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At the best of times, the threads you start can be something of an abstract quantity; to date we have treated them as something of a “fire and forget”, whereby we start a thread, it performs some processing, albeit with some synchronisation, but is ultimately predominantly out of our control.  Controlling a thread is, in itself often a difficult thing to achieve, and doing so in minute detail is usually a considerable amount of work, however there are numerous tools within C# to help with doing this.
Controlling Thread Priorities
Depending on what tasks 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 thread1, thread2 and thread3.  The program then assigns thread1 the priority “BelowNormal” and thread3 the priority “AboveNormal”.
 (
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.Priority = 
ThreadPriority
.BelowNormal
;
            Thread3.Priority = 
ThreadPriority
.AboveNormal
;
            
Thread1.Start(
);
            
Thread2.Start(
);
            
Thread3.Start(
);
            
Thread1.Join(
);
            
Console
.ReadLine
(
);
        }
        
static
 
void
 Display1()
        {
            
for
 (
uint
 
i
 = 0; 
i
 < 25000;i++)
            {
                
Console
.Write
(
"1"
);
            }
        }
        
static
 
void
 Display2()
        {
            
for
 (
uint
 
i
 = 0; 
i
 < 25000; 
i
++)
            {
                
Console
.Write
(
"2"
);
            }
        }
)






















 (
        
static
 
void
 Display3()
        {
            
for
 (
uint
 
i
 = 0; 
i
 < 25000; 
i
++)
            {
                
Console
.Write
(
"3"
);
            }
        }
    }
}
)



Note that a sample which exceeds a single core time slice is required to see the effects of priority.  As seen above, because thread3 has the highest priority it finishes its processing first.  Thread1 completes last because it has the lowest priority.













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

























 (
            
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."
);
}
)





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






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.
 (
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."
);
}
)Rather than, or in addition to ThreadInterruptedException, to permit an abort of a segment of code, you must handle ThreadAbortException.










 (
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
(
);
}
)Test the difference between Interrupt and Abort:









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.



Monitor timeout
While we can forcibly unblock or abort certain waiting conditions, including a Monitor.Wait, it is often preferable to instead add a timeout to your condition and handle that timeout occurring.  This can be achieved through use of the Monitor.TryWait command, specifying a number of milliseconds which should expire before the lock is re-polled for a final time and, if it is still locked, the method return false.
 (
static
 
readonly
 
object
 
myLock
 = 
new
 
object
();
static
 
void
 Main(
string
[] 
args
)
{
    
Thread
 
infWait
 = 
new
 
Thread
(
InfiniteWait
);
    
infWait.Start
(
);
    
Thread
 
infBlock
 = 
new
 
Thread
(
InfiniteBlock
);
    
infBlock.Start
(
);
    
Console
.ReadLine
(
);
}
static
 
void
 
InfiniteWait
()
{
    
Monitor
.Enter
(
myLock
);
    
Thread
.Sleep
(
Timeout
.Infinite
);
            
    
Monitor
.Pulse
(
myLock
);
    
Monitor
.Exit
(
myLock
);
            
}
static
 
void
 
InfiniteBlock
()
{
    
Thread
.Sleep
(
2000); 
//Waiting for the object to lock
    
if
 (
Monitor
.TryEnter
(
myLock
, 5000)) 
//5 second timeout
    {
        
Console
.WriteLine
(
"Thread passed through monitor successfully"
);
    }
    
else
    {
        
Console
.WriteLine
(
"Thread passed through monitor because timeout occurred"
);
    }
}
)


















Try replacing the Timeout.Infinite with a 500ms timeout to observe the difference between a timed out termination and a successful obtaining of the lock.






Thread barrier
 (
static
 
Barrier
 
mBar
 = 
new
 
Barrier
(4);
static
 
Random
 
rng
 = 
new
 
Random
();
static
 
void
 Main(
string
[] 
args
)
{
    
Thread
 t1 = 
new
 
Thread
(
PrintBarrier
);
    
Thread
 t2 = 
new
 
Thread
(
PrintBarrier
);
    
Thread
 t3 = 
new
 
Thread
(
PrintBarrier
);
    
Thread
 t4 = 
new
 
Thread
(
PrintBarrier
);
    
t1.Start(
);
    
t2.Start(
);
    
t3.Start(
);
    
t4.Start(
);
    
Console
.ReadLine
(
);
}
static
 
void
 
PrintBarrier
()
{
    
for
 (
int
 
i
 = 0; 
i
 < 10; 
i
++)
    {
        
Thread
.Sleep
(
rng.Next
(500, 3500));
        
Console
.WriteLine
(
i
);
        
mBar.SignalAndWait
(
);
    }
}
)The thread barrier can, in many ways be considered the opposite of a Semaphore.  A barrier will block any threads from passing through it until a specified number of threads are queued.














Note how the threads never desynchronise.  Try removing the SingalAndWait statement and note the difference.
[image: ]
 (
static
 
Barrier
 
mBar
 = 
new
 
Barrier
(4);
)In essence, a Barrier will hold the number of threads specified in the constructor (in this case 4):

And will block these threads until that limit is reached.  Once the limit is reached, all of the held threads are released to continue processing.
Post-phase actions
 (
static
 
Barrier
 
mBar
 = 
new
 
Barrier
(4, 
mBar
 => 
Console
.WriteLine
(
"Iteration complete."
));
)Upon a thread barrier reaching its specified thread limit, the barrier is capable of executing a post-phase lambda (anonymous) function.  This must be specified in the barrier constructor, as so:

This lambda function occurs immediately before the barrier allows threads to pass through, so is guaranteed to occur between iterations:
[image: ]
















Exercises
1) Using appropriate synchronisation methods create a program which uses 4 threads to output the iteration and the thread ID 10 times each, with a tab space between them.
· Each thread should output only once per line.
· The order in which threads output on a given line does not matter.
· Output should look similar to the following (albeit with variations in Thread ID positioning):
[image: ]
Hint: how you achieve the carriage return between complete iterations could be extremely easy or extremely difficult, so pick the method you use intelligently.




















 (
static
 
void
 Main(
string
[] 
args
)
{
    
Thread
 
mt
 = 
new
 
Thread
(
ProcFunction
);
    
while
 (
true
)
    {
        
Console
.WriteLine
(
"Select option:\n1:Start thread\n2:Pause thread\n3:Abort thread\n4:View thread progress\n5:Exit"
);
        
int
 
rn
;
        
try
        {
            
rn
 = 
int
.Parse
(
Console
.ReadLine
());
            
Console
.Clear
(
);
        }
        
catch
        {
            
Console
.WriteLine
(
"Could not parse number."
);
            
continue
;
        }
        
Console
.WriteLine
(
rn
 + 
"\n"
);
        
switch
 (
rn
)
        {
            
case
 1:
            {
                
if
 (
mt.IsAlive
 && 
mt.ThreadState
 != 
ThreadState
.Unstarted
)
                {
                    
Console
.WriteLine
(
"Thread already running.\n"
);
                }
                
else
 
if
 (
mt.ThreadState
 != 
ThreadState
.Unstarted
)
                {
                    
mt
 = 
new
 
Thread
(
ProcFunction
);
                    
mt.Start
(
);
                    
Console
.WriteLine
(
"Thread started.\n"
);
                }
                
else
                {
                    
mt.Start
(
);
                    
Console
.WriteLine
(
"Thread started.\n"
);
                }
                
break
;
            }
            
case
 2:
            {
                
break
;
            }
            
case
 3:
            {
                
break
;
            }
            
case
 4:
            {
                
break
;
            }
)2) Create a console application which allows the user to pause, cancel and view the progress of a Thread class to emulate some of the functionality of a BackgroundWorker. 





























 (
            
case
 5:
            {
                
Environment
.Exit
(
0);
                
break
;
            }
        }
                
    }
}
static
 
void
 
ProcFunction
()
{
    
Random
 
rng
 = 
new
 
Random
(
);
    
for
 (
int
 
i
 = 0; 
i
 < 
rng.Next
(10000, 15000); 
i
++)
    {
        
Thread
.Sleep
(
1000);
    }
}
)








· Implement functionality to allow the program to pause the thread.
· Implement functionality to allow the program to abort the thread.
· Implement functionality to display the thread’s progress.
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