus
cancellable.cancel()

wait(for: [subscribeExpectation], timeout: 1)

/| Ewe pa3 npobyem OTMEHUTb MNOAMUCKY YyXXe Nnocrie NnosiydyeHuns
cancellable.cancel()

// TlpoBepsem, oTnpaBnATCA NN 3HAYEHUS
subject.send(1)

XCTAsserteEqual([], results) // [1]
@ AHOEKC 360 / OcTtopoxHo, Combine



SubscribeOn

et subscribeExpectation = expectation(description: "Sink subscribed") let cancellable = subject

et serialQueue = DispatchQueue(label: "testSubscriptionLeaks") .subscribe(on: serialQueue)

et subject = PassthroughSubject<iInt, Never>() .handleEvents(receiveSubscription: { _In
subscribeExpectation.fulfill()

var results: [Int] =[] })

.sink { value in
results.append(value)

}
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SubscribeOn

et subscribeExpectation = expectation(description: "Sink subscribed") let cancellable = subject

et serialQueue = DispatchQueue(label: "testSubscriptionLeaks") .subscribe(on: serialQueue)

et subject = PassthroughSubject<iInt, Never>() .handleEvents(receiveSubscription: { _In
subscribeExpectation.fulfill()

var results: [Int] =[] })

.sink { value in
results.append(value)

}

// TIpobyemM OTMEHUTL NOAMUCKY OO0 ee MNofyvYeHus
cancellable.cancel()
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SubscribeOn

et subscribeExpectation = expectation(description: "Sink subscribed") let cancellable = subject

et serialQueue = DispatchQueue(label: "testSubscriptionLeaks") .subscribe(on: serialQueue)

et subject = PassthroughSubject<iInt, Never>() .handleEvents(receiveSubscription: { _In
subscribeExpectation.fulfill()

var results: [Int] =[] })

.sink { value in
results.append(value)

}

// TIpobyemM OTMEHUTL NOAMUCKY OO0 ee MNofyvYeHus
cancellable.cancel()

wait(for: [subscribeExpectation], timeout: 1)
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SubscribeOn

et subscribeExpectation = expectation(description: "Sink subscribed") let cancellable = subject
et serialQueue = DispatchQueue(label: "testSubscriptionLeaks") .subscribe(on: serialQueue)
et subject = PassthroughSubject<iInt, Never>() .handleEvents(receiveSubscription: { _In

subscribeExpectation.fulfill()
var results: [Int] =[] 1)

.sink { value in
results.append(value)

}

// TIpobyemM OTMEHUTL NOAMUCKY OO0 ee MNofyvYeHus
cancellable.cancel()

wait(for: [subscribeExpectation], timeout: 1)

/| Ewe pa3 npobyem OTMEHUTb MNOAMUCKY YyXXe Nnocrie NnosiydyeHuns
cancellable.cancel()
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SubscribeOn

et subscribeExpectation = expectation(description: "Sink subscribed") let cancellable = subject
et serialQueue = DispatchQueue(label: "testSubscriptionLeaks") .subscribe(on: serialQueue)
et subject = PassthroughSubject<iInt, Never>() .handleEvents(receiveSubscription: { _In

subscribeExpectation.fulfill()
var results: [Int] =[] 1)

.sink { value in
results.append(value)

}

// TIpobyemM OTMEHUTL NOAMUCKY OO0 ee MNofyvYeHus
cancellable.cancel()

wait(for: [subscribeExpectation], timeout: 1)

/| Ewe pa3 npobyem OTMEHUTb MNOAMUCKY YyXXe Nnocrie NnosiydyeHuns
cancellable.cancel()

// TlpoBepsem, oTnpaBnATCA NN 3HAYEHUS
subject.send(1)
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SubscribeOn

et subscribeExpectation = expectation(description: "Sink subscribed") let cancellable = subject

et serialQueue = DispatchQueue(label: "testSubscriptionLeaks") .subscribe(on: serialQueue)

et subject = PassthroughSubject<iInt, Never>() .handleEvents(receiveSubscription: { _In
subscribeExpectation.fulfill()

var results: [Int] =[] })

.sink { value in
results.append(value)

}

// TIpobyemM OTMEHUTL NOAMUCKY OO0 ee MNofyvYeHus
cancellable.cancel()

wait(for: [subscribeExpectation], timeout: 1)

/| Ewe pa3 npobyem OTMEHUTb MNOAMUCKY YyXXe Nnocrie NnosiydyeHuns
cancellable.cancel()

// TlpoBepsem, oTnpaBnATCA NN 3HAYEHUS
subject.send(1)

XCTAsserteEqual([], results) // [1]
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SubscribeOn

let cancelExpectation = expectation(description: "Subscription cancelled") let timer = Timer.publish(every: 1, on: .main, in: .common)
let serialQueue = DispatchQueue(label: "testSubscriptionLeaks2") .autoconnect()

map{_ In1l}
var results: [Int] =[] .scan(0, +)

let cancellable = timer
.subscribe(on: serialQueue)
.handleEvents(receiveCancel: {
cancelExpectation.fulfill()

})

.sink { value In
results.append(value)

}

cancellable.cancel()
walt(for: [cancelExpectation], timeout: 5) // Asynchronous wait failed

XCTAssertEqual([], results) // [1, 2, 3, 4, 5]
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[ lpNYnHBI

After you receive one call to cancel(),
subsequent calls shouldn’t do
anything. Canceling should also
eliminate any strong references

it currently holds.
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YTOo MOXHO coenatb”?

e He ncnonb3oBaTtb
3aMeHUTb ero
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YTO MOXHO caoenaTtb?

e He ncnonb3oBaTtb
3aMeHUTb ero

e Bceraa Bbi3bIBaTb Ha TOW XXe o4vepeau,
Ha KOTOPOW ObIsf BbINOSHEH
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YTOo MOXHO coenatb”?

e He ncnonb3oBaTb ,
3aMEHUTb ero

e Bceraa Bbi3bIBaTb Ha TOW XXe o4vepeau,
Ha KOTOPOW ObIsf BbINOSHEH

e HanucaTb 6e3onacHylo BEPCUIO
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Operators

e CombinelLatest
e SubscribeOn

e Multicast



Multicast

Cocoa with Love

22 short tests of combine - Part 2: Sharing




Multicast

Publisher

Multicast

Subscriber Subscribe

Subscriber
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Multicast

let subject = PassthroughSubject<int, Never>()

var upstreamResults: [Int] =]
var upstreamCancelled: Bool = false

var sinkResults: [Int] =[]
var sinkCancelled: Bool = false
var sinkCancellable: (any Cancellable)?

var multicastCancellable: (any Cancellable)?

@ AHOEKC 360 / OcTtopoxHo, Combine

do {
[ Coszgaem MmynbTUKacT
let multicast = subject
.handleEvents(receiveOutput: {
upstreamResults.append($0)
}, receiveCancel: {
upstreamCancelled = true

})

.multicast(subject: PassthroughSubject())

/[ Co3gaemM noanucyuka
sinkCancellable = multicast
.handleEvents(receiveCancel: {
sinkCancelled = true

)
.sink { sinkResults.append($0) }

/I AKTUBUPYEM MYNbLTUKACT
multicastCancellable = multicast.connect()



Multicast

let subject = PassthroughSubject<int, Never>()

O AHOEKC 360 / OcTtopoxHo, Combine



Multicast

let subject = PassthroughSubject<int, Never>()

var upstreamResults: [Int] =]
var upstreamCancelled: Bool = false
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Multicast

let subject = PassthroughSubject<int, Never>()

var upstreamResults: [Int] =]
var upstreamCancelled: Bool = false

var sinkResults: [Int] =[]
var sinkCancelled: Bool = false
var sinkCancellable: (any Cancellable)?

O AHOEKC 360 / OcTtopoxHo, Combine



Multicast

let subject = PassthroughSubject<int, Never>()

var upstreamResults: [Int] =]
var upstreamCancelled: Bool = false

var sinkResults: [Int] =[]
var sinkCancelled: Bool = false
var sinkCancellable: (any Cancellable)?

var multicastCancellable: (any Cancellable)?
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Multicast

let subject = PassthroughSubject<int, Never>()

var upstreamResults: [Int] =]
var upstreamCancelled: Bool = false

var sinkResults: [Int] =[]
var sinkCancelled: Bool = false
var sinkCancellable: (any Cancellable)?

var multicastCancellable: (any Cancellable)?

@ AHOEKC 360 / OcTtopoxHo, Combine

do {
[ Coszgaem MmynbTUKacT
let multicast = subject
.handleEvents(receiveOutput: {
upstreamResults.append($0)
}, receiveCancel: {
upstreamCancelled = true

})

.multicast(subject: PassthroughSubject())



Multicast

let subject = PassthroughSubject<int, Never>()

var upstreamResults: [Int] =]
var upstreamCancelled: Bool = false

var sinkResults: [Int] =[]
var sinkCancelled: Bool = false
var sinkCancellable: (any Cancellable)?

var multicastCancellable: (any Cancellable)?

@ AHOEKC 360 / OcTtopoxHo, Combine

do {
[ Coszgaem MmynbTUKacT
let multicast = subject
.handleEvents(receiveOutput: {
upstreamResults.append($0)
}, receiveCancel: {
upstreamCancelled = true

})

.multicast(subject: PassthroughSubject())

/[ Co3gaemM noanucyuka
sinkCancellable = multicast
.handleEvents(receiveCancel: {
sinkCancelled = true

)
.sink { sinkResults.append($0) }



Multicast

let subject = PassthroughSubject<int, Never>()

var upstreamResults: [Int] =]
var upstreamCancelled: Bool = false

var sinkResults: [Int] =[]
var sinkCancelled: Bool = false
var sinkCancellable: (any Cancellable)?

var multicastCancellable: (any Cancellable)?

@ AHOEKC 360 / OcTtopoxHo, Combine

do {
[ Coszgaem MmynbTUKacT
let multicast = subject
.handleEvents(receiveOutput: {
upstreamResults.append($0)
}, receiveCancel: {
upstreamCancelled = true

})

.multicast(subject: PassthroughSubject())

/[ Co3gaemM noanucyuka
sinkCancellable = multicast
.handleEvents(receiveCancel: {
sinkCancelled = true

)
.sink { sinkResults.append($0) }

/I AKTUBUPYEM MYNbLTUKACT
multicastCancellable = multicast.connect()



Multicast

do {
[/ Co3zgaem MynbTUKacT
let multicast = subject
handleEvents(receiveOutput: {
upstreamResults.append($0)
}, receiveCancel: {
upstreamCancelled = true

1)
.multicast(subject: PassthroughSubject())

/l Co3gaemM noanucymka
sinkCancellable = multicast
.handleEvents(receiveCancel: {
sinkCancelled = true

1)
.Sink { sinkResults.append($0) }

[l AKTUBUPYEM MYNbLTUKACT
multicastCancellable = multicast.connect()

}

@ AHOEKC 360 / OcTtopoxHo, Combine



Multicast

do {
[/ Co3zgaem MynbTUKacT
let multicast = subject
handleEvents(receiveOutput: {
upstreamResults.append($0)
}, receiveCancel: {
upstreamCancelled = true

1)
.multicast(subject: PassthroughSubject())

/l Co3gaemM noanucymka
sinkCancellable = multicast
.handleEvents(receiveCancel: {
sinkCancelled = true

1)
.Sink { sinkResults.append($0) }

[l AKTUBUPYEM MYNbLTUKACT
multicastCancellable = multicast.connect()

}

@ AHOEKC 360 / OcTtopoxHo, Combine

subject.send(1)



Multicast

do {
[/ Co3zgaem MynbTUKacT
let multicast = subject
handleEvents(receiveOutput: {
upstreamResults.append($0)
}, receiveCancel: {
upstreamCancelled = true

1)
.multicast(subject: PassthroughSubject())

/l Co3gaemM noanucymka
sinkCancellable = multicast
.handleEvents(receiveCancel: {
sinkCancelled = true

1)
.Sink { sinkResults.append($0) }

[l AKTUBUPYEM MYNbLTUKACT
multicastCancellable = multicast.connect()

}

@ AHOEKC 360 / OcTtopoxHo, Combine

subject.send(1)

sinkCancellable?.cancel()



Multicast

do {
[/ Co3zgaem MynbTUKacT
let multicast = subject
handleEvents(receiveOutput: {
upstreamResults.append($0)
}, receiveCancel: {
upstreamCancelled = true

1)
.multicast(subject: PassthroughSubject())

/l Co3gaemM noanucymka
sinkCancellable = multicast
.handleEvents(receiveCancel: {
sinkCancelled = true

1)
.Sink { sinkResults.append($0) }

[l AKTUBUPYEM MYNbLTUKACT
multicastCancellable = multicast.connect()

}

@ AHOEKC 360 / OcTtopoxHo, Combine

subject.send(1)

sinkCancellable?.cancel()

multicastCancellable?.cancel()



Multicast

do { subject.send(1)
[/ Co3zgaem MynbTUKacT

let multicast = subject
handleEvents(receiveOutput: { sinkCancellable?.cancel()
upstreamResults.append($0)
}, receiveCancel: {
upstreamCancelled = true multicastCancellable?.cancel()
})
.multicast(subject: PassthroughSubject()) /[ OTnpaBnsem eLle ogHO 3Ha4YeHune, YToObl yoeanTbCcs

subject.send(2)
/l Co3gaemM noanucymka

sinkCancellable = multicast
.handleEvents(receiveCancel: {
sinkCancelled = true

1)
.Sink { sinkResults.append($0) }

[l AKTUBUPYEM MYNbLTUKACT
multicastCancellable = multicast.connect()

}

@ AHOEKC 360 / OcTtopoxHo, Combine



Multicast

do {
[/ Co3zgaem MynbTUKacT
let multicast = subject
.handleEvents(receiveOutput: {
upstreamResults.append($0)
}, receiveCancel: {
upstreamCancelled = true

1)
.multicast(subject: PassthroughSubject())

/l Co3gaemM noanucymka
sinkCancellable = multicast
.handleEvents(receiveCancel: {
sinkCancelled = true

1)
.Sink { sinkResults.append($0) }

[l AKTUBUPYEM MYNbLTUKACT
multicastCancellable = multicast.connect()

}

@ AHOEKC 360 / OcTtopoxHo, Combine

subject.send(1)

sinkCancellable?.cancel()

multicastCancellable?.cancel()

[/ OTnpaBnaem ellie ogHo 3HavyeHue, YToObl yoeanTbes

subject.send(2)

XCTAssertTrue(sinkCancelled) // true
XCTAssertTrue(upstreamCancelled) // false

XCTAssertEqual([1], sinkResults) // [1]
XCTAssertEqual([1], upstreamResults) // [1, 2]



Multicast

[l AKTUBUPYEM MYNbLTUKACT
multicastCancellable = multicast.connect()

}
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Multicast

do {

[l AKTUBUPYEM MYNbLTUKACT
multicastCancellable = multicast.connect()

}

O AHOEKC 360 / OcTtopoxHo, Combine



Multicast

do {

// TlocnegHaa cunbHasa ccblfika Ha MyInbTUKACT UCYe3aeT 340€ecCh
sinkCancellable?.cancel()

[l AKTUBUPYEM MYNbLTUKACT
multicastCancellable = multicast.connect()

}

@ AHOEKC 360 / OcTtopoxHo, Combine



Multicast

do {

// TlocnegHaa cunbHasa ccblfika Ha MyInbTUKACT UCYe3aeT 340€ecCh
sinkCancellable?.cancel()

// Tenepb TOKeH becrones3ex
multicastCancellable?.cancel()

[l AKTUBUPYEM MYNbLTUKACT
multicastCancellable = multicast.connect()

}

@ AHOEKC 360 / OcTtopoxHo, Combine



BbiBOOb

Ecnu Bbl co3gaeTte MynbTUKacCT, TO NPWU ero akTueaumm
oba3aTenbHO 3aMblKanTe ero CUJibHOW CCbINKOU

let multicastCancellable = multicast.connect()
let cancellable = AnyCancellable { [multicast] In
= multicast // I DO NOT DELETE THIS LINE !

multicastCancellable.cancel()

}

.
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cContracts

e Back Pressure
e Scheduler’s
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cContracts

e Back Pressure
e Scheduler’s

e Subscription



Back Pressure

Subject

@ AHAEKC 360 / OcTopoxHo, Combine
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Back Pressure

nn noyemy oHO He paboTaeTr

Subject

@ AHAEKC 360 / OcTopoxHo, Combine
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Back Pressure

« ZIp
e CombineLatest

 Merge

[ToapobHOCTU B cTaThe,
nanblie KpaTkue pesynbsraTthbl




ZIp

Publisher .
Publisher

ﬁ-l -------- mmes

@ AHAEKC 360 / OcTopoxHo, Combine

let otherPublisher = PassthroughSubject<int, Never>()

(0 ... Int.max).publisher
.zip(otherPublisher)
Sink{_in}

95



CombinelLatest

publisherl
.combineLatest( publisher2)
.subscribe(
/I Tlognucyuk, 3anpalimBaroLLn anemMeHTy No-o4HOMY
AnySubscriber { subscription in
subscription.request(.max(1))
} receiveValue: { value In
results.append("\(value.0)\(value.1)")
return .max(1)

}
)

publisherl.send("A")
publisher2.send(1)

publisherl.send("B") // byneT npourHopupoBaH
publisher2.send(2)

XCTAsserteEqual([*A1", "B1", "B2"], results) // ['Al1", "A2"]

@ AHAEKC 360 / OcTopoxHo, Combine



vierge

publisherl
.merge(with: publisher2)
.subscribe(
AnySubscriber { s in
subscription = s
} receiveValue: { value in
results.append(value)
return .none

subscription.request(.max(2))

publisherl.send("A")
publisher2.send("B") // Demand ObIn yooBneTBOPEH

/[ Crnegytowine 3BeHTbl AOSMKHbI ObITb MPOUrHOPUPOBAHI
publisherl.send("C")
publisher2.send("D")

subscription.request(.max(2))

XCTAssertEqual(["'A", "B", "C", "D"], results) // ["A", "B", "C", "D"]
@ AHAEKC 360 / OcTopoxHo, Combine



BbiBOOb

Back Pressure crnomaH
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UTto nenartb?

Bcerga 3anpalinBaTh aemMaHA,
Kak, K cnoBy, 1 genaet Sink, 1 nCNofb30BaTb
NpoBEPEHHbIE BpemeHem RXSwift-oMm:

A

W ./ AHAEKC 360 / OctopoxHo, Combine



cContracts

e Back Pressure
e Scheduler’s

e Subscription



Scheduler n
ConcurrentQueue



Scheduler n
ConcurrentQueue

 HeT rapaHTUKM nopgaaka nornyyeHus
OBEHTOB
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e Bbe3onacHOCTb NCNOMNb30BaHUA
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Scheduler n
ConcurrentQueue

 HeT rapaHTUKM nopgaaka nornyyeHus
OBEHTOB

e Bbe3onacHOCTb NCNOMNb30BaHUA

. MCMNOMNb3YHT TONbKO

AHOEKC 360 / TEMA TMPE3EHTALNU



Scheduler

HeT rapaHTun nopagka nonyydyeHmna aBeHToB gnga ConcurrentQueue

Subject

RecelveOn

Recelved

@ AHAEKC 360 / OcTopoxHo, Combine 105



Scheduler

let finishExpectation = expectation(description: "Publisher Finished")
var results: [Int] =]

Just(0)
.receive(on: DispatchQueue.global())
Sink{_In

finishExpectation.fulfill()
} receiveValue: { value in
results.append(value)

}

walitForExpectations(timeout: 1)

XCTAssertEqual([0], results) // []

@ AHAEKC 360 / OcTopoxHo, Combine



Scheduler

[1aTa pencobl Npun NCnonb3oBaHMM O3KrpayHa ovepeneu

Just(0)
.subscribe(
AnySubscriber { s in
subscription = s

¥
)

DispatchQueue.global().async {

subscription?.request(.max(1l)) = Thread 6: EXC_BAD_ACCESS (code=257, address=0x1fa59dd29)
¥

DispatchQueue.global().async {

subscription?.request(.max(1)) // Bo3amoxHbin EXC_BAD_ACCESS
b

O AHOEKC 360 / OcTtopoxHo, Combine



Scheduler

Schedulers ncnonb3yrT TOMNbKO async

AHAEKC 360 / OcTopoxHo, Combine 108




Scheduler

let subject = PassthroughSubject<int, Never>()

var results: [Int] =[]
""" 0 1 2 Finished -
subject

.receive(on: DispatchQueue.main)
.Ssink { value In results.append(value) }

RecelveOn
X X X X subject.send(0)
Received  jininbhbbbbbhin 0 ——- 1 2 T Finished -
/I Oxxngaem cpasy e ero nonyymTb

XCTAssertEqual([0], results) // []

[/ OTnpaBnsgemM 3BEHT C OCHOBHOU o4epeau

@ AHAEKC 360 / OcTopoxHo, Combine



Scheduler

Schedulers ncnonb3yrT TOMNbKO async
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Scheduler

@ AHOEKC 360

/

OcTtopoxHo, Combine

let scheduler = TestScheduler()
var results: [Int] =[]

Just(1)
.subscribe(on: scheduler)
.Sink { value in results.append(value) }

scheduler.waitUntilAllIScheduled()

XCT
XC’

'AssertkEa
'AssertkEa

XC7

'AssertEo

ua
ua
ua

([1], results) // [1]
(scheduler.schec

(scheduler.schec

ulingCount, 0) // 0

uledCount, 2) // 2
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UTto nenartb?

e Hwukoroa ncnonb3oBaTh

e HanwucaTtb cBOW aHanor
Nnu . YTOObI N3dexaTb
NINLLIHUX NEePEKI0YEHNN
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cContracts

e Back Pressure
e Scheduler’s

e Subscription



Subscription

public protocol Subscription : Cancellable {/* ... */ }



Subscription

[/l Tells a publisher that it may send more values to the subscriber.
func request(  demand: Subscribers.Demand)




Subscription

public protocol Cancellable {
func cancel()

J



Subscription

let finishExpectation = expectation(description: "Publisher finished")

finishExpectation.expectedFulfillmentCount = 2

var subscription: (any Subscription)?

var cancellationCounter = 0

@ AHOEKC 360

/

OctopoxHo, Combine

Just(0)
handleEvents(receiveCancel: {
cancellationCounter +=1
1)
.subscribe(
AnySubscriber { s in
subscription ='s

}
)

DispatchQueue.global().async {
subscription?.cancel()
finishExpectation.fulfill()

}

DispatchQueue.global().async {
subscription?.cancel()
finishExpectation.fulfill()

}

waltForExpectations(timeout: 1)
XCTAsserteEqual(1, cancellationCounter) // 2



Subscription

let finishExpectation = expectation(description: "Publisher finished")
finishExpectation.expectedFulfillmentCount = 2

var subscription: (any Subscription)?
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Subscription

let finishExpectation = expectation(description: "Publisher finished")
finishExpectation.expectedFulfillmentCount = 2

var subscription: (any Subscription)?
var cancellationCounter =0

@ AHOEKC 360 / OcTtopoxHo, Combine



Subscription

let finishExpectation = expectation(description: "Publisher finished") Just(0) . _
. . . B handleEvents(receiveCancel: {
finishExpectation.expectedFulfillmentCount = 2 . -
cancellationCounter +=1
. . 1)
: ?
o o subscrie
- AnySubscriber { s in
subscription ='s
}
)

@ AHOEKC 360 / OcTtopoxHo, Combine



Subscription

let finishExpectation = expectation(description: "Publisher finished") Just(0) . _
. . . B handleEvents(receiveCancel: {
finishExpectation.expectedFulfillmentCount = 2 . -
cancellationCounter +=1
. . 1)
: ?
o o subscrie
- AnySubscriber { s in
subscription ='s
}
)

DispatchQueue.global().async {
subscription?.cancel()
finishExpectation.fulfill()

}
DispatchQueue.global().async {

subscription?.cancel()
finishExpectation.fulfill()

}

@ AHOEKC 360 / OcTtopoxHo, Combine



Subscription

let finishExpectation = expectation(description: "Publisher finished")

finishExpectation.expectedFulfillmentCount = 2

var subscription: (any Subscription)?

var cancellationCounter = 0

@ AHOEKC 360

/

OctopoxHo, Combine

Just(0)
handleEvents(receiveCancel: {
cancellationCounter +=1
1)
.subscribe(
AnySubscriber { s in
subscription ='s

}
)

DispatchQueue.global().async {
subscription?.cancel()
finishExpectation.fulfill()

}

DispatchQueue.global().async {
subscription?.cancel()
finishExpectation.fulfill()

}

waltForExpectations(timeout: 1)
XCTAsserteEqual(1, cancellationCounter) // 2



Subscription

let finishExpectation = expectation(description: "Publisher finished") }JIUSt(hOa)mdIeEvents(receiveCancel' {
finishExpectation.expectedFulfilmentCount = 2 /) | cancellationCounter += 1 |
var subscription: (any Subscription)? ! S}l),leCI’ibe(

AnySubscriber { s in
subscription ='s

}
)

DispatchQueue.global().async {
subscription?.cancel() // BoamoxHbin EXC BAD ACCESS

finishExpectation.fulfill()

}
DispatchQueue.global().async {
subscription?.cancel() // BoamoxHbein EXC BAD ACCESS

finishExpectation.fulfill()
}

waltForExpectations(timeout: 1)

@ AHOEKC 360 / OcTtopoxHo, Combine



Subscription

let finishExpectation = expectation(description: "Publisher finished")
finishExpectation.expectedFulfillmentCount = 2

var subscription: (any Subscription)?

DispatchQueue.global().async {
subscription?.cancel() // BoamoxHbin EXC BAD ACCESS

}
DispatchQueue.global().async {
subscription?.cancel() // BoamoxHbein EXC BAD ACCESS

@ AHOEKC 360 / OcTtopoxHo, Combine



Subscription

let finishExpectation = expectation(description: "Publisher finished")
finishExpectation.expectedFulfillmentCount = 2

var subscription: (any Subscription)?

DispatchQueue.global().async {
subscription?.request(.max(1)) // EXC _BAD ACCESS

}
DispatchQueue.global().async {

subscription?.request(.max(1)) // EXC _BAD ACCESS

@ AHOEKC 360 / OcTtopoxHo, Combine



UTO 3TO 3HAUNT?

e He Bce cTaHAapTHbIE onepaTopsl
cobngatoT KOHTPAaKThI

& AHOEKC 360 / OctopoxHo, Combine



UTO 3TO 3HAUNT?

e He Bce cTaHAapTHbIE onepaTopsl
cobngatoT KOHTPAaKThI

e Bcerga Hy)XXHO cepunanm3oBaTh BbI30BbI
BCEX METOA0B , NTHA4Ye MOXHO
NONYy4YUTb KpeLuun

& AHOEKC 360 / OctopoxHo, Combine



O4yeBnaHO?



O4yeBnaHO?

b

MaJsio N YTo odeBngHo, Combine He OYeHb,

BOT YTO OYEBUOHO ‘-



OyeBNOHO?

CombineExt

B camou nonynapHou onbnunoteke ¢
9KCTEHLUeHaMN HET HU OAHOTO
oriepaTtopa c NoTokobe3onacHbIM

platforms i0S 13 | macOS 10.15 | tvOS 13 | watchOS 6
I . pod v1.8.0 § Swift Package Manager 'compatible §| Carthage [compatible
cancel() n request( :

CombineExt provides a collection of operators, publishers and utilities for Combine, that are not provided by Apple
themselves, but are common in other Reactive Frameworks and standards.

The original inspiration for many of these additions came from my journey investigating Combine after years of
RxSwift and ReactiveX usage.

All operators, utilities and helpers respect Combine's publisher contract, including backpressure.

ve 1.7k stars

& 30 watching
Y 151 forks

@ AHAEKC 360 / OcTopoxHo, Combine




BbiBOOb

Bbi30Bbl n
NOJIKHbI ObITb NOTOKOOE30MaCHbIMU
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* API
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Henb34 NPOCTO TaK B3ATb
M Ha4vatb nucatb Ha Combine




VInn no4yemy Mbl Hanmcanm
CombineKit

e CombineExt — nocnegHnn KOMMUT 2 roga Hasan
e CombineX — nocnegHumn KOMMUT 3 roga Hasan

* OpenCombine — nocnegHnn KOMMUT rog Ha3aa

W ./ AHAEKC 360 / OctopoxHo, Combine
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. ack of API

AnyPublisher.create
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. ack of API

RetryWhen

AnyPublisher.create
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. ack of API

RetryWhen

AnyPublisher.create

WithLatestFrom
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. ack of API

RetryWhen

AnyPublisher.create

WithLatestFrom
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. ack of API

RetryWhen

AnyPublisher.create

WithLatestFrom
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. ack of API

RetryWhen

AnyPublisher.create

Dematerialize WithLatestFrom

@ AHAEKC 360 / OcTopoxHo, Combine



. ack of API

RetryWhen

AnyPublisher.create
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. ack of API

RetryWhen

MainScheduler

AnyPublisher.create Scan

Dematerialize WithLatestFrom
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| ack of AP

AnyPublisher.create
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. ack of API

RetryWhen
CurrentValueSubject AnyPublisher.create

MainScheduler

Scan

Dematerialize WithLatestFrom

InclusivePrefixWhile Materialize

UIScheduler

@ AHAEKC 360 / OcTopoxHo, Combine



. ack of API

Retrylihen ainScheduler
CurrentValueSubject AnyPublisher.create

Dematerialize WithLatestFrom

InclusivePrefixWhile Materialize

Scan

UIScheduler

@ AHAEKC 360 / OcTopoxHo, Combine



. ack of API

Retrylihen ainScheduler
CurrentValueSubject AnyPublisher.create

Dematerialize WithLatestFrom

InclusivePrefixWhile Materialize

Scan
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. ack of API

Retrylihen ainScheduler
CurrentValueSubject AnyPublisher.create

Dematerialize WithLatestFrom

InclusivePrefixWhile Materialize
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. ack of API

Retrylihen ainScheduler
CurrentValueSubject AnyPublisher.create

Dematerialize

Scan

WithLatestFrom

InclusivePrefixWhile Materialize
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. ack of API

Retrylihen ainScheduler
CurrentValueSubject AnyPublisher.create

Dematerialize WithLatestFrom
InclusivePrefixWhile Materialize
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. ack of API

Retrylihen ainScheduler
AnyPublisher.create Scan

Schedulers Dematerialize WithLatestFrom
InclusivePrefixWhile Materialize

@ AHOEKC 360 / OcTtopoxHo, Combine
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. ack of API

BackPressure

Retrylihen ainScheduler
AnyPublisher.create Scan

Schedulers Dematerialize WithLatestFrom
InclusivePrefixWhile Materialize

Multicast UIScheduler Subscription

CurrentValueSubject

@ AHOEKC 360 / OcTtopoxHo, Combine



. ack of API

RetryWhen MainScheduler BackPressure
CurrentValueSubject AnyPublisher.create SubscribeOn Scan

Schedulers Dematerialize WithLatestFrom
InclusivePrefixWhile Materialize

Multicast UIScheduler Subscription

@ AHOEKC 360 / OcTtopoxHo, Combine
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BbiBOOb

[OTOBbI N Bbl MPOMEHATL Mrtochkl first-party onbdnmnoTteku
Ha CKOPOCTb U CNOXHOCTb pa3paboTku, a Takke npobremsl
C NOAAEPXKKOMN yXKe HanncaHHoro koga?
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