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Agenda
It's expensive.

It uses hidden state.

It doesn't integrate with the platform.

It breaks decent programming principles.

Let's make it better!
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It's expensive
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Async Method
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Async Method after compilation
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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.

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

09.01.2024 ASYNC - BIGGEST C# MISTAKE - ADAM FURMANEK 11



State machine is expensive.
Each ‘await’ operation for an unfinished task takes about 4us and allocates almost 300B per 
invocation.

If the async method completes synchronously the following memory overhead will occur: for 
async Task methods there is no overhead, for async Task<T> methods the overhead is 88 bytes 
per operation (on x64 platform).

ValueTask<T> can remove the overhead mentioned above for async methods that complete 
synchronously.

A ValueTask<T>-based async method is a bit faster than a Task<T>-based method if the method 
completes synchronously, and a bit slower otherwise.

A performance overhead of async methods that await non-completed task is way more 
substantial (~300 bytes per operation on x64 platform).
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It uses hidden state
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SynchronizationContext
Specific thread
executing the code

Delegates 
executed serially

Delegates 
executed in order

Send is 
synchronous

Post is 
asynchronous

Default (Thread 
Pool based)

No – any thread in 
the thread pool

No No Yes Yes

ASP.NET No – any thread in 
the thread pool

Yes No Yes No

WinForms, WPF, 
WinRT, Xamarin, 
Blazor

Yes – UI thread Yes Yes Only if called on 
the UI thread

Yes

ASP.NET Core No – any thread in 
the thread pool

No No Yes Yes
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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.



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 ConfigureAwait(false)
all the way down!
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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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Console
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GUI
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GUI
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GUI
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GUI
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GUI
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Unit test
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Unit test

09.01.2024 ASYNC - BIGGEST C# MISTAKE - ADAM FURMANEK 24



Blazor
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Blazor
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Blazor
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Blazor
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It doesn't integrate with 
the platform
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Stacking threads        AggregateException
Task can create a child. It can be either attached 
or detached.

Attached child task is coupled:
◦ Parent waits for it 

◦ 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.

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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Exceptions in async
VOID METHOD

One cannot await void method (sure?).

Exception is propagated but it is not 
deterministic.

Use AsyncContext from AsyncEx library.

TASK METHOD

Exception is stored in the Task.

You can also await the method and have the 
exception propagated.

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

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).
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Exceptions in async
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Exceptions in async
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Exceptions in async
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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
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Catch exceptions in async void
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Async Constructor Pattern
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Compilation error (line 3, col 15):
The modifier 'async' is not valid for this item



Lock in async
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It breaks decent 
programming principles
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Never wait without a 
timeout!
FIRST PRINCIPLE OF MULTITHREADING
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How do we await with async?
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Manually
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With extension
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With synchronization context
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With custom task type

09.01.2024 ASYNC - BIGGEST C# MISTAKE - ADAM FURMANEK 49



Do not repeat yourself (DRY)

09.01.2024 ASYNC - BIGGEST C# MISTAKE - ADAM FURMANEK 50



Dependency Inversion
HOW DO YOU REPLACE A STRING?
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String improvements in Java
Internal structure:

◦ Originally String was implemented using char array under the hood.

◦ Java 9 changed it to byte array to allocate 1 byte if string has no unicode characters.

Concatenation performance:
◦ Before Java 9 concatenations were translated to StringBuilder.append.

◦ Starting in Java 9 they are translated to invokedynamic and reuse multiple strategies.
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String at Facebook – 1% performance win
CppCon 2016: Nicholas Ormrod “The strange details of std::string at Facebook"
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Objects in V8
Object is a dictionary — use hash map.

Use maps to optimize access by offset.

Reserve more memory than needed to have
room for new properties.

Property names are strings but for arrays we 
can use… well, arrays.

V8 switches implementation depending on the 
usage.
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How do you replace a string?
You cannot!

String is:
◦ A class – not an interface

◦ A sealed class – no inheritance

◦ Exposed on IL level via string literals

◦ Highly coupled with managed and unmanaged code (native part relies on memory structure)
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Colorful functions
Green Red

Green

Red
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Colorful functions
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void Foo() async Task Foo()

void Foo()

async Task Foo()

Green Red

Green

Red



Colorful functions
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void Foo() async Task Foo()

void Foo()

async Task Foo()

Green Red

Green

Red

void Foo() async ValueTask Foo() async Task Foo()

void Foo()

async ValueTask Foo()

async Task Foo()



Let's make it better!
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Asynchronous code does not block
the operating system level thread.

09.01.2024 ASYNC - BIGGEST C# MISTAKE - ADAM FURMANEK 60



async in C#
async in C# is implemented as:
◦coroutine compiler level transformation with

◦service locator for promise orchestration and

◦statically bound promise factories
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Coroutines
COROUTINE COMPILER LEVEL TRANSFORMATION
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Fibers
DO NOT BLOCK THE OPERATING SYSTEM LEVEL THREAD
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Monads
STATICALLY BOUND PROMISE FACTORIES
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Generics
SERVICE LOCATOR FOR PROMISE ORCHESTRATION
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But why?
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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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Q&A
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