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Managed Threading

Whether you are developing for computers with one processor or several, you want your application to provide the most responsive interaction with the user, even if the application is currently doing other work. Using multiple threads of execution is one of the most powerful ways to keep your application responsive to the user and at the same time make use of the processor in between or even during user events. While this section introduces the basic concepts of threading, it focuses on managed threading concepts and using managed threading. 
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Threads and Threading

Operating systems use processes to separate the different applications that they are executing. Threads are the basic unit to which an operating system allocates processor time, and more than one thread can be executing code inside that process. Each thread maintains exception handlers, a scheduling priority, and a set of structures the system uses to save the thread context until it is scheduled. The thread context includes all the information the thread needs to seamlessly resume execution, including the thread's set of CPU registers and stack, in the address space of the thread's host process.

The .NET Framework further subdivides an operating system process into lightweight managed subprocesses, called application domains, represented by System..::.AppDomain. One or more managed threads (represented by System.Threading..::.Thread) can run in one or any number of application domains within the same managed process. Although each application domain is started with a single thread, code in that application domain can create additional application domains and additional threads. The result is that a managed thread can move freely between application domains inside the same managed process; you might have only one thread moving among several application domains.

An operating system that supports preemptive multitasking creates the effect of simultaneous execution of multiple threads from multiple processes. It does this by dividing the available processor time among the threads that need it, allocating a processor time slice to each thread one after another. The currently executing thread is suspended when its time slice elapses, and another thread resumes running. When the system switches from one thread to another, it saves the thread context of the preempted thread and reloads the saved thread context of the next thread in the thread queue.

The length of the time slice depends on the operating system and the processor. Because each time slice is small, multiple threads appear to be executing at the same time, even if there is only one processor. This is actually the case on multiprocessor systems, where the executable threads are distributed among the available processors.

[image: image1.png]


 When To Use Multiple Threads 

Software that requires user interaction must react to the user's activities as rapidly as possible to provide a rich user experience. At the same time, however, it must do the calculations necessary to present data to the user as fast as possible. If your application uses only one thread of execution, you can combine asynchronous programming with .NET Framework remoting or XML Web services created using ASP.NET to use the processing time of other computers in addition to that of your own to increase responsiveness to the user and decrease the data processing time of your application. If you are doing intensive input/output work, you can also use I/O completion ports to increase your application's responsiveness.

Advantages of Multiple Threads

Using more than one thread, however, is the most powerful technique available to increase responsiveness to the user and process the data necessary to get the job done at almost the same time. On a computer with one processor, multiple threads can create this effect, taking advantage of the small periods of time in between user events to process the data in the background. For example, a user can edit a spreadsheet while another thread is recalculating other parts of the spreadsheet within the same application.

Without modification, the same application would dramatically increase user satisfaction when run on a computer with more than one processor. Your single application domain could use multiple threads to accomplish the following tasks: 

· Communicate over a network, to a Web server, and to a database.

· Perform operations that take a large amount of time.

· Distinguish tasks of varying priority. For example, a high-priority thread manages time-critical tasks, and a low-priority thread performs other tasks.

· Allow the user interface to remain responsive, while allocating time to background tasks.

Disadvantages of Multiple Threads

It is recommended that you use as few threads as possible, thereby minimizing the use of operating-system resources and improving performance. Threading also has resource requirements and potential conflicts to be considered when designing your application. The resource requirements are as follows: 

· The system consumes memory for the context information required by processes, AppDomain objects, and threads. Therefore, the number of processes, AppDomain objects, and threads that can be created is limited by available memory.

· Keeping track of a large number of threads consumes significant processor time. If there are too many threads, most of them will not make significant progress. If most of the current threads are in one process, threads in other processes are scheduled less frequently.

· Controlling code execution with many threads is complex, and can be a source of many bugs.

· Destroying threads requires knowing what could happen and handling those issues.

Providing shared access to resources can create conflicts. To avoid conflicts, you must synchronize, or control the access to, shared resources. Failure to synchronize access properly (in the same or different application domains) can lead to problems such as deadlocks (in which two threads stop responding while each waits for the other to complete) and race conditions (when an anomalous result occurs due to an unexpected critical dependence on the timing of two events). The system provides synchronization objects that can be used to coordinate resource sharing among multiple threads. Reducing the number of threads makes it easier to synchronize resources.

Resources that require synchronization include: 

· System resources (such as communications ports).

· Resources shared by multiple processes (such as file handles).

· The resources of a single application domain (such as global, static, and instance fields) accessed by multiple threads.

Threading and Application Design

In general, using the ThreadPool class is the easiest way to handle multiple threads for relatively short tasks that will not block other threads and when you do not expect any particular scheduling of the tasks. However, there are a number of reasons to create your own threads: 

· If you need a task to have a particular priority.

· If you have a task that might run a long time (and therefore block other tasks).

· If you need to place threads into a single-threaded apartment (all ThreadPool threads are in the multithreaded apartment).

· If you need a stable identity associated with the thread. For example, you should use a dedicated thread to abort that thread, suspend it, or discover it by name.

· If you need to run background threads that interact with the user interface, the .NET Framework version 2.0 provides a BackgroundWorker component that communicates using events, with cross-thread marshaling to the user-interface thread. 

Threading and Exceptions

Do handle exceptions in threads. Unhandled exceptions in threads, even background threads, generally terminate the process. There are three exceptions to this rule:

· A ThreadAbortException is thrown in a thread because Abort was called.

· An AppDomainUnloadedException is thrown in a thread because the application domain is being unloaded.

· The common language runtime or a host process terminates the thread.
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Exceptions in Managed Threads

In the .NET Framework version 2.0, the common language runtime allows most unhandled exceptions in threads to proceed naturally. In most cases this means that the unhandled exception causes the application to terminate. 
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Note:

	This is a significant change from the .NET Framework versions 1.0 and 1.1, which provide a backstop for many unhandled exceptions — for example, unhandled exceptions in thread pool threads. See Change from Previous Versions later in this topic. 


The common language runtime provides a backstop for certain unhandled exceptions that are used for controlling program flow:

· A ThreadAbortException is thrown in a thread because Abort was called.

· An AppDomainUnloadedException is thrown in a thread because the application domain in which the thread is executing is being unloaded.

· The common language runtime or a host process terminates the thread by throwing an internal exception.

If any of these exceptions are unhandled in threads created by the common language runtime, the exception terminates the thread, but the common language runtime does not allow the exception to proceed further.

If these exceptions are unhandled in the main thread, or in threads that entered the runtime from unmanaged code, they proceed normally, resulting in termination of the application. 
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Note:

	It is possible for the runtime to throw an unhandled exception before any managed code has had a chance to install an exception handler. Even though managed code had no chance to handle such an exception, the exception is allowed to proceed naturally.
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 Exposing Threading Problems During Development 

When threads are allowed to fail silently, without terminating the application, serious programming problems can go undetected. This is a particular problem for services and other applications which run for extended periods. As threads fail, program state gradually becomes corrupted. Application performance may degrade, or the application might hang.

Allowing unhandled exceptions in threads to proceed naturally, until the operating system terminates the program, exposes such problems during development and testing. Error reports on program terminations support debugging.
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 Change from Previous Versions 

The most significant change pertains to managed threads. In the .NET Framework versions 1.0 and 1.1, the common language runtime provides a backstop for unhandled exceptions in the following situations:

· There is no such thing as an unhandled exception on a thread pool thread. When a task throws an exception that it does not handle, the runtime prints the exception stack trace to the console and then returns the thread to the thread pool.

· There is no such thing as an unhandled exception on a thread created with the Start method of the Thread class. When code running on such a thread throws an exception that it does not handle, the runtime prints the exception stack trace to the console and then gracefully terminates the thread.

· There is no such thing as an unhandled exception on the finalizer thread. When a finalizer throws an exception that it does not handle, the runtime prints the exception stack trace to the console and then allows the finalizer thread to resume running finalizers.

The foreground or background status of a managed thread does not affect this behavior.

For unhandled exceptions on threads originating in unmanaged code, the difference is more subtle. The runtime JIT-attach dialog preempts the operating system dialog for managed exceptions or native exceptions on threads that have passed through native code. The process terminates in all cases.

Migrating Code

In general, the change will expose previously unrecognized programming problems so that they can be fixed. In some cases, however, programmers might have taken advantage of the runtime backstop, for example to terminate threads. Depending on the situation, they should consider one of the following migration strategies:

· Restructure the code so the thread exits gracefully when a signal is received.

· Use the Thread..::.Abort method to abort the thread.

· If a thread must to be stopped so that process termination can proceed, make the thread a background thread so that it is automatically terminated on process exit.
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Synchronizing Data for Multithreading

When multiple threads can make calls to the properties and methods of a single object, it is critical that those calls be synchronized. Otherwise one thread might interrupt what another thread is doing, and the object could be left in an invalid state. A class whose members are protected from such interruptions is called thread-safe.

The Common Language Infrastructure provides several strategies to synchronize access to instance and static members: 

· Synchronized code regions. You can use the Monitor class or compiler support for this class to synchronize only the code block that needs it, improving performance.

· Manual synchronization.You can use the synchronization objects provided by the .NET Framework class library. See Overview of Synchronization Primitives, which includes a discussion of the Monitor class.

· Synchronized contexts. You can use the SynchronizationAttribute to enable simple, automatic synchronization for ContextBoundObject objects.

· Synchronized property. A few classes, such as Hashtable and Queue, provide a Synchronized property that returns a thread-safe wrapper for an instance of the class. See Collections and Synchronization (Thread Safety).

The common language runtime provides a thread model in which classes fall into a number of categories that can be synchronized in a variety of different ways depending on the requirements. The following table shows what synchronization support is provided for fields and methods with a given synchronization category.

	Category
	Global fields
	Static fields
	Static methods
	Instance fields
	Instance methods
	Specific code blocks

	No Synchronization
	No
	No
	No
	No
	No
	No

	Synchronized Context
	No
	No
	No
	Yes
	Yes
	No

	Synchronized Code Regions
	No
	No
	Only if marked
	No
	Only if marked
	Only if marked

	Manual Synchronization
	Manual
	Manual
	Manual
	Manual
	Manual
	Manual
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 No Synchronization 

This is the default for objects. Any thread can access any method or field at any time. Only one thread at a time should access these objects.
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 Manual Synchronization 

The .NET Framework class library provides a number of classes for synchronizing threads. See Overview of Synchronization Primitives.
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 Synchronized Code Regions 

You can use the Monitor class or a compiler keyword to synchronize blocks of code, instance methods, and static methods. There is no support for synchronized static fields.

Both Visual Basic and C# support the marking of blocks of code with a particular language keyword, the lock statement in C# or the SyncLock statement in Visual Basic. When the code is executed by a thread, an attempt is made to acquire the lock. If the lock has already been acquired by another thread, the thread blocks until the lock becomes available. When the thread exits the synchronized block of code, the lock is released, no matter how the thread exits the block. 
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Note:

	The lock and SyncLock statements are implemented using Monitor..::.Enter and Monitor..::.Exit, so other methods of Monitor can be used in conjunction with them within the synchronized region.


You can also decorate a method with a MethodImplAttribute and MethodImplOptions.Synchronized, which has the same effect as using Monitor or one of the compiler keywords to lock the entire body of the method.

Thread..::.Interrupt can be used to break a thread out of blocking operations such as waiting for access to a synchronized region of code. Thread.Interrupt is also used to break threads out of operations like Thread..::.Sleep.
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Important Note:

	Do not lock the type — that is, typeof(MyType) in C#, GetType(MyType) in Visual Basic, or MyType::typeid in C++ — in order to protect static methods (Shared methods in Visual Basic). Use a private static object instead. Similarly, do not use this in C# (Me in Visual Basic) to lock instance methods. Use a private object instead. A class or instance can be locked by code other than your own, potentially causing deadlocks or performance problems.


Compiler Support

Both Visual Basic and C# support a language keyword that uses Monitor..::.Enter and Monitor..::.Exit to lock the object. Visual Basic supports the SyncLock statement; C# supports the lock statement.

In both cases, if an exception is thrown in the code block, the lock acquired by the lock or SyncLock is released automatically. The C# and Visual Basic compilers emit a try/finally block with Monitor.Enter at the beginning of the try, and Monitor.Exit in the finally block. If an exception is thrown inside the lock or SyncLock block, the finally handler runs to allow you to do any clean-up work.
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 Synchronized Context 

You can use the SynchronizationAttribute on any ContextBoundObject to synchronize all instance methods and fields. All objects in the same context domain share the same lock. Multiple threads are allowed to access the methods and fields, but only a single thread is allowed at any one time.
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Creating Threads and Passing Data at Start Time

When an operating-system process is created, the operating system injects a thread to execute code in that process, including any original application domain. From that point on, application domains can be created and destroyed without any operating system threads necessarily being created or destroyed. If the code being executed is managed code, then a Thread object for the thread executing in the current application domain can be obtained by retrieving the static CurrentThread property of type Thread. This topic describes thread creation and discusses alternatives for passing data to the thread procedure.

[image: image12.png]


 Creating a Thread 

Creating a new Thread object creates a new managed thread. The Thread class has constructors that take a ThreadStart delegate or a ParameterizedThreadStart delegate; the delegate wraps the method that is invoked by the new thread when you call the Start method. Calling Start more than once causes a ThreadStateException to be thrown.

The Start method returns immediately, often before the new thread has actually started. You can use the ThreadState and IsAlive properties to determine the state of the thread at any one moment, but these properties should never be used for synchronizing the activities of threads. 
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Note:

	Once a thread is started, it is not necessary to retain a reference to the Thread object. The thread continues to execute until the thread procedure ends. 


The following code example creates two new threads to call instance and static methods on another object.

Visual Basic 


Copy Code 

Imports System

Imports System.Threading

Public Class ServerClass

    ' The method that will be called when the thread is started.
    Public Sub InstanceMethod()

        Console.WriteLine( _

            "ServerClass.InstanceMethod is running on another thread.")

        ' Pause for a moment to provide a delay to make 
        ' threads more apparent.
        Thread.Sleep(3000) 

        Console.WriteLine( _

            "The instance method called by the worker thread has ended.")

    End Sub 'InstanceMethod
    Public Shared Sub StaticMethod()

        Console.WriteLine( _

            "ServerClass.StaticMethod is running on another thread.")

        ' Pause for a moment to provide a delay to make 
        ' threads more apparent.
        Thread.Sleep(5000) 

        Console.WriteLine( _

            "The static method called by the worker thread has ended.")

    End Sub 'StaticMethod
End Class 'ServerClass
Public Class Simple

    Public Shared Sub Main() 

        Console.WriteLine("Thread Simple Sample")

        Dim serverObject As New ServerClass()

        ' Create the thread object, passing in the 
        ' serverObject.InstanceMethod method using a
        ' ThreadStart delegate.
        Dim InstanceCaller As New Thread( _

            New ThreadStart(AddressOf serverObject.InstanceMethod))

        ' Start the thread.
        InstanceCaller.Start()

        Console.WriteLine("The Main() thread calls this after " _

            & "starting the new InstanceCaller thread.")

        ' Create the thread object, passing in the 
        ' serverObject.StaticMethod method using a 
        ' ThreadStart delegate.
        Dim StaticCaller As New Thread( _

            New ThreadStart(AddressOf ServerClass.StaticMethod))

        ' Start the thread.
        StaticCaller.Start()

        Console.WriteLine("The Main() thread calls this after " _

            & "starting the new StaticCaller thread.")

    End Sub 'Main
End Class 'Simple
C# 


Copy Code 

using System;

using System.Threading;

public class ServerClass

{

    // The method that will be called when the thread is started.
    public void InstanceMethod()

    {

        Console.WriteLine(

            "ServerClass.InstanceMethod is running on another thread.");

        // Pause for a moment to provide a delay to make 
        // threads more apparent.
        Thread.Sleep(3000);

        Console.WriteLine(

            "The instance method called by the worker thread has ended.");

    }

    public static void StaticMethod()

    {

        Console.WriteLine(

            "ServerClass.StaticMethod is running on another thread.");

        // Pause for a moment to provide a delay to make 
        // threads more apparent.
        Thread.Sleep(5000);

        Console.WriteLine(

            "The static method called by the worker thread has ended.");

    }

}

public class Simple{

    public static int Main(String[] args)

    {

        Console.WriteLine("Thread Simple Sample");

        ServerClass serverObject = new ServerClass();

        // Create the thread object, passing in the 
        // serverObject.InstanceMethod method using a 
        // ThreadStart delegate.
        Thread InstanceCaller = new Thread(

            new ThreadStart(serverObject.InstanceMethod));

        // Start the thread.
        InstanceCaller.Start();

        Console.WriteLine("The Main() thread calls this after " 

            + "starting the new InstanceCaller thread.");

        // Create the thread object, passing in the 
        // serverObject.StaticMethod method using a 
        // ThreadStart delegate.
        Thread StaticCaller = new Thread(

            new ThreadStart(ServerClass.StaticMethod));

        // Start the thread.
        StaticCaller.Start();

        Console.WriteLine("The Main() thread calls this after "
            + "starting the new StaticCaller thread.");

        return 0;

    }

}

Visual C++ 


Copy Code 

using namespace System;

using namespace System::Threading;

public ref class ServerClass

{

public:

    // The method that will be called when the thread is started.
    void InstanceMethod()

    {

        Console::WriteLine(

            "ServerClass->InstanceMethod is running on another thread.");

        // Pause for a moment to provide a delay to make 
        // threads more apparent.
        Thread::Sleep(3000);

        Console::WriteLine(

            "The instance method called by the worker thread has ended.");

    }

    static void StaticMethod()

    {

        Console::WriteLine(

            "ServerClass::StaticMethod is running on another thread.");

        // Pause for a moment to provide a delay to make 
        // threads more apparent.
        Thread::Sleep(5000);

        Console::WriteLine(

            "The static method called by the worker thread has ended.");

    }

};

void main()

{

    Console::WriteLine("Thread Simple Sample");

    ServerClass^ serverObject = gcnew ServerClass();

    // Create the thread object, passing in a ThreadStart delegate
    // representing an instance of ServerClass and the 
    // ServerClass::InstanceMethod method.
    Thread^ InstanceCaller = gcnew Thread(

        gcnew ThreadStart(serverObject, &ServerClass::InstanceMethod));

    // Start the thread.
    InstanceCaller->Start();

    Console::WriteLine("The main thread has " 

        + "started the new InstanceMethod thread.");

    // Create the thread object, passing in a ThreadStart delegate 
    // representing the static ServerClass::StaticMethod method.
    Thread^ StaticCaller = gcnew Thread(

        gcnew ThreadStart(&ServerClass::StaticMethod));

    // Start the thread.
    StaticCaller->Start();

    Console::WriteLine("The main thread has called "
        + "the new StaticMethod thread.");

}
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 Passing Data to Threads and Retrieving Data from Threads 

In the .NET Framework version 2.0, the ParameterizedThreadStart delegate provides an easy way to pass an object containing data to a thread when you call the Thread..::.Start method overload. See ParameterizedThreadStart for a code example.

Using the ParameterizedThreadStart delegate is not a type-safe way to pass data, because the Thread..::.Start method overload accepts any object. An alternative is to encapsulate the thread procedure and the data in a helper class and use the ThreadStart delegate to execute the thread procedure. This technique is shown in the two code examples that follow.

Neither of these delegates has a return value, because there is no place to return the data from an asynchronous call. To retrieve the results of a thread method, you can use a callback method, as demonstrated in the second code example.

Visual Basic 


Copy Code 

Imports System

Imports System.Threading

' The ThreadWithState class contains the information needed for
' a task, and the method that executes the task.
'
Public Class ThreadWithState

    ' State information used in the task.
    Private boilerplate As String
    Private value As Integer
    ' The constructor obtains the state information.
    Public Sub New(ByVal text As String, ByVal number As Integer)

        boilerplate = text

        value = number

    End Sub
    ' The thread procedure performs the task, such as formatting 
    ' and printing a document.
    Public Sub ThreadProc()

        Console.WriteLine(boilerplate, value) 

    End Sub
End Class
' Entry point for the example.
'
Public Class Example

    Public Shared Sub Main()

        ' Supply the state information required by the task.
        Dim tws As New ThreadWithState( _

            "This report displays the number {0}.", 42)

        ' Create a thread to execute the task, and then
        ' start the thread.
        Dim t As New Thread(AddressOf tws.ThreadProc)

        t.Start()

        Console.WriteLine("Main thread does some work, then waits.")

        t.Join()

        Console.WriteLine( _

            "Independent task has completed; main thread ends.")  

    End Sub
End Class
C# 


Copy Code 

using System;

using System.Threading;

// The ThreadWithState class contains the information needed for
// a task, and the method that executes the task.
//
public class ThreadWithState {

    // State information used in the task.
    private string boilerplate;

    private int value;

    // The constructor obtains the state information.
    public ThreadWithState(string text, int number) 

    {

        boilerplate = text;

        value = number;

    }

    // The thread procedure performs the task, such as formatting 
    // and printing a document.
    public void ThreadProc() 

    {

        Console.WriteLine(boilerplate, value); 

    }

}

// Entry point for the example.
//
public class Example {

    public static void Main() 

    {

        // Supply the state information required by the task.
        ThreadWithState tws = new ThreadWithState(

            "This report displays the number {0}.", 42);

        // Create a thread to execute the task, and then
        // start the thread.
        Thread t = new Thread(new ThreadStart(tws.ThreadProc));

        t.Start();

        Console.WriteLine("Main thread does some work, then waits.");

        t.Join();

        Console.WriteLine(

            "Independent task has completed; main thread ends.");  

    }

}

Visual C++ 


Copy Code 

using namespace System;

using namespace System::Threading;

// The ThreadWithState class contains the information needed for
// a task, and the method that executes the task.
//
public ref class ThreadWithState 

{

private:

    // State information used in the task.
    String^ boilerplate;

    int value;

public:

    // The constructor obtains the state information.
    ThreadWithState(String^ text, int number) 

    {

        boilerplate = text;

        value = number;

    }

    // The thread procedure performs the task, such as formatting 
    // and printing a document.
    void ThreadProc() 

    {

        Console::WriteLine(boilerplate, value); 

    }

};

// Entry point for the example.
//
void main() 

{

    // Supply the state information required by the task.
    ThreadWithState^ tws = gcnew ThreadWithState(

        "This report displays the number {0}.", 42);

    // Create a thread to execute the task, and then
    // start the thread.
    Thread^ t = gcnew Thread(

        gcnew ThreadStart(tws, &ThreadWithState::ThreadProc));

    t->Start();

    Console::WriteLine("Main thread does some work, then waits.");

    t->Join();

    Console::WriteLine(

        "Independent task has completed; main thread ends.");  

}

Retrieving Data with Callback Methods

The following example demonstrates a callback method that retrieves data from a thread. The constructor for the class that contains the data and the thread method also accepts a delegate representing the callback method; before the thread method ends, it invokes the callback delegate.

Visual Basic 


Copy Code 

Imports System

Imports System.Threading

' The ThreadWithState class contains the information needed for
' a task, the method that executes the task, and a delegate
' to call when the task is complete.
'
Public Class ThreadWithState

    ' State information used in the task.
    Private boilerplate As String
    Private value As Integer
    ' Delegate used to execute the callback method when the
    ' task is complete.
    Private callback As ExampleCallback

    ' The constructor obtains the state information and the
    ' callback delegate.
    Public Sub New(ByVal text As String, ByVal number As Integer, _

                   ByVal callbackDelegate As ExampleCallback)

        boilerplate = text

        value = number

        callback = callbackDelegate

    End Sub
    ' The thread procedure performs the task, such as
    ' formatting and printing a document, and then invokes
    ' the callback delegate with the number of lines printed.
    Public Sub ThreadProc()

        Console.WriteLine(boilerplate, value) 

        If Not callback Is Nothing Then callback(1)

    End Sub
End Class
' Delegate that defines the signature for the callback method.
'
Public Delegate Sub ExampleCallback(ByVal lineCount As Integer)

' Entry point for the example.
'
Public Class Example

    Public Shared Sub Main()

        ' Supply the state information required by the task.
        Dim tws As New ThreadWithState( _

            "This report displays the number {0}.", _

            42, _

            New ExampleCallback(AddressOf ResultCallback) _

        )

        Dim t As New Thread(AddressOf tws.ThreadProc)

        t.Start()

        Console.WriteLine("Main thread does some work, then waits.")

        t.Join()

        Console.WriteLine( _

            "Independent task has completed; main thread ends.")  

    End Sub
    ' The callback method must match the signature of the
    ' callback delegate.
    '
    Public Shared Sub ResultCallback(ByVal lineCount As Integer)

        Console.WriteLine("Independent task printed {0} lines.", _

            lineCount)  

    End Sub
End Class
C# 


Copy Code 

using System;

using System.Threading;

// The ThreadWithState class contains the information needed for
// a task, the method that executes the task, and a delegate
// to call when the task is complete.
//
public class ThreadWithState {

    // State information used in the task.
    private string boilerplate;

    private int value;

    // Delegate used to execute the callback method when the
    // task is complete.
    private ExampleCallback callback;

    // The constructor obtains the state information and the
    // callback delegate.
    public ThreadWithState(string text, int number, 

        ExampleCallback callbackDelegate) 

    {

        boilerplate = text;

        value = number;

        callback = callbackDelegate;

    }

    // The thread procedure performs the task, such as
    // formatting and printing a document, and then invokes
    // the callback delegate with the number of lines printed.
    public void ThreadProc() 

    {

        Console.WriteLine(boilerplate, value);

        if (callback != null)

            callback(1);

    }

}

// Delegate that defines the signature for the callback method.
//
public delegate void ExampleCallback(int lineCount);

// Entry point for the example.
//
public class Example 

{

    public static void Main() 

    {

        // Supply the state information required by the task.
        ThreadWithState tws = new ThreadWithState(

            "This report displays the number {0}.",

            42,

            new ExampleCallback(ResultCallback)

        );

        Thread t = new Thread(new ThreadStart(tws.ThreadProc));

        t.Start();

        Console.WriteLine("Main thread does some work, then waits.");

        t.Join();

        Console.WriteLine(

            "Independent task has completed; main thread ends."); 

    }

    // The callback method must match the signature of the
    // callback delegate.
    //
    public static void ResultCallback(int lineCount) 

    {

        Console.WriteLine(

            "Independent task printed {0} lines.", lineCount);

    }

}

Visual C++ 


Copy Code 

using namespace System;

using namespace System::Threading;

// Delegate that defines the signature for the callback method.
//
public delegate void ExampleCallback(int lineCount);

// The ThreadWithState class contains the information needed for
// a task, the method that executes the task, and a delegate
// to call when the task is complete.
//
public ref class ThreadWithState 

{

private:

    // State information used in the task.
    String^ boilerplate;

    int value;

    // Delegate used to execute the callback method when the
    // task is complete.
    ExampleCallback^ callback;

public:

    // The constructor obtains the state information and the
    // callback delegate.
    ThreadWithState(String^ text, int number, 

        ExampleCallback^ callbackDelegate)  

    {

        boilerplate = text;

        value = number;

        callback = callbackDelegate;

    }

    // The thread procedure performs the task, such as
    // formatting and printing a document, and then invokes
    // the callback delegate with the number of lines printed.
    void ThreadProc() 

    {

        Console::WriteLine(boilerplate, value); 

        if (callback != nullptr)

            callback(1);

    }

};

public ref class Example

{

public:

    static void Demo()

    {

        // Supply the state information required by the task.
        ThreadWithState^ tws = gcnew ThreadWithState(

            "This report displays the number {0}.",

            42,

            gcnew ExampleCallback(&Example::ResultCallback)

        );

        // Create a thread to execute the task, and then
        // start the thread.
        Thread^ t = gcnew Thread(

            gcnew ThreadStart(tws, &ThreadWithState::ThreadProc));

        t->Start();

        Console::WriteLine("Main thread does some work, then waits.");

        t->Join();

        Console::WriteLine(

            "Independent task has completed; main thread ends.");  

    }

private:

    // The callback method must match the signature of the
    // callback delegate.
    //
    static void ResultCallback(int lineCount) 

    {

        Console::WriteLine(

            "Independent task printed {0} lines.", lineCount);

    }

};

// Entry point for the example.
//
void main() 

{

    Example::Demo();

}

http://msdn.microsoft.com/en-ca/library/system.threading.aspx
.NET Framework Class Library

System.Threading Namespace

The System.Threading namespace provides classes and interfaces that enable multithreaded programming. In addition to classes for synchronizing thread activities and access to data ( Mutex, Monitor, Interlocked, AutoResetEvent, and so on), this namespace includes a ThreadPool class that allows you to use a pool of system-supplied threads, and a Timer class that executes callback methods on thread pool threads.
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 Classes 

	  
	Class
	Description
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	AbandonedMutexException
	The exception that is thrown when one thread acquires a Mutex object that another thread has abandoned by exiting without releasing it.
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	AutoResetEvent
	Notifies a waiting thread that an event has occurred. This class cannot be inherited.
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	CompressedStack
	Provides methods for setting and capturing the compressed stack on the current thread. This class cannot be inherited. 
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	EventWaitHandle
	Represents a thread synchronization event.
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	ExecutionContext
	Manages the execution context for the current thread. This class cannot be inherited.
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	HostExecutionContext
	Encapsulates and propagates the host execution context across threads. 
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	HostExecutionContextManager
	Provides the functionality that allows a common language runtime host to participate in the flow, or migration, of the execution context.
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	Interlocked
	Provides atomic operations for variables that are shared by multiple threads. 
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	LockRecursionException
	The exception that is thrown when recursive entry into a lock is not compatible with the recursion policy for the lock.
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	ManualResetEvent
	Notifies one or more waiting threads that an event has occurred. This class cannot be inherited.
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	Monitor
	Provides a mechanism that synchronizes access to objects.
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	Mutex
	A synchronization primitive that can also be used for interprocess synchronization. 
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	Overlapped
	Provides a managed representation of a Win32 OVERLAPPED structure, including methods to transfer information from an Overlapped instance to a NativeOverlapped structure.
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	ReaderWriterLock
	Defines a lock that supports single writers and multiple readers. 
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	ReaderWriterLockSlim
	Represents a lock that is used to manage access to a resource, allowing multiple threads for reading or exclusive access for writing.

	[image: image31.png]



	RegisteredWaitHandle
	Represents a handle that has been registered when calling RegisterWaitForSingleObject. This class cannot be inherited.
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	Semaphore
	Limits the number of threads that can access a resource or pool of resources concurrently. 
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	SemaphoreFullException
	The exception that is thrown when the Semaphore..::.Release method is called on a semaphore whose count is already at the maximum. 
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	SynchronizationContext
	Provides the basic functionality for propagating a synchronization context in various synchronization models. 
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	SynchronizationLockException
	The exception that is thrown when a method requires the caller to own the lock on a given Monitor, and the method is invoked by a caller that does not own that lock.
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	Thread
	Creates and controls a thread, sets its priority, and gets its status.
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	ThreadAbortException
	The exception that is thrown when a call is made to the Abort method. This class cannot be inherited.

	[image: image38.png]



	ThreadExceptionEventArgs
	Provides data for the ThreadException event.
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	ThreadInterruptedException
	The exception that is thrown when a Thread is interrupted while it is in a waiting state.

	[image: image40.png]



	ThreadPool
	Provides a pool of threads that can be used to post work items, process asynchronous I/O, wait on behalf of other threads, and process timers.

	[image: image41.png]



	ThreadStartException
	The exception that is thrown when a failure occurs in a managed thread after the underlying operating system thread has been started, but before the thread is ready to execute user code.
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	ThreadStateException
	The exception that is thrown when a Thread is in an invalid ThreadState for the method call.
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	Timeout
	Contains a constant used to specify an infinite amount of time. This class cannot be inherited. 
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	Timer
	Provides a mechanism for executing a method at specified intervals. This class cannot be inherited.
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	WaitHandle
	Encapsulates operating system–specific objects that wait for exclusive access to shared resources.

	[image: image46.png]



	WaitHandleCannotBeOpenedException
	The exception that is thrown when an attempt is made to open a system mutex or semaphore that does not exist.
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 Structures 

	  
	Structure
	Description
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	AsyncFlowControl
	Provides the functionality to restore the migration, or flow, of the execution context between threads. 
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	LockCookie
	Defines the lock that implements single-writer/multiple-reader semantics. This is a value type.
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	NativeOverlapped
	Provides an explicit layout that is visible from unmanaged code and that will have the same layout as the Win32 OVERLAPPED structure with additional reserved fields at the end.
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 Delegates 

	  
	Delegate
	Description
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	ContextCallback
	Represents a method to be called within a new context. 
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	IOCompletionCallback
	Receives the error code, number of bytes, and overlapped value type when an I/O operation completes on the thread pool.
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	ParameterizedThreadStart
	Represents the method that executes on a Thread.
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	SendOrPostCallback
	Represents a method to be called when a message is to be dispatched to a synchronization context. 
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	ThreadExceptionEventHandler
	Represents the method that will handle the ThreadException event of an Application.
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	ThreadStart
	Represents the method that executes on a Thread.
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	TimerCallback
	Represents the method that handles calls from a Timer.
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	WaitCallback
	Represents a callback method to be executed by a thread pool thread.
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	WaitOrTimerCallback
	Represents a method to be called when a WaitHandle is signaled or times out.
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 Enumerations 

	  
	Enumeration
	Description
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	ApartmentState
	Specifies the apartment state of a Thread.
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	EventResetMode
	Indicates whether an EventWaitHandle is reset automatically or manually after receiving a signal.
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	LockRecursionPolicy
	Specifies whether a lock can be entered multiple times by the same thread.
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	ThreadPriority
	Specifies the scheduling priority of a Thread.
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	ThreadState
	Specifies the execution states of a Thread.
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Instead of using plain threading to develop concurrent software, please also consider task parallelism.

Please read the following articles:
http://blog.rednael.com/2009/02/05/ParallelProgrammingUsingTheParallelFramework.aspx
http://blog.rednael.com/2009/03/16/ParallelFrameworkDownloadAndSupport.aspx

These are articles about basic parallel programming. Examples in C# .Net included. Also, it describes a lightweight parallel framework to work with tasks. Opposed to some other frameworks, this one is very light and very easy to use.
After reading this article, you should be able to write code using parallelism.

http://msdn.microsoft.com/en-ca/library/system.threading.thread.aspx
.NET Framework Class Library

Thread Class

Creates and controls a thread, sets its priority, and gets its status.

Namespace:  System.Threading
Assembly:  mscorlib (in mscorlib.dll) 
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 Syntax 

Visual Basic (Declaration) 

<ComVisibleAttribute(True)> _

<ClassInterfaceAttribute(ClassInterfaceType.None)> _

Public NotInheritable Class Thread _

    Inherits CriticalFinalizerObject _

    Implements _Thread

Visual Basic (Usage) 

Dim instance As Thread

C# 

[ComVisibleAttribute(true)]

[ClassInterfaceAttribute(ClassInterfaceType.None)]

public sealed class Thread : CriticalFinalizerObject, 

    _Thread

Visual C++ 

[ComVisibleAttribute(true)]

[ClassInterfaceAttribute(ClassInterfaceType::None)]

public ref class Thread sealed : public CriticalFinalizerObject, 

    _Thread

JScript 

public final class Thread extends CriticalFinalizerObject implements _Thread
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 Remarks 

A process can create one or more threads to execute a portion of the program code associated with the process. Use a ThreadStart delegate or the ParameterizedThreadStart delegate to specify the program code executed by a thread. The ParameterizedThreadStart delegate allows you to pass data to the thread procedure.

For the duration of its existence, a thread is always in one or more of the states defined by ThreadState. A scheduling priority level, as defined by ThreadPriority, can be requested for a thread, but is not guaranteed to be honored by the operating system.

GetHashCode provides identification for managed threads. For the lifetime of your thread, it will not collide with the value from any other thread, regardless of the application domain from which you obtain the value.
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Note:

	An operating-system ThreadId has no fixed relationship to a managed thread, because an unmanaged host can control the relationship between managed and unmanaged threads. Specifically, a sophisticated host can use the CLR Hosting API to schedule many managed threads against the same operating system thread, or to move a managed thread between different operating system threads.


It is not necessary to retain a reference to a Thread object once you have started the thread. The thread continues to execute until the thread procedure is complete.
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 Examples 

The following code example demonstrates simple threading functionality.

Visual Basic 


Copy Code 

Imports System

Imports System.Threading

' Simple threading scenario:  Start a Shared method running
' on a second thread.
Public Class ThreadExample

    ' The ThreadProc method is called when the thread starts.
    ' It loops ten times, writing to the console and yielding 
    ' the rest of its time slice each time, and then ends.
    Public Shared Sub ThreadProc()

        Dim i As Integer
        For i = 0 To 9

            Console.WriteLine("ThreadProc: {0}", i)

            ' Yield the rest of the time slice.
            Thread.Sleep(0)

        Next
    End Sub
    Public Shared Sub Main()

        Console.WriteLine("Main thread: Start a second thread.")

        ' The constructor for the Thread class requires a ThreadStart 
        ' delegate.  The Visual Basic AddressOf operator creates this
        ' delegate for you.
        Dim t As New Thread(AddressOf ThreadProc)

        ' Start ThreadProc.  Note that on a uniprocessor, the new 
        ' thread does not get any processor time until the main thread 
        ' is preempted or yields.  Uncomment the Thread.Sleep that 
        ' follows t.Start() to see the difference.
        t.Start()

        'Thread.Sleep(0)
        Dim i As Integer
        For i = 1 To 4

            Console.WriteLine("Main thread: Do some work.")

            Thread.Sleep(0)

        Next
        Console.WriteLine("Main thread: Call Join(), to wait until ThreadProc ends.")

        t.Join()

        Console.WriteLine("Main thread: ThreadProc.Join has returned.  Press Enter to end program.")

        Console.ReadLine()

    End Sub
End Class
C# 


Copy Code 

using System;

using System.Threading;

// Simple threading scenario:  Start a static method running
// on a second thread.
public class ThreadExample {

    // The ThreadProc method is called when the thread starts.
    // It loops ten times, writing to the console and yielding 
    // the rest of its time slice each time, and then ends.
    public static void ThreadProc() {

        for (int i = 0; i < 10; i++) {

            Console.WriteLine("ThreadProc: {0}", i);

            // Yield the rest of the time slice.
            Thread.Sleep(0);

        }

    }

    public static void Main() {

        Console.WriteLine("Main thread: Start a second thread.");

        // The constructor for the Thread class requires a ThreadStart 
        // delegate that represents the method to be executed on the 
        // thread.  C# simplifies the creation of this delegate.
        Thread t = new Thread(new ThreadStart(ThreadProc));

        // Start ThreadProc.  Note that on a uniprocessor, the new 
        // thread does not get any processor time until the main thread 
        // is preempted or yields.  Uncomment the Thread.Sleep that 
        // follows t.Start() to see the difference.
        t.Start();

        //Thread.Sleep(0);
        for (int i = 0; i < 4; i++) {

            Console.WriteLine("Main thread: Do some work.");

            Thread.Sleep(0);

        }

        Console.WriteLine("Main thread: Call Join(), to wait until ThreadProc ends.");

        t.Join();

        Console.WriteLine("Main thread: ThreadProc.Join has returned.  Press Enter to end program.");

        Console.ReadLine();

    }

}

Visual C++ 


Copy Code 

// [C++]
// Compile using /clr option.
using namespace System;

using namespace System::Threading;

// Simple threading scenario:  Start a Shared method running
// on a second thread.
public ref class ThreadExample

{

public:

   // The ThreadProc method is called when the thread starts.
   // It loops ten times, writing to the console and yielding 
   // the rest of its time slice each time, and then ends.
   static void ThreadProc()

   {

      for ( int i = 0; i < 10; i++ )

      {

         Console::Write(  "ThreadProc: " );

         Console::WriteLine( i );

         // Yield the rest of the time slice.
         Thread::Sleep( 0 );

      }

   }

};

int main()

{

   Console::WriteLine( "Main thread: Start a second thread." );

   // Create the thread, passing a ThreadStart delegate that
   // represents the ThreadExample::ThreadProc method.  For a 
   // delegate representing a static method, no object is
   // required.
   Thread^ oThread = gcnew Thread( gcnew ThreadStart( &ThreadExample::ThreadProc ) );

   // Start ThreadProc.  Note that on a uniprocessor, the new 
   // thread does not get any processor time until the main thread 
   // is preempted or yields.  Uncomment the Thread::Sleep that 
   // follows oThread->Start() to see the difference.
   oThread->Start();

   //Thread::Sleep(0);
   for ( int i = 0; i < 4; i++ )

   {

      Console::WriteLine(  "Main thread: Do some work." );

      Thread::Sleep( 0 );

   }

   Console::WriteLine(  "Main thread: Call Join(), to wait until ThreadProc ends." );

   oThread->Join();

   Console::WriteLine(  "Main thread: ThreadProc.Join has returned.  Press Enter to end program." );

   Console::ReadLine();

   return 0;

}

This code produces output similar to the following: 


Copy Code 

 [VB, C++, C#]

 Main thread: Start a second thread.

 Main thread: Do some work.

 ThreadProc: 0

 Main thread: Do some work.

 ThreadProc: 1

 Main thread: Do some work.

 ThreadProc: 2

 Main thread: Do some work.

 ThreadProc: 3

 Main thread: Call Join(), to wait until ThreadProc ends.

 ThreadProc: 4

 ThreadProc: 5

 ThreadProc: 6

 ThreadProc: 7

 ThreadProc: 8

 ThreadProc: 9

 Main thread: ThreadProc.Join has returned.  Press Enter to end program.
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 Inheritance Hierarchy 

System..::.Object
  System.Runtime.ConstrainedExecution..::.CriticalFinalizerObject
    System.Threading..::.Thread
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 Thread Safety 

This type is thread safe.
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 Platforms 

Windows 7, Windows Vista, Windows XP SP2, Windows XP Media Center Edition, Windows XP Professional x64 Edition, Windows XP Starter Edition, Windows Server 2008 R2, Windows Server 2008, Windows Server 2003, Windows Server 2000 SP4, Windows Millennium Edition, Windows 98, Windows CE, Windows Mobile for Smartphone, Windows Mobile for Pocket PC, Xbox 360, Zune

The .NET Framework and .NET Compact Framework do not support all versions of every platform. For a list of the supported versions, see .NET Framework System Requirements. 
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 Version Information 

.NET Framework

Supported in: 3.5, 3.0, 2.0, 1.1, 1.0

.NET Compact Framework

Supported in: 3.5, 2.0, 1.0

XNA Framework

Supported in: 3.0, 2.0, 1.0

http://msdn.microsoft.com/en-ca/library/system.threading.semaphore.aspx
.NET Framework Class Library

Semaphore Class

Limits the number of threads that can access a resource or pool of resources concurrently. 

Namespace:  System.Threading
Assembly:  System (in System.dll) 

[image: image82.png]


 Syntax 

Visual Basic (Declaration) 

<ComVisibleAttribute(False)> _

<HostProtectionAttribute(SecurityAction.LinkDemand, Synchronization := True,  _

    ExternalThreading := True)> _

Public NotInheritable Class Semaphore _

    Inherits WaitHandle

Visual Basic (Usage) 

Dim instance As Semaphore

C# 

[ComVisibleAttribute(false)]

[HostProtectionAttribute(SecurityAction.LinkDemand, Synchronization = true, 

    ExternalThreading = true)]

public sealed class Semaphore : WaitHandle

Visual C++ 

[ComVisibleAttribute(false)]

[HostProtectionAttribute(SecurityAction::LinkDemand, Synchronization = true, 

    ExternalThreading = true)]

public ref class Semaphore sealed : public WaitHandle

JScript 

public final class Semaphore extends WaitHandle
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 Remarks 
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Note:

	The HostProtectionAttribute attribute applied to this type or member has the following Resources property value: Synchronization | ExternalThreading. The HostProtectionAttribute does not affect desktop applications (which are typically started by double-clicking an icon, typing a command, or entering a URL in a browser). For more information, see the HostProtectionAttribute class or SQL Server Programming and Host Protection Attributes.


Use the Semaphore class to control access to a pool of resources. Threads enter the semaphore by calling the WaitOne method, which is inherited from the WaitHandle class, and release the semaphore by calling the Release method.

The count on a semaphore is decremented each time a thread enters the semaphore, and incremented when a thread releases the semaphore. When the count is zero, subsequent requests block until other threads release the semaphore. When all threads have released the semaphore, the count is at the maximum value specified when the semaphore was created.

There is no guaranteed order, such as FIFO or LIFO, in which blocked threads enter the semaphore.

A thread can enter the semaphore multiple times, by calling the WaitOne method repeatedly. To release some or all of these entries, the thread can call the parameterless Release()()() method overload multiple times, or it can call the Release(Int32) method overload that specifies the number of entries to be released.

The Semaphore class does not enforce thread identity on calls to WaitOne or Release. It is the programmer's responsibility to ensure that threads do not release the semaphore too many times. For example, suppose a semaphore has a maximum count of two, and that thread A and thread B both enter the semaphore. If a programming error in thread B causes it to call Release twice, both calls succeed. The count on the semaphore is full, and when thread A eventually calls Release, a SemaphoreFullException is thrown.

Semaphores are of two types: local semaphores and named system semaphores. If you create a Semaphore object using a constructor that accepts a name, it is associated with an operating-system semaphore of that name. Named system semaphores are visible throughout the operating system, and can be used to synchronize the activities of processes. You can create multiple Semaphore objects that represent the same named system semaphore, and you can use the OpenExisting method to open an existing named system semaphore.

A local semaphore exists only within your process. It can be used by any thread in your process that has a reference to the local Semaphore object. Each Semaphore object is a separate local semaphore.
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 Examples 

The following code example creates a semaphore with a maximum count of three and an initial count of zero. The example starts five threads, which block waiting for the semaphore. The main thread uses the Release(Int32) method overload to increase the semaphore count to its maximum, allowing three threads to enter the semaphore. Each thread uses the Thread..::.Sleep method to wait for one second, to simulate work, and then calls the Release()()() method overload to release the semaphore. Each time the semaphore is released, the previous semaphore count is displayed. Console messages track semaphore use. The simulated work interval is increased slightly for each thread, to make the output easier to read.

Visual Basic 


Copy Code 

Imports System

Imports System.Threading

Public Class Example

    ' A semaphore that simulates a limited resource pool.
    '
    Private Shared _pool As Semaphore

    ' A padding interval to make the output more orderly.
    Private Shared _padding As Integer
    <MTAThread> _

    Public Shared Sub Main()

        ' Create a semaphore that can satisfy up to three
        ' concurrent requests. Use an initial count of zero,
        ' so that the entire semaphore count is initially
        ' owned by the main program thread.
        '
        _pool = New Semaphore(0, 3)

        ' Create and start five numbered threads. 
        '
        For i As Integer = 1 To 5

            Dim t As New Thread(New ParameterizedThreadStart(AddressOf Worker))

            'Dim t As New Thread(AddressOf Worker)
            ' Start the thread, passing the number.
            '
            t.Start(i)

        Next i

        ' Wait for half a second, to allow all the
        ' threads to start and to block on the semaphore.
        '
        Thread.Sleep(500)

        ' The main thread starts out holding the entire
        ' semaphore count. Calling Release(3) brings the 
        ' semaphore count back to its maximum value, and
        ' allows the waiting threads to enter the semaphore,
        ' up to three at a time.
        '
        Console.WriteLine("Main thread calls Release(3).")

        _pool.Release(3)

        Console.WriteLine("Main thread exits.")

    End Sub
    Private Shared Sub Worker(ByVal num As Object)

        ' Each worker thread begins by requesting the
        ' semaphore.
        Console.WriteLine("Thread {0} begins " _

            & "and waits for the semaphore.", num)

        _pool.WaitOne()

        ' A padding interval to make the output more orderly.
        Dim padding As Integer = Interlocked.Add(_padding, 100)

        Console.WriteLine("Thread {0} enters the semaphore.", num)

        ' The thread's "work" consists of sleeping for 

        ' about a second. Each thread "works" a little 

        ' longer, just to make the output more orderly.
        '
        Thread.Sleep(1000 + padding)

        Console.WriteLine("Thread {0} releases the semaphore.", num)

        Console.WriteLine("Thread {0} previous semaphore count: {1}", _

            num, _

            _pool.Release())

    End Sub
End Class
C# 


Copy Code 

using System;

using System.Threading;

public class Example

{

    // A semaphore that simulates a limited resource pool.
    //
    private static Semaphore _pool;

    // A padding interval to make the output more orderly.
    private static int _padding;

    public static void Main()

    {

        // Create a semaphore that can satisfy up to three
        // concurrent requests. Use an initial count of zero,
        // so that the entire semaphore count is initially
        // owned by the main program thread.
        //
        _pool = new Semaphore(0, 3);

        // Create and start five numbered threads. 
        //
        for(int i = 1; i <= 5; i++)

        {

            Thread t = new Thread(new ParameterizedThreadStart(Worker));

            // Start the thread, passing the number.
            //
            t.Start(i);

        }

        // Wait for half a second, to allow all the
        // threads to start and to block on the semaphore.
        //
        Thread.Sleep(500);

        // The main thread starts out holding the entire
        // semaphore count. Calling Release(3) brings the 
        // semaphore count back to its maximum value, and
        // allows the waiting threads to enter the semaphore,
        // up to three at a time.
        //
        Console.WriteLine("Main thread calls Release(3).");

        _pool.Release(3);

        Console.WriteLine("Main thread exits.");

    }

    private static void Worker(object num)

    {

        // Each worker thread begins by requesting the
        // semaphore.
        Console.WriteLine("Thread {0} begins " +

            "and waits for the semaphore.", num);

        _pool.WaitOne();

        // A padding interval to make the output more orderly.
        int padding = Interlocked.Add(ref _padding, 100);

        Console.WriteLine("Thread {0} enters the semaphore.", num);

        // The thread's "work" consists of sleeping for 
        // about a second. Each thread "works" a little 
        // longer, just to make the output more orderly.
        //
        Thread.Sleep(1000 + padding);

        Console.WriteLine("Thread {0} releases the semaphore.", num);

        Console.WriteLine("Thread {0} previous semaphore count: {1}",

            num, _pool.Release());

    }

}

Visual C++ 


Copy Code 

#using <System.dll>

using namespace System;

using namespace System::Threading;

public ref class Example

{

private:

   // A semaphore that simulates a limited resource pool.
   //
   static Semaphore^ _pool;

   // A padding interval to make the output more orderly.
   static int _padding;

public:

   static void Main()

   {

      // Create a semaphore that can satisfy up to three
      // concurrent requests. Use an initial count of zero,
      // so that the entire semaphore count is initially
      // owned by the main program thread.
      //
      _pool = gcnew Semaphore( 0,3 );

      // Create and start five numbered threads.
      //
      for ( int i = 1; i <= 5; i++ )

      {

         Thread^ t = gcnew Thread(

            gcnew ParameterizedThreadStart( Worker ) );

         // Start the thread, passing the number.
         //
         t->Start( i );

      }

      // Wait for half a second, to allow all the
      // threads to start and to block on the semaphore.
      //
      Thread::Sleep( 500 );

      // The main thread starts out holding the entire
      // semaphore count. Calling Release(3) brings the
      // semaphore count back to its maximum value, and
      // allows the waiting threads to enter the semaphore,
      // up to three at a time.
      //
      Console::WriteLine( L"Main thread calls Release(3)." );

      _pool->Release( 3 );

      Console::WriteLine( L"Main thread exits." );

   }

private:

   static void Worker( Object^ num )

   {

      // Each worker thread begins by requesting the
      // semaphore.
      Console::WriteLine( L"Thread {0} begins and waits for the semaphore.", num );

      _pool->WaitOne();

      // A padding interval to make the output more orderly.
      int padding = Interlocked::Add( _padding, 100 );

      Console::WriteLine( L"Thread {0} enters the semaphore.", num );

      // The thread's "work" consists of sleeping for
      // about a second. Each thread "works" a little
      // longer, just to make the output more orderly.
      //
      Thread::Sleep( 1000 + padding );

      Console::WriteLine( L"Thread {0} releases the semaphore.", num );

      Console::WriteLine( L"Thread {0} previous semaphore count: {1}",

         num, _pool->Release() );

   }

};
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 Inheritance Hierarchy 

System..::.Object
  System..::.MarshalByRefObject
    System.Threading..::.WaitHandle
      System.Threading..::.Semaphore
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 Thread Safety 

This type is thread safe.
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 Platforms 

Windows 7, Windows Vista, Windows XP SP2, Windows XP Media Center Edition, Windows XP Professional x64 Edition, Windows XP Starter Edition, Windows Server 2008 R2, Windows Server 2008, Windows Server 2003, Windows Server 2000 SP4, Windows Millennium Edition, Windows 98

The .NET Framework and .NET Compact Framework do not support all versions of every platform. For a list of the supported versions, see .NET Framework System Requirements. 
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 Version Information 

.NET Framework

Supported in: 3.5, 3.0, 2.0

http://msdn.microsoft.com/en-ca/library/system.threading.threadpool.aspx
.NET Framework Class Library

ThreadPool Class

Provides a pool of threads that can be used to post work items, process asynchronous I/O, wait on behalf of other threads, and process timers.

Namespace:  System.Threading
Assembly:  mscorlib (in mscorlib.dll) 
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 Syntax 

Visual Basic (Declaration) 

<HostProtectionAttribute(SecurityAction.LinkDemand, Synchronization := True,  _

    ExternalThreading := True)> _

Public NotInheritable Class ThreadPool

Visual Basic (Usage) 

You do not need to declare an instance of a static class in order to access its members.

C# 

[HostProtectionAttribute(SecurityAction.LinkDemand, Synchronization = true, 

    ExternalThreading = true)]

public static class ThreadPool

Visual C++ 

[HostProtectionAttribute(SecurityAction::LinkDemand, Synchronization = true, 

    ExternalThreading = true)]

public ref class ThreadPool abstract sealed

JScript 

public final class ThreadPool

[image: image91.png]


 Remarks 
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Note:

	The HostProtectionAttribute attribute applied to this type or member has the following Resources property value: Synchronization | ExternalThreading. The HostProtectionAttribute does not affect desktop applications (which are typically started by double-clicking an icon, typing a command, or entering a URL in a browser). For more information, see the HostProtectionAttribute class or SQL Server Programming and Host Protection Attributes.


Many applications create threads that spend a great deal of time in the sleeping state, waiting for an event to occur. Other threads might enter a sleeping state only to be awakened periodically to poll for a change or update status information. Thread pooling enables you to use threads more efficiently by providing your application with a pool of worker threads that are managed by the system. One thread monitors the status of several wait operations queued to the thread pool. When a wait operation completes, a worker thread from the thread pool executes the corresponding callback function.
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Note:

	The threads in the managed thread pool are background threads. That is, their IsBackground properties are true. This means that a ThreadPool thread will not keep an application running after all foreground threads have exited.


You can also queue work items that are not related to a wait operation to the thread pool. To request that a work item be handled by a thread in the thread pool, call the QueueUserWorkItem method. This method takes as a parameter a reference to the method or delegate that will be called by the thread selected from the thread pool. There is no way to cancel a work item after it has been queued.

Timer-queue timers and registered wait operations also use the thread pool. Their callback functions are queued to the thread pool.

There is one thread pool per process. The thread pool has a default size of 250 worker threads per available processor, and 1000 I/O completion threads. The number of threads in the thread pool can be changed by using the SetMaxThreads method. Each thread uses the default stack size and runs at the default priority. 
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Note:

	Unmanaged code that hosts the .NET Framework can change the size of the thread pool by using the CorSetMaxThreads function, defined in the mscoree.h file.


The thread pool maintains a minimum number of idle threads. For worker threads, the default value of this minimum is the number of processors. The GetMinThreads method obtains the minimum numbers of idle worker and I/O completion threads. 

When all thread pool threads have been assigned to tasks, the thread pool does not immediately begin creating new idle threads. To avoid unnecessarily allocating stack space for threads, it creates new idle threads at intervals. The interval is currently half a second, although it could change in future versions of the .NET Framework. 

If an application is subject to bursts of activity in which large numbers of thread pool tasks are queued, use the SetMinThreads method to increase the minimum number of idle threads. Otherwise, the built-in delay in creating new idle threads could cause a bottleneck. 
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Note:

	Unnecessarily increasing the number of idle threads can also cause performance problems. Stack space must be allocated for each thread. If too many tasks start at the same time, all of them might appear to be slow. Finding the right balance is a performance-tuning issue.


When the thread pool reuses a thread, it does not clear the data in thread local storage or in fields that are marked with the ThreadStaticAttribute attribute. Therefore, data that is placed in thread local storage by one method can be exposed to any other method that is executed by the same thread pool thread. A method that accesses a field that is marked with the ThreadStaticAttribute attribute could encounter different data depending on which thread pool thread executes it.

Starting with the .NET Framework version 2.0 Service Pack 1, the throughput of the thread pool is significantly improved for applications that make heavy use of small thread pool tasks. These applications will see improvements in three areas: queuing tasks, dispatching thread pool threads, and dispatching I/O completion threads. To use this functionality, your application should target the .NET Framework version 3.5. For more information, see .NET Framework 3.5 Architecture.
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 Examples 

Visual Basic 


Copy Code 

Imports System

Imports System.Threading

Public Class Example

    <MTAThread> _

    Public Shared Sub Main()

        ' Queue the task.
        ThreadPool.QueueUserWorkItem( _

            New WaitCallback(AddressOf ThreadProc) _

            )

        ' Note that you do not have to create the WaitCallback delegate
        ' explicitly in Visual Basic.  The following line also queues 
        ' the task:
        'ThreadPool.QueueUserWorkItem(AddressOf ThreadProc)
        Console.WriteLine("Main thread does some work, then sleeps.")

        ' If you comment out the Sleep, the main thread exits before
        ' the thread pool task runs.  The thread pool uses background
        ' threads, which do not keep the application running.  (This
        ' is a simple example of a race condition.)
        Thread.Sleep(1000)

        Console.WriteLine("Main thread exits.")

    End Sub
    ' This thread procedure performs the task.
    Shared Sub ThreadProc(stateInfo As Object)

        ' No state object was passed to QueueUserWorkItem, so 
        ' stateInfo is null.
        Console.WriteLine("Hello from the thread pool.")

    End Sub
End Class
C# 


Copy Code 

using System;

using System.Threading;

public class Example {

    public static void Main() {

        // Queue the task.
        ThreadPool.QueueUserWorkItem(new WaitCallback(ThreadProc));

        Console.WriteLine("Main thread does some work, then sleeps.");

        // If you comment out the Sleep, the main thread exits before
        // the thread pool task runs.  The thread pool uses background
        // threads, which do not keep the application running.  (This
        // is a simple example of a race condition.)
        Thread.Sleep(1000);

        Console.WriteLine("Main thread exits.");

    }

    // This thread procedure performs the task.
    static void ThreadProc(Object stateInfo) {

        // No state object was passed to QueueUserWorkItem, so 
        // stateInfo is null.
        Console.WriteLine("Hello from the thread pool.");

    }

}

Visual C++ 


Copy Code 

using namespace System;

using namespace System::Threading;

ref class Example

{

public:

   // This thread procedure performs the task.
   static void ThreadProc( Object^ stateInfo )

   {

      // No state object was passed to QueueUserWorkItem, so 
      // stateInfo is 0.
      Console::WriteLine( "Hello from the thread pool." );

   }

};

int main()

{

   // Queue the task.
   ThreadPool::QueueUserWorkItem( gcnew WaitCallback( Example::ThreadProc ) );

   Console::WriteLine( "Main thread does some work, then sleeps." );

   // If you comment out the Sleep, the main thread exits before
   // the thread pool task runs.  The thread pool uses background
   // threads, which do not keep the application running.  (This
   // is a simple example of a race condition.)
   Thread::Sleep( 1000 );

   Console::WriteLine( "Main thread exits." );

   return 0;

}
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 Inheritance Hierarchy 

System..::.Object
  System.Threading..::.ThreadPool
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 Thread Safety 

This type is thread safe.
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 Platforms 

Windows 7, Windows Vista, Windows XP SP2, Windows XP Media Center Edition, Windows XP Professional x64 Edition, Windows XP Starter Edition, Windows Server 2008 R2, Windows Server 2008, Windows Server 2003, Windows Server 2000 SP4, Windows Millennium Edition, Windows 98, Windows CE, Windows Mobile for Smartphone, Windows Mobile for Pocket PC, Xbox 360, Zune

The .NET Framework and .NET Compact Framework do not support all versions of every platform. For a list of the supported versions, see .NET Framework System Requirements. 
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 Version Information 

.NET Framework

Supported in: 3.5, 3.0, 2.0, 1.1, 1.0

.NET Compact Framework

Supported in: 3.5, 2.0, 1.0

XNA Framework

Supported in: 3.0, 2.0, 1.0

_1317200973.unknown

_1317200972.unknown

