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Introduction
While we have, in essence been utilising threads to make asynchronous calls, these have, so far always required synchronisation with our main thread of execution.  This presents problems for certain programming tasks, not least in cases where we wish to perform an event, such as updating a UI element, when the thread completes.
Due to the way the graphics loop is implemented, and while it is technically possible using dubious and inelegant methods, threads should never update the UI directly.  Evidently, however, it is often desirable to achieve this functionality.  The acceptable way that this is achieved in C# (and a variety of other multithreaded languages) is through a form of callback, which essentially adds an event to the main thread’s graphics loop, circumventing the issue.
Firstly, we will implement a simple piece of update code without threading.  
· Create a Windows Form Application, name it AsyncEvent.
· Add a single label
· Add a single button
[image: ]
Implement the following code:
public Form1()
{
    InitializeComponent();
}

private void buttonProcess_Click(object sender, EventArgs e)
{
    ThreadStart(); //Start this in the main thread for now
}

void ThreadStart()
{
    //This long sleep will illustrate what happens 
    //when the main thread of execution is blocked
    Thread.Sleep(10000);
    labelEventUpdate.Text = "Hello";
}










Evidently, this code is nearly trivial; however it demonstrates a very important point.  Try to run this code.  Click the button and then attempt to move, resize or generally interact with the form.  The Thread.Sleep simulates a very intensive processing task; as was discussed in the lecture, any attempt to do this on the main thread will result in the program hanging entirely until it is complete as the graphical loop cannot update.  This is evidently a less than ideal state of affairs, especially considering that intensive tasks for real-world application may require several hours, if not days to complete.  As was discussed, however, we cannot simply thread this method; any attempt to do so will firstly risk violating the main thread’s GUI loop, and secondly will likely require synchronisation to the buttonProcess_click() method which simply moves the problem along slightly.
The answer lies firstly in an event and secondly an asynchronous call.
Events and background workers
An event is in essence a form of Delegate.  Events are found throughout C# programming for updating UI elements, although you may not necessarily be aware of them.  When, for example, you type into a text box or resize the window, an event is generated which informs the graphics processing loop.  The main thread may then update the UI when it is convenient (hence why it is undesirable to process on the main thread).  We as developers may hook in to this event loop.
There are a number of methods of adding to the event loop.  The first we have already studied; delegates.
Create a delegate with the following prototype:
public delegate void UpdateLabelDelegate(string txt);



This is the event delegate which will be called when we wish to update our label.
We will now create the corresponding method:
private void UpdateLabel(string txt)
{
    if (labelEventUpdate.InvokeRequired)
        labelEventUpdate.Invoke(new UpdateLabelDelegate(UpdateLabel), new object[] { txt });
    else
        labelEventUpdate.Text = txt;
}







Line by line, this performs the following:if (labelEventUpdate.InvokeRequired)



InvokeRequired essentially checks whether we’re currently in the main thread, and can therefore update UI items manually.  If we are not in the main thread, this will return true, if we are it will return false.labelEventUpdate.Invoke(new UpdateLabelDelegate(UpdateLabel), new object[] { txt });


This invokes our UpdateLabelDelegate delegate.  It does this through an anonymous method, which re-calls the UpdateLabel method (i.e. the method we are currently in), again passing the txt parameter.  When this is re-called, however, it will be as part of the event loop on the main thread.
If we are in the main thread, we may simply update the control as normal:labelEventUpdate.Text = txt;



In other words, this method will check whether we are currently in the main thread, if we are not, it will use a delegate to re-call the method on that main thread.  The main thread will simply update the .Text property of the label.
We may now modify the ThreadStart method to accommodate this:
void ThreadStart()
{
    //This long sleep will illustrate what happens 
    //when the main thread of execution is blocked
    Thread.Sleep(10000);
    UpdateLabel("Hello");
}






Regardless of the thread from which we call ThreadStart, the label will be updated in a thread-safe manner.
This does not, however, solve the potential issue of the thread needing to be synchronised; the nature of a UI event (such as a button click) is that the main thread should not process on it for any substantial period of time.  As such, synchronising running threads can be both a chore and actually fairly difficult, with consideration required for what occurs should the thread fail to complete its task, or should the user which to view the thread’s progress, or even cancel it.  For this reason, the asynchronous thread class named BackgroundWorker exists.
BackgroundWorker is again a form of delegate, however it must match the event prototype.  As such, any methods it accesses must use the event prototype:void ThreadStart(object sender, DoWorkEventArgs e)



Create a class-wide BackgroundWorkerBackgroundWorker lu;



And initialise it:public Form1()
{
    InitializeComponent();
    lu = new BackgroundWorker();
    lu.DoWork += ThreadStart;
}






Remember that BackgroundWorker.DoWork is essentially a delegate which matches the prototype void Function(object, DoWorkEventArgs), and may in all respects be treated like a delegate.
Finally, invoke the worker asynchronously in the button click event:private void buttonProcess_Click(object sender, EventArgs e)
{
    lu.RunWorkerAsync();
}





Run this program.  Notice how, having clicked the button, the user interface no longer freezes and can be moved, resized and generally respond to user interaction.
Advanced usage of the BackgroundWorker class
There are numerous advanced features of a BackgroundWorker which allow for powerful, threaded implementations in a program which features a user interface.  For example, rather than handling events from the ThreadStart() method on the completion of the thread, for simplicity and clarity, we may wish to call a specialised method  to handle completion.
This method uses the EventArgs parameter to access the BackgroundWorker.  This method handles the cancellation of a thread, or any errors it may encounter.  Implement the ThreadComplete method:
void ThreadComplete(object sender, RunWorkerCompletedEventArgs e)
{
    if (e.Cancelled)
        UpdateLabel("Cancelled.");
    else if (e.Error != null)
        UpdateLabel("Error: " + e.Error.ToString());
    else
        UpdateLabel(e.Result.ToString());
}







Modify ThreadStart to set the Result parameter:
void ThreadStart(object sender, DoWorkEventArgs e)
{
    Thread.Sleep(10000);
    e.Result = "Complete.";
}





And add this method to the Form1 constructor:
lu.RunWorkerCompleted += ThreadComplete;



This means that, when invoked, the BackgroundWorker will process on ThreadStart until it completes, it is cancelled or an error occurs.
On that note, it may be desirable to cancel the processing of a BackgroundWorker – something that may be laborious and time consuming to code in a Thread implementation.  Again, for a BackgroundWorker, this is passed through the EventArgs parameter.void ThreadStart(object sender, DoWorkEventArgs e)
{
    Random rng = new Random();

    int r = rng.Next(1, 20);

    for (uint i = 0; i < r; i++)
    {
        if (lu.CancellationPending)
        {
            e.Cancel = true;
            return;
        }

        Thread.Sleep(1000);







    }
    e.Result = "Complete.";
}



Add a cancel Button to the form.private void buttonCancel_Click(object sender, EventArgs e)
{
    lu.CancelAsync();
}





And set WorkerSupportsCancellation to true in the constructor:lu.WorkerSupportsCancellation = true;



Test the new cancel button.  Remember that, even when cancelled, ThreadComplete will still be called.
As you may have noticed, we have slightly adjusted ThreadStart to take a random period of time; rather than always completing in 10 seconds, it will now take between 1 and 20.  It may be desirable to report this progress to the user.  Again, this is supported by the BackgroundWorker class.
Add a ProgressBar control to the form.
Implement the ThreadProgress method:void ThreadProgress(object sender, ProgressChangedEventArgs e)
{
    progBar.Value = e.ProgressPercentage;
}





Modify the constructor to support the progress bar:
lu.WorkerReportsProgress = true;
lu.ProgressChanged += ThreadProgress;



And change our ThreadStart method to accommodate:void ThreadStart(object sender, DoWorkEventArgs e)
{
    Random rng = new Random();

    int r = rng.Next(1, 20);

    for (uint i = 0; i < r; i++)
    {
        if (lu.CancellationPending)
        {
            e.Cancel = true;
            return;
        }

        float prog = (100 / r) * i;

        lu.ReportProgress((int)prog);

        Thread.Sleep(1000);
    }

    lu.ReportProgress(100);
    e.Result = "Complete.";
}












Note the final lu.ReportProgress(100) is included simply because the final timestep is missed by this loop.
You may also wish to update the cancel method:private void buttonCancel_Click(object sender, EventArgs e)
{
    lu.CancelAsync();
    lu.ReportProgress(0);
}





This concludes the implementation of a (comparatively) simple BackgroundWorker.
























Suspending, resuming and aborting a thread

We have learned how to temporarily pause a thread’s execution through the sleep method, however this is only 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.  Note that this method is considered deprecated; other ways of achieving the same functionality will be detailed later in this tutorial.
The following (console) program makes use of the Suspend, Abort and Resume methods.using System;
using System.Collections.Generic;
using System.Linq;
using System.Text;
using System.Threading;

namespace AbortResume
{
    class Program
    {
        static public Thread Thread1;
        static public Thread Thread2;
        static public Thread Thread3;

        static void Main(string[] args)
        {
            Thread1 = new Thread(Display1);
            Thread2 = new Thread(Display2);
            Thread3 = new Thread(Display3);

            Thread1.Start();
            Thread2.Start();
            Thread3.Start();

            //All 3 threads are now running

            System.Threading.Thread.Sleep(5000); //Sleep for 5 seconds, observe the output

            Console.WriteLine("Suspending Thread 1");
            Thread1.Suspend(); //Suspend thread 1

            System.Threading.Thread.Sleep(5000); //Sleep for 5 seconds, observe the output

            Console.WriteLine("Resuming Thread 1");
            Thread1.Resume(); //Resume thread 1

            System.Threading.Thread.Sleep(5000); //Sleep for 5 seconds, observe the output

            Console.WriteLine("Aborting Thread 2");
            Thread2.Abort(); //Abort thread 2

            System.Threading.Thread.Sleep(5000); //Sleep for 5 seconds, observe the output

            


























            Console.WriteLine("Aborting Thread 3");
            Thread3.Abort(); //Abort thread 3

            System.Threading.Thread.Sleep(5000); //Sleep for 5 seconds, observe the output

            Console.WriteLine("Aborting Thread 1");
            Thread1.Abort(); //Abort thread 1

            Console.ReadLine();
        }

        static void Display1()
        {
            while (true)
            {
                Console.Write("1");
                System.Threading.Thread.Sleep(10);
            }
        }

        static void Display2()
        {
            while (true)
            {
                Console.Write("2");
                System.Threading.Thread.Sleep(10);
            }
        }

        static void Display3()
        {
            while (true)
            {
                Console.Write("3");
                System.Threading.Thread.Sleep(10);
            }
        }
    }
}



















Test this code and observe the output.
While this is a relatively simple idea, it does raise an interesting question; what happens if a thread hangs, or blocks indefinitely?
Such a thing is not an especially common occurrence, indeed it can usually be predicted through simple inspection of code, however there may come occasion when you wish to entirely abort a thread prematurely, especially if it is blocking indefinitely.







Interrupting a blocking thread
You may occasionally encounter a situation in which a thread has become permanently blocked.  This may be as a result of inappropriate use of Mutexes, an extremely long wait which you wish to prematurely terminate or other, similar circumstances in which you want to bypass a blocking statement prematurely.
This is achieved through use of the Thread.Interrupt command.  Take the following code which will, by design, never complete.
static void InfiniteWait()
{
    Thread.Sleep(Timeout.Infinite);

    Console.WriteLine("Thread continuing with execution...");
    Thread.Sleep(2000);
    Console.WriteLine("Thread complete.");
}







Be aware that to interrupt a thread is in essence an error, it is not intended to be done regularly or frequently, rather as a last resort.  As an error, it must be handled:static void InfiniteWait()
{
    try
    {
        Thread.Sleep(Timeout.Infinite);
    }
    catch (ThreadInterruptedException)
    {
        Console.WriteLine("Thread forcibly interrupted!");
    }

    Console.WriteLine("Thread continuing with execution...");
    Thread.Sleep(2000);
    Console.WriteLine("Thread complete.");
}










With this in place, we may start the thread, wait for 5 seconds, and then interrupt it.static void Main(string[] args)
{
    Thread infWait = new Thread(InfiniteWait);
    infWait.Start();
            
    Thread.Sleep(5000);
    infWait.Interrupt();
    infWait.Join();
    Console.ReadLine();
}








Remember, the Interrupt() function is deliberately forcing an error and is, therefore, not a strategy intended to be used routinely in day to day programming, but one used to prevent a more substantial issue (such as an unrecoverable thread which necessitates a restart of the program).
Aborting a blocking thread
Rather than interrupting a thread, which allows that thread to continue processing, you may wish to instead abort the thread’s execution entirely.  This is an identical concept to interrupting a thread, right down to introducing an error and comes with all of the caveats relevant to interrupting a thread attached.
Rather than, or in addition to ThreadInterruptedException, to permit an abort of a segment of code, you must handle ThreadAbortException.static void InfiniteWait()
{
    try
    {
        Thread.Sleep(Timeout.Infinite);
    }
    catch (ThreadInterruptedException)
    {
        Console.WriteLine("Thread forcibly interrupted!");
    }
    catch (ThreadAbortException)
    {
        Console.WriteLine("Thread forcibly aborted!");
    }

    Console.WriteLine("Thread continuing with execution...");
    Thread.Sleep(2000);
    Console.WriteLine("Thread complete.");
}












Test the difference between Interrupt and Abort:static void Main(string[] args)
{
    Thread infWait = new Thread(InfiniteWait);
    infWait.Start();
            
    Thread.Sleep(5000);
    infWait.Interrupt();
    infWait.Join();

    infWait = new Thread(InfiniteWait);
    infWait.Start();

    Thread.Sleep(5000);
    infWait.Abort();
    infWait.Join();

    Console.ReadLine();
}











Notice how an interrupted thread will continue execution after the interrupt occurs (in this case outputting “Thread Complete”) while an aborted thread will execute the ThreadAbortException code then instantly terminate.



Exercise
· Create a Windows Form Application which can asynchronously calculate PI to a specified precision.
· The following function may be used to calculate PI, with the input parameter both increasing accuracy but also time taken.  That is to say that CalculatePi((long)1e8) will be considerably more accurate than CalculatePi(long)1e5), but also take 1000 times longer.public decimal CalculatePi(long prec) 
{
	decimal CurrentPi = 1;
	int multiplier = 1;
	int nextNumber = 3;
	 
	decimal result = 1;
	for(long i=0;i<prec;i++)
    {
	    multiplier = multiplier * -1;
	    result = result + multiplier * (decimal)1 /(nextNumber);
	    CurrentPi = result*4;
	    nextNumber += 2;
	}
	return CurrentPi;
}











· Four threads should run simultaneously (operating through a background worker) to calculate PI using input parameters 1e5, 1e6, 1e7 and 1e8.  Each thread should be independently cancellable through a button and report their progress to separate ProgressBars.
· The interface may look similar to the following:[image: ]
· Hint: you will need to modify the CalculatePi prototype to support a BackgroundWorker.  You will also need to take in 3 parameters for operation:
· A long which will serve as the maximum iteration (prec in this example)
· A method of updating the correct label once the run is complete; a delegate is the most logical way to achieve this
· A reference to the BackgroundWorker in question for the purpose of ReportProgress and CancellationPending.
· The following code fragment may be used to achieve this:private void buttonStart1_Click(object sender, EventArgs e)
{
    UpdateLabelDelegate ud = new UpdateLabelDelegate(UpdateLabel1);
    object[] parameters = new object[3];
    parameters[0] = (long)1e5;
    parameters[1] = ud;
    parameters[2] = pc1;

    worker1.RunWorkerAsync(parameters);
}









And retrieved by CalculatePi (note the modified prototype):public void CalculatePi(object sender, DoWorkEventArgs e)
{
    object[] pr = e.Argument as object[];

    long prec = (long)pr[0];
    UpdateLabelDelegate returnMethod = (UpdateLabelDelegate)pr[1];
    BackgroundWorker worker = (BackgroundWorker)pr[2];







· Hint: do not attempt to call the ReportProgress method every iteration.  You could call it every 1000 iterations with the following fragment:
if (i % 1000 == 0)
{
    double mprog = i / prec;
    mprog *= 100;

    worker.ReportProgress((int)mprog);
}





· In operation, the form may look similar to the following: [image: ]
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