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Debugging 1s easy! Right?
DEBUGGING

WeE
| DON'T KNOW WHERE YOU ARE, | nlmow
HOW YOU WORK., BUT IWILL FIND YOUTAND

| WILL FIXYOU




Stack traces for the rescue!




Diagnosing blocking synchronous call

Elpublic class Service

{
=k internal void Initialize()
i
i Thread.Sleep(42 * 1000);
I }
El:  public static Service Create()
o
E i var service = new Service();
: 5 service.Initialize();
: ; return service;
R
3
Elclass Program
{
=k static void Main(string[] args)
o
: i var service = Service.Create();
: 5 Console.WriteLine(
f ; $"Service {service} is constructed.");
o}
}




Diagnosing blocking synchronous call

01 - Blockings...hronous.csproj Program.cs WaitHandle.cs Thread.CoreCLR.cs 4 X ManualResetEventSlim.cs = o

[#] Miscellaneous Files 7 o@System.Threading.Thread ~ | [ Sleep(int millisecondsTimeout) e
245 '; ! // a Thread instance). ~
2u6 K + [MethodImpl(MethodImplOptions.InternalCall)]

247 } ] private static extern IntPtr InternalGetCurrentThread();

248

249 = . /// <summary>

250 /// Suspends the current thread for timeout milliseconds. If timeout == 0,

251 /// forces the thread to give up the remainder of its timeslice. If timeout

plp) /// == Timeout.Infinite, no timeout will occur.

253 /// </summary>

254 I [MethodImpl(MethodImplOptions.InternalCall)]

255 ] ] private static extern void [SleepInternal(int millisecondsTimeout);

256 .
®» 257 public static void Sleep(int millisecondsTimeout) => | (millisecondsTimeout)

258 ] ]

259 ©: : /// <summary>

260 1 : /// Wait for a length of time proportional to 'iterations'. Each iteration is should

261 /// only take a few machine instructions. Calling this API is preferable to coding

262 /// a explicit busy loop because the hardware can be informed that it is busy waiting.

263 +/// </summary>

264 E [MethodImpl(MethodImplOptions.InternalCall)]

265 private static extern void SpinWaitInternal(int iterations);

266 N

267 ] : public static void SpinWait(int iterations) => SpinWaitInternal(iterations);

268 .

269 [Dl1Import(RuntimeHelpers.QCall, CharSet = CharSet.Unicode)] N
9% ~4& @ Noissues found | &~ < > Ln:257 Ch:62 SPC LF
Call Stack v @ Xx

Name Langt ~
B System.Private.CoreLib.dll!System.Threading.Thread.Sleep(int millisecondsTimeout) Line 257 C#

01 - BlockingSynchronous.dll!_01__ BlockingSynchronous.Service.Initialize() Line 10 C#

01 - BlockingSynchronous.dll!_01__BlockingSynchronous.Service.Create() Line 16 C#

01 - BlockingSynchronous.dll!_01__BlockingSynchronous.Program.Main(string([] args) Line 25 C#




Diagnosing blocking synchronous call

01 - Blockings...hronous.csproj Program.cs + X WaitHandle.cs Thread.CoreCLR.cs ManualResetEventSlim.cs = o
[ 01 - BlockingSynchronous ~ ol3_01_BlockingSynchronous.Service ~ | S nitialize() " +
2 | using System.Threading; a
3
il namespace _01___BlockingSynchronous;
5 "
6 Elpublic class Service —
7 {
g8 JEI! internal void Initialize()
9 !
> ||
11 -}
12 [
13 =k public static Service Create()
14 o q
15 ' i var service = new Service();
16 : 3 service.Initialize();
117/ : i return service;
18 )
19 [
20
21 Elclass Program
22 {
D3 =K static void Main(string[] args)
24 T
25 : © var service = Service.Create();
26 ; Console.WriteLine( v
9% v @ Noissues found | &~ < » Ln:10  Ch:9 SPC  CRLF
ol -~ , , , -~ , , , -~ , , , -~ i v WX
Name Langt «
E) System.Private.CorelLib.dll!System.Threading.Thread.Sleep(int millisecondsTimeout) Line 257 Ci#
~ 01 - BlockingSynchronous.dll 01__BlockingSynchronous Service Initialize( Line 10
01 - BlockingSynchronous.dll!_01__BlockingSynchronous.Service.Create() Line 16 Ci#

01 - BlockingSynchronous.dll!_01__BlockingSynchronous.Program.Main(string[] args) Line 25 Ci#




Diagnosing blocking synchronous call

01 - Blockings...hronous.csproj Program.cs + X WaitHandle.cs Thread.CoreCLR.cs ManualResetEventSlim.cs = o]
[ 01 - BlockingSynchronous ~ <‘»Ig_01_BlockingSynchronous.Service ~ | [ Create() e
2 | using System.Threading; e
3
4 namespace _01___BlockingSynchronous;
S | |
6 Elpublic class Service
7 {
8 =) internal void Initialize()
9 | 1
10 : f Thread.Sleep(42 * 1000);
11 J|! 3
12 :
13 JB: public static Service Create()
14 S |
15 [
» 16 f|[__
117/ i :
18 J[: @}
19 |}
pAC)
21 Elclass Program
22 {
23 Bl static void Main(string[] args)
24 L
25 3 . var service = Service.Create();
26 1 | Console.WriteLine( v
9% ~v4& @ Noissuesfound | &~ < » Lm16 Ch:9 SPC CRLF
Call Stack v I X
Name Langt «
B System.Private.CoreLib.dll!System.Threading.Thread.Sleep(int millisecondsTimeout) Line 257 C#

01 - BlockingSynchronous.dll!_01__BlockingSynchronous.Service.Initialize() Line 10 C#
) :
01 - BlockingSynchronous.dll!_01__ BlockingSynchronous.Program.Main(string[] args) Line 25 C#




Diagnosing blocking synchronous call

01 - BlockingS...hronous.csproj Program.cs + X WaitHandle.cs Thread.CoreCLR.cs ManualResetEventSlim.cs = 0
[ 01 - BlockingSynchronous < %_01_BIockingSynchronous.Program ~ | ©aMain(string[] args) e
) | using System.Threading; A
3
4 namespace _01___BlockingSynchronous;
5
6 Elpublic class I
7 {
8 = internal void Initialize()
9 {
10 . Thread.Sleep(42 * 1000);
11 i }
119 - B
13 JE: public static Create()
14 I |
15 var service = new [Service();
16 service.Initialize();
17 return service;
18 L
19 [}
20
21 Elclass Program
22 {
5)2) =K static void Main(string[] args)
24 D q
L JPELON RN VEE service = BEEVEEE.Create();
26 ] . Console.WriteLine( v
9% v @ Noissues found | &~ < P Lm25 Ch:9 SPC CRLF
Call Stack v I x
Name Langt ~
B) System.Private.CorelLib.dll!System.Threading.Thread.Sleep(int millisecondsTimeout) Line 257 Ci#
01 - BlockingSynchronous.dll!_01__BlockingSynchronous.Service.Initialize() Line 10 C#
01 - BlockingSynchronous.dll!_01__BlockingSynchronous.Service.Create() Line 16 Ci#
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Let’s look at a very simple async case

public class Service

{

. internal void Initialize()

|

| Thread.Sleep(42 * 1000);
)

' public static Service Create()

o

: i var service = new Service();
f 5 service.Initialize();

f i return service;

]

}

class Program

{

. static void Main(string[] args)
g

: : var service = Service.Create();
| Console.WriteLine(

f i $"Service {service} is constructed.");
o}

}

Elpublic class Service

{
=k internal async Task InitializeAsync()
T |
' E await Task.Delay(42 * 1000);
I }
=k public static async Task<Service> CreateAsync()
T |
E var service = new Service();
5 await service.InitializeAsync();
; return service;
}

Elclass Program

{
=k static async Task Main(string[] args)
S |
E i var service = await Service.CreateAsync();
. Console.WriteLine(
E i $"Service {service} is constructed.");
B
)




Debugging async code

‘ Source Not Available Program.cs ManualResetEventSlim.cs + X Task.cs v & §
[c#] Miscellaneous Files vgalsSystem.Threading.ManuaIResetEventSlim 'u (%) Wait(int millisecondsTimeout, CancellationToken cancellationToken) -+ §'
572 ! E i // ** the actual wait *x = B3
573 j } f : f j } . if (!Monitor.Wait(m_lock, realMillisecondsTimeout)) g
574 i i i E 1 return false; // return immediately if the timeout has expired. e
I A S S B R A A 2
576 ; E ; i ; 3 E finally o}
577 T A | 2
578 ‘ ' ' : ' ‘ f // Clean up: we're done waiting. o
579 { . Waiters—; =
580 I v &
581 . // Now just loop back around, and the right thing will happen. Either: a
582 // 1. We had a spurious wake-up due to some other wait being canceled via a different cancellationToken (rewait) %
583 // or 2. the wait was successful. (the loop will break) g‘
584 I ) w
585 | S | =
586 | 1 S
587 ¢ 1! ' : } // automatically disposes (and unregisters) the callback 8
588 . ) =
589 return true; // done. The wait was satisfied. é’
» 500 | =
591 b
592 B / <summary>
593 Releases all resources used by the current instance of <see cref="ManualResetEventSlim"/>.
594 </summary>
595 <remarks>
596 Unlike most of the members of <see cref="ManualResetEventSlim"/>, <see cref="Dispose()"/> is not =
100% <~  © Noissuesfound | @~ 4mo ‘ o : : »  LmS87 Ch71 SPC IF
Call Stack v 0 X Threads v ax
- Name Lanc* Search P-= M- Group by: Process ID ~ Columns~ B @ np
System.Private.CoreLib.dIl!System. Threading. Tasks. Task.SpinThenBlockingWait(int millisecondsTi... C# ID Managed ID Category Name Location
System.Private.CoreLib.dll!System. Threading. Tasks. Task.InternalWaitCore(int millisecondsTimeou... C# A Process ID: 14496 (1 thread)
System.Private.CoreLib.dll!System.Runtime.CompilerServices. TaskAwaiter.HandleNonSuccessAn... C# B g 47520 1 y= Main Thread Main Thread v System.Private.CoreLib.dll!System.Threading.ManualResetEventSlin
System.Private.CoreLib.dll!System.Runtime.CompilerServices. TaskAwaiter.GetResult() Line 105 c
[Waiting on Async Operation, double-click or press enter to view Async Call Stacks]
02 - BlockingAsync.dll!_02__ BlockingAsync.Program.<Main> (string[] args) Un...
L AHE. »

Call Stack Breakpoints Exception Settings Command Window Immediate Window Output Threads Autos Locals Watch 1




Where 1s our code?!?!?

Source Not Available & X Program.cs ManualResetEventSlim.cs Task.cs

Source Not Available

Source information is missing from the debug information for this module

You can view disassembly in the Disassembly window. To always view disassembly for missing source files, change the setting in the Options dialog.

Call Stack v 1 X
Name Lanc ~

B) System.Private.CoreLib.dll!System.Threading.ManualResetEventSlim.Wait(int millisecondsTimeo... C#
System.Private.CoreLib.dll!System.Threading.Tasks.Task.SpinThenBlockingWait(int millisecondsTi... C#
System.Private.CoreLib.dll!System.Threading.Tasks.Task.InternalWaitCore(int millisecondsTimeou... C#
System.Private.CoreLib.dll!System.Runtime.CompilerServices. TaskAwaiter.HandleNonSuccessAn... C#
System.Private.CoreLib.dlIl!System.Runtime.CompilerServices. TaskAwaiter.GetResult() Line 105 c
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=02 BlockingAsync.dil_02__ BlockingAsync Program.<Main> (stingllargs) U
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Async Main: the new feature in C# 7

Async entry points are very common

Starting with C# 7.1 the main method can be asynchronous

Elclass Program Async main

{
B static async Task Main(string[] args)
I
: 3 var service = await Service.CreateAsync();
' ; Console.WriteLine($"Service {service} is constructed.");
3
3
Elclass Program
( Translated code
=k static void Main(string[] args)
{
. MainAsync(args).GetAwaiter().GetResult();
I }
=k static async Task MainAsync(string[] args)
o
5 E var service = await Service.CreateAsync();
: ; Console.WriteLine($"Service {service} is constructed.");
i 5
}




TLDR; the async flow: TODO: fix
=

|public class Service

{
| internal async Task InitializeAsync()
{
var|delayTask|=| Task.Delay(42 * 1000);
await delayTask;
Console.WriteLine("InitializeAsync is done.");
}
public static async Task<Service> CreateAsync()
{
var service = new Service(); I VR
var initializeTask = service|InitializeAsync();
await initializeTask;
return service;
3 } [ Timer'sthread

Iclass Program
{
| static async Task Main(string[] args)
{
var createServiceTask =|Service.CreateAsync();
var service =|await |createServiceTask;
Console.WriteLine($"Service {service} is constructed.");

CreateAsync()
|s done
} Console WriteLine

Finishes
Main Task




And how we should debug 1t?

PARAL
CANHELPYOU HERE ™




“Call Stacks” to “Async Call Stacks”

‘ Program.cs ManualResetEventSlim.cs + X Task.cs = gf
[c#] Miscellaneous Files '%013System.Threading.ManuaIResetEventSIim 'J (%) Wait(int millisecondsTimeout, CancellationToken cancellationToken) = 3= §'
572 i // ** the actual wait *x B
573 if (!Monitor.Wait(m_lock, realMillisecondsTimeout)) g
574 : return false; // return immediately if the timeout has expired. =
4 AT S S T 2
576 : : : : : : : finally E
577 R O 2
578 ¢+ ¢+ 4+ i+ = &+ 1 /] Clean up: we're done waiting. =
579 Waiters—; ‘§
580 T 2
581 I // Now just loop back around, and the right thing will happen. Either: g
582 // 1. We had a spurious wake-up due to some other wait being canceled via a different cancellatio i
583 // or 2. the wait was successful. (the loop will break) 2
584 [ I §
585 N g
586 I B >
587 I } // automatically disposes (and unregisters) the callback - "g_-
588 ' ‘
89 return true; // done. The wait was satisfied.
» 500 |
591 Lo
592 =k : /// <summary> v
L121% - & @ No issues found | &~ 4 > Ln:586 Ch:18 SPC LF
Call Stack v @ X Threads v X
Name Lanc +  Search P-= B~ Group by: Process ID ~ Columns~ =] g np
B) System.Private.CoreLib.dll!System.Threading.ManualResetEventSlim.Wait(int millisecondsTimeo... C#
System.Private.CoreLib.dll!System. Threading. Tasks. Task.SpinThenBlockingWait(int millisecondsTi... C# ID ManagedID  Category Name Location
System.Private.CorelLib.dll!System.Threading.Tasks. Task.InternalWaitCore(int millisecondsTimeou... C# A~ Process ID: 32212 (1 thread)
System.Private.CorelLib.dll!System.Runtime.CompilerServices. TaskAwaiter.HandleNonSuccessAn... C# B g 37232 1 y= Main Thread Main Thread ~ System.Private.CoreLib.dll!System.Threading.ManualResetEventSlin
Qy:fpm.privafp.fnrpl ih,dll!Qy:me.Rl|nfim9,(nmpih=r§|=rvir9<.Ta<I{Awaifsr.GPprﬂllfﬁ line 105 c#
_[Waiting on Async Operation, double-click or press enter toview Async Call Stacks]
UZ - BIOCKINGASYNC.all!_UZ__BIOCKINGASync.Frogram.Main(stringl] args) Line 29y F

w4 4
Call Stack Breakpoints Exception Settings Command Window Immediate Window Output Threads Autos Locals Watch 1




Async call stack

AsyncService.cs Program.cs ManualResetEventSlim.cs Taskcs £ X v ¥ Parallel Stacks * X
[¢#] Miscellaneous Files 5 }o@System.Threading.Tasks.Task ~ S5 Innerlnvoke() v %= Search P~ View: Tasks -
ZOI9J ' C
2356 | Debug.Assert(obj is Task); -
2357 // Only used privately to pass directly to EC.Run g 1 Async Logical Stack
2358 : 1 ] Unsafe.As<Task>(obj).InnerInvoke(); = S
: : 2 : Task.Delay
2359 | ‘ b :
2360 i Service.InitializeAsync
2361 = /// <summary> 5 Service.CreateAsync
2362 /// The actual code which invokes the body of the task. This can be overridden in derive = Program.Main
2363 |+ /// </summary> o ‘
2364 =¥ internal virtual void InnerInvoke() Brogianisiviain
2365 R B {
2366 1 1 // Invoke the delegate
2367 . Debug.Assert(m_action != null, "Null action in InnerInvoke()");
L PELT:) 4= i (n_action is Action action) R
2369 N |
2370 : : ' action();
2371 . return;
2372 |1 1 i}
VEVE 5 1 ]
2374 =k if (m_action is Action<object?> actionWithState)
2375 oo
2376 : : actionwithState(m_stateObject);
2377 . . i1 ! return;
2378 S
2379 K . Debug.Fail("Invalid m_action in Task"); v
9% & @ Noissues found | &~ < >  Ln:2368 Ch:13 SPC LF
Call Stack v I X  Threads
Name Langt“  search P = - Group by: Process ID 7
B [Async] System.Private.CoreLib.dll!System. Threading.Tasks. Task.Delay C#
[Async] 02 - BlockingAsync.dlll_02__BlockingAsync.Diagram.Service.InitializeAsync() Line 12 c# ID Managed ID Category Name Location
[Async] 02 - BlockingAsync.dll!_02__ BlockingAsync.Diagram.Service.CreateAsync() Line 18 C# A Process ID: 14680 (1 thread)
[Async] 02 - BlockingAsync.dll!_02__ BlockingAsync.Diagram.Program.Main(string[] args) Line 27 C# B 4576 1 )=/ Main Thread Main Thread v System.Pr

02 - BlockingAsync.dll'_02__ BlockingAsync.Diagram.Program.<Main> (string[] args) Un...




Async call stack

AsyncService.cs & X Program.cs ManualResetEventSlim.cs Task.cs v &t
02 - BlockingAsync vmolg_02_B|ockingAsync.Diagram.Service 'H & InitializeAsync() e
1 Elusing System; a
2 5ing System.Threading;
3 using System.Threading.Tasks;
4 ]
5 namespace _02___BlockingAsync.Diagram; 0
6
7 Elpublic class Service
8 | { o
9 El:  internal async Task InitializeAsync()
10 {
11 await Task.Delay(42 * 1000);
»w S|
13 :
14 B public static async Task<Service> CreateAsync()
15 |
16 : var service = new Service();
17 await service.InitializeAsync();
18 ; return service;
19 | }
20 |}
21
22, Elclass Program
23 {
24 Bl static async Task Main(string[] args) -
-~ 1 f
9% & @ Noissues found | &~ < P Lm12 Ch:5 SPC  CRLF
Call Stack v 1 X
Name Langt «
(3 [Asyncl Svstem Private Carel ib dll'System Threadina Tasks Task Delay C#
[Async] 02 - BlockingAsync.dll!_02__ BlockingAsync.Diagram.Service.CreateAsync() Line 18 C#
[Async] 02 - BlockingAsync.dll!_02__ BlockingAsync.Diagram.Program.Main(string[] args) Line 27 C#
02 - BlockingAsync.dll!_02__ BlockingAsync.Diagram.Program.<Main> (string[] args) Un...

Parallel Stacks # X

Search P~ View: Tasks 7
_ 1 Async Logical Stack
Task.Delay
S Service.InitializeAsync
E Service.CreateAsync
= Program.Main
© Program.<Main>
Threads
Search P~ = B~ Group by: Process ID -
ID Managed ID Category Name Location
A Process ID: 14680 (1 thread)
B 4576 1 /=, Main Thread Main Thread v System.Pri




Async call stack

AsyncServicecs & X Program.cs ManualResetEventSlim.cs Task.cs v % Parallel Stacks * X
02 - BlockingAsync vI q6_02_BIockingAsync.Diagram.Program vI ©aMain(string(] args) v ¥ Search P~
6
7] Elpublic class Service ° = ~
8 { - [ 1 Async Logical Stack
) =k internal async Task InitializeAsync() - Task.Delay
- : { . Service.InitializeAsync
il : . await Task.Delay(42 * 1000); = )
12 1 s Service.CreateAsync
13 _ = > Program.Main
14 B  public static async Task<Service> CreateAsync() 1 O Program.<Main>
15 (I 1 :
16 var service = new Service();
17 : await service.InitializeAsync();
18 return service;
19 fl@ 1}
20 3
21
22 Elclass Program
23 {
24 =k static async Task Main(string[] args)
25 |
pl var service = await Service.CreateAsync();
LY 2'70’ : "Service {service} is constructed.");
28 e
L }
20 i %
99 % v @ No issues found | y N | > Ln:27 Ch:9 SPC  CRLF
Call Stack v @ X Threads
Name Langt 4 search P~ E M- Group by: Process ID
B [Async] System.Private.CoreLib.dll!System.Threading. Tasks. Task.Delay C#
[Async] 02 - BlockingAsync.dll!_02__BlockingAsync.Diagram.Service.InitializeAsync() Line 12 C# ID Managed ID Category Name
TAsyncl 02 - Rlnrl(inAcynr dlll_02__ RlackinaAsvunc Diaaram Service CreateAcvnc() Line 18 C# A Process ID: 14680 (1 thread)
B B> 4576 1 ¥~/ Main Thread Main Thread
02 - BlockingAsync.dll!_02__ BlockingAsync.Diagram.Program.<Main> (string[] args) un..

View: Tasks =

Location

v System.Pr




Sync vs. Async Call stacks

9 | Rl e Hastas Sync version 7 |Epublic class Service Async version
7 { 8 {
8 =k internal void Initialize() 9 BE: internal async Task InitializeAsync()
9 b 10 S

UV NI THEEad . Sleep (42 * 1000); 11 || await Task.Delay(42 * 1000);
I R % 121
12 ; i3 :
13 [—]E public static Service Create() 14 =k public static async Task<Service> CreateAsync()
14 B | 15 oA
15 . | var service = new Service(); 16 i 1+ var service = new Service();
16 service.Initialize(); 17 await service.InitializeAsync();
47 | return service; 18 .. return service;
18 ) 19 f: 1}
19 [} 20 B[}
20 -
21 [JEclass Program 22 JEclass Program
20 { > { : . :
23 =k static void Main(string[] args) 24 E]f static async Task Main(string[] args)
a i o = e : . .
25 | var service = Service.Create(); - i ; Var servace = éwalt'IServ%ce.Create.AsynFC); "
26 Console.WriteLine($"Service {service} is constructed."); e | SR RRCRRR S ASASE T A G o5 GBSO,
27 || 1} zg i -
28 } . -
29 i _ o 99 % v ® No issues found | s |

Y9 70 Y QY N INO ISsues Touna | v 7 N

Call Stack =+
Call Stack e
Name B [Async] System.Private.CoreLib.dll!System Threading.Tasks. Task Delay
B System.Private.CoreLib.dll!System.Threading.Thread.Sleep(int millisecondsTimeout) Line 257
' - [Async] 02 - BlockingAsync.dll!_02__ BlockingAsync.Diagram.Service.CreateAsync() Line 18
01 - BlockingSynchronous.dll!_01__BlockingSynchronous.Service.Create() Line 16 [Async] 02 - BlockingAsync.dll!_02__BlockingAsync.Diagram.Program.Main(string[] args) Line 27

01 - BlockingSynchronous.dll!_01__BlockingSynchronous.Program.Main(string[] args) Line 25 02 - BlockingAsync.dll!_02__ BlockingAsync.Diagram.Program.<Main> (string[] args)




Async code 1s viral!
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Is sync over async dangerous?

A simple file system cache
Initialized lazily to avoid unnecessary work

Used in many synchronous paths

Used only on the backend

Blpublic class DirectoryCache
{
: private readonly Lazy<List<string>> _files;

public List<string> Files => _files.Value;

ok public DirectoryCache()

{
E _files = new Lazy<List<string>>(() => ReadFilesAsync().GetAwaiter().GetResult());
}
=k private static async Task<List<string>> ReadFilesAsync()
)
: . await Task.Delay(3 * 1000);
3 . return new List<string> { "42.txt" };
b
|}




Let’s try 1t out!

DirectoryCache.cs # X AsyncTaskMethodBuilderT.cs TaskContinuation.cs WaitHandle.cs = o)
03 - SyncOverAsync v ‘o@_03_SyncOverAsync.Cache.FiIeNameTests 'H ) FirstFilels42txt() " +
8 ! E
9 [assembly: CollectionBehavior(CollectionBehavior.CollectionPerClass,
10 MaxParallelThreads = 2)]
11 I
12 namespace _03___SyncOverAsync.Cache;
13
14 Elpublic class DirectoryCache
15 {

Test Explorer & X

m>- L:l@z2|@0]0 | B-"4EE
Test Duration Traits
4} 03 - SyncOverAsync (3) 6 sec
D ® _03__SyncOverAsync (1)
A ,;' _03__ SyncOverAsync.Cache (2) 6 sec
b & FileCountTests (1) 3 sec
b # FileNameTests (1) 3 sec

Group Summary
_03__SyncOverAsync.Cache
Tests in group: 2
(© Total Duration: 6 sec

Outcomes
M ) Dacced




Regular stack trace 1s not very helpful!

TaskContinuation.cs Task.cs ManualResetEventSlim.cs & X DirectoryCache.cs WaitHandle.cs TaskAwaiter.cs ThreadPoolExhaustionTest.cs Lazy.cs AsyncTestSyncContext.cs v 22
[&#] Miscellaneous Files v o@System.Threading.ManuaIResetEventSIim ~ | ) Wait(int millisecondsTimeout, CancellationToken cancellationToken) v % §'
578 i // Clean up: we're done waiting. ~ B4
579 . Waiters—; <}
580 I T T T =
581 // Now just loop back around, and the right thing will happen. Either: Q
582 // 1. We had a spurious wake-up due to some other wait being canceled via a different cancellationToken (rewait) Q
583 +// or 2. the wait was successful. (the loop will break) g
R LA A A R g
s85 [+ i . i i} g
586 I &
587 : 1 1 } // automatically disposes (and unregisters) the callback 2
588 ! i =
589 return true; // done. The wait was satisfied. 5
% 50 | =
591 P g
592 =R : /// <summary> &
593 /// Releases all resources used by the current instance of <see cref="ManualResetEventSlim"/>. §
594 /// </summary> =
595 i /// <remarks> 5
596 +/// Unlike most of the members of <see cref="ManualResetEventSlim"/>, <see cref="Dispose()"/> is not F
597 /// thread-safe and may not be used concurrently with other members of this instance. -
598 1 1 /// </remarks>
HT 599 = public void Dispose()
600 I
601 | Dispose(true);
602 ' GC.SuppressFinalize(this); -
PN ! ! bl
100% ~& @ Noissues found | &~ < » Ln:589 Ch:58 SPC LF
Call Stack v 0 X Threads v X
Name Langt 4 © Search P~ i M- Group by: Process ID ~ Columns ~ 8 = K
B System.Private.CorelLib.dllISystem. Threading.ManualResetEventSlim.Wait(int millisecondsTimeout, System.... C#
System.Private.CoreLib.dll!System.Threading.Tasks.Task.SpinThenBlockingWait(int millisecondsTimeout, Sy... C# ID Managed ID Category Name Location .
System.Pr?vate.CoreL?b.dII!System.Threfading.Task?.Task.lr}ternalWaith.)re(int millisecondsTimeout, System.... C# Ft' 1‘;;;; \110 gﬁ\;\'/:r;:r ';'Ih"r::; ;;\;; Il\;:‘rlr;:; ;;;; ;\:;;:;i;;
System.Private.CoreLib.dll!System.Runtime.CompilerServices.TaskAwaiter.HandleNonSuccessAndDebugger... C# m e & Worker Thread <No Name> p—p——
Qisctam Driviata Caral ih AllIQuctam Riuintima CamnilarQansicac Tack Awiaitar« Quctam  Cannns GatRacult 1i C#
-—- = 8664 16 &* Worker Thread <No Name> v System.Private.CorelLib.dll!System.Threading.WaitHandle.WaitOneNoC
U3 - SyncOverAsync.dill_U3__SyncOverAsync.Cache.DirectoryCache..ctor. Anonymousiethod__3_U() Line 20U C# P e 11812 17 & Worker Thread <No Name> v System.Private.CorelLib.dll!System.Threading.ManualResetEventSlim.W
System.Private.Corelib.dll!System.Lazy < System.Collections.Generic List<string> > .ViaFactory(System.Threa... C# = 6636 14 & Worker Thread Worker Thread ~ <not available>
System.Private.CoreLib.dll!System.Lazy < System.Collections.Generic List<string> > .ExecutionAndPublicatio... C# fo 16480 15 &* Worker Thread Worker Thread ~ <not available> =
System.Private.CorelLib.dll!System.Lazy <System.Collections.Generic.List<string> > .CreateValue() Line 433  C# + 4 >

Call Stack Breakpoints Exception Settings Command Window Immediate Window Output Threads Autos Locals Watch 1




Async stack trace &

Parallel Tasks

Source Not Found DirectoryCache.cs # X AsyncTaskMethodBuilderT.cs TaskContinuation.cs WaitHandle.cs S %t Parallel Stacks & X v
ﬁos - SvyncOverAsync = olg_03_SyncOverAsync.Cache.DirectowCache ~ @ DirectoryCache() = % Search }) - View: Tasks = [ﬁ B
S P A
6 \_u51ng Xunit; Some tasks may be missing because the debugger attached to an already running process. X
7
8 [assembly: CollectionBehavior(CollectionBehavior.CollectionPerClass, MaxParallelThreads = 1)] o -
9 1 *» 1 Async Logical Stack
10 namespace _03___SyncoverA5ync . Cache; i ° AsyncTaskMethodBuilder<>.Start<>
alal i © TestCollectionRunner< >.RunAsync
12 Elpublic class DirectoryCache 1 © XunitTestAssemblyRunner.RunTestCollectionAsy
13 { b (> XunitTestAssemblyRunner.RunTestCollectionsAs
14 private readonly Lazy<List<string>> _files; S
5
16 public List<string> Files => _files.Value; 1 Async Logical Stack
17 7’ 5 . . 1 Async Logical Stack © SsunchronizationContextTaskScheduler_cctor Anc
12" E]E ?ubllc DlreCtorycaChe() Task.Run (> MaxConcurrencySyncContext.RunOnSyncConte»
20 ; eSS G Lazy<List<string>>(() — ReadFilesAsync() GetAwaiter().GetResult()): XunitTestAssemblyRunner.RunTestCollections... (») MaxConcurrencySyncContext.WorkerThreadPro«
21 } B s s ! TestAssemblyRunner<>.RunAsync © ExecutionContext.Runinternal
22, _5 XunitTestFrameworkExecutor.RunTestCases (> MaxConcurrencySyncContext.WorkerThreadPro«
23 =) private static async Task<List<string>> ReadFilesAsync() © XunitWorkerThread.QueueUserWorkitem.Anony
24 s {
25 await Task.Delav(3 * 1000): —
=73 26 . return new List<string> { "d2.txt" };
27 1+ 3
28 |}
29
?? FT‘EUbliC class FileCountTests - -
100% ~& @ Noissues found | &~ < > Ln: 18 Ch:28 SPC  CRLF 4 > [
Call Stack v I X Threads v X
Name Langi 4 search P~ i = M- Group by: Process ID ~ Columns ~ S| = "
B [Async] 03 - SyncOverAsync.dlll_03__SyncOverAsync.Cache.DirectoryCache.ReadFilesAsync() Line 26 C# N
03 - SyncOverAsync.dll!_03__SyncOverAsync.Cache.DirectoryCache..ctor.AnonymousMethod__3_0() Line 20 C# ID Managed ID Category Name Location
; T : T z : = . s s o
System.Pr!vate.CoreL!b.dII.System.Lazy<System.CoIIect!ons.Gener!c.L!st<str!ng> >.V|aFac'.(ory(System:Thr.ea... @ m 16700 6 &% Worker Thread Worker Thread v System.Net Sockets.dlliSystem.Net Sockets SocketPal.Poll
System.Private.CoreLib.dll!System.Lazy < System.Collections.Generic.List<string> > .ExecutionAndPublicatio... C# i~ .
. . . L . . fo 1032 0 & Worker Thread <No Name> <not available>
System.Private.CoreLib.dll!System.Lazy < System.Collections.Generic.List<string> >.CreateValue() Line 433  C# -
. . . fo 10596 0 #* Worker Thread <No Name> <not available>
System.Private.CoreLib.dll!System.Lazy <System.__Canon>.Value.get() Line 505 C# -
- = - fo 1268 13 #" Worker Thread Worker Thread  <not available>
03 - SyncOverAsync.dll!_03__SyncOverAsync.Cache.DirectoryCache.Files.get() Line 16 C#
03 - SyncOverAsync.dll!_03__SyncOverAsync.Cache.FileCountTests.HasOneFile() Line 33 C# e Y |1 " Worker Thread <No Name> v System.Private.CoreLib.dll'System.Threading.WaitHandle WaitOneNoC
[Native to Managed Transition] Fo 7372 15 " Worker Thread <No Name> v System.Private.CoreLib.dll!System.Threading.ManualResetEventSlim.W _,
[Managed to Natjve Trar}gition] . 7 i B 7 v 4 >
Call Stack Breakpoints Exception Settings Command Window Immediate Window Output Threads Autos Locals Watch 1
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SynchronizationContext 1s not a purely Ul thing...

- Xunit relies on SynchronizationContext for limiting the number of running
tests!

namespace Xunit.Sdk
{
/// <summary>
/// An implementation of <see cref="SynchronizationContext"/> which runs work on custom threads
/// rather than in the thread pool, and limits the number of in-flight actions.
/// </summary>
public class MaxConcurrencySyncContext : SynchronizationContext, IDisposable
{
bool disposed = false;
readonly ManualResetEvent terminate = new ManualResetEvent(false);
readonly List<XunitWorkerThread> workerThreads;
readonly ConcurrentQueue<Tuple<SendOrPostCallback, object, object>> workQueue = new Concurrent(
readonly AutoResetEvent workReady = new AutoResetEvent(false);

[assembly: CollectionBehavior(CollectionBehavior.CollectionPerClass, MaxParallelThreads = 2)]




Detaching the sync context

Test Explorer & X v

DirectoryCache.cs & X AsyncTaskMethodBuilderT.cs TaskContinuation.cs WaitHandle.cs R o _
303 fSyncOverAslync vH08_03_Sync0verAsync.Cache.DirectoryCach ': & ReadFilesAsync() MEEE S 1) |A 3 |° D) |Q ) |o 1 ‘ £~ "4 [ &% ~ Search Test Explorer (Ct P ~

19 Eé pUblic Dire‘:torycaChe() . Test Duration Traits Error Message

20 : . . . ) I 4© 03- SUEOES I E) 6 sec

Dl ] _files = r.lew Lazy<L15t<str1r.19>>(() = . S o

9] y ] ReadFilesAsync() .GetAwaiter().GetResult()); 2® 05 SyncOverAsyncCache (2) e

23 L E } > @ FileCountTests (1) 3 sec

24 i > © FileNameTests (1) 3 sec

25 = private static async Task<List<string>> ReadFilesAsync()

26 i

27  await Task.Delay(3 * 1000); |

28 I ] return new List<string> { "U2.txt" };

29 | 1}

30 |}

31

32 Elpublic class FileCountTests

33 {

34 i [Fact]

35 = public void HasOneFile()

36 |

37 SynchronizationContext.SetSynchronizationContext(null);

38 Assert.Single(new DirectoryCache().Files);

39 [}

1o 3

41

42 Elpublic class FileNameTests

43

yy [Fact]

45 = public void FirstFileIsu2txt()

u6 A |

47 SynchronizationContext.SetSynchronizationContext(null);

48 Assert.Equal("d2.txt", new DirectoryCache().Files.First());

u9 )

50 3

- .




How to fix the 1ssue properly?

Stop using blocking operations.
Preferred, but not always possible.

Stop using xUnit © (not really!) or change its concurrency limits!
The same i1ssue may happen elsewhere as well.

Use ConfigureAwait(false)
Won't fix all the possible issues.
A reasonable first step.

private static async Task<List<string>> ReadFilesAsync()

{

// Configuring the runtime to schedule the continuation
// of 'Task.Delay' in a thread pool thread,

// instead of running it in the Sync Context

// captured when this 'Task.Delay' was started.

await Task.Delay(3 * 1000).ConfigureAwait(false);

return new List<string> { "d2.txt" };




What 1s going on at runtime?

Blpublic class DirectoryCache

: The Deadlock Diagram
private readonly Lazy<List<string>> _files; _
XUnitSyncContext Test DirectoryCache Timer
public List<string> Files => _files.Value; | | |
|
- g |
= public DirectoryCache() |
{ |
_files = new Lazy<List<string>>(() =>
ReadFilesAsync() | GetAwaiter().GetResult());
i 3
= private static async Task<List<string>> ReadFilesAsync()
%
await| Task.Delay(3 * 1000); e
GetAwaiter().GetResult
// context ran out of thread, will get a deadlc ——
return new List<string> { "42.txt" }; 22
} Post Contmhat[on
i } (the code after await
L and before return)
Blpublic class FileCountTests Registers
{ continuation
torunin
[Fact] XUnit thread
= public voig HasOneFile()|=>
Assert.Single(new |DirectoryCache().Files);
3




Lessons learned

This 1s based on a real issue.

Parallel Tasks 1s an invaluable tool for figuring out issues in async code.
Understanding of how async works is very important.

Always use ‘ConfigureAwait(false)’ in the library code.

Always use ‘ConfigureAwait(false)’ if the code will be used with Sync
Contexts.

Consider using ‘ConfigureAwait(false)’ for service code as well.

Sync Contexts can be used outside

the UI world. BASED ON A

TRUE STORY ..




What 1s TaskCompletionSource?

TCS allows controlling Task’s lifetime manually

A tool for implementing async API based on non-task-based
1mplementations

Core building block for producer-consumer queues, communication protocols
etc.

Epublic class TaskCompletionSource<T>

{
public void SetResult<T>(T result) { }

public void SetException(Exception e) { }
public void SetCanceled() { }
public Task Task { get; }

VNI .




A classical usage of TaskCompletionSource

- A simple work item queue

- Based on BlockingCollection<T> Bpublic class WorkItemQueue

and TaskCompletionSource<T> |{ , . _ _
private record WorkItem(string Command, TaskCompletionSource<string> Result);

private readonly BlockingCollection<WorkItem> _queue = new ();
public Task ProcessItemsTask { get; }
public WorkItemQueue() => ProcessItemsTask = Task.Run(ProcessWorkItems);

9} public async Task ProcessCommandAsync(string command)
P

: var tcs = new TaskCompletionSource<string>();

_queue.Add(new WorkItem(command, tcs));

await tcs.Task;

i }
. private async Task ProcessWorkItems()
G
=f } foreach (var item in _queue.GetConsumingEnumerable())
o 1
} J : // Processing the command.
3 . await Task.Delay(42+1000);
: : . item.Result.SetResult("ok");
BB
-}
}




Debugging an i1ssue with TaskCompletionSource

[Fact]
pUbllc async Task processonecomand() WorkltemQueue.cs WaitHandle.cs # X TaskCompletionSource_T.cs SocketPal.Windows.cs Future.cs Task.cs MessageBroker.cs Semaphor
{ [¢#] Miscellaneous Files = olgSystem.Threading.WaitHandle ~ | ©aWaitMultiple(l
var facade = new WorkItemQueue(); 277 I
await facade.ProcessCommandAsync(”Command 1") 278 B @ try
} 279 T |
w0 |0 ot AEEReN;
281 i : ] i
282 B | | | if (useWaitContext)
283 I
284 .+ &+ 1 IntPtr[] unsafeWaitHandles = new IntPtr[waitHandles.Lengthl;
285 i ObtainSafeWaitHandles(waitHandles, safeWaitHandles, unsafeWaitHandles);
286 = context!.Wait(unsafeWaitHandles, waitAll, millisecondsTimeout);
278N R
288 B, | . ! else
289 oo
290 Span<IntPtr> unsafeWaitHandles = stackalloc IntPtr[waitHandles.Lengthl;
291 ObtainSafeWaitHandles(waitHandles, safeWaitHandles, unsafeWaitHandles);
) 292 ! = WaitMultipleIgnoringSyncContext(unsafeWaitHandles, waitAll, millisecondsTimeout);
pLE] i}
294 g
295 B if (waitResult] >= WaitAbandoned && < WaitAbandoned + waitHandles.Length)
296 ; {
297 B+ 01 if (waitAll)
298 N T B |
299 : // In the case of WaitAll the 0S will only provide the information that mutex was abandoned.
300 : // It won't tell us which one. So we can't set the Index or provide access to the Mutex
301 ' throw new AbandonedMutexException();
99 % v @ No issues found | &~ 4
Call Stack v 0 X Threads
Name langi4 o= M8~ Group by: Proces
B System.Private.CoreLib.dll!System. Threading.WaitHandle.WaitMultiple(System.ReadOnlySpan <System.Threading.WaitHandle> waitHandles, boo... C#
System.Private.CoreLib.dllI!System.Threading.WaitHandle.WaitMultiple(System.Threading.WaitHandle[] waitHandles, bool waitAll, int milliseconds... C# Search
ID Managed ID (
xunit.execution.dotnet.dll!Xunit.Sdk.XunitWorkerThread.QueueUserWorkltem.AnonymousMethod__5_0(object ) Line 37 C# m e I p
System.Private.CoreLib.dll!System.Threading.Tasks.Task.InnerInvoke() Line 2380 C# m =550l IS g
System.Private.CoreLib.dll!System.Threading.Tasks.Task..cctor. AnonymousMethod__277_0(object obj) Line 2359 C#
System.Private.CoreLib.dll!System.Threading.ExecutionContext.Runinternal(System.Threading.ExecutionContext executionContext, System.Threa... C# ma ATZ | 14 ¢
System.Private.CoreLib.dll!System.Threading.Tasks.Task.ExecuteWithThreadLocal(ref System.Threading.Tasks.Task currentTaskSlot, System.Thread... C# B AEEE| 18 &
System.Private.CoreLib.dll!System. Threading.Tasks. Task.ExecuteEntryUnsafe(System.Threading.Thread threadPoolThread) Line 2258 c# fo & 40124 16 &
System.Private.CoreLib.dll!System.Threading.Tasks.ThreadPoolTaskScheduler..cctor. AnonymousMethod__10_0(object s) Line 36 C# fo 18272 17 &
System.Private.CoreLib.dll!System.Threading.ThreadHelper.ThreadStart_Context(object state) Line 48 S0 | P

Call Stack Breakpoints Exception Settings Command Window Immediate Window Output Threads Autos Locals Watch 1




Async stacks to the rescue! (Again!)

WorkltemQueue.cs & X WaitHandle.cs TaskCompletionSource_T.cs SocketPal.Windows.cs v % Pparallel Stacks * X
5104 - TaskCompIetlonSource > 013 04_ TaskCompletionSource.Workltem( ~ &) ProcessOneCommand() v = | 'Search P~ View:
23 ' var tcs = new TaskCompletionSource<string>(); a 1 Async Logical Stack
24 —queue .Add(new WorkItem(command, tcs)); = [Async]lTask [Promise]
25 i ' await tcs.Task; 1 E
26 ! } I = WorkltemQueue.ProcessCommandAsync
I »:
28 El} private async Task ProcessWorkItems() 1 | : 1ESUNVOKET < >.INVOKE 1eSUVIETNOJASYNC.ANON. ..
29 | { A . . = ExecutionTimer.AggregateAsync
30 B 1 foreach (var item in _queue.GetConsumingEnumerable()) .
31 ; ' { ExceptionAggregator.RunAsync
32 ‘ ! // Processing the command. I TestInvoker< >.InvokeTestMethodAsync
33 ' ' await Task.Delay(42*1000); 1 Testinvoker<>.RunAsync.AnonymousMethod...
: ' . - . [
34 ! . } item.Result.SetResult("0k"); [] ExceptionAggregator.RunAsync< >
35 ! '
36 o } XunitTestRunner.InvokeTestAsync
37 'j, ExceptionAggregator.RunAsync<>
38 i L. TestRunner<>.RunAsync
39 Bﬁubllc class WorkItemQueueTests s TestCaseRunner< >.RunAsync
40
1 [Fact] ¥ TestMethodRunner<>.RunTestCasesAsync
42 JE! public async Task ProcessOneCommand() TestMethodRunner <> .RunAsync
43 ' { TestClassRunner<>.RunTestMethodsAsync
A var facade = new WorkItemQueue(); TestClassRunner<>.RunAsync
45 ' : await facade.ProcessCommandAsync("Command 1"); .

- 16 : TestCollectionRunner<>.RunTestClassesAsync

u7 M v TestCollectionRunner<>.RunAsync

9% v Do A1 NN S S| » Lm46 Ch:5 SPC CRLF 4

Call Stack v X
Name Lang &

= [Async] System.Private.CoreLib.dll!Task (string) [Promise] C#
[Async] 04 - TaskCompletionSource.dll!_04_ TaskCompletionSource. WorkltemQueue.ProcessCommandAsync(string command) Line 26 C#

) [Async] 04 - TaskCompletionSource.dll!_04_ TaskCompletionSource.WorkltemQueueTests.ProcessOneCommand() Line 46 C#
[Async] xunit.execution.dotnet.dll!Xunit.Sdk.TestInvoker < Xunit.Sdk.IXunitTestCase>.InvokeTestMethodAsync.AnonymousMethod__1() Line 268 C#
[Async] xunit.execution.dotnet.dll'Xunit.Sdk.ExecutionTimer.AggregateAsync(System.Func<System.Threading.Tasks.Task> asyncAction) Line 49 C#
[Async] xunit.core.dll!Xunit.Sdk.ExceptionAggregator.RunAsync(System.Func <System.Threading.Tasks.Task> code) Line 91 C#
[Async] xunit.execution.dotnet.dll'Xunit.Sdk.TestInvoker < Xunit.Sdk.IXunitTestCase>.InvokeTestMethodAsync(object testClassInstance) Line 276 C#
[Async] xunit.execution.dotnet.dll!Xunit.Sdk.TestInvoker<Xunit.Sdk.IXunitTestCase>.RunAsync.AnonymousMethod__47_0() Line 208 C#
[Async] xunit.core.dll'Xunit.Sdk.ExceptionAggregator.RunAsync<decimal> (System.Func < System.Threading.Tasks.Task <decimal> > code) Line 109 C#
[Async] xunit.execution.dotnet.dll!Xunit.Sdk.XunitTestRunner.InvokeTestAsync(Xunit.Sdk.ExceptionAggregator aggregator) Line 69 C#
[Async] Xunit.core. dII'Xunlt Sdk. ExceptlonAggregator RunAsync<System Tuple<deC|maI strlng> >(System Func<System.Threading.Tasks.Task <System.Tuple <decimal, string>>> code) Line 109 @ |

CaII Stack Breakpomts Exceptlon Settmgs CommandWmdow ImmedlateWmdow Output




Let’s debug i1t! Stack traces are not helpful;

WorkltemQueue.cs & X WaitHandle.cs TaskCompletionSource_T.cs SocketPal.Windows.cs

T304 - TaskCompletionSource v 0!3_04_TaskCompIetionSource.WorkItem( ~ | ©aProcessWorkltems()

pk ! var tcs = new TaskCompletionSource<string>();
24 : _queue.Add(new WorkItem(command, tcs));
25 await tcs.Task;
26 i3
27 '
28 =H private async Task ProcessWorkItems()
29 s
30 E‘J foreach (var in _queue.GetConsumingEnumerable())
31 I |
32 : // Processing the command.
33 I | await Task.Delay(u2*1000);
STV —
35 |+ 1}
36 R
37 |}
38
39 BElpublic class WorkItemQueueTests
4o {
u1  [Fact]
u2 el public async Task ProcessOneCommand()
u3 o
4y : var facade = new WorkItemQueue();
45 ' ; await facade.ProcessCommandAsync("Command 1");
u6 D
u7 [E:
9% ~H B0 A1 RN - R > In34 Ch:13
Call Stack
Name

B [Async] System.Private.CoreLib.dIl!System.Threading. Tasks. Task.Delay
D [Async] 04 - TaskCompletionSource.dll!_04__TaskCompletionSource.WorkltemQueue.ProcessWorkltems() Line 34
[Async] System.Private.CorelLib.dll!System.Threading.Tasks.Task.Run

Call Stack Breakpoints Exception Settings Command Window Immediate Window Output

S #t Parallel Stacks * X
" +  Search P~ View: Tasks
F'S
g § ©1 Async Logical Stack
1 é © waitHandle WaitOneNoCheck
.é (M MessageBus.ReporterWorker
— I 3 () XunitWorkerThread.QueueUserWorkltem.Anony
| 9l
1. ©2 Async Logical Stacks
: " ® WaitHandle.WaitMultiple
(M MaxConcurrencySyncContext.WorkerThreadProc
(M) XunitWorkerThread.QueueUserWorkltem.Anony
]
!
]
&
-
SPC CRLF |
v @ X Threads
Langt#  Search P- = M- Group by: Process ID
C#
C# ID Managed ID Category Name
s fo 25996 1 )=/ Main Thread ~ Main Thread
fo 27164 0 #" Worker Thread <No Name>
fo 52000 13 @Worker Thread Worker Thread
fo 20972 14 #"* Worker Thread Worker Thread
fo 40956 15 @Worker Thread <No Name>
fo 40124 16 #"* Worker Thread <No Name>
o 18272 17 @Worker Thread <No Name>
w4
Threads Autos Locals Watch 1

v

1 Async Logical Stack

Task.Delay
> WorkiltemQueue.ProcessWorkitems

Task.Run

> [l
vl;lx
np

Ao

Be HE

v Columns ~

Location

v System.Private.CoreLib.dll!System.Threading.M:
<not available>
<not available>
<not available>
v System.Private.CoreLib.dll!System.Threading.W:
v System.Private.CorelLib.dll!System.Threading.W:

v System.Private.CorelLib.dll!System.Threading.W: .
4




Let’s add one more test! Shall we?

éf private async Task ProcessWorkItems() Test Explorer & X
A > >-Co K200 BA- O E-
=k : foreach (var item in _queue.GetConsumingEnumerable()) - I .
5 ’ { 4@ 04- TaskCompletionSource (2) 152 ms
2 . : // Processing the command. 49 _04_ TaskCompletionSource (2) 152 ms
E : E await Task. Delay(42) ! 4 @ WorkitemQueueTests (2) 152 ms
: E : 1tem.Result.SetResult("OK") - © ProcessOneCommand 54 ms
i E E } Q ProcessTwoCommands 98 ms -
3
1
Elpublic class WorkItemQueueTests
11
' [Fact]
=K public async Task ProcessTwoCommands()

|

: var queue = new WorkItemQueue();

await queue.ProcessCommandAsync("Command 1");
queue.ProcessCommandAsync("Command 2").GetAwaiter().GetResu’




Production after deploying a new version




Why the tests were fine?

M-

private async Task ProcessWorkItems() Test Explorer # X
(] .
1 o . 05 v =] - [E v
= foreach (var item in _queue.GetConsumingEnumerable()) = 82|1©2(@0o| ;2 -"4 [E Lo

: { Test Duration Traits E
: +// Processing the command. R B B e — - e
: : await Task.Delay(u2); Yo Pl S d e S e
: — 4 % : 04_TaskCompletionSource (2) 159 ms

4 i WorkltemQueueTests (2) 159 ms

© ProcessOneCommand 54 ms

™ ProcessTwoCommands 105 ms




B - » 1
*SYNC!OVER ASYNC STRIKES'AGAIN
- = e
‘ . ~




-

=

=

What 1s going on at runtime?

The Deadlock Diagram

public async Task ProcessCommandAsync(string command)
{
var tcs = new TaskCompletionSource<string>();
_queue.Add(new WorkItem(command, tcs))f
aWaltT TCs.laskK,

private async Task ProcessWorkItems()
{
foreach (var item [in _queue.GetConsumingEnumerable())

{

await Task.Delay(ud2):
1tem.Result.SetResult("Ok™);

public class WorkItemQueueTests

{
[Fact]
public async Task ProcessTwoCommands()

{

SynchronizationContext.SetSynchronizationContext(null);

var queue = new WorkItemQueue();
await queue |ProcessCommandAsync("Commapnd 1");
queue.ProcessCommandAsync("Command 2")| GetAwaiter().GetResult()}

WorkltemQueue _queue ProcessWorkltems

IIEII
|
linitial thread

ProcessCommand("Cmd 1")

|I Processes "Cmd 1" |
|

Runs continuation for
ProcessCommand("Cmd 1")
task
ProcessCommand("Cmd 2")




Parallel Stacks to the rescue!

WorkltemQueue.cs 4 X MessageHandler.cs WaitHandle.cs ManualResetEventSlim.cs S # Pparallel Stacks * X -
04 - TaskCompletionSource ~ ol$ 04__TaskCompletionSource.Worklter ~ &) ProcessTwoCommands() v%  Search P~ View: Tasks - | 'BE
22 [T f{)rlvate async Task ProcessWorkItems() a T ek 2
30 Bl foreach (var item in _queue.GetConsumingEnumerable()) X [Asvncl Task_[Promisel O Wai
31 ‘, ! { 1 : WorkltemQueue.ProcessCommandAsync O Me:
32 // Processing the command. . ® WorkitemQueueTests.ProcessTwoCommands ® xun
33 ' ' ! await Task.Delay(u2); 1 -
3y | item.Result.SetResult("Ok"); 2
gz P } } 1 Async Logical Stack
37 I3 TestInvoker<>.InvokeTestMethodAsync.Anon...
38 ExecutionTimer.AggregateAsync O wai
39 E?Ubllc class WorkItemQueueTests ExceptionAggregator.RunAsync © Ma
4o
u1 [Fact] Testlnvoker<>.InvokeTestMethodAsync © xun
42 9. public async Task ProcessTwoCommands() Testlnvoker<>.RunAsync.AnonymousMethod...
u3 { g ExceptionAggregator.RunAsync<>
uy 1 // Mimic 'the .real world case: remoYlng ‘the sync context s T XunitTestRunner.InvokeTestAsync
45 ' : SynchronizationContext.SetSynchronizationContext(null); .
' ] Ny ExceptionAggregator.RunAsync<>
ue ' ' i 1 Async Logical Stack
! i = . TestRunner<>.RunAsync
5 : 1 var . O . - ©! TaskCompletionSource <> SetResult Y
us ‘ : await m .ProcessCommandAsync("Command 1"); O WorkitemQ - — TestCaseRunner<>.RunAsync
' ! 0 . orkltemQueue.ProcessWorkltems
N4 ’490’ 1 1 & "Command 2").GetAwaiter().GetResult(Q); TestMethodRunner<>.RunTestCasesAsync
50 ' } Task.Run
51 M TestMethodRunner<>.RunAsync
52 v TestClassRunner<>.RunTestMethodsAsync
9% ~& @ Noissues found | &~ 4 > Ln:49 Ch:9 SPC CRLF 4 > W
Call Stack v I X Threads v B x
Name Langi# search P = - Group by: Process ID ~ Columns~ =i nb»
System.Private.CoreLib.dll!System.Runtime.CompilerServices.TaskAwaiter.OutputWaitEtwEvents.AnonymousMethod__12_0(S... C# e
System.Private.CoreLib.dll!System.Runtime.CompilerServices.AsyncMethodBuilderCore.ContinuationWrapper.Invoke() Line ... C# ID Managed ID Category Name Location
System.Private.CorelLib.dll!System.Threading.Tasks.AwaitTaskContinuation.RunOrScheduleAction(System.Action action, bool... C# [+ 27492 11 #"* Worker Thread <No Name> v System.Private.CorelLib.dll!System.Threading.Manuall
System.Private.CoreLib.dll!System.Threading.Tasks.Task.RunContinuations(object continuationObject) Line 3229 C# fo 51496 0 & Worker Thread <No Name> <not available>
System.Private.CoreLib.dll!System.Threading.Tasks.Task.FinishContinuations() Line 3196 C# fo 35860 1 Y= Main Thread  Main Thread v System.Private.CoreLib.dll!System.Threading.Manuall
System.Private.CoreLib.dll!System.Threading.Tasks.Task < System.Threading.Tasks.Void TaskResult> . TrySetResult(System.Threa... C# o 34212 6 & Worker Thread Worker Thread v System.Net.Sockets.dll!System.Net.Sockets.SocketPa
. g . . . . . . - : : . .
System.Pr!vate.CoreL!b.dII.System.Runt!me.Comp!IerServ!ces.AsyncTaskMethodBu!lder<System.Thrfzad|ng.Tasks.V0|dTaskRe... © P g 38288 9 e e Sl e TS e e e e el
System.Private.CoreLib.dll!System.Runtime.CompilerServices.AsyncTaskMethodBuilder.SetResult() Line 109 C# .
B SR fo 46004 0 & Worker Thread <No Name> <not available>
. -
System.Private.CoreLib.dll!System.Runtime.CompilerServices.AsyncTaskMethodBuilder < System.Threading.Tasks.VoidTaskRe... E 25520110 (%} Wor::er TEreaj sioiblames <not ava'[abl_e> - - - v
System Prlvate Corelib. dII'System Threadlng ExecutlonContext RunInternaI(System Threadmg ExecutionContext executionC... C# + |l[g leZid L4 £ Wercer Thread <hio Name2 > _Sustem Private Corelib dlliSusterp Theeading Wa'fH:r

Call Stack Breakpomts Exceptlon Settlngs Command Wlndow Immediate Window Output Threads Autos Locals Watch 1




Parallel Stacks to the rescue!

WorkltemQueue.cs & X MessageHandler.cs WaitHandle.cs ManualResetEventSlim.cs S # Parallel Stacks * X -
T3 04 - TaskCompletionSource v olg_04_TaskCompIetionSource.WorkIter ~ | ) ProcessTwoCommands() v| % | | search P~ View: Tasks -
52 E|] i;rlvate async Task ProcessWorkItems() ~ By s Stack N
30 =k . foreach (var item in _queue.GetConsumingEnumerable()) X [Async] Task [Promise] O wai
31 ] ] { I : WorkltemQueue.ProcessCommandAsync ® Mes
32 ; ; ‘ // Processing the command. - | © WorkitemQueueTests.ProcessTwoCommands © xun
33 ' ' await Task.Delay(u2); | :
34 . item.Result.SetResult("0k"); =
35 3 r ) e :
36 P } 1 Async Logical Stack
37 3 TestInvoker< >.InvokeTestMethodAsync.Anon...
38 ExecutionTimer.AggregateAsync O wai
39 L:J;Eubllc class WorkItemQueueTests ExceptionAggregator.RunAsync © Ma
40
u1 [Fact] TestInvoker<>.InvokeTestMethodAsync O Xun
42 9. public async Task ProcessTwoCommands() TestInvoker<>.RunAsync.AnonymousMethod...
43 { g ExceptionAggregator.RunAsync< >
uy // Mimic .the 'real world case: remO\'/ing .the sync context g B XunitTestRunner.InvokeTestAsync
U5 ' : SynchronizationContext.SetSynchronizationContext(null); .
: ! i ExceptionAggregator.RunAsync<>
U6 ; i L 1 Async Logical Stack
07 : : . TestRunner<>.RunAsync
; ' (> TaskCompletionSource < >.SetResult
ug ' ] TestCaseRunner<>.RunAsync
< 490/ 1 T © WorkitemQueue.ProcessWorkitems
) . TestMethodRunner< > .RunTestCasesAsync
50 } Task.Run
51 o TestMethodRunner<>.RunAsync
52 v TestClassRunner<>.RunTestMethodsAsync v
99 % ML @ No issues found | &~ 4 4 Ln:49 Ch:9 SPC CRLF 4 > [
Call Stack v B X Threads U OX
Name Langt+  Search P-E - Group by: Process ID ~ Columns ~ S| nb»
B System.Private.Corelib.dll!System. Threading.ManualResetEventSlim.Wait(int millisecondsTimeout, System.Threading.Cancell... C# N
System.Private.CorelLib.dll!System.Threading.Tasks.Task.SpinThenBlockingWait(int millisecondsTimeout, System.Threading.C... C# ID Managed ID Category Name Location
System.Private.CoreLib.dll!System.Threading.Tasks.Task.InternalWaitCore(int millisecondsTimeout, System.Threading.Cancell... C# e 27492 11 " Worker Thread <No Name> v System.Private.Corelib.dll!System.Threading.Manuall
System.Private.CorelLib.dll!System.Runtime.CompilerServices.TaskAwaiter.HandleNonSuccessAndDebuggerNotification(Syst... C# fo 51496 0 £ Worker Thread <No Name> <not available>
System.Private.CoreLib.dll!System.Runtime.CompilerServices.TaskAwaiter.GetResult() Line 105 C# Fo 35860 1 ¥~ Main Thread ~ Main Thread v System.Private.CorelLib.dll!System.Threading.Manuall
LVvdIUTngy Orr ASyTiC UpPETdLOrn, JOUDIE-CIILK Or PIress €NLEr LO VIEW ASYTIC Udll SLAdLKS] Ft| 34212 6 {é?} Worker Thread Worker Thread v SyStem.Net.SOCketS.d||!System.Net.SOCketS.SOCketPa
> : b =) 38288 9 £ Worker Thread Worker Thread v System.Private.CorelLib.dll!System.Threading.Manuall
[Resuming Async Method] o 46004 0 # Worker Thread <No Name> t availabl
System.Private.CorelLib.dll!System.Runtime.CompilerServices.AsyncTaskMethodBuilder<System.Threading.Tasks.VoidTaskRe... C# m @2} orker hread =INO NAME =00 avaflab|e>
System.Private.CorelLib.dll!System.Threading.ExecutionContext.Runinternal(System.Threading.ExecutionContext executionC... C# o 28520110 {%“}Wor etalhicad) EsNoilName? SOtV _6> - - - -
System.Private.CoreLib.dll!System.Runtime.CompilerServices.AsyncTaskMethodBuilder < System.Threading.Tasks.VoidTaskRe... C# < 16284 14 Al AN M ¥ Sustem Private Corelib dlliSvstem Thrgading Waitklad
Call Stack Breakpoints Exception Settings Command Window Immediate Window Output Threads Autos Locals Watch 1




How to solve the problem?

- Don’t block async code (maybe easier said then done!)

- Run TaskCompletionSource’s continuations
asynchronously (NET Framework 4.6+)!

- Consider using a wrapper or a helper
for running continuations asynchronously

Elpublic readonly struct TaskSourceSlim<TResult>
{
’ private readonly TaskCompletionSource<TResult> m_tcs;
B! internal TaskSourceSlim(bool dummy)
‘ ] : thisQ)
{
' m_tcs = new TaskCompletionSource<TResult>(
; TaskCreationOptions.RunContinuationsAsynchronously);
i }
public Task<TResult> Task => m_tcs.Task;
. // SetResult, SetException, SetCanceled and other members
| }
Tpublic static class TaskSourceSlim
{
= public static TaskSourceSlim<TResult> Create<TResult>()
{5 => new TaskSourceSlim<TResult>(dummy: true);
}

Elpublic class WorkItemQueue

private record WorkItem(string Command, TaskCompletionSource<string> Result);
private readonly BlockingCollection<WorkItem> _queue = new ();

public Task ProcessItemsTask { get; }
public WorkItemQueue() => ProcessItemsTask = Task.Run(ProcessWorkItems);

public async Task ProcessCommandAsync(string command)

{

i var tcs = new TaskCompletionSource<string>(
// This is a very important change!
// It will force the continuations to ran asynchronously!
TaskCreationOptions.RunContinuationsAsynchronously);

_queue.Add(new WorkItem(command, tcs));

g await tcs.Task;

}

private async Task ProcessWorkItems()

{

. foreach (var item in _queue.GetConsumingEnumerable())

I |

: } // Processing the command.

: . await Task.Delay(42);

' . item.Result.SetResult("Ok");

o}

}




Let’s check 1t!

WorkltemQueue.cs 4 X WaitHandle.cs MessageHandler.cs ManualResetEventSlim.cs Future.cs ¥ # TestExplorer # X
X104 - TaskCompletionSource - 98_04_TaskCompletionSource. WorkitemQ: ~ | € ProcessWorkitems() " = PG’ ‘A D) IQ 2 |8 0 | = R =
aky/ : - . .
18 I public WorkItemQueue() => ProcessItemsTask = Task.Run(ProcessWorkItems); Test Caston LELLS
19 ' 4® 04 - TaskCompletionSource (2) 153 ms
plo) I[—] public async Task ProcessCommandAsync(string command) : 4 @ _04_TaskCompletionSource (2) 153 ms
2l { 4 @ WorkltemQueueTests (2) 153 ms
22 var tcs = new TaskCompletionSource<string>( | O e e 54 ms
23 ; : // This is a very important change!
24 // It will force the continuations to ran asynchronously! g © ProcessTw%Commands 22ims
25 TaskCreationOptions.RunContinuationsAsynchronously); I
26 ' !
2.7 _queue.Add(new WorkItem(command, tcs));
28 await tcs.Task;
29 | }
30 ;
31 El: private async Task ProcessWorkItems()
2 |
33 =k foreach (var item in _queue.GetConsumingEnumerable())
34 I
35 // Processing the command.
36 I : await Task.Delay(u2);
37 item.Result.SetResult("0k");
38 i}
39 [ 5
4o |}
41 sha
42 Elpublic class WorkItemQueueTests 1
43 {
4y } [Fact] -
u5 = public async Task ProcessTwoCommands()
ue6 b
u7 // Mimic the real world case: removing the sync context
us SynchronizationContext.SetSynchronizationContext(null); Test Detail Summary
:2 var queue = new WorkItemQueue(); @ _04_ TaskCompletionSource.WorkltemQueueTests.ProcessT
51 .| await queue.ProcessCommandAsync("Command 1"); Source: WorkItemQueue.cs line 45
52 queue.ProcessCommandAsync("Command 2").GetAwaiter().GetResult(); (© Duration: 99 ms
53 .




Lessons learned

Synchronous behavior of TaskCompletionSource.SetResult 1s quite
dangerous.

Blocking can be hidden. ‘GetConsumingEnumerable’ is a blocking call.

Always force async continuations when using TaskCompletionSource.
This will detach the caller from synchronously calling unknown code.

Consider using a helper or a wrapper for that.

BASED ON A

TRUE STORY...




Thanks a lot, everyone!




Bonus] Deadlock with two tasks

Deadlocks.cs* + xd DatabaseFacade.cs ManualResetEventSlim.cs TaskCompletionSource_T.cs ¥ # Parallel Stacks & X
7104 - TaskCompletionSource - %_M_TaskCompletionSource.DeadIocks ~ | [ SimpleTaskDeadlock() ~| %+  Search P~ View: Tasks - &
. B
10 ‘ 3 [Fact] B 5
11 =R public async Task SimpleTaskDeadlock() 1 Async Logical Stack
12 { . . y " | : Deadlocks.SimpleTaskDeadlock.Anonymous...
13 ; 1 SynchronizationContext.SetSynchronizationContext(null);
14 i ' Task.Run
15 var bothTasksCreated = new TaskCompletionSource<bool>();
16 ; —
17 : i Task? t2 = null; 1 Async Logical Stack
18 ®©  Task t1 = Task.Run(@synd ) => e i e e
19 I
20 0 | |pwait] bothTasksCreated.Task; llaskRun

Console.WriteLine("t1 waiting for t2...");

*
‘ ] Console.WriteLine("... t1 done."); 1 Async Logical Stack
L B TaskWhenAll
‘ Deadlocks.SimpleTaskDeadlock
=} S Run(async () => Testinvoker<> InvokeTestMethodAsync.Anon...
' { ExecutionTimer.AggregateAsync
await bothTasksCreated.Task; ExceptionAggregator.RunAsync
30 ‘ : : g:zsigliil.lriteLine("tZ waiting for t1..."); e L e
32 ' Console .l,lriteLine(". .. t2 done."); o Testinvoker<>.RunAsync.AnonymousMethod...
33 | R ExceptionAggregator.RunAsync<>
: | bothTasksCreated.SetResult(true); e i
: ! ExceptionAggregator.RunAsync<>
37 await Task.WhenAll(tl, t2); TestRunner<>.RunAsync
38 i} TestCaseRunner<>.RunAsync
39 TestMethodRunner<>.RunTestCasesAsync
:“ r, ‘ TestMethodRunner<>.RunAsync
:5 TestClassRunner<>.RunTestMethodsAsync
43 TestClassRunner<>.RunAsync
44 TestCollectionRunner<>.RunTestClassesAsync
“E : TestCollectionRunner<>.RunAsync
s : TaskRun
4s XunitTestAssemblyRunner.RunTestCollections...
49 TestAssemblyRunner<>.RunAsync
S(’ XunitTestFrameworkExecutor.RunTestCases
&9




Bonus| Deadlock a semaphore

[Fact] : 1 Async Logical Stack

;Eublic async Task SemaphoreDeadlock() i - SemaphoreSlim WaitAsync

| var semaphore = new SemaphoreSlim(1, 1); =  Deadlocks.SemaphoreDeadlock-Anonymousl

v n - Task.Run

. await Task.Run(async () => : Deadlocks.SemaphoreDeadlock.Anonymous...

; { ) ) Task.Run

; await semaphore.WaitAsync();

; Deadlocks.SemaphoreDeadlock

await Task.Run(async () => Testinvoker <> .InvokeTestMethodAsync.Anon...

; { ExecutionTimer.AggregateAsync

; await semaphore.WaitAsync(); ExceptionAggregator.RunAsync

. semaphore.Release();

; - Testinvoker<>.InvokeTestMethodAsync

' L}

: Testinvoker<>.RunAsync.AnonymousMethod...

| : semaphore.Release(); ExceptionAggregator.RunAsync<>

} H; XunitTestRunner.InvokeTestAsync
ExceptionAggregator.RunAsync<>
TestRunner<>.RunAsync

] TestCaseRunner<>.RunAsync
TestMethodRunner<>.RunTestCasesAsync
TestMethodRunner<>.RunAsync

o TestClassRunner< >.RunTestMethodsAsync
TestClassRunner<>.RunAsync
TestCollectionRunner<>.RunTestClassesAsync
TestCollectionRunner<>.RunAsync
Task.Run
XunitTestAssemblyRunner.RunTestCollections...
TestAssemblyRunner<>.RunAsync
XunitTestFrameworkExecutor.RunTestCases




|Bonus] Deadlock with yield return and lock

[Fact]

public async Task YieldReturnDeadlock()

{

object _syncObj = new object();
foreach (var i in GetEnum())

{
}
IEnumerable<int> GetEnum()

{
lock (_syncObj)

{
. yield return GetValue(®);
- yield return Getvalue(1);
I |
}
int GetValue(int value)
{
ock (_syncObj)
{
‘ : return value + 1;
: }
}

Task UseAsync(int i) => Task.Delay(i + 1080);

await UseAsync(i).ConfigureAwait(false);

©1 Async Logical Stack
® [Waiting on lock owned by Thread 31824, douk
2 YieldReturnDeadlock._GetValue|1
® YieldRetumDeadlock._ GetEnum|0
®© Deadlocks.YieldRetumDeadlock
Testinvoker< >.InvokeTestMethodAsync.Ano...

ExecutionTimer.AggregateAsync

ExceptionAggregator.RunAsync
Testinvoker< >.InvokeTestMethodAsync

Testinvoker< >.RunAsync. AnonymousMetho...

ExceptionAggregator.RunAsync<>
XunitTestRunner.InvokeTestAsync

ExceptionAggregator.RunAsync<>
TestRunner<>.RunAsync
TestCaseRunner<>.RunAsync
TestMethodRunner<>.RunTestCasesAsync
TestMethodRunner<>.RunAsync
TestClassRunner<>.RunTestMethodsAsync
TestClassRunner<>.RunAsync
TestCollectionRunner<>.RunTestClassesAsync
TestCollectionRunner<>.RunAsync

Task.Run
XunitTestAssemblyRunner.RunTestCollection...
TestAssemblyRunner<>.RunAsync
XunitTestFrameworkExecutor.RunTestCases




