Throughout the entire process, a
key takeaway is that no thread is
dedicated to running the task.

HTTPS://DOCS.MICROSOFT.COM/EN-US/DOTNET/STANDARD/ASYNC-IN-DEPTH
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Primitives under the
hood




Native thread

Two types: foreground and background (don’t stop application from terminating).

Consists of Thread Kernel Object, two stacks (user mode and kernel mode) and Thread
Environment Block (TEB).

User mode stack by default has 1 MB, kernel mode has 12/24 KB.

Has impersonation info, security context, Thread Local Storage (TLS).
Windows schedules threads, not processes!

How many threads does the notepad.exe have?

09.01.2024
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How many threads does a notepad have?

>

CPUUsage: 4041% Commit Charge: 67.99% Processes: 257 Physical Usage: 52.25%

Q¥ Process Explorer - Sysinternals: www.sysinternals.com [ANT\adafurma] - O X | @ untitled - Notepad
File Options View Process Find DLL Users Help File Edit Format View Help
diglispOsiexae[[ R A1 S 1 & open x
Process CPU  Private Bytes | WorkingSet  PID Description ~ .
i — 4 [E > ThisPC > Documents v @ | SearchDocuments p
ai‘i 7 notepad.exe:18940 Properties - [u] X
& Organize Newfolder - O @
=~ JMET Assemblies .MET Performance Strings Py -~ 7
n Image Performance Performance Graph GPU Graph Threads TeRP Security B [ Desktop 4 Name Daten
wil count: 22 & Downloads  # Custom Office Templates 1714/
Bﬂ CPU  Cycles Deta Stat Address Documents # FeedbackHub 272720,
= & Pictures # Fiddler2 318/2,
% [e88 <000 525,289 nell dilTo Aloc Work +0x 120 WorkDocs  # My Data Sources 8102
i |02 rtdl dl Tp AlocWork +DxTall My Music 10724/
[} |2123 il dil Tp Alloe Work +0x 120 Ja compiiance wih Amazon p ssh “ ’/”
Wi | 1804 combase diWindowsDelete Sring Buffer+{bx1950 2019.04_23_PVB! (v My Pictures 10724/ Select a file to preview.
nl {428 mavor dllendtireadexs 03D F N ) My Shapes 1172
?11 6656 sheore dllSHRelease ThreadRef+0x400 am F My Videos 10724/1
al |1 combase di WindowsDelete StringBuffer={ix1950 Logs NppScipts 0724/
o [ PROPSYS dIPSFomatForDisplayAloc +(c2c0 Onehlote Notebooks 1024
ol o il dl ToAlocWork +DxTall & OneDrive neNote Noteboo 24/
a 10428 ritdl di Tp AllocWork +Bx 120 Outlook Files 5/22/2
18652 il i TpAllocWork 012l = This PC Programy 5/4/20 %
E 15724 rtdl dl Tp AlocWork +DxTall P v < >
18908 clrdliSet Rurtime nfo+0x4540
o] 9684 cirdilinstallCustom Module +0¢ 1240 File name: h | ‘Text Documents (*:bd) & ‘
16404 il i TpAllocWork 012l ercodis [0S o ° Concel
] 10780 rtdll.dil Tp Alloc Work +0x 120 neoding: ‘ pen ‘ | neel ‘
Wil  [we0 il i TpAllocWork 012l
O |21 el dilinstalCustomModule +0x1240
mil s clr ditinstalCustomModule 1240
Al |17s20 el dilinstalCustomModule +0x1240
% 7728 chdllinstalCustomModule (1240 P
i
B threadm: 7784
% Start Time: 1:00:39PM  5/22/2019
State: Wait:UserRequest  Base Priority: 8
E Kernel Time: 0:00:00.853 Dynamic Priority: 10
User Time: 0:00:00.250 1/0 Priority: Normal
B contextSuitches: 12,553 Memory Priority: 5
% Cydes: 3,030,229,851 Ideal Processor: 2
v
>
Name Descaption Uompary Name Path ~
DocsDriveWinClertC: di WinClentC: Amazon Web Services, Inc C:\Program DocsDiveClient D
AWSSDK Core i AWSSDK Core Amazon com, Inc €:\Program Fles'\Amazon\AW/SWork Docs DiiveClient \AWSSDK.Core di
AW SWorkDocs DriveCommon di Amazon WorkDocs Drive Common  Amazon Web Senvices, e C:\Program Flles'Amazon\ AWSWork Docs DiveClient\AW/SWork DocsT.
AWSWorkDocsDriveShel di AWSWorkDriveShel Amazon Web Senvices, Inc C:\Program Fles'\Amazon\ AWSWork Docs DiveClient\AWSWork DocsT.
Newtonsoft Json dil Json NET Newtonsoft C:\Program DocsDiiveCi Json.
ShampShel.di SharpShel Dave Ker C:\Program Docs DiiveCl di
iptst di Touch Keyboard and Handuriing ... Microsoft Corporation C:\Program Files'Common Fies\microscft shared'ink iptsf dl
OFFICE ODF Microsot Office cuture datadl  Microsoft Corporation C:\Progrem Files'Common Fies\microscht shared OFFICET6\Cutures\O
DpOFeedb dl DigtalPersona OTS Feedback DigitalPersona, Inc C:\Program Files'Hewieti-Packard\HP Protect Tools Securty Manager\f o
<
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Managed thread

Program.cs R X

Has ID independent of native thread ID. ] ConsoleApp3 . T
1 —using System;
Can have name. 2 using System.Threading;
. 3
Can be suspended but this should not be done! Can be 4 Spublic class Program
aborted by Thread.Abort but this doesn’t guarantee 5 [
anythlng. 6 = public static wvoid Main()
7 1
Precommits stack when created. I = Thread thread = new Thread(() =>
9 1
Unhandled exception kills the application in most © 11' Console.hriteline("I am a new thread!");]
cases. S 103
12 thread.Name = "Custom names!";
In .NET 1 it was different: » I:IZZ??EEL”
> Exception in other thread was printed to the console and . ) ' i
the thread was terminated. 6 1D
> Exception on the finalizer was printed to the console and - '
finalizer was still working.
Search: = X Search Call Stack | Y- | Group by: Process 1D

> Exception on the main thread resulted in application
termination.

o Managed ID Category Mame Location

# Main Thread | Main Thread v Consolefpp3.exe!Program.Main

| = 160123 ¢ Worker Thread | Custom name! B3 ConsoleApp3.exe!Program.Main.Anon
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ThreadPool

Different from Win32 thread pool. Used by tasks,
asynchronous timers, wait handles and
ThreadPool.QueueUserWorkltem.

Static class — you cannot just create your own thread pool.

Threads work in background, do not clear the TLS, have
default stack size and default priority.

One pool per process, its size depends on the size of the
virtual address space. Threads are created and destroyed
as needed using hill climbing algorithm.

Two types of threads: for ordinary callbacks and for I/0
operations.

Thrown excePtion is held until awaiting and then
propagated i

In .NET 1 it was different - exception on a thread pool was
prinlted to the console and the thread was returned to the
pool.

possible (thrown out of band for async void).

New work request
&

(Worker Thread is Available) (Worker Thread is NOT Available)

Execute Callback

}

(Running Threads >= Max Threads | (Running Threads < Max Threads )
T

-
-
-

Default = CPU's Count * 250 and Climbing Ij

(Wait for running thread to oomplete) $ <

(Running Threads < Min Threads) (Running Threads >= Min Threads)

RO T (Suspend Thread Creationj

h

\
\

1
(Create New Thread) e e
( Execute Callback )

http://aviadezra.blogspot.com/2009/06/net-clr-thread-pool-work.html

09.01.2024
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ThreadPool implementation

public static class SimpleThreadPool

{

private static BlockingCollection<Action> _work = new BlockingCollection<Action>();

static SimpleThreadPool() {
for (int i = @; 1 < Environment.ProcessorCount; i++) {

new Thread(() => {
foreach (var action in _work.GetConsumingEnumerable()) {

action();

}
}) { IsBackground = true }.Start();

}
}
public static void QueueWorkItem(Action workItem) { _work.Add(workItem); }

10
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Asynchronous Programming Model
(APM)

BeginOperation returns an object implementing var fs = new FileStream(@"C:\file.txt");
IAsyncResult.
o leiggedrs the asynchronous calculations on different byte[] data = new byte[100];

thread.

fs.BeginRead(data, 0, data.Length,

o Can also accept a callback to be called when the (IAsyncResult ar) =>

operation is finished.

IAsyncResult: {
> Has some AsyncState. int bytesRead = fs.EndRead(ar);
o Contains WaitHandle which we can use to block the
application. fs.Close();
° Has flag indicating whether the operation is
completed. }, null

EndOperation accepts IAsyncResult as a parameter ¥
and returns the same as synchronous counterpart.

o Throws all exceptions if needed.
° If the operation hasn’t finished, blocks the thread.

09.01.2024 INTERNALS OF ASYNC - ADAM FURMANEK 11




Event-based Asynchronous Pattern (EAP)

MethodNameAsync. backgroundWorker.DoWork += backgroundWorker DoWork;
> Triggers the operation on a separate thread.  prjvate void backgroundworker DoWork(object sender,
DoWorkEventArgs e)
MethodNameCompleted.
> Event fired when the operation finishes. {
> Passes parameter AsyncCompletedEventArgs. /] ...
AsyncCompletedEventArgs: }
o Contains flag if the job was cancelled. private void

backgroundiWorker_RunWorkerCompleted(object sender,
RunWorkerCompletedEventArgs e)

{

Can be canceled. // ...

o Contains all the errors.
o Has some UserState.

Can be used easily with BackgroundWorker. }
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Task-based Asynchronous Pattern (TAP)

Task.Run accepting delegate triggers the job:

° Equivalent to
Task.Factory.StartNew(job, CancellationToken.None, TaskCreationOptions.DenyChildAttach, TaskScheduler.Default);

o Unwraps the result if needed (so we get Task<int> instead of Task<Task<int>>).

Task can be created manually via constructor and schedulled using Start method.
Can be joined by using ContinueWith.

Exceptions are caught and propagated on continuation.

Can be used with TaskCompletionSource.

Can be cancelled with CancellationToken.

Can report progress using IProgress<T>.

09.01.2024 INTERNALS OF ASYNC - ADAM FURMANEK 13




Parallel Language Integrated Queries
(PLINQ)

Created when AsParallel called on IEnumerable. Can be reverted by AsSequential.

Operations defined in ParallelEnumerable class.

Can be ordered by calling AsOrdered.

Task merging can be configured by specifying ParalleIMergeOptions.

Maximum number of concurrent tasks can be controlled using WithDegreeOfParallelism.
Parallelism is not mandatory! Can be forced with ParallelExcecutionMode.

Each AsParallel call reshuffles the tasks.

09.01.2024 INTERNALS OF ASYNC - ADAM FURMANEK 14




async and await

await can be executed on anything awaitable — not necessarily a Task!
o Task.Yield returns YieldAwaitable

Duck typing - awaitable type must be able to return GetAwaiter() with the following:
Implements INotifyCompletion interface

bool IsCompleted { get; }

void OnCompleted(Action continuation);

TResult GetResult(); // or void

o

o

o

o

async means nothing — it only instructs the compiler to create a state machine.
We can make any type awaitable using extension methods!

Very similar to foreach.

INTERNALS OF ASYNC - ADAM FURMANEK 15
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l \ | t . . t
1 Fusing System; z . ..hr|_t- E |,-,
2 using System.Runtime.CompilerServices; - search solution explarer {

i using SystEM.Threading.Tasks; & C:\WINDO‘."."S\systemBE\cmd.exe _ 0 X Ej
5 -namespace AwaitOnInteger
1
7 E class Program
B {
9 E static void Main(string[] args)
18 {
11 WaitForInt().Wait();
12 1
149 = static async Task WaitForInt()
15 {
16 Console.Writeline($"Waiting starting at {DateTime.Now}");
17 await 2000;
18 Console.Writeline($"Waiting finished at {DateTime.Now}"});
28 }
21 }
22
23 |E public static class AwaitableInt
24 {
25 |E public static TaskAwaiter GetAwaiter(this int miliseconds)
26 {
27 return Task.Delay(TimeSpan.FromMilliseconds(miliseconds)).GetAwaiter();
28 1
29 }
3 }
31
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Asynchronous code does not block
the operating system level thread.




async in C

async in C# is implemented as:

ocoroutine compiler level transformation with
>service locator for promise orchestration and
ostatically bound promise factories

09.01.2024 INTERNALS OF ASYNC - ADAM FURMANEK 18




Task details

STATICALLY BOUND PROMISE FACTORIES




Two types of tasks

DELEGATE TASK — CPU-BOUND PROMISE TASK — I/O-BOUND

Has some code to run. Signals completion of something.
Mostly in TPL world. Mostly in async world.

Created by TaskFactory or by constructor. Task.FromResult

> Creates completed Task with result.

Used in PLINQ.
Task.Delay

Can be scheduled and executed. > Equivalent of Thread.Sleep.

Task.Yield
o Returns YieldAwaitable.
o Schedules continuation immediately

09.01.2024 INTERNALS OF ASYNC - ADAM FURMANEK 20




Task state

Created WaitingForActivation

WaitingToRun

Running

WaitingForChildrenToComplete

_
RanToCompletion

https://blog.stephencleary.com/2014/06/a-tour-of-task-part-3-status.html

Faulted Canceled
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Task creation

CONSTRUCTOR FACTORY
Do not use! Task.Run()
Task.Factory.StartNew()

Creates only delegate Task.

PLIN
Created Task is not scheduled so will not start Q

running unless asked to.

Created Task can be started by calling Start
method (and optionally providing a scheduler).
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Task.ScheduleAndStart

ff Token: 8xB6883F22 RID: 16162 RVA: @x@88EAA2C File Offset: @x@8@EBC2C
[SecuritySafeCritical]
internal woid SchedulefndStart(boocl needsProtection)

i
if (needsProtection)
i
. if (!this.MarkStarted())
Coq
E E return;
[
}
else
i
. this.m_stateFlags |= 65536;
¥
if (Task.s_asyncDebuggingEnabled)
i
: Task.AddToActiveTasks(this);
¥
if (AsyncCausalityTracer.LoggingOn && (this.Options & (TaskCreationOptions)512) == TaskCreationOpticns.MNone)
i
. AsyncCausalityTracer.TraceOperationCreation(CausalityTracelevel.Required, this.Id, "Task: " + ((Delegate)this.m_action).Method.Name, @UL);
¥
try
i

Ithis.w_taskScheduler.InternalQueueTask(this); I

atch (ThreadAbortException exceptionObject)

this.AddException(exceptionObject);
this.FinishThreadAbortedTask(true, false);

atch (Exception innerException)

TaskSchedulerException ex = new TaskSchedulerException(innerException);
this.AddException(ex);

this.Finish(false);

if ({this.Options & (TaskCreationOptions)512) == TaskCreationOptions.None)
i

; this.m_centingentProperties.m_exceptionsHolder.MarkAsHandled(false);
¥
throw ex;

B e e T T

e+ = = e e e e e e




TaskScheduler

Schedules tasks on the threads — it makes sure that the work of a task is eventually executed.

For TPL and PLINQ is based on the thread pool.
Supports work-stealing, thread injection/retirement and fairness.

Two types of queues:
> Global — for top level tasks
o Local — for nested/child tasks, accessed in LIFO order

Long running tasks are handled separately, do not go via global/local queue.

We can implement our own schedulers.
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TaskScheduler implementation

public class MyTaskScheduler : TaskScheduler
{

private readonly MyContext context;
public BlockingCollection<Task> tasks = new BlockingCollection<Task>();

protected override IEnumerable<Task> GetScheduledTasks()

{
return tasks;
}
protected override void QueueTask(Task task)
{
tasks.Add(task);
}
protected override bool TryExecuteTaskInline(Task task, bool taskWasPreviouslyQueued)
{
return TryExecuteTask(task);
}

}
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Task.ContinueWith

Creates a continuation that executes asynchronously when the target task complets
o Can specify CancellationToken

o Can specify TaskScheduler
o Can specify TaskContinuationOptions

Options:
> OnlyOnCompletion, OnlyOnCanceled, OnlyOnFaulted, NotOnCanceled, NotOnFaulted,
NotOnCompletion — to choose when it is supposed to run

AttachedToParent — to create hierarchy of tasks
ExecuteSynchronously, RunContinuationAsynchronously — to choose the thread running it

o

o

o

HideScheduler — to run using the default scheduler instead of the current one

o

LongRunning — more or less to run on dedicated thread

o

Prefer fairness — to run in order
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Task.ContinueWith

// Token: 8x@eBO3F72 RID: 16242 RVA: @x8BRECBCC File Offset: Ow@BBEA2CC
internal wvoid ContinueWithCore(Task continuationTask, TaskScheduler scheduler, CancellationToken cancellationTeken, TaskContinuationOptions options)

i

i TaskContinuation taskContinuation = new StandardTaskContinuation(continuationTask, options, scheduler);
E if (cancellationToken.CanB=Canceled)

I i

E ¢ if {this.IsCompleted || cancellationToken.IsCancellationRequested)

! I i

| E ! continuationTask.AssignCancellationToken({cancellationToken, null, null};

L

| E else

o

! E ! continuationTask.AssignCancellationToken({cancellationToken, this, taskContinuation);

|

3

! if (!continuationTask.IsCompleted)

| i

E ! if ((this.Options & (TaskCreationOptions)1824) != TaskCreationOptions.Mone & !({this is ITaskCompletionfction))
: i i

E E ! TplEtwProvider log = TplEtwProvider.Log;

I E . if (log.IsEnabled())

oA

| | E ! log.AwaitTaskContinuationScheduled(TaskScheduler.Current.Id, Task.CurrentId ?? @, continuationTask.Id);
AR

L}

I | i

o

i

g ¥

i
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Task.Complete

J// Token: @x@se@cDE2 RID: 28138 RVA: @xBBLl79FES File Offset: 8x881781E3
internal woid Complete()

? bool flag;

E if (this.Token.IsCancellaticnRequested)

i ? flag = base.TrySetCanceled(this.Token);

i :lse

b

E i if (AsyncCausalityTracer.LoggingOn)

; i ? AsyncCausalityTracer.TraceOperationCompletion(CausalityTracelevel .Required, base.Id, AsyncCausalityStatus.Completed);
i i if (Task.s_asyncDebuggingEnabled)

i i ? Task.RemoveFrom&ctiveTasks(base.Id);

.
}if (flag)

; ? if (this.Timer != null)

; i ? this.Timer.Dispose();

i i ihis.Registratinn.ﬂispose{};

i }
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Task.TrySetResult

// Token: @xB6@@3EGS RID: 15881 RVA: @x@BBESF34 File Offset: @x000BE4134
internal bool TrySetResult(TResult result)

1

! if (base.IsCompleted)

: 1

E ! return false;

| 1

E if (base.AtomicStateUpdate(67188864, 9@8177536))

: 1

E : this.m result = result;

: E Interlocked.Exchange(ref this.m stateFlags, this.m stateFlags | 16777216);
E | Task.ContingentProperties contingentProperties = this.m_contingentProperties;
E : if (contingentProperties != null)

: | 1

: E ! contingentProperties.SetCompleted();

i E base.FinishStageThree();

E ; return true;

: 1

E return false;

b
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Task.FinishContinuations

internal veid FinishContinuations()

object obj = Interlocked.Exchange(ref this.m_continuationdbject, Task.s_taskCompletionSentinel);
TpleEtwProvider.Log.RunningContinuation(this.Id, obj);
if (obj !'= null)

if (AsyncCausalityTracer.LoggingOn)

i

! AsyncCausalityTracer.TraceSynchronouskorkStart(CausalityTracelevel.Required, this.Id, CausalitySynchronouskork.CompletionNotification);
H

bool flag = (this.m stateFlags & 134217728) == 8 && Thread.CurrentThread.ThreadState != ThreadState.AbortRequested && (this.m stateFlags & 64) == 8;
Action action = obj as Action;
if (action != null)

i

| AwaitTaskContinuation.RunOrScheduleAction(action, flag, ref Task.t_currentTask);
E this.LogFinishCompletionMotification();

. return;

3

ITaskCompletionAction taskCompletionAction = obj as ITaskCompleticnaction;
if (taskCompletionAction != null)

if (flag)
g

" taskCompletionAction.Invoke(this);

¥

else

i

: ThreadPool.UnsafeQueueCustomorkItem(new CompleticnActionInvoker(taskCompletionAction, this), false);
¥

this.LogFinishCompletionNotification();

return;

L )

TaskContinuation taskContinuation = obj as TaskContinuation;
if (taskContinuation != null)

I taskContinuation.Run(this, flag}jl
1s.LogrinishiompleTionNotitication();

return;

g

T




StandardTaskContinuation.Run

// Token: BxB6@@3FDY RID: 16343 RVA: OxBBOEDBER File Offset: BxBBEEBDBE

internal override woid Run({Taszk completedTask, bocol bCanInlineContinuationTask)
i

TaskContinuaticnOpticns options = this.m_options;

boocl flag = completedTask.IsRanToCompletion ? ((options & TaskContinuationOpticns.MotOnRanToCompletion) == TaskContinuationOpticns.None) : (completedTask.IsCanceled ? ((options &
TaskContinuationOptions.NotOnCanceled) == TaskContinuationOptions.None) : ({options & TaskContinuationOptions.NotOnFaulted) == TaskContinuationOptions.MNonel);

Task task = this.m_task;

if (flag)

i

if (!task.IsCanceled && AsyncCausalityTracer.LoggingOn)

i

' AsyncCausalityTracer.TraceOperationRelation({CausalityTracelevel.Important, task.Id, CausalityRelation.AssignDelegate);
¥

task.m_taskScheduler = this.m_taskScheduler;

if (bCanInlineContinuationTask && (options & TaskContinuationOptions.ExecuteSynchronously) != TaskContinuationOptions.None)

TaskContinuation.InlineIfPossibleOrElseQueue(task, true);
return;

ry

task.5chedulefndStart(true);

- F]

atch (TaskSchedulerExcepticon)

return;

ol et P e m e b e - oy

¥
t

ask.InternalCancel(false);

R I I R R R R e R R I i R R )
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Disposing a Task

Task may allocated WaitHandle which implements IDisposable.

Disposing a Task in .NET 4 was making it unusable — we couldn’t even schedule continuation.
In .NET 4.5 this was changed, Task is still usable, only WaitHandle is not.
WaitHandle was created when Task.WaitAny or Task.WaitAll was called, this is no longer true.

Starting in .NET 4.5 WaitHandle is allocated only when it is explicitly accessed.

Summary:
° .NET 4 — don’t dispose unless you have to. Do so only if you are sure that the Task will never be used
again.
° .NET 4.5 — it shouldn’t make a difference so probably don’t bother.
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Task.Status Task.ld
T MM ] Generated on demand.

RanToCompletion True False False Can be reused — you can generate collision!
Canceled True True False
Independent from TaskScheduler.ld.
Faulted True False True
Other False False False 0 is not a valid identifier.
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ValueTask

Task is a class so it is allocated on the heap, and needs to be collected by the GC.

To avoid explicit allocation, we can use ValueTask which is a struct, and is allocated on the stack.
The trick is in the second constructor parameter — the token.
public ValueTask(IValueTaskSource<T> source, short token);

See https://github.com/kkokosa/PooledValueTaskSource

Conceptually it was used in Midori — .NET-based operating system implemented by Microsoft
Research.

Lt still kills me that | can’t go back in time and make .NET’s task a struct” — Joe Duffy in
http://joeduffyblog.com/2015/11/19/asynchronous-everything/

09.01.2024
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ValueTlaskSource

public interface IValueTaskSource<out TResult>

{
ValueTaskSourceStatus GetStatus(short token);
void OnCompleted(Action<object> continuation, object state, short token,
ValueTaskSourceOnCompletedFlags flags);
TResult GetResult(short token);
}

This can be reused! Whenever you await the task, it is allowed to reset the state.

await the task only once!

Getting result is allowed if and only if the result is available. GetAwaiter().GetResult() may not block, is not
required to be thread-safe, may crash your application.

09.01.2024

INTERNALS OF ASYNC - ADAM FURMANEK 35



Results

BenchmarkDotNet=v0.13.1, 0S=Windows 10.0.19042.1466 (20H2/0ctober2020Update)
Intel Core 17-8565U CPU 1.80GHz (Whiskey Lake), 1 cpu, 8 logical and 4 physi
.NET SDK=5.0.402

[Host] : .NET 5.0.11 (5.0.1121.47308), X64 RyulJIT

Defaultlob : .NET 5.0.11 (5.0.1121.47308), X64 RyulIT

| Method | Mean | Error | stdbDev | Ratio | RatiosSD |
|====mmmmmm e e P Bttt e D= I
| NoTask | 11.43 ms | 0.113 ms | 0.106 ms | 1.00 | 0.00 |
| TaskAsync | 1,109.96 ms | 15.060 ms | 13.350 ms | 97.03 | 0.95 |
| TaskNoAsync | 93.46 ms | 1.838 ms | 1.719 ms | 8.17 | 0.15 |
| valueTaskAsync | 274.64 ms | 5.355 ms | G5.009 ms | 24.02 | 0.54 |
| I I I I I |

valueTaskNoAsync 32.30 ms 0.465 ms

cal cores

191000.0000
96000.0000

Allocated

799,740,720
401,770,599
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SynchronizationContext
internals

SERVICE LOCATOR FOR PROMISE ORCHESTRATION




ISynchronizelnvoke — lite before
SynchronizationContext

Provides a way to synchronously or asynchronously execute a delegate:
o InvokeRequired — checks if invoking is requred, effectively if we are running on the same thread

° Invoke — synchronous invocation
° Beginlnvoke, EndInvoke — asynchronous invocation

It ties communication and threads.

If we don’t need specific thread —as in ASP.NET — we should not use ISynchronizelnvoke.

This is how SynchronizationContext emerged.
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ExecutionContext and other

Bag holding logical context of the execution.

Contains SynchronizationContext, LogicalCallContext, SecurityContext, HostExecutionContext,
CallContext etc.

Does not need to rely on Thread Local Storage (TLS) and is passed correctly through
asynchronous points — will follow to the other thread.

Before .NET 4.5 LogicalCallContext was performing shadow copies and couldn’t be used
between asynchronous points of invocation.

Starting in .NET 4.6 there is an AsynclLocal<T> class working as TLS variables for tasks.

Methods with Unsafe* do not propagate the context — for instance
ThreadPool.UnsafeQueueUserWorkltem.
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Program.cs # X
As:,.rncLocal

2

—lusing System;
using System.Threading;
using System.Threading.Tasks;

—Inamespace AsyncLocal

1

- class Program

i

Asynclocal<T>

= "5 Asynclocal.Program 0 Acenchdathod A I

Solution Explon

Enterin

Enterin

static Asynclocal<string> asynclocal = new Asynclocal<string>();

static ThreadlLocal<string> threadlLocal = new Threadlocal<string>();

static void Main(string[] args)

{
AsyncMethoda() . Wait();
}
static async Task AsyncMethodAl()
1
asyncLocal.Value = "Value 1";
threadlLocal.Value = "Walue 1";
var taskl = AsyncMethodB("Value 1");
asynclLocal.Value = "Value 2";
threadLocal.value = "value 2";
wvar task2 = AsyncMethodB("value 2");
await taskl;
await task2;
¥
static async Task AsyncMethodB(string expectedValue)
1
le.WriteLine("Entering AsyncMethodB.");
sole.WriteLine("\tExpected "{®}', AsyncLocal walue is '{1}', ThreadlLocal walue is
expectedvalue, asynclLocal.value, threadLocal.value);
await Task.Delay(lee);
Console.WriteLine("Exiting AsyncMethodB.");
e.WriteLine("\tExpected '{8}', got '{1}', ThreadLocal wvalue is "{2}'",
expectedValue, asynclLocal.Value, threadlLocal.Value);
¥

B C:AWINDOWS\system32\emd.exe

t 'Value 2

VY VY VYV YV

Tra
Tra
Un:
Un
Un
We
Watki
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SynchronizationContext

The SynchronizationContext class is a base class that provides a free-threaded context with no
synchronization:

o OperationStarted and OperationCompleted — handles notifications

o Send — synchronous message
o Post — asynchronous message
° Current — gets synchronization context for the thread

The purpose of the synchronization model implemented by this class is to allow the internal
asynchronous/synchronous operations of the common language runtime to behave properly
with different synchronization models
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SynchronizationContext

When awaiting the awaitable type the current context
is captured. Later, the rest of the method is posted on
the context.

We can use ConfigureAwait(false) to avoid capturing the
context. Rule of thumb — always use it unless you are
sure that you need a context.




SynchronizationContext

Synchronization context is a global variable.

If SynchronizationContext.Current is not null then this context is captured:

o For Ul thread it is Ul context — WindowsFormsSynchronizationContext, DispatcherSynchronizationContext,
WinRTSynchronizationContext, WinRTCoreDispatcherBasedSynchronizationContext

° Implemented via event loop, for instance.

o For ASP.NET request it is ASP.NET context — AspNetSynchronizationContext

° This can be different thread than original one, but still the request context is the same.

Otherwise it is current TaskScheduler:
o TaskScheduler.Default is the thread pool context.

o ASP.NET Core doesn’t have spearate context — no risk of deadlock, no need to use ConfigureAwait(false)

Each method can have its own context.

09.01.2024
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SynchronizationContext

Specific thread Delegates Delegates Send is Post is
executing the code | executed serially executed in order synchronous asynchronous

Default (Thread No — any thread in

Pool based) the thread pool

ASP.NET No —any thread in  Yes No Yes No
the thread pool

WinForms, WPF, Yes — Ul thread Yes Yes Only if called on Yes

WinRT, Xamarin, the Ul thread

Blazor

ASP.NET Core No —any threadin No No Yes Yes

the thread pool

In ASP.NET only one continuation can be executed at a time for given request - no concurrency.
In ASP.NET Core multiple continuations can run concurrently — we have concurrency and parallelism.
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State machine

COROUTINE COMPILER LEVEL TRANSFORMATION




State machine 1 — before compilation

Program.cs™ & X

T —— . [ topcsoasninerogom OurAsyncMethod has four parts
1 Eus:..ng System; ) ‘
> [ [using systen Threading. Tasks; ° First part will run synchronously as the
: omesrace Asynestatatiachine Task.FromResult is already resolved
6 =] class Program .
7] - o Second part will eventually block because of the
8 = static void Main(string[] args) delay
9 {
10 OurAsyncMethod () .Wait(); . . . .
1 || } o Third part will block and explicitly create
13 = public static async Task OurAsyncMethod() Contlnuat|0n
14 {
15 Console.WritelLine("First part"); i 1 i
- e e it Cralony; o Fourth part with just throw exception
17
18 Console.WriteLine("Second part");
19 await Task.Delay(2e@);
20
21 Console.WriteLine("Third part”):
22 await Task.Yield();
23
24 Console.WriteLine("Fourth part");
25 throw new Exception();
26 ¥
27 )
28 )
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State machine 2 — method after
compilation

T async is no longer there — it is only on C# level.
3 usa:.ng System:Runtim?.Com;iler.‘Services; .
g ueing Systen.Thresding. Tasks; DebuggerStepThroughAttribute tells the debugger to step
6 namespace AsyncStateMachine .
; // Token: ©x©2600082 RID: 2 through (Ignore) the methOd'
12 Ei{.nternal class Program
11 // Token: @xe60e@eel RID: 1 RVA: @x00002056 File Offset: ©x@0000250 Program.<OurA5ynCMethOd>d_1 <OurA5ynCMeth0d>d
12 rivate static void Main(string[] args) . .
e o reumereenaats vaters type created to encapsulate state machine pieces.
15 1
16 . . . L L .
v 1 Token: ex05000002 RID: 2 RUA: 0x06092060 File OFfset: 160000260 State is initialized to -1 meaning ,,ready to do some work”.
19 public static Task OurAsyncMethod()
28 . .
21 { Program.<OurAsyncMethod>d__1 <OurAsyncMethod>d__ = new Program.<0OurAsyncMethod>d__1(); AsynCTaSklwethOdBUIlder |S a .N ET Class Ca pa ble Of
22 i <OurAsyncMethod>d__.<>t_ builder = AsyncTaskMethodBuilder.Create(); . .
23 <OurAsyncMethod>d__.<>1_ state = -1; executlng the State maChlne.
24 AsyncTaskMethodBuilder <>t__builder = <OurAsyncMethod>d__.<>t_ builder;
25 ; <>t_bui1der.Start<Program.<Our‘A5yr‘1cMethod>d_1>(r‘E'F <OurAsyncMethod>d__); . . .
5 j et Ourhsynclathodd_.<>t_bullier. Task; Effectively we prepare the machine, start it and return the

Task object with the result.

09.01.2024 INTERNALS OF ASYNC - ADAM FURMANEK 49




State machine 3 — fields

// Token: @xe2eeeee3 RID: 3

[CompilerGenerated] , Program.<OurAsyncMethod>d 1 <OurAsyncMethod>d
private sealed class <OurAsyncMethod>d__1 : IAsyncStateMachine — . . I
¢ type created to encapsulate state machine pieces.

// Token: ©x06000006 RID: 6 RVA: ©x0002270 File Offset: oxoeeee47e

[DebuggerHidden] : : :

void IAsyncStateMachine.SetStateMachine(IAsyncStateMachine stateMachine) <OurASynCMethOd>d—'<>1—State Varlable maintains the

¢ state

// Token: ©x04000001 RID: 1 o Initially it is set to -1 meaning ,not started”

ublic int <>1_ state;
g — > -2 means ,done”

// Token: exed4eeeee2 RID: 2

public AsyncTaskMethodBuilder <>t_ builder; > Non-negative states indicate different pieces of the state
// Token: @xe4eeeee3 RID: 3 maChIne
private TaskAwaiter<bool> <>u__ 1;
/) Token: 0x04660064 RID: 4 Three different awaiters as we have await three times in
private TaskAwaiter <>u__2; the Original methOd.
// Token: exe4eeeees5 RID: 5
private YieldAwaitable.YieldAwaiter <>u__3;
¥
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State machine 4 — Start method
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25
26
27
28
29
30
31
32
33

34
35

36
37

38
39

40
41

/// <summary>Begins running the builder with the associated state machine.</summary>

/// <param name="stateMachine">The state machine instance, passed by reference.</param>
/// <typeparam name="TStateMachine">The type of the state machine.</typeparam>

/// <exception cref="T:System.ArgumentNullException">

///  <paramref name="stateMachine" /> is null.</exception>

// Token: ©x06@05CB9 RID: 23737 RVA: Ox00144E38 File Offset: ox00143038
[SecuritySafeCritical]

[DebuggerStepThrough]

[__DynamicallyInvokable]

public void Start<TStateMachine>(ref TStateMachine stateMachine) where TStateMachine : IAsyncStateMachine
{

if (stateMachine == null)

{

' throw new ArgumentNullException("stateMachine");

i ¥

ExecutionContextSwitcher executionContextSwitcher = default(ExecutionContextSwitcher);
RuntimeHelpers.PrepareConstrainedRegions();

L try

ot

; ! ExecutionContext.EstablishCopyOnkiriteScope(ref executionContextSwitcher);
E | stateMachine.MoveNext(); |

: ¥

. finally

o

; '+ executionContextSwitcher.Undo();

' L
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State machine 5 — exception handling

We capture the state to local variable.

29 | // Token: ©x2000003 RID: 3 . .
% | | [CompilerGenerated] We handle all exceptions and terminate the
31 | rivate sealed class <OurAsyncMethod>d__1 : IAsyncStateMachine 1 1

2 g — machine if needed.

33 // Token: ©x@60000085 RID: 5 RVA: ©x008e20AC File Offset: ©x©00B802AC

34 void IAsyncStateMachine.MoveNext()

35 ' ' I {

36 ©int num = this.<>1__state;

37 0 L try

A

39 0 L.

9% 3

100 ' catch (Exception exception)

101 ! i i | 1

12 . . 1 this.<>1_ state = -2;

183 .  this.<>t_ builder.SetException(exception);

184 3

o5 | | | %
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State machine 6 — states

38 b Awaiter at the beginning for different result
39 ' TaskAwaiter<bool> awaiter; t
49 : Taskfwaiter awaiter2; ypes'
41 ; ‘r’i?ld.ﬂlwaitable.‘fieldﬂwaiter awaiter3;
b | geiteh () Four different branches as we have await
o L[ 1 three times generating four blocks.
43 : break;
49 case 1:
5@ 5 /o... z
53 _ goto IL_FA;
54 case 2; 3
55 : ...
58 E goto IL_168;
59 ; default:
&0 : ... 1
78 ; break;
71 3}
72 [ Vs
83 ; i{_l-p.: 2
84 7 3
a5 . [TL_168:
95 : o i |
99 }
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42
43

45
46
47
48

49
59

60
61

62
63

64
65
66
67

68
69

70
71

72

State machine 7 —num = -1, state =-1
await Task.FromResult(false);

switch (num)

; It starts in default.

! case 0:

auaiter = this.ou_1; We print to the console
this.<>u_ 1 = default(TaskAwaiter<bool>); and get awaiter for the

! this.<>1 state = -1;

5 break: result.

5 ettt If it is completed (as this is
| Console.WriteLine("First part"); the case now)

awaiter = Task.FromResult<bool>(false).GetAwaiter(); .
if (lawaiter.IsCompleted) We call GetResult which

( returns the value
 this.ol_state = @; immediately

this.<>u_1 = awaiter; dinli
Program.<OurAsyncMethod>d__1 <OurAsyncMethod>d__ = this; > Weend in line 72

this.<>t_ builder.AwaitUnsafeOnCompleted<TaskAwaiter<bool>, Program.<OurAsyncMethod>d_ 1> ° num = -1, state = -1
(ref awaiter, ref <QurAsyncMethod>d );
return;
}
break;

i
awaiter.GetResult();
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State machine 8 — num = -1, state =-1
await Task.Delay(200);

e e (num) It starts in line 73.

44 : :

49 o fase 1 We print to the console and

50 awaiter2 = this.<u_ 2; get the awaiter.

51 o this.<>u__2 = default(TaskAwaiter);

52 - this.>1_state = -1; If it is not completed

> I ot T > We change the state (so we

71 IR know where to come back)

72 VA > We call

73 Console.WritelLine("Second part"); AwaitUnsafeOnCompleted

74 awaiter2 = Task.Delay(20@).GetAwaiter(); (see ina bit)

75 ~ 1 if (lawaiter2.IsCompleted)

76 g > And then we return

77 © 0 this.<»1_ state = 1;

78 . this.<ou_2 = awaiter2; Later we continue in case 1

79 .~ Program.<OurAsyncMethod>d__1 <OurAsyncMethod>d__ = this; > We jump to the label IL_FA

80 .+ this.<>t_ builder.AwaitUnsafeOnCompleted<TaskAwaiter, Program.<OurAsyncMethod>d_ 1>(ref and end in line 84 -
C awaiter2, ref <OurAsyncMethod>d_); —

81 . return; ° npum =1, state =-1

82 !

83 o ILFA:

84 .~ awaiter2.GetResult();
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AsyncTaskMethodBuilder. AwaitUnsafeOnCompleted

[__DynamicallyInvokable]
public void AwaitUnsafeOnCompleted<TAwaiter, TStateMachine»(ref TAwaiter awaiter, ref TStateMachine stateMachine) where TAwaiter : ICriticalNotifyCompletion where TStateMachine : IAsyncStateMachine

{

this.m_builder.AwaitUnsafeOnCompleted<TAwaiter, TStateMachine:x(ref awaiter, ref stateMachine);

¥

[__DynamicallyInvokable]
public wvoid AwaitUnsafeOnCompleted<TAwaiter, TStateMachine»(ref TAwaiter awaiter, ref TStateMachine stateMachine) where TAwaiter : ICriticalMotifyCompletion where TStateMachine
IAsyncStateMachine

<

AsyncMethodBuilderCore.MoveNextRunner runner = null;
letionAction = this.m coreState.GetCompletionAction(AsyncCausalityTracer.Loggi n ? this.Task : null, ref runner);

Task«<TResult» task = this.Task;
this.m coreState.PostBoxInitialization(stateMachine, runner, task);

b

I awaiter.UnsateOnCompleted(completionAction); I

atch (Exception exception)

AsyncMethodBuilderCore.ThrowAsync{exception, null};

I R e

T bt aa]
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AwaitUnsafeOnCompleted —
GetCompletionAction

// Token: @x@6@@5C7A RID: 23674 RVA: BxBB143828 File Offset: Ox08141A28

[SecuritysafeCritical]

internal Action GetCompletionAction(Task taskForTracing, ref AsyncMethodBuilderCore.MowveNextRunner runnerToInitialize)
{

Debugger.NotifyOfCrossThreadDependency();

ExecuticnContext executionContext = ExecutionContext.FastCapture();
Action action;

AsyncMethodBuilderCore.MoveNextRunner moveNextRunner;

if (executionContext != null && executionContext.IsPreAllocatedDefault)

return action;

Lq

i ! action = this.m_defaultContextAction;

| : if (action != null)

A

! .. return action;

| ! e

E : if (taskForTracing != null)

oo T

! E ! action = (this.m_defaultContextAction = this.OutputAsyncCausalityEvents(taskForTracing, acticn));
| ! ¥

E 1 else

o f

i ! . this.m_defaultContextAction = action;

Lol

.}

o else

o

i ¢ moveNextRunner = new AsyncMethodBuilderCore.MoveNextRunner(executionContext, this.m_stateMachine};
| : action = new Actiocn{moveNextRunner.Run);

E 1 if (taskForTracing != null)

T |

i . . action = this.OutputAsyncCausalityEvents(taskForTracing, action);
o

.}

. if (this.m_stateMachine == null)

.

i : runnerToInitialize = moveNextRunner;

' ¥

3
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MoveNextRunner

J// Token: Bx@6BRGEFS RID: 23485 RVA: 8xe817D154 File Offset: @xe@lvB354
[SecuritySafeCritical]
internal weid Run()

i

E if (this.m_context != null)

Lo try

; I |

E ; i ContextCallback contextCallback = AsyncMethodBuilderCore.MoveNextRunner.s_invokeMoveNext;
E ; . if (contextCallback == null)

! : N

E : i E contextCallback = (AsyncMethodBuilderCore.MoveNextRunner.s_invokeMoveNext =Inew ContExtCallback(ﬂsyncMethodBuilderCDre.HoueﬂextRunner.InvokeMoveNext))jl
: ! b

E E . ExecuticnContext.Run(this.m_context, contextCallback, this.m_stateMachine, true});
; E © return;

; L1

; ¢ finally

: N

: ; ' this.m_context.Dispose();

Lo

' ¥

i this.m_stateMachine.MoveNext();

I

J// Token: @x@c@@6EF6 RID: 23486 RVA: @x@817D1C4 File Offset: @x@@l7B3C4

[SecurityCritical]

private static woid InvokeMoveNext(object stateMachine)

i

i I((IﬂsyncStateMachine)stateﬂachine).MoveNext{}; I
1

09.01.2024 INTERNALS OF ASYNC - ADAM FURMANEK




TaskAwaiter.AwaitUnsafeOnCompleted

[ecurityCritical]
[__DynamicallyInvokable]
public void UnsafeOnCompleted(Action continuation)

{

TaskAwaiter.OnCompletedInternal((Task)} this.m_task, continuation, true, false);

¥

[SecurityCritical]
[MethodImpl (MethodImploptions.NoInlining)]
internal static woid OnCompletedInternal(Task task, Action continuaticon, bocl continueOnCapturedContext, bool flowExecutionContext)

{
if (continuation == null)
throw new ArgumentNullException("continuation™);
StackCrawlMark stackMark = StackCrawlMark.LookForMyCaller;
if (TplEtwProvider.log.IsEnabled() || Task.s_asyncDebuggingEnabled)

—toniinuation - Taskiwaiter, OutpuihisdtCiutyventis(iack, continuation):

task.SetContinuationForfAwait{continuation, continueOnCapturedContext, flowExecutionContext, ref stackMark);
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Task.SetContinuationForAwait

// Token: 8xB6@83F46 RID: 16198 RVA: BxGBBEB46C File Offset: BxBBBEIEEC
[SecurityCritical]
internal void SetContinuationForAwait(Action continuationAction, bool continueOnCapturedContext, bool flowExecutionContext, ref StackCrawlMark stackMark)

1

! TaskContinuation taskContinuation = null;

; if (continueOnCapturedContext)

| i

; ! SynchronizationContext currentNoFlow = SynchronizationContext.CurrentNoFlow;

| ; if (currentNoFlow != null &% currentNoFlow.GetType() != typeof(SynchronizationContext))
A

! E ! taskContinuation = new SynchronizationContextiwaitTaskContinuation(currentioFlow, continuationAction, flowExecutionContext, ref stackMark);
.

; : else

ot

E . ' TaskScheduler internalCurrent = TaskScheduler.InternalCurrent;

| ; ; if (internalCurrent != null &% internalCurrent != TaskScheduler.Default)
A

. E E ! taskContinuation = new TaskSchedulerfwaitTaskContinuation(internalCurrent, continuationAction, flowExecutionContext, ref stackMark);
Pt

' : ¥

C

: if (taskContinuation == null &% flowExecutionContext)

b

. ! taskContinuation = new AwaitTaskContinuation(continuationAction, true, ref stackMark);
. |

! if (taskContinuation != null)

| i

; . if (!this.AddTaskContinuation(taskContinuation, false))

; ; ' taskContinuation.Run({this, false);

| ; ; return;

| : ¥

. |

| else ifl(!this.AddTaskContinuation(cantinuatianﬂctian, false)) I

o

| ' AwaitTaskContinuation.UnsafeScheduleAction(continuationAction, this);

. |

}
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SynchronizationContextAwaitTaskContinuation.Run

// Token: 8x@68@3FDA RID: 16346 RVA: B8xBEEEDBFC File Offset: 8x@88EBDFC
[SecuritySafteCritical]
internal sealed override void Run(Task task, bool canInlineContinuationTask)

i
if (canInlineContinuationTask && this.m syncContext == SynchronizationContext.CurrentNoFlow)
1
: base.RunCallback({AwaitTaskContinuation.GetInvokeActionCallback(), this.m_action, ref Task.t currentTask);
E return;
1

TplEtwProvider log = TplEtwProvider.Log;
if (log.IsEnabled())
1

this.m_continuationId = Task.NewId();
log.AwaitTaskContinuationScheduled( (task.ExecutingTaskScheduler ?? TaskScheduler.Default).Id, task.Id, this.m_continuationId);

base.RunCallback(SynchronizationContextAwaitTaskContinuation.GetPostActionCallback(),fjthis, ref Task.t_currentTask);

T L L T L T T ey
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SynchronizationContextAwaitTaskContinuation. PostAction

f/f Token: @x@6@83FDB RID: 16347 RVA: @x@8@EDCE@ File Offset: @xBBBEBEBS

[SecurityCritical]

private static void PostAction(ocbject state)

i

synchronizaticnContextfwaitTaskContinuation synchronizationContextAwaitTaskContinuation = (SynchronizationContextAwaitTaskContinuation)state;
TplEtwProvider log = TplEtwProvider.Log;

if (log.TasksSetActivitylds && synchreonizationContextAwaitTaskContinuation.m_continuationId != @)

synchronizationContextAwaitTaskContinuation.m_syncContext.Post(SynchronizationContextAwaitTaskContinuation.s_postCallback,

E SynchronizationContextiwaitTaskContinuation.GetActionLoglelegate (synchronizationContextAwaitTaskContinuation.m_continuationId, synchronizationContextAwaitTaskContinuation.m_action));
. return;

L R
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State machine 9 —num =1, state =-1
await Task.Yield();

- N ?"i““ (num) We start in line 85
a4 L :
& BB We print to the
55 : awaiter3 = this.<>u__3; COGSOAE, e% %Walter
56 ! : this.<>u__3 = default(YieldAwaitable.YieldAwaiter); an Cl ECKITITIS
57 | | this.<>1_ state = -1; completed.
58 v goto IL_168; It is not:
59 A g :
71 Wy o We set the state
72 Ll s o Wait for the task
85 ' Console.WriteLine("Third part"); R
86 : : awaiter3 = Task.Yield().GetAwaiter(); And return
87 } : if (!awaiter3.IsCompleted) Later we continue in
88 B ;
89 1 ' this.<>1_ state = 2; case 2, jump to the
%0 ! : - this.<>u__3 = awaiter3; |35€| w and end
91 ! Program. <OurAsyncMethod>d_ 1 <OurAsyncMethod>d__ = this; in line 96.
92 § . this.<>t__builder.AwaitUnsafeOnCompleted<YieldAwaitable.YieldAwaiter,

e Program.<OurAsyncMethod>d__1>(ref awaiter3, ref <OurAsyncMethod>d_ ); num = 2, state =-1
93 : : return;
%4 ) ¥
95 : IL_168:
96 : ' awaiter3.GetResult();
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YieldAwaiter. AwaitUnsafeOnCompleted

[SecurityCritical]
private static wvoid QueueContinuation(fcticn continuation, bool flowContext)

i

: if (continuation == null)

' i

; i throw new ArgumentNullException(“continuation™};

i ¥

E if (TplEtwProvider.Log.IsEnabled())

i i

; ! continuation = Yieldfwaitable.¥ieldAwaiter.OutputCorrelationEtwEvent(continuation);

! ¥

' synchronizationContext currentNoFlow = SynchronizationContext.CurrentMoF low;

: if (currentMoFlow != null && currentMoFlow.GetType() != typeof(SynchronizaticnContext))

i i

; : currentMoFlow.Post(vieldAwaitable.YieldAwaiter.s_sendOrPostCallbackRunfAction, continuation);

; E TECUIN;

' ¥

. TaskScheduler taskScheduler = TaskScheduler.Current:

! if (taskScheduler != TaskScheduler.Default)

E : Task.Factory.StartNew(continuation, default(CancellationToken), TaskCreationOptions.PreferFairness, taskScheduler);
; E recurn,

! ¥

' if (flowContext)

Cod

. ' ThreadPool.QueuelserWorkItem(YieldAwaitable.Yieldfwaiter.s waitCallbackRunAction, continuation):
L return;

i ¥

E ThreadPool.UnsafeQueuelserWorkItem(Yieldiwaitable.YieldAwaiter.s waitCallbackRunAction, continuation);
b
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State machine 10 — num = 2, state =-1
After last awalt

We start in line 97.

This part had no await in it so we just execute

the code.
i o We print to the console and throw the
39 AR/ exception.
97 ! ! Console.WriteLine("Fourth part™);
98 throw new Exception();
99 | h
1ee  catch (Exception exception)
lel : {
102 I 7 A
le4 ! ¥
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State machine in Debug vs Release

DEBUG = CLASS RELEASE = STRUCT
// Token: 0x02000003 RID: 3 // Token: 0x02000003 RID: 3
[CompilerGenerated] [CompilerGenerated]

private sealed class <OurAsyncMethod>d 1 [StructLayout(LayoutKind.Auto)]
private struct <OurAsyncMethod>d 1
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Task vs void

ASYNC TASK ASYNC VOID
// Token: ©x04000002 RID: 2 // Token: 8x04000002 RID: 2
public AsyncTaskMethodBuilder <>t_ builder; public AsyncVoidMethodBuilder <>t_ builder;

They capture the context in the same way.

If exception is thrown in async Task, it is then remembered in the context of Task object and propagated
when awaited or cleaned up.

In async void methods the exception is propagated immediately. This results in throwing unhandled
exception on the thread pool which kills the application.
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AsynclaskMethodBuilder.SetException

public woid SetException(Exception exception)

if (!({({ex != null) gtask.TrySetCanceled(ex.CancellationToken, ex) : task.TrySetException(exception)))

t
'+ throw new InvalidOperaticnException(Environment.GetResourceString("TaskT TransitionToFinal AlreadyCompleted"));
1

? if (exception == null)

i ? throw new ArgumentNullExcepticon(“exception™);

i iaEH{Tﬂesult} task = this.m_task;

E if (task == null)

; ? task = this.Task;

5 ;pE'atianancelEdEx =ntion ex = exception 3 stionCanceledExceptions:
!
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AsyncVoidMethodBuilder.SetException

public void SetException(Exception exception)

1

! if (exception == null)

I 1

E : throw new ArgumentNullException(“exception™};

I }

E if (AsyncCausalityTracer.LoggingOn)

I 1

E : AsyncCausalityTracer.TraceOperationCompletion(CausalityTracelevel.Required, this.Task.Id, AsyncCausalityStatus.Error);
: 1

| if (this.m_synchronizationContext != null)

Coq

| o kry

o d

: : ' AsyncMethodBuilderCore.ThrowAsync (exception, this.m synchronizationContext);
: E : return;

: I ¥

: . finally

oo

! : v this.NotifySynchronizationContextOfCompletion();
A

: ¥

; hsyncHethﬂdEuilderCﬂre.ThrﬂHAsync{Exceptinn, null);

1
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AsyncVoidMethodBuilder.SetException

~internal static void ThrowAsync(Exception exception, SynchronizationContext targetContext)

i

E ExceptionDispatchInfo exceptionDispatchInfo = ExceptionDispatchInfo.Capture(exception);
E if (targetContext != null)

| i

o try

o d

| : ! targetContext.Post(delegate(object state)

A

: E E ! ({ExceptionDispatchInfo)state).Throw();

E | E }, exceptionDispatchInfo);

i : ! return;

L)

| : catch (Exception ex)

g

I i : exceptionDispatchInfo = ExcepticonDispatchInfeo.Capture(new AggregateException(new Exception[]
| : | i

: E E exception,

E : E BX

A 0 ¥

I ! ¥

E ¥

: if (!WindowsRuntimeMarshal.ReportUnhandledError({exceptionDispatchInfo.SourceException))
I i

i : ThreadPool.QueueUserWorkItem{delegate(object state)

: ! {

E i : { (ExceptionDispatchInfo)state).Throw();

: : }, exceptionDispatchInfo);

. 70
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Deadlocks
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Deadlocks

Because there is no thread we can cause a deadlock with just one thread!

Depending on the application type our code may run correctly or not.

Use async all the way up!
Use ConfiqureAwait(false

all the way down!




SynchronizationContext

async void DownloadButton Click(object sender, EventArgs e)

{
// We are on the UI thread but we don’t block it
await ProcessDataAsync();
// We are back on the UI thread
resultTextBox.Text = "Done";
}
async Task ProcessDataAsync()
{
// We are still on the UI thread
var content = await DownloadAsync().ConfigureAwait(false);
// Because of ConfigureAwait we are most likely *not* on the UI thread but on the thread pool
// However, ConfigureAwait(false) *is* still required because of possible synchronous execution
// Always use ConfigureAwait(false) unless you really want to capture the context
await TransformAsync(content).ConfigureAwait(false);
}
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AsyncSyncWait « | %% AsyncSyncWait.Program

-lusing System;

2 [using System. Threading. Tasks; @ C:\WINDOWS\system3?\cmd.exe
CO n S O ‘ e 1 [Hnamespace AsyncSyncWait Waiting

5 { Waiting

6 H  class Progran Done waiting

7 { Done!

8 - static void Main(string[] args) Press any key to continue .

{

10 - async Task operationOnContext()

11 [

12 Conscle.WriteLine("\tWaiting");

13 awalt Task.Delay(1@08);

14 Conscle.WriteLine("\tDone waiting");

15 }

16 Console.WriteLine("Waiting");

17 operationOnContext().Wait();

18 Console.WriteLine("Done!™);

19 }

26 }

21 |}

22
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orml.cs + > [

AsyncSyncWait_Forms < | #3 AsyncSyncWait_Forms.Form! - | . InitializeComponent()
1 [Husing System;

2 using System.Threading;

3 using System.Threading.Tasks;

4 |using System.Windows.Forms;

5 o Form! - O X
G U ‘ B namespace AsyncSyncWait Forms

7|1

8 EH.  public partial class Forml : Form Button 1 Hangs Button 2 Works Button 3 Hangs Button 4 Works

9 {

1 o public Forml()

11 {

12 InitializeComponent();

13 }

14

15 & private void buttonl Click(object sender, Eventhrgs e)

16 {

17 = async Task operationOnContext()

18 {

19 await Task.Delay(1@@@);

20 MessageBox. Show("Waiting on context finished!™);

21 }

22 operationOnContext().Wait();

23 MessageBox. Show("Done”);

w 1l 1)

25

6 A private void button2 Click(object sender, Eventhrgs E)EI

36

37 |H private void button3 Click(object sender, EventArgs E)El

43

43 I private void buttond Click(object sender, Eventhrgs E:]EI

72 }

73 }

74
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Formics = |
AsyncSyncWait_Forms 'l #% AsyncSyncWait_Forms.Form1 -| &, InitializeCompanent()

1 [using System;

2 using System.Threading;

3 using System.Threading.Tasks;

4 (using System.Windows.Forms;

5 1! Form1 - 0 X

G U ‘ & [Flnamespace AsyncSyncWait Forms

7|

8 H  public partial class Forml : Form Button 1 Hangs Button 2 Works Button 3 Hangs Button 4 Warks

E {

18 © public Forml()

11 {

12 InitializeComponent();

13 }

14

15 IEr] private void buttonl Click(cbject sender, Eventhrgs E)D

25

26 H private void button2_Click(cbject sender, Eventhrgs e)

27 {

P = async Task operationOnThreadPool()

29 {

38 await Task.Delay(18@8)).Configurefwait(false);

31 MessageBox.Show("Waiting on thread pool Tinished!™);

32 }

33 operationOnThreadPool().Wait();

34 MessageBox. Show("Done™);

35 )

36

37 M private void button3 Click(cbject sender, Eventhrgs E)D

43

LEI [ private void buttond Click(ocbject sender, Eventhrgs E)D

72 }

rER

74
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AsyncSyncWait_Forms - | #3 AsyncSyncWait_Forms.Form - | &, InitializeComponent()
1 Husing System;

2 using System.Threading;

3 using System.Threading.Tasks;

4 (using System.Windows.Forms;

5 o Form1 - ad X
G U ‘ B Hnamespace AsyncSyncWait Forms

7 ¢

8 E public partial class Forml : Form Button 1 Hangs | | Button 2 Works ‘ | Button 3 Hangs ‘ | Button 4 Works

9 {

la o public Forml()

11 {

12 InitializeComponent();

13 }

14

15 IEr] private void buttonl Click(cbject sender, Eventhrgs E)El

25

26 |H private void button2 Click(cbject sender, Eventirgs E)El

38

YR (=] private void butten3 Click(cbject sender, Eventhrgs e)

38 {

39 g async Task operationOnThreadPool()

49 {

41 awalt Task.Delay(1088).Configuredwait(false);

42 Invoke((MethodInvoker)(() =+ MessageBox.Show("Posting from context")));

43 TES5AgE00K. SNOW| WalLlNg ON CONLEXL TINLsNedT J,

4 i

45 operationOnThreadPool().Wait();

LE MessageBox. Show("Done");

47 }

43

4 1 private void buttond Click(chject sender, Eventfrgs E)EI

72 1

73 }

74
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Formt.cs -+ |
AsyncSyncWait_Ferms vI %3 AsyncSyncWait_Ferms.Form? vI Q’a buttond_Click{cbject sender, EventArgs )
1 Flusing System;

2 using System.Threading;
3 using System.Threading.Tasks;
4 using System.Windows.Forms; B Formi — O Y
5
B Flnamespace AsyncSynchiait_Forms
‘ 5 U ‘ ; E‘l{ public partial class Forml ¢ Forn Button 1 Hangs ‘ | Button 2 Warks | | Button 3 Hangs | | Button 4 Warks |
o
@ o public Forml()
11 I
12 InitializeComponent();
13 }
14
15 private void buttonl Click(cbject sender, Eventirgs E)D
25
26 private void button2 Click(chject sender, Eventhrgs E)D
36
37 private void button3_Click(object sender, Eventhrgs E)D
43
49 E‘I private void buttond Click(object sender, Eventirgs e)
6| [
51 S| async Task operationOnThreadPool()
52 {
53 await Task.Delay(leee).ConfigureAwait(false);
54 Invoke((MethodInveoker)(() => MessageBox.Show("Posting from context™))});
55 MessageBox.Show("Waiting on context finished!™);
56 | }
57
58 var task = operationOnThreadPool();
59
80 O while (!task.IsCompleted)
61 {
62 Application.DoEvents();
63 Thread.Sleep(TimeSpan. FromMilliseconds(1));
64 | }
85
GG MessageBox. Show("Done™};
67 | }
68 |}
89 |}
78

09.01.2024 INTERNALS OF ASYNC - ADAM FURMANEK



using System.Threading.Tasks;
using System.Windows.Forms;

namespace ConfigureAwaitFalse

{

3 references
G l | | public partial class Forml : Form
1

1 reference

public =c’m1[}[:]

1 reference
private void buttonl Click({object sender, EventArgs e)
1

Waitl().GetAwaiter().GetResult();

I 8- Form — O X

1 reference

private async Task Waitl()

1
await Wait2().Configurefwait(false);
1 Deadlock

1 reference
private async Task Wait2()

1
h

await Wait3();

1reference
private async Task Wait3()

1
h

await Task.Delay(1888).Configurefwait(false);
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FormsUnitTest - I % FormsUnitTest.Program

L]

U n It te St 1 Flusing NUnit.Framework;
2 using System.Threading.Tasks;
3 using System.Windows.Forms;
4
5 Finamespace FormsUnitTest
6 |{
7 [TestFixture]
8 = class Program
E {
1@
11 [Test]
12 = public async Task Test()
13 r
14 /! Arrange
15 new Form();
16
17 /f Act
18 await Task.Delay(lea);
19
20 /il Assert
21 Assert.Pass();
22 I 1
23 )
24 1
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[#] FormsUnitTest - "’H.Fnrms.UnitTest.F'rngram

1 Flusing NUnit.Framework;

. 2 using System.Threading;

U n It te St 3 using System.Threading.Tasks;

4 | using System.Windows.Forms;
5
G Flnamespace FormsUnitTest
7|1
8 [TestFixture]
9 = class Program
18 'y
11 [Test]
12 =i public async Task Test()
13 r
14 !/ Arrange
15 var context = SynchronizationContext.Current;
16 new Form();
17 SynchronizationContext.SetSynchronizationContext(context);
18
19 /i Act
20 await Task.Delay(1l@@);
21
22 // Assert
23 Assert.Pass();
24 I }
25 )
26 1
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Blazor

@code-{
.- - -void-ShowPopup()

-------- async-Task-operationOnContext()

------------ Console.WriteLine("Calling-some-JS");
------------ await-JsRuntime.InvokeVoidAsync("alert"”, -"Waiting-on-context-finished!");
------------ Console.WritelLine("Done-calling-JS");

-------- operationOnContext().Wait();
-------- Console.WriteLine("Done-done");
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Blazor

Ell f@code-{
=+ -« -void-ShowPopup()
cond
Hbeeerens async-Task-operationOnContext()
........ 1
------------ Console.WriteLine("Calling-some-J5");
------------ await-JsRuntime.InvokeVoidAsync("alert", -"Waiting-on-context-finished!");
------------ Console.WriteLine("Done-calling-J5");
........ 1

-------- var-task-=-operationOnContext();
SRR while(!task.IsCompleted){
------------ Thread.Sleep(10008);

-------- Console.WriteLine("Done-done");




Blazor

Q@cnde-{
=+ - - -void-ShowPopup()
R
Hb=eere=- async-Task-operationOnContext()
........ i
------------ Console.WriteLine("Calling-some-J5");
------------ await-JsRuntime.InvokeVoidAsync("alert"”, -"Waiting-on-context-finished!").ConfigurefAwait(false);
------------ Console.WriteLine("Done-calling-J5");
........ 1

llllllll

-------- var-task-=-operationOnContext();
EEEEEE T while(!task.IsCompleted){
------------ Thread.Sleep(1668);

-------- Console.WriteLine("Done-done™);
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Blazor

Q@cnde-{
=+ - - -void-ShowPopup()
R
Hb=eere=- async-Task-operationOnContext()
........ i
------------ Console.WriteLine("Calling-some-J5");
------------ await-JsRuntime.InvokeVoidAsync("alert"”, -"Waiting-on-context-finished!").ConfigurefAwait(false);
------------ Console.WriteLine("Done-calling-J5");
........ 1

llllllll

-------- var-task-=-operationOnContext();
EEEEEE T while(!task.IsCompleted){
------------ Thread.Sleep(1668);

-------- Console.WriteLine("Done-done™);
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TaskCompletionSource

By default TaskCompletionSource runs continuations synchronously when setting the result.

Continuations work differently for async and ContinueWith:
o For await they run synchronously (almost always).
o For ContinueWith they run asynchronously (almost always).

We can modify TaskCompletionSource behavior by passing continuation creation flags.
As a workaround we can explicitly force the application to yield the continuation.

Use TaskCreationOptions.RunContinuationsAsynchronously where possible.

86
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TaskCompletionS

Program.cs R X
[#] TaskCompletionSource ~ % TaskCompletionScurce.Program
—lusing System;

using System.Collections.Concurrent;

using System.Threading.Tasks;

[STRY I

—Inamespace TaskCompletionScurce
5 {

] class P
: {

9 = static void Main(string[] args)

0 {

11 = Task.Run(async () =»

12 {

13 using (wvar database = new
14 = using (var logger = new Lo
15 {

16 logger.WriteLine("Messagel™);
1 awailt Task.Delay(2ee);

ase())
~{database))

@ w0 oo

Conscle.WriteLine("Saving something to database...™);

await database.SaveAsync("Message to database™);

Conscle.WriteLine("wWe are done™);

S

STRN

}
}) Wait();

private readonly D
private readonly
private readonly Tz

database;
gCollection<string> queue = new BlockingCollecticn<string>();
worker;

= public Logger(Data
1

== facade)

database = Tacade;
worker = Task.Run(SaveMessage);

}

= public void Dispose()
a1 {
42 queie.Conpletesdding();

3 }

- @ Main(string[] args)

ot

Solution Expl
WA~ -5 ¢

Search Solution Explorer (Ctrl+:)

B C:\WINDOWShsystem32hcmd.exe

— O X

[ Watki
[ Zadania




ThreadPool starvation

ThreadPool supports global queue. Each thread has local queue as well.

Tasks are scheduled to global queue when:
° Thread enqueing item is not a thread pool thread

o ThreadPool.QueueUserWorkltem is used
o Task.Factory.StartNew with PreferFariness is used
o Task.Yield is used

Otherwise items are scheduled to local queue.

Tasks can be also awaited inline.
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ThreadPool starvation

File Edit View Debug

hread. Slecp(1688)

Call Stack

Name

Nati
obj) (IL=0x

E)

cancella

Breakpoint

I W

callback.
threadPoolThread) (IL
007FFAACDET680+0x5

taskWasPreviouslyQueued) (IL=0

cancellationToken) (IL=0:
Token) (IL=0x0015, Na

[~ =R

B& S0 & 8@ @ rontcl
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Exception handling




Exceptions in async

VOID METHOD TASK METHOD
One cannot await void method (sure?). Exception is stored in the Task.
Exception is propagated but it is not You can also await the method and have the

deterministic. exception propagated.

When chaining in parent-child hierarchy
(TaskCreationOptions.AttachedToParent) we may
miss exceptions, even in AggregatedException.

Use AsyncContext from AsyncEx library.

If there is an unobserved exception, it is raised by
finalizer thread in UnobservedTaskException
event where it can be cleared. If not cleared, the
process dies (.NET 4) or the exception is
suppressed (.NET 4.5).

09.01.2024
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1 -using System;
2 using System.Threading;
using System.Threading.Tasks;

5 -Inamespace ExceptionInAsync

{ B CAWINDOWS\system32\cmd.exe - g X

10 static int Id =

- i i row>d_1.Move ) in C:\Users\adaf ctop\msp_windowsinternals\ExceptionInAsync

12 static async void Throw()

13 - ;;:ta_i_ async Task Throw()

15 await Task.Delay(30@);

16 throw new Exception("I am throwing an exception: " + (Id++)});
Cont

19 E static void Main(string[] args)

20 { : Threadi eri emC: ) WorkItem.E
21 Observe that void method propagates the exception

22 !/ Task method does not

23

ocation where

ethodBui

utionCont utionContext, Cont

Console.Writeline("Handling " + €); Threading. QueueUseriorkItemCallbac stem.Threading.IThreadPoollorkItem. ExecutelorkItem()

4 ystem.Threading._ThreadPooll ack.PerformilaitCallba
35 Console.Writeline("After try");
36 Thread.Slesp(90R);

sole.Writeline("After sleep"); §: any key to continue . . .
Console.Writeline("Done™);
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1 -lusing System;
2 using System.Threading;
using System.Threading.Tasks;

5 -Inamespace ExceptionInAsync ~
BN CAWINDOWS\system32\cmd.exe - g X

1@ static int Id = 1;

Object st

12 static async void Throw()
13 - //static async Task Throw()

Con allback callback, Object

15 await -EE‘:.DEIB}'{ng’}S _llt ol _llt e r.t
16 throw new Exception("I am throwing an exception: " + (Id++)); HiLpatt talibeths v

. ! a .Thre , erblorkItemCallbac em. Threading. IThreadPoolWorkItem. ExecutelorkIte
19 - static void Main(string[] args)
20 {

H

rve that void method propagates the exception . v kev to continue

[
;
i =

22 // Task method does not

4 E try
25 I

26 Throu();

27 Thread.Sleep(608);
28 Throw();

Console.Writeline("Handling " + &);

35 Console.Writeline("After try");
Thread.Sleep(98@);
onsole.Writeline("After sleep”);
onsole.Writeline("Done");

L




-using System;
using System.Threading;
using System.Threading.Tasks;

—Inamespace ExceptionInAsync

static int Id = 1;

[/static async void Throw()
- static async Task Throw()
await Task.Delay(308);

e
[

throw new Exception("I am throwing an exception:

- static void Main(string[] args)
' Observe that void method propagates the exception
! Task method does not

//Thread.Sleep(608);

Throw();

1.
J
catch (Exception e)

Console.Writeline("Handling " + &);

Console.Writeline("After try");
Thread.Sleep(908);
Console.Writeline("After sleep");
Console.liriteLine("Done™);

+ (Id++));

BN CAWINDOWS\system32icmd. exe

any kKey to C ontinue .




Exceptions in other threads

Unhandled exception kills the application in most cases.

If it happens on a thread pool it is held until awaiting and then propagated if possible (thrown
out of band for async void).

Catching unhandled exception with AppDomain.CurrentDomain.UnhandledException doesn’t
stop the application from terminating.

ThreadAbortException or AppDomainUnloadedException do not kill the application.

In .NET 1 it was different:
> Exception on a thread pool was printed to the console and the thread was returned to the pool.

o Exception in other thread was printed to the console and the thread was terminated.
o Exception on the finalizer was printed to the console and finalizer was still working.
° Exception on the main thread resulted in application termination.
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Hijacking thread creation

[ ThreadExcepticnHandler - w T hreadExceptionHandler.Program ~ | D, Main(string[] args
i 3
h
= public static Thres E _» Threadstart threadStart) ‘ -
1 E
= return () =>» BN COAWINDOWShsystem32hcmd.exe _ O Xk
i E
= try n
1 .
threadstart(); 3
} L
113 catch (Exception e)
o 1 - Writeline( "Handling!™) wmsp_windowsinternals\Threa
5 C e.WritelLine andling!™); -
___ . c e.WriteLine(e); afurn De .
¥i
h 1
¥ E
= class Progra ;
i 3
= static woid Main(string[] args) =
{ =
ThreadHandler.EnableHandling(); E
MakeUnhandled(); E
Thread.Sleep(TimeSpan.FromSeconds(3)); 0
Console.WriteLine("All done™);
¥
= private static woid MakeUnhandled() -
i E
= Thr art lambda = ()} =>
i
Conscle.Writeline{"Running in new thread”};
throw new Exception("This is unhandled!™)};
¥i
var thread = new Thread({lambda);
thread.Start();
h
}




Stacking threads

AggregateException

Task can create a child. It can be either attached
or detached.

Attached child task is coupled:
o Parent waits for it

o Parent propagates its exceptions.

Task can block others from attaching by
specifying DenyChildAttach. In that case child
executes normally when trying to attach to the
parent.

09.01.2024

Contains all InnerExceptions — if a Task has child
task, the exceptions create a tree (instead of a
list).

Has method Flatten which makes a list from the
exception tree.

Even if only one exception is thrown, it is still
wrapped.

Can be retrieved by waiting for the task or by
checking its Exception property.

Contains method Handle which takes care of
rethrowing exception if it is not of a correct type.

Works weird for await code.
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i [ad

5] Aggregatebception G C:\WINDOWS\system32\cmdece - O X
1 [Husing System;
2 using System.Threading.Tasks; Attached both children
4 [namespace AggregateException
>
5 H class Program
7 {
3 E static void Main(string[] args)
: {
10 [reateﬂndﬁwait() Wait();
11 //CreateAndWait().Wait(); : o : " - / i
12 } dar Hyste Ces.ld : er.Handlenon: faLkeol 'D:l+l'%'lﬂﬂf a5k TasK)
14 |F static Task CreateAndWait()
22
23 |E static async Task CreateAndAwait() . _ _TEen ) ) ) .
24 { al oysie _ 5. [askK. -. nal( : ag ptions) R
’x anait CreateTask(); a : -. ait(In i cen cancellationToken)
2 }
27
28 |E static Task CreateTask()
. [ ress any key to continue .
I (= return Task.Factory.Startew(() =»
31 {
32 Task.Factory.StartNew(() =» { throw new Exception("FIRST TASK EXCEPTION!!!"); }, TaskCreationOptions.AttachedToParent);
33 Task.Factory.StartNew(() =» { throw new Exception("SECOND TASK EXCEPTION!!!"); }, TaskCreationOptions.AttachedToParent);
34 Console.Writeline("Attached both children");

1




Program.cs + X BN CAWINDOWS\system32icmd.exe - O X
[#] AggregateException + | % AggregateException.Program

1 FHusing System; ption; or more er occurred ' ption: One or more errors
2 using System.Threading.Tasks; e - p

3 i msp_winc
- -|namespace AggregateException

5 { : tem.T f <.Innerl

f - class Program

- { --- End of ir

3 = static void Main{string[] args) -—- End of inner e

: {

10 //CreateAndiwait().Wait();

11 CreateAndiait().Wait();

12 }

14 - static Task CreateAndWait()

15 { End of ir

16 Task action = CreateTask(); (Inner E CON 1

17 Task faulted = action.ContinueWith(p =» Conscle.Writeline(p.Exception), oateExc Pr ; ( : : op\msp_windowsinternals
18 TaskContinuaticnOptions.OnlyOnFaulted); B

19 Task succeeded = action.ContinueWith(r =» { }, TaskContinuationOptions.OnlyOnRanToCompletion);

28

21 return Task.WhenAll(faulted, succeeded);

;C }

23

24 + static async Task CreateAndAwait()

28

29 - static Task CreateTask()

10 [

31 = Factory.Startlew(() =»

32

33 Task.Factory.StartNew(() =» { throw new Exception("FIRST TASK EXCEPTION!!!™); }, ' |
34 kCreationOptions.AttachedToParent); | .Pr . : in ( B afur : msp_wi

35 startNew(() =» { throw new Exception("SECOND TASK EXCEPTION!!!"); 1,
3 =ationOptions.AttachedToParent);
37 e Mriteline("Attached both children™);

tem.Thre

ontinue




Program.acs £ X

GetAwaiterVsWait
-lusing System;
using system.Threading.Tasks;

2

| 5y GetAwaiterVsWait.Program

-Inamespace GetAwaiterVsWait

{
- class Program
{
- static veid Main(string[] args)
{
Task.Run{async () =» await Handle()).Wait();
h
- static async Task Handle()
{
] t-/
Console.Writeline("Using await Throw()");
await Throw();
Console.Writeline("Using Thro ait();");
Throw().Wait();
Censole.WriteLine("Using Throw().
Throw() .GetAwaiter().GetResult();
1
catch (Exception e)
{
Censole.MriteLine(e);
h
}
- static async Task Throw()
{
await Task.Delay(1@@).ConfigureAwait(false);
throw new Exception("Throwing exception!™);
}
h
b

* 0 X

Solution Explorer

«| @, Handle()

P-

BN C\WINDOWS\system32\cmd.exe - g X

ption u
owForhonsu

Wb LA

eption: One or more
it.Pre .<Th

ram. cs:line
am.cs:line

any key to continue

P Watki

Throwir
it.Progr rowrd_ 2.M X in er Furma\De M5 \ 5:1ine 29




UnobservedTaskException

] UnobservedException = % UnobservedException.Program v @ Test() ' fE-o-SGam ©

I Husing System; =

R f B2y ! . 3 Search Solution Fynlarer (Cirl+1) L
2 using System.Threading.Tasks;

1 BN CAWINDOWS\system32\cmd.exe - 0 X
4 [Hnamespace UncbservedException

>

EE class Program : s AT o . aithan hy

7 {

8 H static veid Main(string[] args)

g {

18 TaskScheduler.UnobservedTaskException += TaskScheduler UnobservedTaskException;

1 Test(s

‘ - : (Inner Excep : .Exception: ption of System.Exception’ was throun.

- Console.ReadLine(); i . () in C:\Use urma\Desktop\msp_windowsinternals\Unobserve
15 GC.Collect();

16 GC.WaitForPendingFinalizers(); v to continue

17 } )

19 E static void TaskScheduler UnobservedTaskException(cbject sender, UncbservedTaskExceptionEventlrgs e)

20 {

21 Console.Writeline("Unobserved exception!");

22 Console.Writeline(e.Exception);

23 }

24

5 H public static async Task Test()

26 {

27 throw new Exception();

28 }

29 }

|}
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Awaiting async void

We cannot do it directly as method returns nothing.

We need to implement custom synchronization context.

To handle exceptions we need to write custom task scheduler.
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await async void

Program.cs # X

[£#] AwaitVoid - AwaitVoid MyContext ~ @ Checkpoint() -
31 +
31 } =
32 } .

= public override woid OperationStarted() Bl C:\WINDOWShsystem32\cmd. exe _
1
_taskCount++;
}
= public override woid OperationCompleted() any To tinue
i
41 _taskCount--;
42 SignalIfDone();
43 }

)

AB = public static class Dele

45 = public static Task AwaitAsynchronousHandlers({this De
49 {

Se var context = text();

51 = var thread = () =» {

52 synchronizationC ext.5setSynchronizationContext({context);
53 {@delegate.DynamicInvoke();

S4 context.Checkpoint();

55 ¥l

56 thread.start();

57 return context.Waiter;

58 }

50 1

51 delegate woid Worker();

= public class Pro

o

54 1

5 static event Worker Workers;

7 = public static woid Main()

58 i

59 Workers += async () => await Task.Delay(1@8).ContinueWith(t => Co le.Writeline(1@8));
70 Workers += async () => await Task.Delay(1568).ContinueWith(t => Co e.WriteLine(1586));
7 wWorkers += () =» Conscle.WriteLine("Mo delay™);
72 Workers.AwaitAsynchronocusHandlers() . Wait();
73 by

4 ¥

¥




Program.cs = x—
[2#] CatchAsyncVoid - CatchAsyncVoid.MyContext =1 @ Run(Action action] -

public static Task Run(Acticon action)

{

Catch exceptions in async void

Bl CAWINDOWS\system32icmd.exe

return Task.Run( () =>

i
var oldContext = .Current;
var newContext = new M B
try
i
.SetSynchronizationContext (newContext);

var spanningTask = newContext.factory.StartNew(action);

foreach (var task in newContext.scheduler.tasks.GetConsumingEnumerable())

{

newContext.scheduler.TryExecuteTask(task);
task.GetAwaiter().GetResult();

by

spanningTask.GetAwaiter().GetResult();
finally
{

.SetSynchronizationContext (oldContext);
¥
B
¥
ntime
ntin
static wvoid Main(string[] args) p ntin

le.WriteLine("Preparing job to run™);

var task = MyContext.Run(() => Throw());

C le.WriteLine( b is scheduled, will run any second. Sleeping main thread™);
Sleep(5e08) ;

JMriteLine("Catching exception”);

" Using Wait() here (or in lines 95, 97) instead would return AggregateException instead of

task.GetAwaiter().GetResult();

by
catch (Excepticn e)
i
C JriteLline("Swallowing exception " + e.GetType() + "\n" + e);
}

Sleep(leea);
e.WriteLine("Done™);

original one

main

th

msp_wine

Zadania




Summary

Know your synchronization context — and don’t abuse it!

Do not use async void methods if you don’t have to.

Have async all the way up.

Don’t wait for asynchronous methods in synchronous code if you don’t have to.
Avoid creating threads if you can.

Always await tasks, handle all the exceptions.

Always add handlers to unobserved exceptions and unhandled exceptions.
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