A Bbl MOXXeTe cKa3aTb,
YTO BCE-TaKu TaKoe
«KOopyTunHa» B Kotlin?
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@lounres | Gleb Minaev



https://github.com/lounres/

[MpuseT! [laBante 3HakoMUTbCA!

o WccneposaTenb-MmaTemMaTUK-NporpaMmmMuncT B LieHTpe
HayuHoro lNMporpammuposaHus npy MOTN.

o JTto6nt0 3aHMMaTbCS pa3HOW anropuTMMYECKomn
MaTemMaTukon. B TomM yncne, pewatb MmateMmaTnyeckume
3afia4un MeToAOM AeNernpoBaHusa KOMMboTepy.

o YneH komuccum no coctaBneHmnro MoCKOBCKOW
MaTtemaTtnyeckon Onumnuagbl U «kMaTemaTuyeckoro
npasgHuKa».

o [lpenogaBaTenb MaTeMaTU4eCKOro aHanunsa B 57-oun
LKone.

o B npownom geaxgbl npusép Bcepoccnmnckon Fne6 MI/IHaeB
OnnmMmnuapgbl LLIKONIBHUKOB MO MaTeMaTuUKe.



Y10 2TO?..

1
(o]

var a

11
=

var b

while (true) {
printin(a)
a=Db.also {b=a+0b}



YTO 3TO?..
Yncna PmboHayyu!

var a = 0
var b =1 BbiBOA;:
. 0)
while (true) {
. 1
printin(a)
a=">b.also {b=a+hb} 1
! 2
3
5
8
13
21
34
55



val fibonacci = sequence {
var a = 0

var b =1
while (true) {

yield(a)
a=Db.also {b=a+0b}

fibonacci.forEach { printin(it) }

BbIBOL, (Bcé ewwg):



val fibonacci = sequence {
var a = 0
= 1 .
var b BbIBOA, (HeoxwupaHHO (HeT)):
while (true) {
yield(a)
a=Db.also {b=a+0b}

ClTWNDNDPEFPRPEFPO

fibonacci.take(6).forEach { println(it) }



val fibonacci = sequence {
var a = 0 ™

var b =1

> Ecnn namo6aa BblYUCNASETCA LENNKOM,

hil
uhite (true) TO KaK OHa 3aKOH4YMMIa CBOK PaboTy?

yield(a)
a=Db.also {b=a+0b}

fibonacci.take(6).forEach { println(it) }



val fibonacci = sequence {

var a
1

var b
OcTaHoBuTE,

s congy!
while (true) {

yield(a)
a=Db.also {b=a+0b}

fibonacci.take(6).forEach { println(it) }

0 ™

-

Ecnn namo6aa BblYUCNASETCA LENNKOM,
TO KakK OHa 3aKoH4uMa CBOto paboTy?



O yem OypeT goknaa?

1. O6Llee npencraBneHmne o TOM, Kak Nob30BaTbCA KOPYTUHAMMU.



O yem OypeT goknaa?

1. O6Llee npencraBneHmne o TOM, Kak Nob30BaTbCA KOPYTUHAMMU.

2. 3axBaT 1 nogBelinBaHne KOPYTUHDI.
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O yem OypeT goknaa?

1. O6Llee npencraBneHmne o TOM, Kak Nob30BaTbCA KOPYTUHAMMU.
2. 3axBaT 1 nogBelinBaHne KOPYTUHDI.

3. [lpumep ncnonb3oBaHUA: UHTErpauusa ¢ aCUHXPOoHHbIMK API.

11



O yem OypeT goknaa?

1
2
3.
4

Obuwee npencraBneHne 0 TOM, Kak Mofb30BaTbCA KOPYTUHAMM.
3axBaT 1 nogBelinBaHne KOPYTUHDI.
[TpMep ncnonb3oBaHUA: MHTErpauna ¢ aCUHXPOHHbIMK API.

Co3paHue 1 3anyck KOpPYTUHBI.
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O yem OypeT goknaa?

a r 0 DN -

O6Lee npeacTaBneHne o TOM, Kak Nosib30BaTbCA KOPYTUHAMM.

3axBaT 1 noaselinBaHue KOPYTUHDI.

[TpMep ncnonb3oBaHUA: MHTErpauna ¢ aCUHXPOHHbIMK API.

Co3paHue 1 3anyck KOpPYTUHBI.

MpuMmep Ncnonb3oBaHUsa: UMNNeMeHTauua iterator.
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O yem OypeT goknaa?

o g kA W DN -

Obuwee npencraBneHne 0 TOM, Kak Mofb30BaTbCA KOPYTUHAMM.
3axBaT 1 nogBelinBaHne KOPYTUHDI.

[TpMep ncnonb3oBaHUA: MHTErpauna ¢ aCUHXPOHHbIMK API.
Co3aaHue 1 3anycK KOPYTUHbI.

[Mpumep ncrnonb3oBaHua: UMNAemMeHTauma iterator.

HyneBoe npubnnxeHne noakanoTHOU KOPYTUH.
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O yem OypeT goknaa?

Obuwee npencraBneHne 0 TOM, Kak Mofb30BaTbCA KOPYTUHAMM.
3axBaT 1 nogBelinBaHne KOPYTUHDI.

[TpMep ncnonb3oBaHUA: MHTErpauna ¢ aCUHXPOHHbIMK API.
Co3aaHue 1 3anycK KOPYTUHbI.

[Mpumep ncrnonb3oBaHua: UMNAemMeHTauma iterator.

HyneBoe npubnnxeHne noakanoTHOU KOPYTUH.

N O g bk~ W DN

BbiBOObI.
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e

O6Llee npeacTaBieHne o TOM, Kak

Nosib30BaTbCA KOPYTUHAMM.

16



public suspend fun <T> Flow<T>.all(predicate: suspend (T) — Boolean): Boolean {

var foundCounterExample = false

collectWhile {
val satisfies = predicate(it)
if (!satisfies) foundCounterExample = true
satisfies

}

return !foundCounterExample
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public fun <T> Flow<T>.all(predicate: (T) — Boolean): Boolean {

var foundCounterExample = false

collectWhile {
val satisfies = predicate(it)
if (!satisfies) foundCounterExample = true
satisfies

}

return !foundCounterExample
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public suspend fun <T> Flow<T>.all(predicate: suspend (T) — Boolean): Boolean {
var foundCounterExample = false
->—lcollectWhitlel {
- ob————vat—satisfies—#|predicate(it))

if (!satisfies) foundCounterExample = true

satisfies

}

return !foundCounterExample



public suspend fun <T> Flow<T>.all(predicate: suspend (T) — Boolean): Boolean {

var foundCounterExample = false

=

plcollectWhile| {

val satisfies = predicate(it)

if (!satisfies) foundCounterExample = true
satisfies

}

return !foundCounterExample
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public suspend fun <T> Flow<T>.all(predicate: suspend (T) — Boolean): Boolean {

var foundCounterExample = false

=

plcollectWhile| {

val satisfies = predicate(it)

if (!satisfies) foundCounterExample = true
satisfies

}

return !foundCounterExample

It's time to
suspend!

Flow<T>. al'L

21



public suspend fun <T> Flow<T>.all(predicate: suspend (T) — Boolean):

var foundCounterExample = false
-(>F—pcollectWhile| {

4> val satisfies = predicate(it)

if (!satisfies) foundCounterExample = true
satisfies

}

return !foundCounterExample

Resume 'all'
when you're
done.

Flow<T>.all Flow<T>.collectWhile

Boolean {




VEZS
* Interface representing a continuation after a suspension point that returns a value of type ‘T .
*/
@SinceKotlin("1.3")
public interface Continuation<in T> {
VEZS
* The context of the coroutine that corresponds to this continuation.
*/

public val context: CoroutineContext

VEZS

* Resumes the execution of the corresponding coroutine passing a successful or failed [result] as the
* return value of the last suspension point.
*/

public fun resumeWith(result: Result<T>)

23



VEZS

* Interface representing a continuation after a suspension point that returns a value of type ‘T .
*/
@SinceKotlin("1.3")

public interface Continuation<in T> {

VEZS
* The cont coroutine that corresponds to this continuation.
*/

public val ex oroutineContext

VEZS

* Resumes the execution of the corresponding coroutine passing a successful or failed [result] as the
* return value of the last suspension point.
*/

public fun resumeWith(result: Result<T>)
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VEZS

* Interface representing a continuation after a suspension point that returns a value of type ‘T .
*/
@SinceKotlin("1.3")

public interface Continuation<in T> {

VEZS
* The cont coroutine that corresponds to this continuation.
*/

public val ex oroutineContext

VEZS

* Resumes the execution of the corresponding coroutine passing a successful or failed [result] as the
* return value of the last suspension point.

*/
public fun resumeWith(result: Result<T>)

Mocytn: T | Throwable

25



-Sé 3axBaT U NoaBeLUnBaHne KOPYTUHBDI.

26



@SinceKotlin("1.3")

@InlineOnly

@Suppress("WRONG_INVOCATION_KIND", "UNUSED_PARAMETER", "RedundantSuspendModifier")

public suspend inline fun <T> suspendCoroutineUninterceptedOrReturn(crossinline block: (Continuation<T>) — Any?): T {
contract { callsInPlace(block, InvocationKind.EXACTLY_ONCE) }

throw NotImplementedError("Implementation of suspendCoroutineUninterceptedOrReturn is intrinsic")

27



%

@SinceKotlin("1.3")

@InlineOnly

@Suppress("WRONG_INVOCATION_KIND", "UNUSED_PARAMETER", "RedundantSuspendModifier")

public suspend inline fun <T> suspendCoroutineUninterceptedOrReturn(crossinline block: (Continuation<T>) — Any?): T {
contract { callsInPlace(block, InvocationKind.EXACTLY_ONCE) }

throw NotImplementedError("Implementation of suspendCoroutineUninterceptedOrReturn is intrinsic")

suspend fun foo() {

val r = suspendCoroutineUninterceptedOrReturn {

28



%

@SinceKotlin("1.3")

@InlineOnly

@Suppress("WRONG_INVOCATION_KIND", "UNUSED_PARAMETER", "RedundantSuspendModifier")

public suspend inline fun <T> suspendCoroutineUninterceptedOrReturn(crossinline block: (Continuation<T>) — Any?): T {
contract { callsInPlace(block, InvocationKind.EXACTLY_ONCE) }

throw NotImplementedError("Implementation of suspendCoroutineUninterceptedOrReturn is intrinsic")

suspend fun foo() {

val r = suspendCoroutineUninterceptedOrReturn<Int> { // it: Continuvation<Int>

29



%

@SinceKotlin("1.3")

@InlineOnly

@Suppress("WRONG_INVOCATION_KIND", "UNUSED_PARAMETER", "RedundantSuspendModifier")

public suspend inline fun <T> suspendCoroutineUninterceptedOrReturn(crossinline block: (Continuation<T>) — Any?): T {
contract { callsInPlace(block, InvocationKind.EXACTLY_ONCE) }

throw NotImplementedError("Implementation of suspendCoroutineUninterceptedOrReturn is intrinsic")

suspend fun foo() {
val r = suspendCoroutineUninterceptedOrReturn<Int> { // it: Continuvation<Int>

// Ecnu KuHYyTb 30ecb UCK/WYEHUe, OHO MpPo6pocuUTCS Bbile.

30



%

@SinceKotlin("1.3")

@InlineOnly

@Suppress("WRONG_INVOCATION_KIND", "UNUSED_PARAMETER", "RedundantSuspendModifier")

public suspend inline fun <T> suspendCoroutineUninterceptedOrReturn(crossinline block: (Continuation<T>) — Any?): T {
contract { callsInPlace(block, InvocationKind.EXACTLY_ONCE) }

throw NotImplementedError("Implementation of suspendCoroutineUninterceptedOrReturn is intrinsic")

suspend fun foo() {

val r = suspendCoroutineUninterceptedOrReturn<Int> { // it: Continuvation<Int>
// Ecnu KUHYTb 30echb UCK/WYeHUe, OHO MPo6POCUTCSH BhilE.
// Ecnu BepHYyTb B namM63Yy 3Ha4yeHue, TO OHO BepHETcHA u3 suspendCoroutineUninterceptedOrReturn.
}
}
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%

@SinceKotlin("1.3")

@InlineOnly

@Suppress("WRONG_INVOCATION_KIND", "UNUSED_PARAMETER", "RedundantSuspendModifier")

public suspend inline fun <T> suspendCoroutineUninterceptedOrReturn(crossinline block: (Continuation<T>) — Any?): T {
contract { callsInPlace(block, InvocationKind.EXACTLY_ONCE) }

throw NotImplementedError("Implementation of suspendCoroutineUninterceptedOrReturn is intrinsic")

suspend fun foo() {

val r = suspendCoroutineUninterceptedOrReturn<Int> { // it: Continuvation<Int>
// Ecnu KuHYTb 39ecb UCK/WYEHUEe, OHO Mpo6pocuTcs Bbille.
// Ecnu BepHYyTb B namM63Yy 3Ha4yeHue, TO OHO BepHETcHA u3 suspendCoroutineUninterceptedOrReturn.
// Ecnu BepHYyTb B nam6dy COROUTINE_SUSPENDED, To KOpyTuHa nodBecuTcs U e& MOXHO 6YydeT 3anmycTuTb MO3Xe.
}
I
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%

@SinceKotlin("1.3")

@InlineOnly

@Suppress("WRONG_INVOCATION_KIND", "UNUSED_PARAMETER", "RedundantSuspendModifier")

public suspend inline fun <T> suspendCoroutineUninterceptedOrReturn(crossinline block: (Continuation<T>) — Any?): T {
contract { callsInPlace(block, InvocationKind.EXACTLY_ONCE) }

throw NotImplementedError("Implementation of suspendCoroutineUninterceptedOrReturn is intrinsic")

suspend fun foo() {

val r = suspendCoroutineUninterceptedOrReturn<Int> { // it: Continuvation<Int>
// Ecnu KuHYTb 39ecb UCK/WYEHUEe, OHO Mpo6pocuTcs Bbille.
// Ecnu BepHYyTb B namM63Yy 3Ha4yeHue, TO OHO BepHETcHA u3 suspendCoroutineUninterceptedOrReturn.
// Ecnu BepHYyTb B nam6dy COROUTINE_SUSPENDED, To KOpyTuHa nodBecuTcs U e& MOXHO 6YydeT 3anmycTuTb MO3Xe.
}
} Do whatever

you want with
'foo'.

foo User with acquired coroutine
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@SinceKotlin("1.3")

@InlineOnly

public suspend inline fun <T> suspendCoroutine(crossinline block: (Continuation<T>) — Unit): T {
contract { callsInPlace(block, InvocationKind.EXACTLY_ONCE) }
return
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@SinceKotlin("1.3")

@InlineOnly

public suspend inline fun <T> suspendCoroutine(crossinline block: (Continuation<T>) — Unit): T {
contract { callsInPlace(block, InvocationKind.EXACTLY_ONCE) }
return

public suspend inline fun <T> suspendCancellableCoroutine(
crossinline block: (CancellableContinuation<T>) — Unit
): T =
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@SinceKotlin("1.3")

@InlineOnly

public suspend inline fun <T> suspendCoroutine(crossinline block: (Continuation<T>) —
contract { callsInPlace(block, InvocationKind.EXACTLY_ONCE) }
return

public suspend inline fun <T> suspendCancellableCoroutine(

crossinline block: (CancellableContinuation<T>) —
): T =

:

T {

Tak Kak 06e ¢yHKLUMU BCcerga
NoABELUMBAIOT KOPYTUHY
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@SinceKotlin("1.3")

@InlineOnly

public suspend inline fun <T> suspendCoroutine(crossinline block: (Continuation<T>) — Unit): T {
contract { callsInPlace(block, InvocationKind.EXACTLY_ONCE) }
return

+ Mo>eT 6bITb AOMNOSIHUTENBHO UCMOb30BaH,

YTOObI KOHTPONMUPOBaATb OTMeHY Job'bl
public suspend inline fun <T> suspend cellableCoroutine(

crossinline block: (CancellableContinuation<T>) — Unit
): T =

37



%

@SinceKotlin("1.3")

@InlineOnly

public suspend inline fun <T> suspendCoroutine(crossinline block: (Continuation<T>) — Unit): T {
contract { callsInPlace(block, InvocationKind.EXACTLY_ONCE) }
return

public suspend inline fun <T> suspendCancellableCoroutine(
crossinline block: (CancellableContinuation<T>) — Unit
): T =

suspend fun foo() {

val r = suspendCancellableCoroutine {
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%

@SinceKotlin("1.3")

@InlineOnly

public suspend inline fun <T> suspendCoroutine(crossinline block: (Continuation<T>) — Unit): T {
contract { callsInPlace(block, InvocationKind.EXACTLY_ONCE) }
return

public suspend inline fun <T> suspendCancellableCoroutine(
crossinline block: (CancellableContinuation<T>) — Unit
): T =

suspend fun foo() {

val r = suspendCancellableCoroutine<Int> { // it: CancellableContinuation<Int>
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%

@SinceKotlin("1.3")

@InlineOnly

public suspend inline fun <T> suspendCoroutine(crossinline block: (Continuation<T>) — Unit): T {
contract { callsInPlace(block, InvocationKind.EXACTLY_ONCE) }
return

public suspend inline fun <T> suspendCancellableCoroutine(
crossinline block: (CancellableContinuation<T>) — Unit
): T =

suspend fun foo() {

val r = suspendCancellableCoroutine<Int> { // it: CancellableContinuation<Int>

// it.cancel(), 4To6b OTMEHUTb KOPYTUHY
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%

@SinceKotlin("1.3")
@InlineOnly

public suspend inline fun <T> suspendCoroutine(crossinline block: (Continuation<T>) — Unit):

contract { callsInPlace(block, InvocationKind.EXACTLY_ONCE) }
return

public suspend inline fun <T> suspendCancellableCoroutine(
crossinline block: (CancellableContinuation<T>) — Unit
): T =

TA

suspend fun foo() {

val r = suspendCancellableCoroutine<Int> { // it: CancellableContinuation<Int>
// it.cancel(), 4To6b OTMEHUTb KOPYTUHY
// it.resumelWithException(...), 4To6b suspendCancellableCoroutine KUHYMO UCKKYEHUE
}
}
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%

@SinceKotlin("1.3")
@InlineOnly
public suspend inline fun <T> suspendCoroutine(crossinline block: (Continuation<T>) — Unit): T {

contract { callsInPlace(block, InvocationKind.EXACTLY_ONCE) }
return

public suspend inline fun <T> suspendCancellableCoroutine(
crossinline block: (CancellableContinuation<T>) — Unit
): T =

suspend fun foo() {

val r = suspendCancellableCoroutine<Int> { // it: CancellableContinuation<Int>
// it.cancel(), 4To6b OTMEHUTb KOPYTUHY
// it.resumelWithException(...), 4To6b suspendCancellableCoroutine KUHYMO UCKKYEHUE
// it.resume(...), 4T06b MOMYy4yuTb 3TOT apaymeHT u3 suspendCancellableCoroutine
}
I
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e

[IpmMep ncnonb3oBaHUA:

MHTerpaunsa ¢ aCUHXpPoHHbIMU API.
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suspend fun <T> CompletionStage<T>.await(): T

2?7
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suspend fun <T> CompletionStage<T>.await(): T

suspendCoroutine {

45



suspend fun <T> CompletionStage<T>.await(): T =

suspendCoroutine<T> { continuation: Continuation<T> —
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suspend fun <T> CompletionStage<T>.await(): T
suspendCoroutine { continuation —
handle {
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suspend fun <T> CompletionStage<T>.await(): T =
suspendCoroutine { continuation —
handle { result: T?, throwable: Throwable? —

48



suspend fun <T> CompletionStage<T>.await(): T =
suspendCoroutine { continuation —
handle { result: T?, throwable: Throwable? —

if (throwable = null) continuation.resume(result as T)
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suspend fun <T> CompletionStage<T>.await(): T =
suspendCoroutine { continuation —
handle { result: T?, throwable: Throwable? —
if (throwable = null) continuation.resume(result as T)

else continuation.resumellithException(throwable)

50



e

Co3fgaHune 1 3anycK KOPYTUHbI.
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@SinceKotlin("1.3")
@InlineOnly
public inline fun <T> Continuation(
context: CoroutineContext,
crossinline resumeWith: (Result<T>) — Unit

): Continuation<T> =

val greetingContinuation = Continuation<String>(EmptyCoroutineContext) { printin("Hello, ${it.getOrThrow()}'!") }
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@SinceKotlin("1.3")
@InlineOnly

public inline fun <T> Continuation(

|context: CoroutineContext

crossinline resumeWith: (Result<T>) — Uni

): Continuation<T> =

val greetingContinuation = Continuation<String>(EmptyCoroutineContext) { printin("Hello, ${it.getOrThrow()}'!'") }
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@SinceKotlin("1.3")
@InlineOnly
public inline fun <T> Continuation(

context: CoroutineContext,

Icrossinline resumeWith: (Result<T>) — Unit}

): Continuation<T> =

val greetingContinuation = Continuation<String>(EmptyCoroutineContext) { printin( Hello, $1it.getOrThrow()r!") ¥
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@SinceKotlin("1.3")
public expect fun <T> (suspend () — T).createCoroutineUnintercepted(
completion: Continuation<T>

): Continuation<Unit>

@SinceKotlin("1.3")

public expect fun <R, T> (suspend R.() — T).createCoroutineUnintercepted(
receiver: R,
completion: Continuation<T>

): Continuation<Unit>

val greetingContinuation = Continuation<String>(EmptyCoroutineContext) { printin("Hello, ${it.getOrThrow()}'!") }
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@SinceKotlin("1.3")

— 3anyckaemas KopyTuHa

public expect fun <T> |[(suspend () — T)|.crea

oroutineUnintercepted(

completion: Continuation<T>

): Continuation<Unit>

@SinceKotlin("1.3")

public expect fun <R, T> [((suspend R.() — T)|.createCoroutineUnintercepted(

receiver: R,

completion: Continuation<T>

): Continuation<Unit>

val greetingContinuation

Continuation<String>(EmptyCoroutineContext) { printin("Hello, ${it.get0rThrow()}!") }

56



@SinceKotlin("1.3")

public expect fun <T> (suspend () — T).createCoroutineUnintercepted(

[completion: Continuation<T>

): Continuation<Unit>

@SinceKotlin("1.3")

public expect fun <R, T> (suspend R.() — T).cr

receiver: R,

Tb,HTOKOpyTMHaBbMOﬂHMTHO3aBepmeHMM

eCoroutineUnintercepted(

jcompletion: Continuation<I>

): Continuation<Unit>

val greetingContinuation

Continuation<String>(EmptyCoroutineContext) { printin("Hello, ${it.get0rThrow()}!") }

57



@SinceKotlin("1.3")

public expect fun <T> (suspend () — T).createCoroutineUnintercepted(

completion: Continuation<T>

): Continuation<Unit>

@SinceKotlin("1.3")

public expect fun <R, T> (suspend R.() — T).createCoroutineUnintercepted(

receiver: R

completion: Continuation<T>\

): Continuation<Unit>

[10NONHUTENbHO: apryMeHT KOPYTUHbI

val greetingContinuation

Continuation<String>(EmptyCoroutineContext) { printin("Hello, ${it.get0rThrow()}!") }
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@SinceKotlin("1.3")
public expect fun <T> (suspend () — T).createCoroutineUnintercepted(
completion: Continuation<T>

): Continuation<Unit>

@SinceKotlin("1.3")

public expect fun <R, T> (suspend R.() — T).createCoroutineUnintercepted(
receiver: R,
completion: Continuation<T>

): Continuation<Unit>

val greetingContinuation = Continuation<String>(EmptyCoroutineContext) { printin("Hello, ${it.getOrThrow()}'!") }
suspend fun getConferenceName(): String = "JPoint"

val conferenceGreetingContinuation = ::getConferenceName.createCoroutineUnintercepted(greetingContinuation)

conferenceGreetingContinuation.resume(Unit)
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@SinceKotlin("1.3")

public expect fun <T> |[(suspend () — T)|.createCoroutineUnintercepted(

completion: Continuation<T>

): Continuation<Unit>

@SinceKotlin("1.3")

public expect fun <R, T> (suspend () = T).createCoroutineUnintercepted(
receiver: R,
completion: Continuation<T>

): Continuation<Unit>

val greetingContinuation = Continuation<Striny>(EmptyCoroutineContext) { printin("Hello, ${it.getOrThrow()}'!") }

-~
val conferenceGreetingContinuatIom = {:: getConferenceName|.createCoroutineUnintercepted(greetingContinuation)

conferenceGreetingContinuation.resume(Unit)
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@SinceKotlin("1.3")

public expect fun <T> (suspend () — T).createCoroutineUnintercepted(

|completion: Continuation<T>|

): Continuation<

@SinceKotlin("1.3")
public expect fun <R, T> (sus R.() — T).createCoroutineUnintercepted(
receiver: R,

completion: Continuation<T>

): Continuation<Unit>

suspend fun getConferenceName(): String = "JPoint" \
N

~
~

-~
val conferenceGreetingContinuation = ::getConferenceName.createCoroutineUnintercépted(greetingContinuation)

conferenceGreetingContinuation.resume(Unit)
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@SinceKotlin("1.3")
public expect fun <T> (suspend () — T).createCoroutineUnintercepted(
completion: Continuation<T>

): Continuation<Unit>

@SinceKotlin("1.3")

public expect fun <R, T> (suspend R.() — T).createCoroutineUnintercepted(
receiver: R,
completion: Continuation<T>

): Continuation<Unit>

val greetingContinuation = Continuation<String>(EmptyCoroutineContext) { printin("Hello, ${it.getOrThrow()}'!") }
suspend fun getConferenceName(): String = "JPoint"

val conferenceGreetingContinuation = ::getConferenceName.createCoroutineUnintercepted(greetingContinuation)

conferenceGreetingContinuation.resume(Unit)-———______5\\\\--—___'>
Hello, JPoint!
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createCoroutineUnintercepted »| createCoroutine

@SinceKotlin("1.3")
public fun <T> (suspend () — T).createCoroutine(
completion: Continuation<T>

): Continuation<Unit> =

@SinceKotlin("1.3")

public fun <R, T> (suspend R.() — T).createCoroutine(
receiver: R,
completion: Continuation<T>

): Continuation<Unit> =

val greetingContinuation = Continuation<String>(EmptyCoroutineContext) { printin("Hello, ${it.getOrThrow()}'!'") }
suspend fun getConferenceName(): String = "JPoint"

val conferenceGreetingContinuation = ::getConferenceName.createCoroutine(greetingContinuation)

conferenceGreetingContinuation.resume(Unit)-———______5\\\\--—_——..
Hello, JPoint!




e

[IpmMep ncnonb3oBaHUA:

nMmnnemMmeHtauma iterator.
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@RestrictsSuspension
interface IteratorBuilder<in T> {

suspend fun yield(element: T)

fun <T> myIterator(builder: suspend IteratorBuilder<T>.() — Unit): Iterator<T> = T0DO()

myIterator { this: IteratorBuilder<Int>

yield(57)
yield(179)



private class IteratorBuilderMachine<T>

IteratorBuilder<T>, Iterator<T>, Continuation<Unit>
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private class IteratorBuilderMachine<T> : [IteratorBuilder<T>| [terator<T>|, Continuation<Unit>|

YTOOBLI NoNy4YaTb OT NAMOabI
HOBbl€ 2/IEMEHTHI.

YT106blI MONy4yaTb OT
NoJsib30BaTeNIA 3anpoc Ha
HOBbl€ 3/1EMEHTHI.

YTO6bl MONY4YUTb OT NAMO bl
CUrHan 3aBepLieHuns.
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private class IteratorBuilderMachine<T> : IteratorBuilder<T>, Iterator<T>, Continuation<Unit> {
sealed interface State<out T> {
data class Waits(
val continuvation: Continuation<Unit>
) : State<Nothing>
data class WaitsWithElement<out T>(
val continuation: Continuation<Unit>,
val element: T
) : State<T>
data object Finished : State<Nothing>

var state: State<T>
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private class IteratorBuilderMachine<T>

sealed interface State<out T> {

IteratorBuilder<T>, Iterator<T>, Continuation<Unit> {

data class Waits(
val continuation: Continuation<

) : State<Nothing>

Unit>

"\

data class WaitsWithElement<out T>(

val element: T
) : State<T>

val continuation: Continuation<Unit>,

data object Finished : State<Nothing>
by BblyncneHne He 3aKOHYEHO.
Cneayowum anemeHT 661 BblaaH
var state: State<T> nambaon, HO He nepeaaH nonb3oBaTento.
s BbluncneHne 3aKkOHYEHO.

BbluncneHme He 3aKoHYeHO.
CyluecTBoBaHME crnenyoLero anemeHTa
HEen3BeCTHO.
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private class IteratorBuilderMachine<T> : IteratorBuilder<T>, Iterator<T>, Continuation<Unit> {

//

override

override

override

override

fun hasNext(): Boolean { T0DO() }

fun next(): T { T0D0Q) }

suspend fun yield(element: T) { T0DO(Q) }

fun resumeWith(result: Result<Unit>) { T0D0() }
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override suspend fun yield(element: T) {

override fun resumeWith(result: Result<Unit>) {
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CurHan namopabl 0 HOBOM 3JIEMEHTE.

override suspend fun |yield|(element: T) {

by CurHan namoéabl 0 CBOEM KOHLE BblYNCNEHUS.

override fun |resumeWith/(result: Result<Unit>) {
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CurHan namopabl 0 HOBOM 3JIEMEHTE.

override suspend fun |yield|(element: T) {

suspendCoroutineUninterceptedOrReturn {

by CurHan namoéabl 0 CBOEM KOHLE BblYNCNEHUS.

override fun |resumeWith/(result: Result<Unit>) {
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CurHan namopabl 0 HOBOM 3JIEMEHTE.

override suspend fun |yield|(element: T) {

suspendCoroutineUninterceptedOrReturn<unit> { continuation: Continuation<Unit> —

by CurHan namoéabl 0 CBOEM KOHLE BblYNCNEHUS.

override fun |resumeWith/(result: Result<Unit>) {
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CurHan namopabl 0 HOBOM 3JIEMEHTE.

override suspend fun |yield|(element: T) {

suspendCoroutineUninterceptedOrReturn { continuvation —

state = State.WaitsWithElement(continuation, element)

by CurHan namoéabl 0 CBOEM KOHLE BblYNCNEHUS.

override fun |resumeWith/(result: Result<Unit>) {
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CurHan namopabl 0 HOBOM 3JIEMEHTE.

override suspend fun |yield|(element: T) {

suspendCoroutineUninterceptedOrReturn { continuvation —

state = State.WaitsWithElement(continuation, element)
COROUTINE_SUSPENDED

by CurHan namoéabl 0 CBOEM KOHLE BblYNCNEHUS.

override fun |resumeWith/(result: Result<Unit>) {
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CurHan namopabl 0 HOBOM 3JIEMEHTE.

override suspend fun |yield|(element: T) {

suspendCoroutineUninterceptedOrReturn { continuvation —

state = State.WaitsWithElement(continuation, element)
COROUTINE_SUSPENDED

by CurHan namoéabl 0 CBOEM KOHLE BblYNCNEHUS.

override fun |resumeWith/(result: Result<Unit>) {
state = State.Finished
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override fun hasNext(): Boolean
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override fun

3anpoc nosib3oBaTens 0 NPUCYTCTBUSA 3NIEMEHTa

(): Boolean =
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3anpoc nosib3oBaTens 0 NPUCYTCTBUSA 3NIEMEHTa

override fun |hasNext|(): Boolean =

when (val currentState = state) {

is State.Waits —

is State.WaitsWithElement<T> —
State.Finished —
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3anpoc nosib3oBaTens 0 NPUCYTCTBUSA 3NIEMEHTa

override fun |hasNext|(): Boolean =

when (val currentState = state) {

is State.Waits —

is State.WaitsWithElement<T> —
State.Finished — false
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3anpoc nosib3oBaTens 0 NPUCYTCTBUSA 3NIEMEHTa

override fun |hasNext|(): Boolean =

when (val currentState = state) {

is State.Waits —

is State.WaitsWithElement<T> — true
State.Finished — false
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3anpoc nosib3oBaTens 0 NPUCYTCTBUSA 3NIEMEHTa

override fun |hasNext|(): Boolean =

when (val currentState = state) {

is State.Waits — {

lcurrentState

data class Waits(
val continuation: Continuation<Unit>
) : State<Nothing>

}
is State.WaitsWithElement<T> — true
State.Finished — false



3anpoc nosib3oBaTens 0 NPUCYTCTBUSA 3NIEMEHTa

override fun |hasNext|(): Boolean =

when (val currentState = state) {

is State.Waits — {

currentState.continuation.resume(Unit)

}
is State.WaitsWithElement<T> — true
State.Finished — false
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3anpoc nosib3oBaTens 0 NPUCYTCTBUSA 3NIEMEHTa

override fun |hasNext|(): Boolean =

when (val currentState = state) {

is State.Waits — {
currentState.continuation.resume(Unit)
when (state) {
is State.Waits —
is State.WaitsWithElement<T> — true
State.Finished — false

}
is State.WaitsWithElement<T> — true
State.Finished — false
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3anpoc nosib3oBaTens 0 NPUCYTCTBUSA 3NIEMEHTa

override fun |hasNext|(): Boolean =

when (val currentState = state) {

is State.Waits — {
currentState.continuation.resume(Unit)
when (state) {
is State.Waits — error("Something strange happened")
is State.WaitsWithElement<T> — true
State.Finished — false

}
is State.WaitsWithElement<T> — true
State.Finished — false
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3anpoc nosib3oBaTens 0 NPUCYTCTBUSA 3NIEMEHTa

override fun |hasNext|(): Boolean =

when (val currentState = state) {

is State.Waits — {
currentState.continuation.resume(Unit)
when (state) {
is State.Waits — error("Something strange happened")
is State.WaitsWithElement<T> — true
State.Finished — false

+ Cnepcteue: ecnn BepHynu true, To coctosiHne
} oynet B Tune State.WaitsWithElement<T>

is State.WaitsWithElement<T> — true
State.Finished — false



override fun next(): T {
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override fun

O: T A

3anpoc nonb3oBaTens cnenyoLlero afieMeHTa
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3anpoc nonb3oBaTens cnenyoLlero afieMeHTa

override fun |next|(): T {
if (!'hasNext()) throw NoSuchElementException()
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3anpoc nonb3oBaTens cnenyoLlero afieMeHTa

override fun |next|(): T {
if (!'hasNext()) throw NoSuchElementException()

val currentState = state as State.WaitsWithElement<T>
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3anpoc nonb3oBaTens cnenyoLlero afieMeHTa

override fun |next|(): T {
if (!'hasNext()) throw NoSuchElementException()
val currentState = state as State.WaitsWithElement<T>

state = State.Waits(currentState.continuation)
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3anpoc nonb3oBaTens cnenyoLlero afieMeHTa

override fun |next|(): T {
if (!'hasNext()) throw NoSuchElementException()
val currentState = state as State.WaitsWithElement<T>
state = State.Waits(currentState.continuation)

return currentState.element
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private class IteratorBuilderMachine<T>(
suspendableFunction: suspend IteratorBuilder<T>.() — Unit

) : IteratorBuilder<T>, Iterator<T>, Continuation<Unit> {

//

var state: State<T> = State.Waits(suspendableFunction.createCoroutineUnintercepted(this, this))

//

override val context: CoroutineContext get() = EmptyCoroutineContext

fun <T> myIterator(builder: suspend IteratorBuilder<T>.() — Unit): Iterator<T> =

IteratorBuilderMachine(builder)
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private class IteratorBuilderMachine<T>(
suspendableFunction: suspend IteratorBuilder<T>.() — Unit

) : IteratorBuilder<T>, Iterator<T>, Continuation<Unit> {
//
var state: State<T> = State.Waits(suspendableFunction.createCoroutineUnintercepted(this, this))

/... KOHTEKCT HaM He Hy>XeH, BO3bMEM MNyCTOWN.

override val context: CoroutineContext get() = EmptyCoroutineContexﬂ

fun <T> myIterator(builder: suspend IteratorBuilder<T>.() — Unit): Iterator<T> =

IteratorBuilderMachine(builder)
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private class IteratorBuilderMachine<T>(
nd IteratorBuilder<T>.() — Unit

suspendableFunctionf

: IteratorBuilder<T>, Iterator<T> ontinuation<Unit> {

//

tate: State<T> = State.Waits(suspendableFunction|createCoroutineUnintercepted(this, this))

//

override val context: CoroutinéContext get() = EmptyCoroutineContext

fun <T> myIterator(puilderf~suspend /IteratorBuilder<T>.() — Unit): Iterator<T> =

IteratorBuilderMachine(builder

J



private class IteratorBuilderMachine<T>(
suspendableFunction: suspend IteratorBuilder<T>.() — Unit

) : IteratorBuilder<T>, Iterator<T>, Continuation<Unit> {
OT0 pecusep, YTOOLI NOoABELINBATLCSA

N nepepaBaTb 3/IEMEHThI
//

var state: State<T> = State.Waits(suspendableFunction.createCoroutineUnintercepted(jthis) [this])

/... 3710 Continuation, 4ToOGHI
COOOLWWMTb O KOHLEe paboTbl NAMOA4bI

override val context: CoroutineContext get() = EmptyCoroutineContext

fun <T> myIterator(builder: suspend IteratorBuilder<T>.() — Unit): Iterator<T> =

IteratorBuilderMachine(builder)
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e

HyneBoe npubnmnxeHue

NOAKaNoOTHOW KOPYTUH.
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suspend fun callable(argl: Argl, arg2: Arg2, ...): Res

fun callable(argl: Argl, arg2: Arg2,

., continuation: Continuation<Res>): Res | COROUTINE_SUSPENDED

class CallableContinuation(val continuation: Continuation<Any?>) : Continuation<Any?>
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suspend fun callable(argl: Argl, arg2: Arg2, ...D: Res

fun callable(prgl: Argl, arg2: Arg2, ...| continuation: Continuation<Res>): Res | COROUTINE_SUSPENDED

class CallableContinuation(val continuation: Continuation<Any?>) : Continuation<Any?>
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suspend fun callable(argl: Argl, arg2: Arg2, ...): Res|

fun callable(argl: Argl, arg2: Arg2, ..., |continuation: Continuation<Res>): |Res|| COROUTINE_SUSPENDED
7

I 2

class CallableContinuation(val continuation: Eontinuation<Any?;b : Continuation<Any?>
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suspend fun callable(argl: Argl, arg2: Arg2, ...): Res

fun callable(argl: Argl, arg2: Arg2, ..., continuation: Continuation<Res>): Res | COROUTINE_SUSPENDED

class [CallableContinuation/(val continuation: Continuation<Any?>) : Continuation<Any?>

Hy>eH, 4ToObl XPaHUTb:
1. «<HOMep» TOUYKU NogBeLUNBaHNS,
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suspend fun callable(argl: Argl, arg2: Arg2, ...): Res

fun callable(argl: Argl, arg2: Arg2, ..., continuation: Continuation<Res>): Res | COROUTINE_SUSPENDED

class [CallableContinuation/(val continuation: Continuation<Any?>) : Continuation<Any?>

Hy>eH, 4ToObl XPaHUTb:

1. «<HOMep» TOUYKU NogBeLUNBaHNS,

2. 3Ha4YeHus NepeMeHHbIX nogeewmnsaemMon GyHKUNN B
NPOMEXYTOUYHbIX COCTOSAHMX, KOrga KOpyTUHa noaBeLleHa,

103



suspend fun callable(argl: Argl, arg2: Arg2, ...): Res

fun callable(argl: Argl, arg2: Arg2, ..., continuation: Continuation<Res>): Res | COROUTINE_SUSPENDED

class [CallableContinuation/(val continuation: Continuation<Any?>) : Continuation<Any?>

Hy>eH, 4ToObl XPaHUTb:

1. «<HOMep» TOUYKU NogBeLUNBaHNS,

2. 3HaYeHus1 NepeMeHHbIX NogseLnBaemMon GyHKUMN B
NPOMEXYTOUYHbIX COCTOSAHMX, KOrga KOpyTUHa noaBeLleHa,

3. Result-3HaueHKne, KOTOpOE NepenaeTcsa KOpyTUHe ans
NPOAOIKEHUSA e€ paboThl,
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suspend fun callable(argl: Argl, arg2: Arg2, ...): Res

fun callable(argl: Argl, arg2: Arg2, ..., continuation: Continuation<Res>): Res | COROUTINE_SUSPENDED

class [CallableContinuation/(val continuation: Continuation<Any?>) : Continuation<Any?>

Hy>eH, 4ToObl XPaHUTb:

1. K<HOMEp» TOYKM NoABELUNBaHUSA,

2. 3HaYeHus1 NepeMeHHbIX NogseLnBaemMon GyHKUMN B
NPOMEXYTOUYHbIX COCTOSAHMX, KOrga KOpyTUHa noaBeLleHa,

3. Result-3HaueHKne, KOTOpOE NepenaeTcsa KOpyTUHe ans
NPOAOIKEHUSA e€ paboThl,

4. Continuation, KoTopbln 6yAeT Bbi3blBaH KOPYTUHOW MO
3aBepLueHnmn cBoen paboThbl (completion).
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suspend fun callable(argl: Argl, arg2: Arg2, ...): Res

fun callable(argl: Argl, arg2: Arg2, ..., continuation: Continuation<Res>): Res | COROUTINE_SUSPENDED

class [CallableContinuation|(val continuation: Continuation<Any?>) : [Continuation<Any?>|

Takxe nmnnemeHtupyet resumeWith (ot Continuation),
KOTOPbIM FOBOPUT, KaK NPOLOMXKUTb CBOE BbINONHEHME.
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suspend fun callable(argl: Argl, arg2: Arg2, ...): Res

fun lcallablel(argl: Argl, arg2: Arg2, ..., |continuation: Continuation<Res>): Res | COROUTINE_SUSPENDED

class CallableContinuation(val continuation: Continuation<Anys : Continuation<Any?>

Hy>Ha, 4ToOblI:

1. ecnu nepeaaHa «BHELWHAA» KOpyTMHa continuation, o6epHyTb
B COOCTBEHHYIO M 3aMNyCTUTb €€,
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suspend fun callable(argl: Argl, arg2: Arg2, ...): Res

fun [callable/(argl: Argl, arg2: Arg2, ..., continuation: Continuation<Res>): Res | COROUTINE_SUSPENDED

class CallableContinuation(val continuation: Continuation<Any?>) : Continuation<Any?>

Hy>Ha, 4ToOblI:

1. ecnu nepefaHa «BHeLWHAS» KOpyTUHa continuation, 06epHyTb
B COOCTBEHHYIO M 3aMNyCTUTb €€,

2. ecnv nepefaHa Cob6CTBEHHast KOPYTMHA, 3anyCTUTb
(NpoOoMXUTb BbINOSHATL) €€ A0 Cneayrolen TOYKM OCTaHOBKM.
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suspend fun callable(argl: Argl, arg2: Arg2, ...): Res

fun [callable/(argl: Argl, arg2: Arg2, ..., continuation: Continuation<Res>): Res | COROUTINE_SUSPENDED

class CallableContinuation(val continuation: Continuation<Any?>) : Continuation<Any?>
3aBepmaeT CBOO pa60Ty oAHUM CneyrWnx Crnocob6o0B:

1. ecnu usHavanbHasa CI)yHKLl,VIFl 3aBeplaetT pa60Ty, Knaad
NCKJTIOYEeHUE, TO TOXXKE KUOAEeT TO XXe UCKITHoYEeHUE,
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suspend fun callable(argl: Argl, arg2: Arg2, ...): Res

fun [callable/(argl: Argl, arg2: Arg2, ..., continuation: Continuation<Res>): Res | COROUTINE_SUSPENDED

class CallableContinuation(val continuation: Continuation<Any?>) : Continuation<Any?>

3aBepLlaeT CBOK paboTy OAHUM CriefyroWmnx CNoCcob0B:

1. ecnu ns3HavanbHas QyHKUMS 3aBepLUaeT paboTy, Kugas
NUCKOYEHNE, TO TOXE KNAAET TO Xe UCKITHOYEHME,

2. ecnv ns3HavanbHas PyHKUNA 3aBepLlaeT paboTy, BO3BpaLLas
3HaYyeHune, TO ToXXe BO3BpaLLaEeT TO e 3HaUYEeHune,
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suspend fun callable(argl: Argl, arg2: Arg2, ...): Res

fun [callable/(argl: Argl, arg2: Arg2, ..., continuation: Continuation<Res>): Res | COROUTINE_SUSPENDED

class CallableContinuation(val continuation: Continuation<Any?>) : Continuation<Any?>

3aBepLlaeT CBOK paboTy OAHUM CriefyroWmnx CNoCcob0B:

1. ecnu ns3HavanbHas QyHKUMS 3aBepLUaeT paboTy, Kugas
NUCKOYEHNE, TO TOXE KNAAET TO Xe UCKITHOYEHME,

2. ecnv ns3HavanbHas PyHKUNA 3aBepLlaeT paboTy, BO3BpaLLas
3HaYyeHune, TO ToXXe BO3BpaLLaEeT TO e 3HaUYEeHune,

3. ecnu nsHavanbHas pyHKUNA NogBeLUNBaAETCA, TO BO3BpaLaeT
COROUTINE_SUSPENDED.
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class CallableContinuation(val completion: Continuation<Any?>) : Continuation<Any?> {
var varl: Any? = null
null

var var2: Any?

//

var result: Result<Any?>? = null
var label: Int = 0

override val context: CoroutineContext get() = completion.context

override fun resumeWith(result: Result<Any?>) { ... }
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4. Continuation, koTopbin 6yaeT Bbl3blBaH KOPYTUHOM NO
3aBeplieHnn ceoen paboTbl (completion).

class CallableContinuation(jval completion: Continuation<Any?>) : Continuation<Any?> {

var varl: Any? = null
nullle—_ 2. 3HayeHusi NepeMeHHbIX NOABELIMBAEMON QYHKLM B
/... NPOMEXYTOUYHbIX COCTOSAHMX, KOrga KopyTUHa nogseLleHa.

var var2: Any?

lvar_result: Result<Any?>? = nullje-__ 3. Result-3HauyeHue, KoTopoe nepefagrcsa KopyTuHe ons
lvar label: Int = 0 NPoAoMKEHNA €€ paboThl.

1. «HoMep» TOYKU NoaBeLLInBaHUS.

override val context: CoroutineContext get() = completion.context

override fun resumeWith(result: Result<Any?>) { ... }
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fun callable(argl: Argl, arg2: Arg2, continuation: Continuation<Res>): Any? {
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fun callable(argl: Argl, arg2: Arg2, continuation: Continuation<Res>): Any? {

val continuation: CallableContinuation =
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fun callable(argl: Argl, arg2: Arg2, continuation: Continuation<Res>): Any? {

val continuation: CallableContinuation =

null
null

var varl: Varl?

var var2: Var2?

//
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fun callable(argl: Argl, arg2: Arg2, continuation: Continuation<Res>): Any? {

val continuation: CallableContinuation =

null
null

var varl: Varl?

var var2: Var2?

//

while (true) {

when (continuation.label) {
//

else — error("call to 'resume' before 'invoke' with coroutine")
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fun callable(argl: Argl, arg2: Arg2, continuation: Continuation<Res>): Any? {

//
while (true) {
when (continuation.label) {

//
k = o
// <Hayano nepexoda>
// <noauka nepexoda>
// <BO3MOXHbIli KOHeL nepexoda>
I
//
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OTO nocnegHun paspen,

roe ooKnagyunk Bae,&eé-maae*

(nenaet BbiBOAbI)




BbiBOObI!

BbiBoa 1. KopyTuHbI — aBGCTpakums, NpeacTaBnatoLLas MallMHy COCTOAHMIA, KOTopast

ABNAETCA O6bIYHOM Ko,u,oreHepaumeM KOMIMUIATOPAa.
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BbiBOObI!

BbiBoa 1. KopyTuHbI — aBGCTpakums, NpeacTaBnatoLLas MallMHy COCTOAHMIA, KOTopast
ABNseTCHA 06bIYHON KoJoreHepaLmen KoMnunaTopa.

BbiBoa 2. KOpyTWHbI cAaenaHbl Afs Toro, YTo6bl ONMMUCbIBAaTb aCUHXPOHHYIO JIOFUKY B
06bIYHOM, CUHXPOHHOM CTUNE, NO3BONAA UHTErPUPOBATLCA C APYrMMU

ACUHXPOHHbIMU API.
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KoHeu! Bonpochbl?
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