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Introduction

Operating systems such as Windows and Linux are multitasking systems that let you run multiple programs at the same time.  When Windows loads two or more programs into memory, Windows must have a way to track each program’s memory locations.  Windows does this by creating a new process for each program to hold the program’s resources and state information.

A multitasking operating system creates the illusion that two or more programs are running at the same time by rapidly switching control of the CPU between each active process.  Because the operating system switches the CPU so quickly each program appears to be running at the same time.  The Windows Task Manager shows the applications that are running on one tab and the active processes on a second tab see figure1.
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Figure 1, Windows Task Manager (Processes)

When a program uses multiple threads, behind the scenes software in the process will exchange control of the CPU between the threads during the process’s CPU time slice.

Creating and Running Multiple Threads

A thread corresponds to a unit of execution.  To use a thread in Visual Basic, you must first create a thread object for each thread you plan to use.  The following code fragment creates three thread objects named, A, B, and C, within a Console Application.

	Imports System.Threading

Module Module1

    Private Sub Display_A()

        Dim I As Integer

        For I = 1 To 250

            Console.Write("A")

        Next

    End Sub

    Private Sub Display_B()

        Dim I As Integer

        For I = 1 To 250

            Console.Write("B")

        Next

    End Sub

    Private Sub Display_C()

        Dim I As Integer

        For I = 1 To 250

            Console.Write("C")

        Next

    End Sub

    Sub Main()

        Dim A As Thread

        Dim B As Thread

        Dim C As Thread

        A = New Thread(AddressOf Display_A)

        B = New Thread(AddressOf Display_B)

        C = New Thread(AddressOf Display_C)

        A.Start()

        B.Start()

        C.Start()

        Console.ReadLine()

    End Sub

End Module


After you build and run your program the screen will look similar to output below.  The actual output will depend on your machine and how it distributes the CPU time slices.
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As you can see, as the program executes, the process distributes its CPU time slice among the threads, this means that thread A runs for a period of time, followed by thread B, then thread C.

Putting a Thread to Sleep

When you put a thread to sleep using the Sleep method, the thread will not run and will consume minimal CPU resources (those required by the CPU to wake up and resume the thread’s execution.  The following Console program starts three threads.  The program then uses the Sleep method to suspend one thread for 1 second, one for 0.5 seconds and one for 0.1 seconds.

	Imports System.Threading

Module Module1

    Private Sub Display_A()

        Dim I As Integer

        Thread.Sleep(1000)
        For I = 1 To 250

            Console.Write("A")

        Next

    End Sub

    Private Sub Display_B()

        Dim I As Integer

        Thread.Sleep(500)
        For I = 1 To 250

            Console.Write("B")

        Next

    End Sub

   Private Sub Display_C()

        Dim I As Integer

        Thread.Sleep(100)
        For I = 1 To 250

            Console.Write("C")

        Next

    End Sub

    Sub Main()

        Dim A As Thread

        Dim B As Thread

        Dim C As Thread

        A = New Thread(AddressOf Display_A)

        B = New Thread(AddressOf Display_B)

        C = New Thread(AddressOf Display_C)

        A.Start()

        B.Start()

        C.Start()

        Console.ReadLine()

    End Sub

End Module




After you build and run your program the screen will look similar to output below.  The actual output will depend on your machine and how it distributes the CPU time slices.
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Because thread 3 sleeps the shortest time, it is the first thread to execute.  Also because it does not require much processing time, thread C is able to complete before thread B wakes.  Then, because thread B does not require much processing time, thread B can complete before thread A awakes.

Suspending, Resuming, and Aborting a Thread

There may be a time when you may need to temporarily halt and later resume a thread’s processing.  The Sleep method is useful if you know in advance how long the halt will be.  If however, you do not know the period of time in advance then you can use the Suspend method.

The following program makes use of the Suspend, Abort, and Resume methods.

	Imports System.Threading

Module Module1

    Public A As Thread

    Public B As Thread

    Public C As Thread

    Private Sub Display_A()

        Dim I As Integer

        Try

            A.Suspend()

            For I = 0 To 250

                Console.Write("A")

            Next

        Catch ex As ThreadStateException

            Console.WriteLine("Thread A Exception " & ex.ToString)

        End Try

    End Sub

    Private Sub Display_B()

        Dim I As Integer

        Try

            For I = 1 To 250

                Console.Write("B")

            Next

        Catch ex As ThreadAbortException

            Console.WriteLine()

            Console.WriteLine("Thread B has been aborted")

            Console.WriteLine()

        End Try

    End Sub

    Private Sub Display_C()

        Dim I As Integer

        Try

            If (B.IsAlive) Then

                B.Abort()

            End If

            For I = 0 To 250

                If (A.ThreadState = ThreadState.Suspended) Then

                    A.Resume()

                End If

                Console.Write("C")

            Next

        Catch ex As ThreadStateException

            Console.WriteLine()

            Console.WriteLine("Thread C Exception " & ex.ToString)

            Console.WriteLine()

        End Try

    End Sub

    Sub Main()

        A = New Thread(AddressOf Display_A)

        B = New Thread(AddressOf Display_B)

        C = New Thread(AddressOf Display_C)

        A.Start()

        B.Start()

        C.Start()

        Console.ReadLine()

    End Sub

End Module




After you build and run your program the screen will look similar to output below.  The actual output will depend on your machine and how it distributes the CPU time slices.
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As you can see, thread A begins, it immediately suspends itself.  In thread C, the code terminates thread B, by calling B.Abort.  Before thread C calls the Abort function, it uses the IsAlive method to ensure that thread B is running.  If you try to abort a thread that is not running then an exception will occur.

Thread Class Properties

The following program uses the Thread class properties to display information about the current thread.

	Imports System.Threading

Module Module1

    Sub Main()

        Dim objThread As Thread

        objThread = Thread.CurrentThread

        With objThread

            Console.WriteLine("Apartment State: {0}", .GetApartmentState)

            Console.WriteLine("Thread Name: {0}", .Name)

            Console.WriteLine("Current Culture: {0}", .CurrentCulture)

            Console.WriteLine("Execution Context: {0}", .ExecutionContext)

            Console.WriteLine("Current UI Culture: {0}", .CurrentUICulture)

            Console.WriteLine("Is Alive: {0}", .IsAlive)

            Console.WriteLine("Is Background: {0}", .IsBackground)

        End With

        Console.ReadLine()

    End Sub

End Module


After you build and run your program the screen will look similar to output below.  
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Assigning Thread Names

When your program uses threads to perform specific processing, there may be times when your code must determine which thread is executing specific code.  One way to distinguish between threads is to assign unique names to each thread.  This concept is illustrated in the code of the next program.
	Imports System.Threading

Module Module1

    Friend A As Thread

    Friend B As Thread

    Friend C As Thread

    Sub Main()

        A = New Thread(AddressOf Display)

        B = New Thread(AddressOf Display)

        C = New Thread(AddressOf Display)

        A.Name = "A"

        A.Start()

        B.Name = "B"

        B.Start()

        C.Name = "C"

        C.Start()

        Console.ReadLine()

    End Sub

    Sub Display()

        Dim I As Integer

        For I = 1 To 250

            Console.Write(Thread.CurrentThread.Name)

        Next

    End Sub

End Module


After you build and run your program the screen will look similar to output below.
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The problem with using the Thread class Name field to distinguish between threads is that there is nothing to prevent a program assigning the same name to two or more threads.

For times when your code needs to distinguish between threads, your program should use the Thread class GetHashCode method, which returns a value unique to each object instance.  The following program creates three thread objects then displays each thread’s unique hash value.

	Imports System.Threading

Module Module1

    Friend A As Thread

    Friend B As Thread

    Friend C As Thread

    Sub Main()

        A = New Thread(AddressOf DisplayHash)

        B = New Thread(AddressOf DisplayHash)

        C = New Thread(AddressOf DisplayHash)

        A.Name = "A"

        A.Start()

        B.Name = "B"

        B.Start()

        C.Name = "C"

        C.Start()

        Console.ReadLine()

    End Sub

    Sub DisplayHash()

        Dim O As Thread

        Dim hash As Integer

        O = Thread.CurrentThread

        hash = O.GetHashCode

        Console.Write("Thread Name: {0}", Thread.CurrentThread.Name)

        Console.WriteLine(" Thread hash: {0}", hash.ToString)

    End Sub

End Module


After you build and run your program the screen will look similar to output below.
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Suspending One Thread’s Execution until a Specific Thread Completes its Processing

When your program uses threads to perform specific processing, there will be times when you will want one thread to not suspend its processing until another thread has completed its tasks.  You may require the printing thread to suspend while the spell-checking thread completes it task in a word processing application.
To suspend a thread’s execution until another thread has completed its processing, you code must call the Thread’s Join method.  The following program creates three threads named A, B, and C.  then the program uses the Thread class Join method to suspend A’s processing until thread B completes its processing.
	Imports System.Threading

Module Module1

    Friend A As Thread

    Friend B As Thread

    Friend C As Thread

    Private Sub Display_A()

        Dim I As Integer

        'Suspends thread A until thread B has completed

        B.Join()

        For I = 1 To 250

            Console.Write("A")

        Next

    End Sub

    Private Sub Display_B()

        Dim I As Integer

        For I = 1 To 250

            Console.Write("B")

        Next

    End Sub

    Private Sub Display_C()

        Dim I As Integer

        For I = 1 To 250

            Console.Write("C")

        Next

    End Sub

    Sub Main()

        A = New Thread(AddressOf Display_A)

        B = New Thread(AddressOf Display_B)

        C = New Thread(AddressOf Display_C)

        A.Start()

        B.Start()

        C.Start()

        Console.ReadLine()

    End Sub

End Module


After you build and run your program the screen will look similar to output below.
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As you can see, because of the join operation, thread A waits until thread B has completed its processing.  The following program again creates three threads named A, B, and C.  

The program then uses two join calls to suspend thread A’s processing until threads B and C have finished their processing.
	Imports System.Threading

Module Module1

    Friend A As Thread

    Friend B As Thread

    Friend C As Thread

    Private Sub Display_A()

        Dim I As Integer

        'Suspends thread A until thread B has completed

        B.Join()

        'Suspends thread A until thread C has completed

        C.Join()

        For I = 1 To 250

            Console.Write("A")

        Next

    End Sub

    Private Sub Display_B()

        Dim I As Integer

        For I = 1 To 250

            Console.Write("B")

        Next

    End Sub

    Private Sub Display_C()

        Dim I As Integer

        For I = 1 To 250

            Console.Write("C")

        Next

    End Sub

    Sub Main()

        A = New Thread(AddressOf Display_A)

        B = New Thread(AddressOf Display_B)

        C = New Thread(AddressOf Display_C)

        A.Start()

        B.Start()

        C.Start()

        Console.ReadLine()

    End Sub

End Module


After you build and run your program the screen will look similar to output below.
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Controlling Thread Priorities

Depending on the processing threads perform in your application, there may be times when the processing one thread performs is more important than that of the other threads.  In such cases, your program can give a specified thread a higher priority.  This causes the thread to execute more frequently than the lower priority threads.  The following program (please note there are two imports statements) creates three threads named A, B, and C.   The program then assigns thread A the priority ‘BelowNormal’ and thread C the priority ‘AboveNormal’.

	Imports System.Threading

Imports System.Threading.ThreadPriority

Module Module1

    Friend A As Thread

    Friend B As Thread

    Friend C As Thread

    Private Sub Display_A()

        Dim I As Integer

        For I = 1 To 250

            Console.Write("A")

        Next

    End Sub

    Private Sub Display_B()

        Dim I As Integer

        For I = 1 To 250

            Console.Write("B")

        Next

    End Sub

    Private Sub Display_C()

        Dim I As Integer

        For I = 1 To 250

            Console.Write("C")

        Next

    End Sub

    Sub Main()

        A = New Thread(AddressOf Display_A)

        B = New Thread(AddressOf Display_B)

        C = New Thread(AddressOf Display_C)

        'Set thread priority

        A.Priority = BelowNormal

        C.Priority = AboveNormal

        A.Start()

        B.Start()

        C.Start()

        Console.ReadLine()

    End Sub

End Module


After you build and run your program the screen will look similar to output below.
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As seen above, because thread C has the highest priority it finishes its processing first.  Thread A completes last because it has the lowest priority.

Taking Advantage of the Thread Pool

Depending on the processing your threads perform, there may be times when you can improve your program’s execution by taking advantage of a shared thread pool.  In general, the thread pool consists of a group of existing threads that are simply waiting for some work to do.  By using the existing threads, your program eliminates the overhead of creating and later discarding the thread objects.
When you use the thread pool, you do not start the threads.  Instead the code calls the ThreadPool class QueueUserWorkItem method, passing to the method the address of the code the thread will execute and an event the thread can use to signal the program that the thread has completed processing.

The following program, illustrates the use of thread-pool threads.

	Imports System.Threading

Module Module1

    Private Sub Display_A(ByVal state As Object)

        Dim I As Integer

        For I = 1 To 250

            Console.Write("A")

        Next

        Thread.Sleep(3000)

        CType(state, AutoResetEvent).Set()

    End Sub

    Private Sub Display_B(ByVal state As Object)

        Dim I As Integer

        For I = 1 To 250

            Console.Write("B")

        Next

        Thread.Sleep(3000)

        CType(state, AutoResetEvent).Set()

    End Sub

    Private Sub Display_C(ByVal state As Object)

        Dim I As Integer

        For I = 1 To 250

            Console.Write("C")

        Next

        Thread.Sleep(3000)

        CType(state, AutoResetEvent).Set()

    End Sub

    Sub Main()

        Dim AIsDone As New AutoResetEvent(False)

        Dim BIsDone As New AutoResetEvent(False)

        Dim CIsDone As New AutoResetEvent(False)

        'Queues a method for execution, and specifies an object containing data to be used by the method. 

        'The method executes when a thread pool thread becomes available. 

        ThreadPool.QueueUserWorkItem(New WaitCallback(AddressOf Display_A), AIsDone)

        ThreadPool.QueueUserWorkItem(New WaitCallback(AddressOf Display_B), BIsDone)

        ThreadPool.QueueUserWorkItem(New WaitCallback(AddressOf Display_C), CIsDone)

        Dim ThreadCount, ThreadPorts As Integer

        ThreadPool.GetAvailableThreads(ThreadCount, ThreadPorts)

        Console.WriteLine("Thread pool size {0}", ThreadCount)

        Console.WriteLine()

        Console.WriteLine("Waiting for threads to complete!")

        AIsDone.WaitOne()

        Console.WriteLine()

        Console.WriteLine("A is done")

        BIsDone.WaitOne()

        Console.WriteLine()

        Console.WriteLine("B is done")

        CIsDone.WaitOne()

        Console.WriteLine()

        Console.WriteLine("C is done")

        Console.ReadLine()

    End Sub

End Module


After you build and run your program the screen will look similar to output below.
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Recognising Potential Race Conditions between Threads

When you make use of multiple threads, there are times when the threads can interfere with each other because the threads get out of sync due to CPU switching.  With multiple threads, each thread runs for a specific time interval (time-slice).  Assume, that one thread, named Producer, must create (produce) an item before a second thread (Consumer) can consume the object.  Also assume that the Producer cannot produce an item until the Consumer consumes the previous item.   The Producer thread will execute the following code to produce an item.

	Sub Producer()

        Dim Value As Integer = 0

        Do

            If (BufferEmpty) Then

                BufferEmpty = False

                Buffer = value

                If Value = 0 Then

                    Value = 1

                Else

                    Value = 0

                End If

                Console.WriteLine("Producer: " & Buffer)

            End If

        Loop While (True)

    End Sub


As the Producer creates items, it will place, in order, an item with the value zero followed by an item with the value one, and so on.  As the Producer creates a new item, the thread will write the item value to the screen.  Likewise the Consumer thread will execute the following code to consume the item.

	Sub Consumer()

        Dim Value As Integer

        Do

            If (Not BufferEmpty) Then

                BufferEmpty = True

                Thread.CurrentThread.Sleep(3000)

                Value = Buffer

                Console.WriteLine("Consumer: " & Value)

            End If

        Loop While (True)

    End Sub


When the Consumer thread consumes an item, it will display the item’s value on the screen.  Ideally when the two threads run, the screen should display output similar to the following:

Producer:  
1

Consumer:
1

Producer:
0

Consumer:
0

Producer:  
1

Consumer:
1

Producer:
0

Consumer:
0

The following program fully implements the Producer – Consumer model.

	Imports System.Threading

Module Module1

    Friend Buffer As Integer

    Friend BufferEmpty As Boolean = True

    Sub Main()

        Dim ProducerThread As Thread

        Dim ConsumerThread As Thread

        ProducerThread = New Thread(AddressOf Producer)

        ConsumerThread = New Thread(AddressOf Consumer)

        ProducerThread.Start()

        ConsumerThread.Start()

    End Sub

    Sub Producer()

        Dim Value As Integer = 0

        Do

            If (BufferEmpty) Then

                BufferEmpty = False

                Buffer = value

                If Value = 0 Then

                    Value = 1

                Else

                    Value = 0

                End If

                Console.WriteLine("Producer: " & Buffer)

            End If

        Loop While (True)

    End Sub

    Sub Consumer()

        Dim Value As Integer

        Do

            If (Not BufferEmpty) Then

                BufferEmpty = True

                Thread.CurrentThread.Sleep(3000)

                Value = Buffer

                Console.WriteLine("Consumer: " & Value)

            End If

        Loop While (True)

    End Sub

End Module
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