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Primitives under the
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Native thread

¢62 GellSay F2NBINBdzyR YR o6FO13aANRBdzyR 6R2Y Qi

Consists ol hread Kernel Objedtvo stacks (user mode and kernel mode) dimlead
Environment Blockl'EB).

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

Has impersonation info, security conteXtiread Local Storagé&LS).
Windows schedules threadsiot processes!

How many threads does theotepad.exéhave?

27.05.2019 ASYNC WANDERING, ADAM FURMANEK



How many threads does a notepad have?

& Process Explorer - Sysintemals: www.sysintemals.com [ANT\adafurmal - O X | @ untitled - Notepad - u] X
p p
File Options View Process Find DLL Users Help File Edit Formst View Help
diglispOsiexae[[ R A1 S 1 & open x
Process CPU  Prvate Bytes | WokingSet  PID Description ~ §
—_— 4 E » ThisPC » Documents v & | Search Documents A
-1 [ notepad.exe: 18940 Properties - ) X
e p P
& Organize Newfolder - 0O @
JMET Assemblies .MET Performance Strings -~
-] ~ ~
n Image Performance Performance Graph GPU Graph Threads TeRP Security B [ Desktop 4 Name Daten
Wil count: 22 & Downloads  # Custom Office Templates 1714/
El ~
0 D CPU  Cycles Dot Start Address Documents 4 FeedbackHub 27220
& Pictures # Fiddler2 318/2,
[
3l (a8 <001 525,289 nell dilTo Aloc Work +0x 120 WorkDoes  # 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 diISHRelease ThreadRef+0:400 o T My Videos 10724/
| s combase di WindowsDelete StringBuffer={ix1950 Logs NppScripts 10724/
o | PROPSYS dIPSFomatForDisplayAloc +(c2c0 Onehlote Notebooks 1024
ol o il dl T Alloc Work +0x 120 & OneDrive neflote Netehoo e
a 10428 ritdl di Tp AllocWork +Bx 120 Outlook Files 5/22/2
18852 rtdldl To AlocWork +DxTall = This PC Programy 5/4/20 %
E 15724 rtdl dl Tp AlocWork +DxTall P v < >
18908 ol dlSetRuntimelnfo+0x4540
o] 9684 cirdilinstallCustom Module +0¢ 1240 File name: v| ‘Text Documents (*:bd) V‘
16404 il i TpAllocWork 012l ercodis [0S | ° Concel
] 10780 rtdll.dil Tp Alloc Work +0x 120 neoding: e ‘ pen ‘ | neel ‘
Wil  [we0 il i TpAllocWork 012l
O |24 o dllinstalCustomModule +(x1240
5 ) chdllinstalCustomModule (1240
Al |17s20 o dllinstalCustomModule #1240
% 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
oK Caneel 2
Name Descaption Uompary Name Path ~
DocsDriveWinClertC: di WinClentC: Amazon Web Senvices, Inc C:\Program DocsDiveClient D
AWSSDK Core di AWSSDK Core Amazon com, Inc €:\Program Fles'Amazon\AWSWorkDocs DriveCliert\AWSSDK Core.di
AWSWorkDocs DriveCommon.dl Amazon WorkDocs Drive Common  Amazon Web Services, Inc  C:\Program Flles\Amazon\ AWSWorkDocs DiveClient\AWSWorkDocsC
AWSWorkDocs DriveShel.di AWSWorkDriveShell Amazon Web Senvices, Inc  C:\Program Fles\Amazom\ AWSWorkDocs DriveClient\AWSWorkDocsC
Newtonsoft Json di Json NET Newtonsoft C:\Program DocsDiiveCi Json.
SharpShelldl SharpShel Dave Ker C:\Program DocsDiiveCi di
tictst il Touch Keyboard and Handwrting ... Microsoft Corporation C:\Program Fles*Common Fies\microscit shared ink tiptsf.dl
OFFICE ODF Microsoft Office cutture data i Microsoft Corporation C:\Program Fles*Common Fies\microscit shared OFFICE16\Cuitures\O
DpOFeedb dl DigtalPersona OTS Feedback DigitalPersona, Inc C:\Program Files'Hewieti-Packard\HP Protect Tools Securty Manager\f o
< >

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

Program.cs R X

Has ID independent of native thread ID. %] ConsoleApp3 1%
1 —using System;
Can have name 2 using System.Threading;
. 3
Can be suspended but this should not be done! Gan 4 Spublic class Progran
aborted byThread.Aborb dzU U KA a R2Sa s g
anyth|ng. & =] public static void Main()
: 7 1
Precommits stack when created. I = Thread thread = new Thread(() =>
9 1
Unhandled exception kills the application in most © 19 Console.kiriteline("T am a new thread!");]
11 I H
cases. 12 I thread.Name = "Custom names!";
In .NET 1 it was different: i :::::j-ij;:]f?_”
Exception in other thread was printed to the console and . ) ' i
the thread was terminated. w1
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.

Mame Location

o Managed ID Category

# 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 thre_a(ﬁool. Usecbal tasks,
asynchronous timers, wait handles an
ThreadPool.QueueUserWorkltem

Static clasg you cannot just create your own thread pool.

Threadswork in background, do natlearthe TLS, have
default stack size and default priority.

One poolper process, its size depends on the size of the
virtual address spacd hreadsare created and destroyed
asneededusing hillclimbing algorithm.

Twotypes of threads: for ordinary callbacks and for I/O
operations.

Thrown exceptions held until awaiting and then _
ProRlaEgl_ated if possible (thrown out of band fasdync voigl
n. 1 it was differerexception on a thread pool was
prlni[ed to the console and the thread was returned to the
pool.

New work request
&

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

}

Execute Callback

(Running Threads >= Max Threadsj (Running Threads < Max Threadsj
] -

(Wait for running thread to oomplete) $

Default = CPU's Count * 250 and Climbing IT

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

(Suspend Thread Creation)
h

Create New Thread |
( Execute Callback |

\
\
\

«invariant»
{Creation Rate = 2 Threads Per Sec}

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

27.05.2019 ASYNC WANDERING, ADAM FURMANEK




ThreadPoamplementation

public static class SimpleThreadPool

{

private static  BlockingCollection  <Action > _work = new BlockingCollection  <Action >();
static  SimpleThreadPool () {
for (int 1 =0; i < Environment .ProcessorCount ; i++) {
new Thread(() => {
foreach (var action in _work.GetConsumingEnumerable ()) {
action();
}

D { IsBackground = true }.Start();

}
}
public static void QueueWorkltem( Action workltem ) {  work.Add ( workltem ); }
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Asynchronous Programming Model
(APM)

BeginOperatiometurns an object implementing  var fs= new FileStream (@"C\file.txt ");
|AsyncResult

Triggers the asynchronous calculations on different byte [[ data=new byte [100];

thread. :
Can also accept a callback to be called when the ]ZSIAs%/en%Iglgse&?(d%[?)’ O’:> data.Length ,

operation is finished.

|AsyncResult {

Has some\syncState I nt bytesRead = fs. EndReadar);

Contains/NaitHandlewhich we can use to block the _
application. fs.Close ();

Has flag indicating whether the operation is }

completed. null

EndOperatioracceptsdAsyncResulis a parameter );
and returns the same as synchronous counterpart.

Throws all exceptions if needed. o . ] ] X
LT GKS 2LISNIYGA2Yy KFayQid FTAYAAKSRI o6ft2014a GKS (KNS
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Eventbased Asynchronous Pattern (EAP)

MethodNameAsync backgroundWorker.DoWork += backgroundWorker DoWork;

Triggers the operation on a separate thread. private  void backgroundWorker DoWork( object  sender,
DoWorkEventArgs e)

MethodNameCompleted

Event fired when the operation finishes. {

Passes parametéksyncCompletedEventArgs ...
AsyncCompletedEventArgs }

Contains flag if the job was cancelled. private  void

backgroundWorker RunWorkerCompleted ( object sender,
RunWorkerCompletedEventArgs e)

{

Can be canceled. /] ...

Contains all the errors.
Has someaJserState

Can be used easily wiackgroundWorker }

27.05.2019
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Taskbased Asynchronous Pattern (TAP)

Task.Rumccepting delegate triggers the job:

Equivalent to
Task.Factory.StartNdyob, CancellationToken.Non&askCreationOptions.DenyChildAtta€askScheduler.Defall

Unwraps the result if needed (so we getsk<int>instead ofTask<Task<int}>

Taskcan be created manually via constructor and schedulled usiagmethod.
Can be joined by usirigontinueWith

Exceptions are caught and propagated on continuation.

Can be used witfiaskCompletionSource

Can be cancelled witGancellationToken

Can report progress usinBrogress<T>.
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Parallel Language Integrated Queries
(PLINQ)

Created wherAsParalletalled onlEnumerableCan be reverted bfsSequential

Operations defined iiRParallelEnumerablelass.

Can be ordered by callirgsOrdered

Task merging can be configured by speciff@agalleiIMergeOptions

Maximum number of concurrent tasks can be controlled uSiAthDegreeOfParallelism

Parallelism is not mandatory! Can be forced viRtrallelExcecutionMode

EachAsParalletall reshuffles the tasks.
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asyncandawalit

await can be executed on anything awaitalgl@ot necessarily dask
Task.Yield return¥ieldAwaitable

Duck typing- awaitable type must be able to retui®@etAwaiter()with the following:
ImplementsiNotifyCompletionnterface
bool IsCompleted { get; }
void OnCompleted(Action continuation );
TResult GetResult (); // or void

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

Very similar tdoreach
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. ll::. | .l:
1 Fusing System; z . ..hr|_t- E |,-,
2 using System.Runtime.CompilerServices; - search solution explarer {

4 using System.Threading. Tasks; B CAWINDOWS\system32\cmd exe - oox
5 - namespace AwaitOnInteger

5 |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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Task detalls
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Two types of tasks

DELEGATE TASEPUBOUND PROMISE TASKO-BOUND
Has some code to run. Signals completion of something.
Mostly inTPLworld. Mostly inasyncworld.
Created byTaskFactorgr by constructor. Task.FromResult |
Creates completedaskwith result.

Used inPLINQ

Task.Delay
Can be scheduled and executed. Equivalent ofThread.Sleep.

Task.Yield

ReturnsYieldAwaitable.
Schedules continuation immediately
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Taskstate

Created WaitingForActivation

WaitingToRun

Running

WaitingForChildrenToComplete

-

RanToCompletion

https://blog

Faulted Canceled

.Sstephencleary.com/2014/06our-of-task-part-3-status.html
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Taskcreation

CONSTRUCTOR FACTORY

Do not use! Task.Run()

Creates only delegateak Task.Factory. StartNe
PLINQ

CreatedTaskis not scheduled so will not start
running unless asked to.

CreatedTaskcan be started by callingtart
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;

T e Ty

e+ = = e e e e e e




TaskScheduler

Schedules tasks on the threaglg makes sure that the work of a task is eventually executed.
ForTPLandPLINQs based on the thread pool.

Supports workstealing, thread injection/retirement and fairness.

Two types of queues:
Globalc for top level tasks
Localg 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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TaskSchedulanplementation

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 QueueTaskTask 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
Can speciffCancellationToken

Can specifyfaskScheduler
Can specifyfaskContinuationOptions

Options:

OnlyOnCompletion, OnlyOnCancel@lyOnFaultedNotOnCanceled, NotOnFaulted,
NotOnCompletiorg to choose when it is supposed ton

AttachedToPareng to create hierarchy of tasks

ExecuteSynchronously, RunContinuationAsynchrongtsighoose the thread running it
HideScheduleg to run using the default scheduler instead of the current one
LongRunning more or less to run on dedicated thread

Prefer fairnesg 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

i
; " taskCompletionAction.Invoke(this);

I

© else

o

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

. this.LogFinishCompletionNotification();

! return;

TaskContinuation taskContinuation = obj as TaskContinuation;

if (taskContinuation != null)

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

return;

g

O sttt

L
3
0



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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Taskmay allocatedWaitHandlewhich implementdDisposable
Disposing &askin .NET 4 was making itunusabled S O2 dzZf Ry Qi S@Sy &O0OKSR
In .NET 4.5 this was chang@dskis still usable, onlWaitHandles not.

WaitHandlewas created whemask.WaitAnyr Task.WaitAllvas called, this is no longer true.
Starting in .NET 4WaitHandleis allocated only when it is explicitly accessed.

Summary:
NET4 R2y QU less yda Bate to. Do so only if you are sure thaffdskwill never be used
again.
NET45 A0 aK2dzZ RYyQd YIF 1S R2yRANT OSNBKYSHNS 42 LINRPOlFof &
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Task.Status Task.ld
Generated on demand.

RanToCompletior  True False False  Can be reused you can generate collision!
Canceled True True False
Independent fromTaskScheduler.ld
Faulted True False True _ o B
Other False False False 0 is not a valid identifier.

27.05.2019 ASYNC WANDERING, ADAM FURMANEK



ValueTask

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

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

Seehttps:// github.com/kkokosa/PooledValueTaskSource

Conceptually it was used Midorit .NETbased operating system implemented by Microsoft
Research.

dtadAfft (Affta YS GKFEG L Ol vy Siuct2JoeDlff9ih Ay GAY
http://joeduffyblog.com/2015/11/19/asynchronougverythind
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ISynchronizelnvokdife before
SynchronizationContext

Provides a way to synchronously or asynchronously exectdétegate
InvokeRequired checks if invoking is requred, effectively if we are running on the same thread

Invoke¢ synchronous invocation
BegininvokeEndInvoke asynchronous invocation

It ties communication and threads.
LT 6S R2y Qi VY §& Ik AGPINERWE shduld nofiukéSyadhranizelnvoke

This is howsynchronizationConteginerged.

ASYNC WANDERING, ADAM FURMANEK
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ExecutionContednd other

Bag holding logical context of the execution.

ContainsSynchronizationContextogicalCallContexecurityContextHostExecutionContext
CallContexetc.

Does not need to rely ofihread Local Storad@LS) and is passed correctly through
asynchronous points will follow to the other thread.

Before .NET 4BogicalCallContet & LISNF2NX Ay 3 aKlI R2g O2LASa |
between asynchronous points of invocation.

Starting in .NET 4.6 there is AsyncLocal<Tctass working asLSrariables for tasks.

Methods withUnsafe*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

TheSynchronizationContegtass is a base class that provides a-freeaded context with no
synchronization

OperationStartec&and OperationCompleted handles notifications

Sendg synchronous message

Post¢ asynchronous message

Currentg 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
context. Effectively, synchronization context is a global variable

If SynchronizationContext.Curreatnot null then this context is captured.:

For Ul thread it is Ul contegtWindowsFormsSynchronizationContdXispatcherSynchronizationContext
WInRTSynchronizationConteMYinRTCoreDispatcherBasedSynchronizationContext

Implemented via event loop, for instance.

For ASP.NET request it is ASP.NET cantekspNetSynchronizationContext

This can belifferent thread than original one, but still the request context is the same.

Otherwise it is currentfaskScheduler
TaskScheduler.Defaust the thread pool context.

ASPNEToreR2 Say Qi KI @S caddSkofNdeatlSck, 02ngdd ® HeonfigureAwait(false)

We can us€onfigureAwait(falsep avoid capturing the context. Rule of thumbalways use it unless you are
sure that you need a context.

Each method can have its own context.
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SynchronizationContext

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

Default (Thread  Noc¢ any thread in No

Poolbased) the thread pool
ASP.NET No¢ any thread in Yes No Yes No
the thread pool
WinForms Yesc Ulthread Yes Yes Only if called on  Yes
the Ul thread
WPF Yesc Ul thread Yes Yes Only if called on  Yes

the Ul thread

In ASP.NET only one continuation can be executed at a time for given regoestncurrency.
In ASP.NET Core multiglentinuations can run concurrentlg we have concurrency and parallelism.
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State machine
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State machine & before compilation

IETi:r::s:at;MachinaEUSing et -] 5 AsyncstateMachine Program OurAsynCMethOhaS four parts
> [ [using systen Threading. Tasks; First part will run synchronously as the
g mesrece soymesttasachine Task.FromResuk already resolved
T Second part will eventually block because of the
8 = static void Main(string[] args)
9 T { o g. 5 & delay
16 OurAsyncMetho Walt(); . . . .
|| ; Third part will block and explicitly create
13 = public static async Task OurAsyncMethod() Contlnuatlon
14 { : : .
s Consoe diriteina("rirat parc); Fourth part with just throw exception
1; 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 I }
2 b
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State machine 2 method after
compilation

Program

1 using System; asynds no longer thera it is only on C# level.
2 using System.Diagnostics;
3 using System.Runtime.CompilerServices;
5 ueine systenThreading. fesks; DebuggerStepThroughAttributells the debugger to stey
6 namespace AsyncStateMachine .
AR | through (ignore) the method.
// Token: ©x©2600002 RID: 2
9 internal class Program
i? t // Token: 6)(05660631 RIDE 1 RVAE]BXBBO?ZBSG File Offset: ©x00000258 Program<ourAsynCMethOHd 1<OurAsynCMeth0Hd
12 rivate static void Main(strin args . .
E ¢ S type created to encapsulate state machine pieces
rogram.QurAsyncMethod() .Wait();
15 1
ig // Token: @x@6@0@002 RID: 2 RVA: @x80002060 File Offset: ©x@0000260 State |S |n|t|al|zed tem Y é | y. 7\ y. = Q N‘B I ﬁ i
18 [DebuggerStepThrough]
19 public static Task OurAsyncMethod()
if { Program.<OurAsyncMethod>d__1 <OurAsyncMethod>d__ = new Program.<OurAsyncMethod>d__1(); AsynCTaSkM ethOdBUIIdHa .NET CIaSS Capable Of
22 ; <OurAsyncMethod>d__.<>t_ builder = AsyncTaskMethodBuilder.Create(); . .
23 '\ <OurAsyncMethod>d__.<>1__ state = -1; executlng the State maChIne.
24 AsyncTaskMethodBuilder <>t__builder = <OurAsyncMethod>d__.<>t_ builder;
25 <>t_bui1der.Start<Program.<Our‘A5yr‘1cMethod>d_1>(r‘E'F <OurAsyncMethod>d__); . . .
s | reen countmmchthadd .ot _builder.Task; Effectively we prepare the machingtart it and return the

Taskobject with the result.
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State machine 8 fields

// Token: @xe2eeeee3 RID: 3

gigﬂztiiezzzgz;azigis <OurAsyncMethod>d__1 : IAsyncStateMachine PrOgram<ourASynCMethO:dd—1<OurASynCMethOdd—
{ - type created to encapsulate state machine pieces.
// Token: ©x06000006 RID: 6 RVA: ©x0002270 File Offset: oxoeeee47e
[DebuggerHidden] : : :
void %isyncStateMachine.SetStateMachine(IAsyncS‘tateMachine stateMachine) <OurASynCMethOHd_<>1_Stata/arlable malntalns th‘
: state
// Token: exe4eeeeel RID: 1 |n|t|a”y itissettolY é | y A y = a y 2 L,| a } | N.
public int <>1__ state; _2Y. S | y é a R 2 y. S é
// Token: @x : . . . . .
public AsyneTackMethodBuilder <>t _builder; Non-negative statesndicatedifferent pieces of the state

// Token: ©x@4000003 RID: 3 machine

private TaskAwaiter<bool> <>u__ 1;

L, roken: oxaaa00004 RID: 4 Three different awaiters as we haagvait three times in
private TaskAwaiter <>u__2; the Orlglnal methOd

// Token: exe4eeeees5 RID: 5
private YieldAwaitable.YieldAwaiter <>u__3;
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State machine ¢ Startmethod

27.05.2019

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(); |
L
: finally
o
; '+ executionContextSwitcher.Undo();
¥
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29
30
31
32
33
34
35
36
37
38
39
99
1ee
le1
102
103
1e4
105

State machine § exception handling

// Token: ©@x@2000003 RID: 3
[CompilerGenerated]

{

We capture the state to local variable.

We handle all exceptions and terminate the

private sealed class <OurAsyncMethod>d__1 : IAsyncStateMachine machlne |f needed

// Token: @x@60e0005 RID: 5 RVA: ©xP@e020AC File Offset: Ox000082AC

void IAsyncStateMachine.MoveNext()

{

©int num = this.<>1__state;
. try

I

A

S

' catch (Exception exception)
| {

this.<>1__state = -2;
 this.<>t_ builder.SetException(exception);
| h

h
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State machin® ¢ states

38 i Awaiter at the beginning for different result
39 ' TaskAwaiter<bool> awaiter; t es

49 TaskAwaiter awaiter2; yp .

41 ; YieldAwaitable.YieldAwaiter awaiter3;

pe | geiteh () Four different branches as we haserait
“ case o 1 three times generating four blocks.
48 break;

49 case 1:

58 I z

53 goto IL_FA;

54 _ case Z: 3 |

55 ...

58 E goto IL_168;

59 default:

60 _ /o, 1

e ; break;

71 C

7 oW ... 2

83 . LL_FA:

84 /I 3

95 . [TL_1e8:

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 ¢ num =-1, state =1
awalt Task.FromResult (false );

switch (num)

| : It starts indefault

i case 0: _

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

! this.<>1 state = -1; It

break: resSulit.

; et If it IS completed (as this is
| Console.Writeline("First part"); the case nOW)

awaiter = Task.FromResult<bool>(false).GetAwaiter(); i
if (lawaiter.IsCompleted) We callGetResulwhich

( returns the value
- this.<>1_state = 9; immediately

this.<>u_1 = awaiter; N
Program.<OurAsyncMethod>d__1 <OurAsyncMethod>d__ = this; We end in “ne7—2

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 machin® ¢ num =-1, state =1
await Task.Delay (200);

It starts in line73.

We print to the console and
get the awaiter.

If it is not completed

We change the state (so we
know where to come back)

We call
AwaitUnsafeOnCompleted
(see in a bit)

And then wereturn

Later we continue iicase 1

We jump to the labelL_FA
and end in line84

num = 1, state =1
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