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O Yém byaem roBopuTh?

*  3a4yeM HY>XHa aCMHXPOHHOCTb
*  OcobeHHOCTU peanmsaumm async/await

* Tloaxoapl n3 apyrmx naatdopm

«  2JkcnepumMeHTbl B .NET paHTanme
Green threads
async2
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3a4eM Hy>XHa aCUMHXPOHHOCTL

«  Co3gaHuMe NoToka — MeANIEHHO, Ny4lle NUCMoab3oBaTb NOTokn 13 Thread Pool
*  YT10b6bl He BblAeNATb NAaMATb MOJA CTEK
*  Yr10b6bI He 3aBucan Ul

*  Y706bI NpOLECCOpP HE MpOocTanBan npun oxngaxHmn 10
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3a4eM Hy>XHa aCUMHXPOHHOCTL

ACMHXPOHHOCTb — NepeHoc scheduling’a

Not all CPU operations are created equal

3a4a4 ¢ yposHa agpa OC Ha ypoBeHb
NpUAOXKEHNA, B user mode

[lo3BOIAET CIKOHOMUTL Ha MEAIEHHbIX
context switch Ha ypoBHe CPU

Operation Cost in CPU Cycles

“Simple” register-register op (ADD,OR,etc.)
Memory write

Bypass delay: switch between

integer and floating-point units

“Right” branch of “if”

Floating-point/vector addition

Multiplication (integer/float/vector)

Return error and check

L1 read

TLB miss

L2 read

“Wrong” branch of “if” (branch misprediction)
Floating-point division

128-bit vector division

Atomics/CAS

C function direct call

Integer division

C function indirect call

C++ virtual function call

L3 read

Main RAM read

NUMA: different-socket atomics/CAS
(guesstimate)

NUMA: different-socket L3 read
Allocation+deallocation pair (small objects)

NUMA- different-socket main RAM read
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Async/awalt: MCTopus

[Mossunca B C# 5 (2012)
OCHOBHOW NOAXOA;: aCMHXPOHHbBIN KOA, AOMKEH YUMTATbCA KaK CUHXPOHHbIN

[No3Bonset nsbasutbca ot callback hell
File.ReadAllTextAsync("data.txt")
.ContinueWith(x => Console.WritelLine(x.Result));

CMHTaKCHUeCKMIM caxap — A3blkoBas Guya, He Tpebyrowas noaaep>XkKn paHTaMomMm
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ros)yn AsyncRewriter

. . [AsyncStateMachine(typeof (<AsyncCaller>d 1))]
static async Task<int> AsyncCaller() static Task<int> AsyncCaller()

{ {

var a = await AsyncMethod(); <AsyncCaller>d 1 stateMachine; .
stateMachine.builder = AsyncTaskMethodBuilder<int>.Create();

var b = await AsynCMethOd()3 stateMachine.state = -1;

return a + b; stateMachine.builder.Start(ref stateMachine);
return stateMachine.builder.Task;

}

struct <AsyncCaller>d 1 : IAsyncStateMachine
{
public int state;
public AsyncTaskMethodBuilder<int> builder;
private int _ 2;
private TaskAwaiter<int> _ 1;

void IAsyncStateMachine.MoveNext() {
switch (state) { .. }

}
void SetStateMachine(IAsyncStateMachine stateMachine);

}

// dotPeek: Low-level C#
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Async/await: npobaemel

An3anH-npobaembl: HEAOCTAaTKN CaMOro CMHTaKCMca async/await

TexHnyeckme npobaemMbl: 0COBEHHOCTM peanm3aymm async/await
B A3blKe NPOrpaMmMuUpoOBaHmS
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KpacHO-CcHMe oyHKumm (2015)

Y Kaxxaom GyHKUNK eCTb UBET (CMHUA UAN KPaCHbIN)

[MpaBuaa BbI30Ba GYHKLMKN 3aBUCAT OT LBETA

KpacHble GYyHKLNM MOXHO BbI3BaTb TONbKO M3 KPACHbLIX QYHKLNY

be3 KpacHbIX PYHKLMN KOA BbIFAAAUT NPOLLe

Sadistic language designers 3aCTaBASAOT NCNONb30BaTb KPacHble GYHKLUN

KpacHble GyHKLNM — aCMHXPOHHblE

https://journal.stuffwithstuff.com/2015/02/01/what-color-is-your-function/ (Bob Nystrom) g
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KpaCHO-C1HME QyHKUMM B CH#

await MOXHO NCMO/Ib30BaTb TO/bKO B aCMHXPOHHbIX GYHKLNAX

CUHXPOHHble GYHKLNM MOXHO Bbi3biBaTb Be3je
[ybanposaHme koaa: Read n ReadAsync

baokupyrollee oxxnaaHue ana Bbl30Ba KPAaCHOIO U3 CUHETO:
* .Result
* .GetAwaiter().GetResult()

Bo3MOXHOCTb 61OKMPOBKM — NPOCTOp A8 6aros
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BbI30B aCHXPOHHOIO MeToAa bes await

var periodicTimer = new PeriodicTimer(TimeSpan.FromSeconds(1l));

while (true)

{
RebuildCacheAsync();

await periodicTimer.WaitForNextTickAsync();

K uemy npusepér owumnbka B aTom kope?
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BbI30B aCHXPOHHOIO MeToAa bes await

var periodicTimer = new PeriodicTimer(TimeSpan.FromSeconds(1l));

while (true)

{
RebuildCacheAsync();

await periodicTimer.WaitForNextTickAsync();

N36bITOUHBIN Napannenmsm

CnomaHHas noruka (a ecam cache single writer?)
Bo3amMoxxHO nponyctutb nckatouenme (fire and forget)

TaskScheduler.UnobservedTaskException += (s, e) => LogError(e.Exception);
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BbI30B CMHXPOHHOTO KOAa Ha ThreadPool

Thread Pool starvation: HexBaTka NOTOKOB B nysne Ana pa3zbopa ouepesm

[MonHas 610KMpOBKa NPOrpamMmbl: CO34aHHbIe MOTOKM Cpa3y >Xe BNOKMpPYHOTCS
CUHXPOHHbIM KOAOM

HOrga BbI3OB CMHXPOHHOTO Koga npeanoututensHee: ¢pamnosbin 10O ¢ SSD
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CMHXPOHHOE OXMAaHWe async-MeToa

async Task MyAsyncMethod() {
var data = LibraryMethod();
await ProcessDataAsync(data);

}

string LibraryMethod()
=> FetchDataAsync().GetAwaiter().GetResult();

Task<string> FetchDataAsync();
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DerkoBasd aCMHXPOHHOCTb

app.MapGet("/api", async ctx =>
{
// norupyem host name, oTkyaa npuwen 3anpoc
var ip = ctx.Connection.RemotelIpAddress;
var hostName = (await Dns.GetHostEntryAsync(ip)).HostName;
LogRequest(clientHostName);
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DerkoBasd aCMHXPOHHOCTb

app.MapGet("/api", async ctx =>
{
// norupyem host name, oTkyaa npuwen 3anpoc
var ip = ctx.Connection.RemotelIpAddress;
var hostName = (await Dns.GetHostEntryAsync(ip)).HostName;
LogRequest(clientHostName);

})...

* Reverse DNS lookup Ha *nix paboTaeT CMHXPOHHO
* Pe3ynbTtat — KaxXAabln BXOAAWMM 3anpoc baokmpyeT notok Ha Bpema DNS lookup
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Annokaumm

CocToaHmne acMHXpoHHOW state machine xpaHuTca B Kyue:
 AsyncStateMachineBox<TStateMachine>
« Task object
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Annokaumm: ValueTask

ValueTask/ValueTask<T> no3BoasatoT n3bexkatb annokaumm

CTpykTypa — eCam MeToZ, 3aBepLUNACA CUHXPOHHO, HUYEro He anaoumpyeTcs
Mo>kHO nepencnoab3oBatb IValueTaskSource and aCUHXPOHHOIO OXUgaHWA
3a OTCYTCTBME annoKaLMn OTBEYAET 8bi3b/8AEMbIU METOZ

[AsyncMethodBuilder(typeof(PoolingAsyncValueTaskMethodBuilder))]
async ValueTask AsyncMethod() => await Task.Yield();
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MeaneHHble MCKAKYEeHNS

void SyncMethod(int depth = 0) | Method | ThrowDepth | Mean

{
if (depth == ThrowDepth)
throw new Exception();

SyncMethod(depth + 1);
}

async Task AsyncMethod(int depth = 0)

{
if (depth == ThrowDepth)

throw new Exception();

await AsyncMethod(depth + 1);
}
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MeaneHHble MCKAKYEeHNS

38,8% Async ¢ 18 930 ms « Async()
21,0% HandleNonSuccessAndDebuggerNotification ¢« 10 222 ms « HandleNonSuccessAndDebuggerNotification()
20,5% ThrowForNonSuccess ¢« 10 006 ms ¢ System.Runtime.CompilerServices.TaskAwaiter.ThrowForNonSuccess()
20,0% Throw < 9747 ms « System.Runtime.ExceptionServices.ExceptionDispatchinfo.Throw(
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BoccTtaHoBaeHMe stack trace

PeanbHbIN CTEKTPENC NOTOKA:
e PortableThreadPool+WorkerThread.WorkerThreadStart()
e LowLevellLifoSemaphore.Wait(Int32, Boolean)
e ThreadPoolWorkQueue.Dispatch()
e IThreadPoolWorkItem.Execute()
e AsyncTaskMethodBuilder™ 1+AsyncStateMachineBox™ 1.MoveNext(Thread)
e ExecutionContext.RunFromThreadPoolDispatchLoop(...)
e Demo+<CAsync>d__7.MoveNext()

ACUHXPOHHbIV CTEKTPEWUC:
e await AAsync()
e await BAsync()
e await CAsync()
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CNOXHOCTWM OT/IaAKU

*  [na obblYHbIX NOTOKOB Nerko NocMoTpeTsb stack trace

«  [na Task Tpebyetca obontn kyuy B nomcke state machines
dotnet dump: dumpasync
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PellleHns KOHKYpeHTOB (stackful)

Go: goroutines
Java: virtual (green) threads, project loom

ACMHXPOHHOCTb — NepeHoc scheduling’a 3agau ¢ ypoBHa agpa OC Ha ypoBeHb NMPUaoOXKeHUs, B user mode
Scheduling ~ notokwm

A goroutine is a lightweight thread of execution

Virtual (green) threads are lightweight threads that dramatically reduce the effort of writing, maintaining,
and observing high-throughput concurrent applications

Preserving the thread-per-request style with virtual (green) threads




t.me/epeshkblog

Stackful/stackless

Stackless (C#, Kotlin, Python, JavaScript): He nmeroT cobcTBeHHOTO CTeka.
B Kyue coxpaHAeTca MUHMMAbHOE COCTOAHNE, HeobXxoaMmoe ans
BO306HOBEeHNA BbiNoaHeHWA (AsyncStateMachine)

Stackful (Go, Java): Kaxxgas KopyTvHa nmeeT CBOM COOCTBEHHbIN CTEK.
CTek XpaHNTCS B NaMATH, Jaxke B COCTOAHUN OXUAAHNS

,ﬂ,ﬂﬂ BUPTYaZIbHOIO NMOTOKa NCMOJIb3yeTCA HE CTEK HATUBHOTO MNMOTOKA, a KaCTOMHaA
peann3auna pactywero Ccteka

BHyTpw — 10T e Thread Pool, korga virtual thread 6aoknpyerca — notok nyna HaumHaet
BbINOJIHATb C/ieAytowWmniA rotosbli virtual thread
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Virtual thread: aBa MoTOKa

Virtual thread — normyeckmnm NOToK MCNOJIHEHUS

Platform (carrier) thread — nOTOK 13 Nyna, BbINOAHAOLWMN KOZ Pa3HbIX
virtual threads

Crek virtual thread — npocto o6nacte NamMaTK, He NPUBA3aHHaA
xecTko K platform thread

[na skoHoMuKn namaTtn cTek virtual thread genaetca pactywmnm
«  Go:2KB
*  Kotlin: 1 KB
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Virtual thread example: echo server

Socket clientSocket = serverSocket.accept();

Thread.ofVirtual().start(() -> {

try (
PrintWriter out = new PrintWriter(clientSocket.getOutputStream(), true);

BufferedReader in = new BufferedReader(new InputStreamReader(clientSocket.getInputStream()));
) o
String inputlLine;

while ((inputlLine = in.readLine()) != null) { . .
System.out.println(inputLine); Thread.ofVirtual ()

out.println(inputLine); * Thread.ofPlatform()

}

} catch (IOException e) {
e.printStackTrace();

}
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Virtual thread: pelsaemble Npobaemb

Virtual threads anweHbl HegoCcTaTKOB AM3aMHa async/await:
*  KpacHo-cuHue PyHKLMN

«  [ybavpoBaHue Koja

* [lpocTop gna 6aros

*  Kog paboTaeT CMHXPOHHO MM aCMHXPOHHO B 3aBMCUMOCTM
OT NOTOKAa BbINOJIHEHMS, @ He crnocoba BbI30Ba

*  OpHako, abCONOTHO HEABHO: HEBO3MOXHO BbI3BaTb
CUHXPOHHYH BEPCUIO NPU HEOBXOAMMOCTU
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JkcnepwmmeHTbl B .NET

« .NET 8: Green threads

Peannsaumns aHanormnuHbix Java virtual threads

* .NET 9: async?2

[lepeHoC async/await ¢ ypoBHA IL Koga B paHTanm
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Green threads

github.com/dotnet/runtimelab/tree/feature/green-threads

struct GreenThreadData
{
StackRange osStackRange;
uint8_t* osStackCurrent;
uint8 t* greenThreadStackCurrent;
Frame* pFrameInGreenThread;
Frame* pFrameInOSThread;
GreenThreadStackList *pStackListCurrent;
bool inGreenThread;
bool transitionedToOSThreadOnGreenThread;
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Green thread APl changes

* Thread.IsGreenThread

* [lpoBepseT, 3anyLweH am Kog Ha green thread
* Task.RunAsGreenThread(Action)

* 3anyckaeT CMHXPOHHbIN Action Kak aCMHXPOHHbBIN Ha green thread
 Task.Wait() / .GetAwaiter().GetResult()

» [lpwn BbizoBe B green thread BbiNoOAHAET HEONOKMpPYLOLLEE OXMAAHME
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Green thread stub

class Socket {
public int Send_0Old(byte[] buffer) { ... }

public ValueTask<int> SendAsync(byte[] buffer) { ...

public int Send(byte[] buffer) {
if (Thread.IsGreenThread)

{

ValueTask<int> vt = SendAsync(buffer);

return vt.IsCompleted ?
vt.GetAwaiter().GetResult() :
vt.AsTask().GetAwaiter().GetResult();

}

return send_Old(buffer); e TaskAwaiter.GetResult();
} e Task.SpinThenBlockingWait();
e Task.YieldGreenThread();
e greenthreads.cpp:GreenThread _Yield();

}
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Green thread stub for Span<T>

class Socket {
public int Send_0ld(Span<byte> buffer) { ... }

public ValueTask<int> SendAsync(Memory<byte> buffer) { ... }

public int Send(Span<byte> buffer) {
if (Thread.IsGreenThread)

{

ValueTask<int> vt =| SendAsync(...);

return vt.IsCompleted ¢
vt.GetAwaiter().GetResult() :
vt.AsTask().GetAwaiter().GetResult();

return Send Old(buffer);

}
}
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Green thread stub for Span<T>

class Socket {
public int Receive(Span<byte> buffer) {

if (Thread.IsGreenThread) {
byte[] tmp = ArrayPool<byte>.Shared.Rent(buffer.Length);
try {
buffer.CopyTo(tmp);
ValueTask<int> vt = ReceiveAsync(tmp);

return vt.IsCompleted ?
vt.GetAwaiter().GetResult() :
vt.AsTask().GetAwaiter().GetResult();

}
finally {

ArrayPool<byte>.Shared.Return(tmp);
}

return Receive 01ld(buffer);
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Thread locals

ArrayPool<T>.Shared

[ ThreadStatic] T[][]: Thread local cache
Single slot per length

PerCorelLockedStacks[]: [_16, _

\

/ Bucket for length 2~(N+4) ' .Rent(minLength: 13)

i Pooled array length: 16
' Bucket: @

+HStack<T[]> Stack<T[]>

this as lock this as lock ‘ Look into TLS
) L ) Look into shared pool,

starting from stack
ProcessorId %
ProcessorCount

StBCk(T[]) StaCk<T[]> i . If empty, round-robin
this as lock this as lock i through the other stacks

. J

-

\ Environment.ProcessorCount locked stacks /

! Not an actual Stack<T[]>: stored as T[][] + int count
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Thread locals

K kakoMy noTtoky oTHocuTca [ThreadStatic]? K virtual nam platform?

Ecan otHectn [ThreadStatic] k green thread — nogobHas peanmsauna nyanHra
CTaHeT becnonesHon

Nogo6bHas ontumm3sauna B .NET ncnonb3yercs yacto — B utore [ ThreadStatic]
oTHecan K platform thread

B Java HaoboporT, ThreadLocal<T> oTHocmTCA K virtual thread
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Heaoctatkm green threads

3apa>keHne CMHXPOHHOrO koaa stub’amm

[Mpobnaema ¢ MeTogamm, NnpuHUMatowmmm Span<T>
. Ana nepexoaa B Async-Bepcuto TpebyeTca KonvpoBaHue (B MacCMB U3 nyna)

MeaneHnHbin P/Invoke (6 pa3)

[1o Npoun3BOANTENBHOCTM OKa3anca TakMM e, Kak async (HO OHU 1 He npo nepdopmaHc?!):
. ASP.NET Core plaintext: 178K RPS (async), 162K RPS (green threads)

Pas/inyHble CNOXHOCTY peannsaunm

Ha 3ToM akcnepuMeHT ¢ green threads 3akOHYMAW, N NEPELLAN K CAEAYIOLLEMY...

qgithub.com/dotnet/runtimelab/blob/feature/qreen-threads/docs/design/features/greenthreads.md
qgithub.com/dotnet/runtimelab/issues/2398
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asyncZ: runtime-handled tasks

*  Komnunarop C# ¢ nogaep>xkkon async2 keyword
« github.com/dotnet/roslyn/tree/demos/async2-experiment

* PaHTtanmm .NET, ¢ HaTMBHOM NOAAEP>KKOWN async
« github.com/dotnet/runtimelab/tree/feature/async2-experiment
«  Stack-capturing approach
« JIT-based state machine approach
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Relative performance of existing async vs runtime async

1M “Il IIlI II.I III
1 2 4 8 16

Stack Depth

m Return NoSuspend m Throw NoSuspend mReturn Suspend m Throw Suspend
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ros)yn AsyncRewriter

. . [AsyncStateMachine(typeof (<AsynclCaller>d_1))]
static async Task<int> AsynclCaller() static Task<int> AsynciCaller()

{ {

var a = await AsynclMethod(); <Async1Caller‘>d_1 stateMachine; )
stateMachine.builder = AsyncTaskMethodBuilder<int>.Create();

var b = await AsynclMethod(); stateMachine.state = -1;

return a + b; stateMachine.builder.Start(ref stateMachine);
return stateMachine.builder.Task;

}

struct <AsynclCaller>d 1 : IAsyncStateMachine
{
public int state;
public AsyncTaskMethodBuilder<int> builder;
private int _ 2;
private TaskAwaiter<int> _ 1;

void IAsyncStateMachine.MoveNext() {
switch (state) { .. }

}
void SetStateMachine(IAsyncStateMachine stateMachine);

}

// dotPeek: Low-level C#
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ros)yn AsyncZRewriter

i ' ic ] 2Call
static async2 Task<int> Async2Caller() ztmuC]“t‘“ym: aller()

{ return Async2Method() + Async2Method();
var a = await Async2Method(); }

var b = await AsynCZMEthOd()3 .method public hidebysig static int32 modopt

return a + b; ([System.Runtime]System.Threading.Tasks.Task 1)
Async2Caller() cil managed

Async2-meTos KOMOUAMPYETCA B METOZA, aHANOTMUHbIN CUHXPOHHOMY
Bosblie Bo3MoXHOCTeW ana JIT-onTumMusaymm

,ﬂ,fl?l HOBbIX OI'ITMMVI38LI,I/IIZ A4OCTaTO4YHO 0bHOBUTb paHTaVIM, nepekoMnmnaaunAa He Hy>XKHa

OpHako, HecmoTpsa Ha IL-npeactasnerHuve, ana C# meTog Bo3Bpaltaet Task<int>




t.me/epeshkblog

async2: code size

* async2 He pa3BopaumBaeT ko B state machine
* |L koga nonyyaetca MeHbLUe, Ha YPOBHE CUHXPOHHOTO MeToja

CUHXPOHHbIE 53 KB
async 471 KB

async2 91 KB
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COBMECTMMOCTb C async

CoBMeCTUMOCTb B 06€e CTOPOHBI:
* async2 moxet oxuaaTtb (await) Task
° async MeToa MOXEeT OXWAaTb async2 MeToA
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asyncZ awaiting asyncl

public static int Async2Method()

{
TaskAwaiter awaiter = Task.Delay(1l).GetAwaiter();
if (lawaiter.IsCompleted)
// jit intrinsic
RuntimeHelpers.UnsafeAwaitAwaiterFromRuntimeAsync<TaskAwaiter>(awaiter);

awaiter.GetResult();
return 2;




t.me/epeshkblog

async awaiting asyncZ

*  C 1o4kM 3peHmnsa C# OTANUMIA HET — BbI3biBAeTCA METOA, BO3BpaLarowmn Task
* B paHTamme Bbi3biBaeTcs 0b6épTtka (thunk) Hag async2 metoaom
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asyncZ: fallback k task

static async2 Task<int> Async2Caller()
{

var task = Async2Method();

return await task;

Ecam async2 metog He await'ntca HanpsaMyo, MCNOb3yeTcs
fallback k BbI3oBYy async2 -> async]
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asyncZ: interface call

interface IInterface {
public Task DoAsync();

}

public static async2 Task Caller(IInterface obj) {
await obj.DoAsync();

}

° async — AeTanb peanmsaummn MeToaa, a He YacTb HTepdelnca

«  Caller Hnuero He 3HaeT Npo peanmnzauymto DoAsync n byaeTt oxumaaTb Task
yepes .GetAwaiter()

[lBonHoe obopaumBaHue! async2(asyncl(DoAsync()))




asyncZ: interface call

t.me/epeshkblog

for (int i = 0; i < N; i++) {
await obj.DoAsync();

}

Method

T00M empty

100K Task.Delay

async2 -> async?2 direct

21 ms

53 ms

async2 -> async2 interface

760 ms

120 ms

async1 -> async1 direct

560 ms

72 ms

async1 -> async1 interface

970 ms

75 ms

RuntimeHelpers.FinalizeValueTaskReturningThunk
Ckopee Bcero, K pennsy gopabotaroT n JIT cMOXET 3aMeHATb Ha NPSMOW BbI3OB async2
BO3MOXHO, OTAeNbHbIVM KOHLENT async2-aeneratoB n method pointers
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Async2 exception throwing

Method | ThrowDepth | Mean
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asyncZ breaking changes

Synchronization/ExecutionContext He BOCCTaHaBAMBaETCA aBTOMATUUECKM
BocctaHaBamMBaTh KOHTEKCT Tenepb HY>XXHO ABHO: try/finally

AsyncLocal<string> scope = new();

static asyncX Task A() {
scope.Value = "A";
await B();

Console.WriteLine($"Scope after call: {context.Value}");

}

static asyncX Task B() {
scope.Value = "B";

}
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AsynclLocal & IAsyncEnumerable

AsyncLocal<string> context = new();

async IAsyncEnumerable<int> IntSequence()

{

context.value = "C";
yield return 10;
Console.WritelLine("context.Value: {0}", context.Value);

}




600,000,000

500,000,000

400,000,000

300,000,000

200,000,000

100,000,000

lterations/second calls to async methods

Async1 Task Async1 ValueTask Async2 Method Non-inlineable Async2 Method with
returning method returning method Async2 method context save

m Async1 Task returning method m Async2 JIT State machine mAsync2 Unwinder Model

50
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async2 ConfigureAwaitAttribute

[AttributeUsage(Assembly | Module | Class | Method)]
public class ConfigureAwaitAttribute(bool continueOnCapturedContext) : Attribute { }

C async2 6osblue He NpuAéTca BbI3biBaTh .ConfigureAwait(false)
[loka He peann3oBaHO B NpoTOTUNE
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async2: pellaemMble NpobaemMb

[1n3anH:

* KpacHo-cuHMe QYyHKL MM

* [lpoctop ana 6aros

«  [ybanpoBaHune koga (Async-suffix)
« ConfigureAwait(false)

* CancellationToken
TexHnueckme:

*  OrpaHN4YeHHOCTb ONTUMM3ALUN
 Annokauum

« Ob6paboTka NCKAHOUYEHUN

* Pa3mep IL-kopa
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asyncZ in runtime

[Be peannsayunu

« CoxpaHeHune coctoaHuna cteka (stack unwinder)
+ State machine, creHepupoBaHHasa Ha ypoBHe JIT

DOTNET _RuntimeAsyncVialitGeneratedStateMachines
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asyncZ stack unwinder

,ﬂ,O yXO04da B aCMHXPOHHOE OXNA4aHWe KO, BbIMOJIHAETCA NMOJIHOCTbHO
KaK CMHXpOHHbIVI, be3 CO34aHUA BCNTOMOTraTe/ibHbIX CTPYKTYP

Tasklet — backup crekdpenma n pernctpos ogHOro MeToza

struct Tasklet
{
Tasklet* pTaskletNextInStack;
Tasklet* pTaskletNextInLivelist;
Tasklet* pTaskletPrevInLivelist;
uint8_t* pStackData;
uintptr_t restoreIPAddress;
StackDataInfo* pStackDataInfo;
TaskletReturnType taskletReturnType;
// min generation of all managed objects referred from this frame.
// -1 means the frame is a part of actiely executing stack and may have
byrefs pointing to it
int32 t minGeneration;
Tasklet* pTaskletPrevInStack;

}s
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asyncZ stack unwinder

[10 yxoaa B aCMHXPOHHOE OXMWAaHME KOZA BbIMOJHAETCA NOJHOCTbIO
KaK CUHXPOHHbIW, 6€3 co3aaHnsa BCMOMOraTebHbIX CTPYKTYP

Tasklet — backup ctekdpenma n pernctpos ogHOro metoaa

[Mpn Nnepexoae B aCMHXPOHHOE OXngaHue (suspend) MeToabl
CHMMaKOTCA CO CcTeKa un coxpaHatoTca B tasklet

Bo3obHoBaeHMe (resumption) MeTO40B NPONCXOAMT MO O4HOMY
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asyncZ stack unwinder

async2 Task A() { e A()
await B(); e B()

} e Write(1)

async2 Task B() {
Console.Write(1); <
await Task.Yield();
Console.Write(2);
await Task.Yield();

}
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asyncZ stack unwinder

async2 Task A() { e A()
await B(); e B()

} e Yield()

async2 Task B() { ¢ await
Console.Write(1); e RuntimeSuspension_CaptureTasklets

await Task.Yield(); <
Console.Write(2);
await Task.Yield();

}
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asyncZ stack unwinder

async2 Task A() { e empty B() {

await B(); Write("B1");
} Yield();
async2 Task B() { N

Console.Write(1); Write("BZ");
await Task.Yield(); € Yield();

Console.Write(2); Write("B3");
await Task.Yield();

}
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asyncZ stack unwinder

async2 Task A() { e B()

} await B(); e Write(2) ite("B1/);

async2 Task B() {
Console.Write(1);
await Task.Yield();
Console.Write(2); <
await Task.Yield();

}

A() Ha cTeke noka HerT!
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asyncZ stack unwinder

async2 Task A() { e B()
} await B(); . Yield B(b)d ‘,{t "

. it rite ;
awat Yield();

async2 Task B() { Write(2);
Console.Write(1); Yield();
await Task.Yield(); ya ’
Console.Write(2);

await Task.Yield(); <«
}
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asyncZ stack unwinder

async2 Task A() { e B()
await B();

}

async2 Task B() {
Console.Write(1);
await Task.Yield();
Console.Write(2);
await Task.Yield();
T €
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asyncZ stack unwinder

async2 Task A() { e A()
await B();
1 <

async2 Task B() {
Console.Write(1);
await Task.Yield();
Console.Write(2);
await Task.Yield();

}
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async2 stack unwinder: HegOCTaTKy

«  GC nay3bl — B 4 pa3a 6oabLe async]
* [loTpebneHne namaTn Ha ctekbpenmbl — B 3 pasa boabLue asyncl
«  Tpebyrotca gopabotkm He Toabko JIT, HO n GC
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asyncZ JIT state machine

AHanor HblHelWwHen peaansaumu, HoO state machine renepupyetca JIT
B otanume ot tasklets, managed nogxoa, He TpebyeT koonepauunm ¢ GC

internal sealed unsafe class Continuation

{

public
public
public
public
public
public

Continuation? Next;

delegate*<Continuation, Continuation?> Resume;

uint State;

CorInfoContinuationFlags Flags;

byte[]? Data; // <- nokanbHble nepemeHHble

object[]? GCData; // <- nokanbHble nepemeHHble, reference types
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OCcobeHHOCTV NPOTOTUNA

public static async2 Task RefAcceptingAsync2(ref int x)

{
await Task.Delay(1);

Console.WritelLine(x);

HakoHeL-To MOXHO ncnoab3oBaTh ref/out-napameTpbl gna async
Takown Koz CKOMMUANpPYeTCA B NpoToTMne (noaaep>kka ref — yactb 3KCNeprMeHTa)
Stack-capture Bepcums: 3ana1aHNpPOBaHO, HO MOKa HEKOPPEKTHOE 3HAYEeHMe

Jit state machine: InvalidProgramException
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BbIBO/b
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BOMPOCh!

EBreHunn lNewkoB

DOTNEXT Gepet




