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C# - Gegenwart und Zukunft

Die fünfte Version von C# ist da. Zeit, sich intensiv damit 

auseinanderzusetzen und einen Blick in die Zukunft zu werfen. Rainer 

Stropek bietet auch dieses Jahr wieder geballtes C#-Wissen in diesem 

ganztägigen Workshop an. Der Schwerpunkt sind die Neuerungen von 

C# 5 hinsichtlich asynchroner und paralleler Programmierung. Rainer 

wiederholt zu Beginn die Grundlagen der parallelen Programmierung 

mit .NET (und wird dabei viele nützliche Tipps weitergeben). Danach geht 

er auf die Anwendung dieser Basics in C# 5 mit async/await ein. Wir 

kratzen nicht nur an der Oberfläche, sondern gehen wirklich ins Detail. Am 

Nachmittag wird Rainer einen Ausblick auf die Zukunft von C# geben und 

zeigen, was Projekte wie "Roslyn" an Änderungen für C#-Entwickler 

bringen werden.



Agenda

Å Vormittag

ï Block 1 ïTPL Grundlagen (.NET 4)

Å Arbeiten mit Tasks

Å Die Parallel -Klasse

ï Block 2 ïTPL Advanced (.NET 4 & 4.5)

Å Parallel LINQ

Å Collections für parallele Programmierung

Å TPL Dataflow Library

Å Nachmittag

ï Block 3 ïasync/await (C# 5)

Å C# Spracherweiterungen async/await

Å Beispiele

ï Block 4 ïC# und .NET Zukunft

Å Modularisierung durch Nuget

Å Roslyn



ASYNC/PARALLEL 

PROGRAMMING

Async Programming in C# (.NET 4.5/C# 5)



Goals

ÅUnderstand Tasks Ą foundation for 

async /await

ÅTake a close look at C# 4.5ós stars 

async /await

ÅPresent enhancements in .NET 4.5 

BCL: TPL Dataflow Library



Recommended Reading

ÅJoseph Albahari, Threading in C#

(from his OóReillybook C# 4.0 in a Nutshell)

ÅPatterns of Parallel Programming

ÅTask-based Asynchronous Pattern

ÅA technical introduction to the Async CTP

ÅUsing Async for File Access

ÅAsync Performance: Understanding the Costs 

of Async and Await (MSDN Magazine)

http://www.albahari.com/threading/
http://www.albahari.com/nutshell/
http://www.microsoft.com/download/en/details.aspx?displaylang=en&id=19222
http://www.microsoft.com/download/en/details.aspx?id=19957
http://blogs.msdn.com/b/lucian/archive/2010/10/29/a-technical-walk-through-all-of-the-async-ctp.aspx
http://blogs.msdn.com/b/csharpfaq/archive/2012/01/23/using-async-for-file-access-alan-berman.aspx
http://msdn.microsoft.com/en-us/magazine/hh456402.aspx


See also Patterns of Parallel Programming

http://www.microsoft.com/downloads/en/details.aspx?FamilyID=86b3d32b-ad26-4bb8-a3ae-c1637026c3ee&displaylang=en


Multithreading

Pre .NET 4

ÅSystem.Threading

Namespace

ÅThread Klasse

ÅThreadPool Klasse

.NET 4

ÅSystem.Threading.

Tasks Namespace

ÅTask und 

Task<TResult>

Klassen

ÅTaskFactory Klasse

ÅParallel Klasse



Kurzer Überblick über Tasks

Å Starten
ï Parallel.Invoke (é)

ï Task.Factory.StartNew (é)

Å Warten
ï myTask.Wait ()

ï Task.WaitAll

ï Task.WaitAny

ï Task.Factory.ContinueWhenAll (é)

ï Task.Factory.ContinueWhenAny (é)

Å Verknüpfen
ï Task.Factory.StartNew (é,

TaskCreationOptions.AttachedToParent );

ï Task.ContinueWith (é)

Å Abbrechen
ï Cancellation Tokens

MSDN



private static void DoSomething()
{

Action<Action> measure = (body) =>
{

var startTime = DateTime.Now;
body();
Console.WriteLine("{0} {1}", 

Thread.CurrentThread.ManagedThreadId,
DateTime.Now - startTime);

};

Action calcProcess = () => 
{ for (int i = 0; i < 100000000; i++);};

measure(() =>
Task.WaitAll (Enumerable.Range(0, 10)

.Select(i => Task.Run (() => measure(calcProcess)))

.ToArray()));
}

Note that we use the new Task.Run
function here; previously you had to use 

Task.Factory.StartNew

This process will run in 

parallel



Action<Action > measure = (body) => {
var startTime = DateTime.Now;
body();
Console.WriteLine("{0} {1 }",

Thread.CurrentThread.ManagedThreadId ,
DateTime.Now - startTime);

};

Action calcProcess = () => 
{ for (int i = 0; i < 350000000; i++);};

Action ioProcess = () => 
{ Thread.Sleep(1000); };

// ThreadPool. SetMinThreads (5, 5);
measure(() =>{

Task.WaitAll(Enumerable.Range(0, 10)
.Select(i => Task.Run(() => measure( ioProcess )))
.ToArray());

});

Note that this task is not 

compute-bound



Action<Action> measure = (body) =>{
var startTime = DateTime.Now;
body();
Console.WriteLine("{0} {1}", Thread.CurrentThread.ManagedThreadId,

DateTime.Now - startTime);
};

Action calcProcess = () => { for (int i = 0; i < 350000000; i++);};
Action ioProcess = () => { Thread.Sleep(1000); };

ThreadPool.SetMinThreads(5, 5);
measure(() => Enumerable.Range(0, 10)

. AsParallel()

.WithDegreeOfParallelism(5)

.ForAll(i => measure(ioProcess)));



private static void DoSomethingElse()
{

Func<int, int> longRunningFunc = (prevResult) =>
{

Thread.Sleep(1000);
return prevResult + 42;

};

var task = Task.Run (() => longRunningFunc(0))
. ContinueWith (t => longRunningFunc(t.Result))
.ContinueWith(t => longRunningFunc(t.Result));

task. Wait ();
Console.WriteLine(task.Result);

}

Concat tasks using ContinueWith

Wait for completion of a 

task.



Schleifen - Parallel.For

var source = new double[ Program.Size ];

var destination = new double[ Program.Size ];

Console.WriteLine ( MeasuringTools.Measure (() => {

for ( int i = 0; i < Program.Size ; i++) {

source [i] = (double)i;

}

for ( int i = 0; i < Program.Size ; i++) {

destination [i] = Math.Pow ( source [i], 2);

}

}));

Console.WriteLine ( MeasuringTools.Measure (() => {

Parallel.For (0, Program.Size , (i) => source [i] = (double)i);

Parallel.For (0, Program.Size , 
(i) => destination [i] = Math.Pow ( source [i], 2));

}));



Schleifen - Parallel.For

ÅUnterstützung für Exception Handling

ÅBreak und Stop Operationen

ï Stop : Keine weiteren Iterationen

ï Break : Keine Iterationen nach dem aktuellen Index mehr

ï Siehe dazu auch ParallelLoopResult

Å Int32 und Int64 Laufvariablen

ÅKonfigurationsmöglichkeiten (z.B. Anzahl an Threads)

ÅSchachtelbar

ïGeteilte Threading-Ressourcen

ÅEffizientes Load Balancing

Å U.v.m.

Nicht selbst entwickeln!



Schleifen - Parallel.ForEach

Console.WriteLine(

"Serieller Durchlauf mit foreach: {0}",

MeasuringTools.Measure(() =>

{

double sumOfSquares = 0;

foreach (var square in Enumerable.Range(0, Program.Size).Select(
i => Math.Pow(i, 2)))

{

sumOfSquares += square;

}

}));

Console.WriteLine(

"Paralleler Durchlauf mit foreach: {0}",

MeasuringTools.Measure(() =>

{

double sumOfSquares = 0;

Parallel.ForEach(Enumerable.Range(0, Program.Size)
.Select(i => Math.Pow(i, 2)), square => sumOfSquares += square);

}));

Hoher Aufwand für 
abgesicherten Zugriff auf 

MoveNext/Current
Ą Parallele Version oft 

langsamer



Von LINQ zu PLINQ

LINQ

var result = source

. Where(é)

.Select(é)

PLINQ

var result = source

. AsParallel ()

. Where(é)

.Select(é)

Aus IEnumerable wird 
ParallelQuery

Tipp: AsOrdered () erhält die 
Sortierreihenfolge



Excursus - PLINQ

ÅUse .AsParallel to execute LINQ 

query in parallel

ÅBe careful if you care about ordering

ïUse .AsOrdered if necessary

ÅUse .WithDegreeOfParallelism in 

case of IO-bound tasks

ÅUse .WithCancellation to enable 

cancelling



Performancetipps für PLINQ

Å Allokieren von Speicher in parallelem Lambdaausdruck vermeiden

ï Sonst kann Speicher + GC zum Engpass werden

ï Wenn am Server: Server GC

Å False Sharing vermeiden

Å Bei zu kurzen Delegates ist Koordinationsaufwand für Parallelisierung oft höher 

als Performancegewinn

ï Ą Expensive Delegates

ï Generell: Auf richtige Granularität der Delegates achten

Å AsParallel () kann an jeder Stelle im LINQ Query stehen

ï Ą Teilweise serielle, teilweise parallele Ausführung möglich

Å Über Environment.ProcessorCount kann Anzahl an Kernen ermittelt 

werden

Å Messen, Messen, Messen!

http://msdn.microsoft.com/en-us/library/ms229357.aspx
http://en.wikipedia.org/wiki/False_sharing


var result = new List<double>();
Console.WriteLine(

"Paralleler Durchlauf mit Parallel.ForEach: {0}",
MeasuringTools.Measure(() =>
{

Parallel.ForEach (
source.AsParallel(),
i =>
{

if (i % 2 == 0)
{

lock (result)
{

result.Add(i);
}

}
});

}));

Was läuft hier falsch? (Code)

Parallel.ForEach verwendet 
IEnumerable <T> Ą unnötige 

Merge-Schritte



Console.WriteLine(
"Paralleler Durchlauf mit Parallel.ForAll: {0}",
MeasuringTools.Measure(() =>
{

source.AsParallel(). ForAll (
i =>
{

if (i % 2 == 0)
{

lock (result)
{

result.Add(i);
}

}
});

}));

Was läuft hier falsch? (Code)

V

Lock-free Collection wäre 
überlegenswert!



Console.WriteLine(
"Serielles Lesen: {0}",
MeasuringTools.Measure(() =>
{

foreach (var url in urls)
{

var request = WebRequest.Create(url);
using (var response = request.GetResponse())
{

using (var stream = response.GetResponseStream())
{

var content = new byte[1024];
while (stream.Read(content, 0, 1024) != 0) ;

}
}

}
}));

Was läuft hier falsch? (Code)

Optimal für Parallelisierung
selbst bei einem Core (IO-Bound

Waits)



Console.WriteLine(
"Paralleles Lesen: {0}",
MeasuringTools.Measure(() =>
{

Parallel.ForEach (urls, url =>
{

var request = WebRequest.Create(url);
using (var response = request.GetResponse())
{

using (var stream = response.GetResponseStream())
{

var content = new byte[1024];
while (stream.Read(content, 0, 1024) != 0) ;

}
}

});
}));

Was läuft hier falsch? (Code)

Anzahl Threads = Anzahl Cores; 
könnte mehr sein, da IO-Bound

waits

Parallel.ForEach (

urls , 

new ParallelOptions() { MaxDegreeOfParallelism = urls.Length } , 

url => { é });



Console.WriteLine(
"Paralleles Lesen: {0}",
MeasuringTools.Measure(() =>
{

urls .AsParallel().WithDegreeOfParallelism(urls.Length)
.Select(url => WebRequest.Create(url))
.Select(request => request.GetResponse())
.Select(response => new { 

Response = response, 
Stream = response.GetResponseStream() })

.ForAll(stream =>
{

var content = new byte[1024];
while (stream.Stream.Read(content, 0, 1024) != 0) ;
stream.Stream.Dispose();
stream.Response.Close();

});
}));

Was läuft hier falsch? (Code)

V

OK für Client, tödlich für Server!

Wenn Anzahl gleichzeitiger User wichtig ist sind 

andere Lösungen vorzuziehen.



Thread Synchronisation

ÅUse C# lock statement to control access to 

shared variables

ïUnder the hoods Monitor.Enter and 

Monitor.Exit is used

ïQuite fast, usually fast enough

ïOnly care for lock-free algorithms if really 

necessary

ÅNote that a thread can lock the same object in 

a nested fashion



// Source: C# 4.0 in a Nutshell, OôReilly Media
class ThreadSafe
{

static readonly object _locker = new object();
static int _val1, _val2;

static void Go()
{

lock (_locker)
{

if (_val2 != 0) Console.WriteLine (_val1 / _val2);
_val2 = 0;

}
}

}

// This is what happens behind the scenes
bool lockTaken = false;
try
{

Monitor.Enter (_ locker, ref lockTaken);
// Do your stuff...

}
finally 
{ 

if (lockTaken) Monitor.Exit (_ locker); 
}



// Provide a factory for instances of the Random class per thread
var tlr = new ThreadLocal<Random> (

() => new Random(Guid.NewGuid().GetHashCode()));

var watch = Stopwatch.StartNew();

var tasks = 
// Run 10 tasks in parallel
Enumerable.Range(0, 10)

.Select(_ => Task.Run(() =>
// Create a lot of randoms between 0 and 9 and calculate
// the sum
Enumerable.Range(0, 1000000)

.Select(__ => tlr.Value .Next(10))

.Sum()))
.ToArray();

Task.WaitAll(tasks);

// Calculate the total
Console.WriteLine(tasks.Aggregate<Task<int>, int>(

0, (agg, val) => agg + val.Result));

Console.WriteLine(watch.Elapsed);

watch = Stopwatch.StartNew ();
Do you think this is a good 

solution?



// Provide a factory for instances of the Random class per thread
var tlr = new ThreadLocal<Random>(

() => new Random(Guid.NewGuid().GetHashCode()));

var watch = Stopwatch.StartNew();

Console.WriteLine(
ParallelEnumerable .Range(0, 10000000)

.Select(_ => tlr.Value.Next(10))

.Sum());

Console.WriteLine(watch.Elapsed);

Prefer PLINQ over TPL because it 

automatically breaks the workload 

into packages.



Alternatives For lock

ÅMutex

ÅSemaphore(Slim)

ÅReaderWriterLock (Slim)

ÅNot covered here in details



Thread Synchronization

Å AutoResetEvent

ïUnblocks a thread once when it receives a signal from another 

thread

Å ManualResetEvent (Slim)

ï Like a door, opens and closes again

Å CountdownEvent

ïNew in .NET 4

ïUnblocks if a certain number of signals have been received

Å Barrier class

ïNew in .NET 4

ï Not covered here

Å Wait and Pulse

ïNot covered here



private static void DownloadSomeTextSync()
{

using (var client = new WebClient())
{

Console.WriteLine(
client. DownloadString (new Uri(string.Format(

"http://{0}",
(Dns. GetHostAddresses ("www.basta.net"))[0]))));

}
}

Synchronous version of the code; 

would block UI thread



private static void DownloadSomeText()
{

var finishedEvent = new AutoResetEvent(false);

// Notice the IAsyncResult - pattern here
Dns. Begin GetHostAddresses ("www.basta.net", GetHostEntryFinished, 

finishedEvent);
finishedEvent.WaitOne();

}

private static void GetHostEntryFinished( IAsyncResult result)
{

var hostEntry = Dns. EndGetHostAddresses (result);
using (var client = new WebClient())
{

// Notice the Event - based asynchronous pattern here
client. DownloadString Completed += (s, e) =>
{

Console.WriteLine(e.Result);
((AutoResetEvent)result.AsyncState).Set();

};
client. DownloadString Async (new Uri(string.Format(

"http://{0}",
hostEntry[0].ToString())));

}
}

Notice that control flow is not clear 

any more.



private static void DownloadSomeText()
{

var finishedEvent = new AutoResetEvent(false);

// Notice the IAsyncResult - pattern here
Dns. Begin GetHostAddresses (

"www.basta.net",
(result) =>
{

var hostEntry = Dns. EndGetHostAddresses (result);
using (var client = new WebClient())
{

// Notice the Event - based asynchronous pattern here
client.DownloadStringCompleted += (s, e) =>
{

Console.WriteLine(e.Result);
((AutoResetEvent)result.AsyncState).Set();

};
client.DownloadStringAsync(new Uri(string.Format(

"http://{0}",
hostEntry[0].ToString())));

}
} ,
finishedEvent);

finishedEvent.WaitOne();
}

Notice how lambda expression 

can make control flow clearer



private static void DownloadSomeTextUsingTask()
{

Dns. GetHostAddressesAsync ("www.basta.net")
. ContinueWith (t =>
{

using (var client = new WebClient())
{

return client. DownloadStringTaskAsync (new Uri(string.Format(
"http://{0}",
t.Result[0].ToString())));

}
})
. ContinueWith (t2 => Console.WriteLine(t2. Unwrap ().Result))
. Wait ();

}

Notice the use of the new 

Task Async Pattern APIs in 

.NET 4.5 here

Notice the use of the new 

Task Async Pattern APIs in 

.NET 4.5 here

Notice how code has become 

shorter and more readable

Notice the use of lambda 

expressions all over the methods


