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Understanding the Threadpool
To date, every threaded application we have created has revolved around the principle that one thread is spawned by one Thread or BackgroundWorker object; spawning a second thread involves the creation of another Thread or BackgroundWorker object and so on.  This is fine for small scale systems; however tends to become increasingly unintuitive and awkward as systems become larger or require degrees of extensibility.
It may not always be possible to know exactly how many threads a given system will need.  Take a server in a distributed system; often it will want to spin a thread to handle each connection, but the developer will not know exactly how many connections it will receive.  While anonymous threads can, to some extent solve this issue, once created they cannot be managed outside of that thread, which can make even simple programming challenges unnecessarily taxing.
For these situations, the Threadpool exists.  Threadpool is a class which can queue a large number of tasks, spinning off a certain number of threads (up to a specified limit) to process on them simultaneously.
 (
static
 
void
 Main(
string
[] 
args
)
{
    
for
 (
int
 
i
 = 0; 
i
 < 20; 
i
++)
        
ThreadPool
.QueueUserWorkItem
(
new
 
WaitCallback
(
ThreadedTask
), 
i
);
    
Console
.ReadLine
(
);
}
static
 
void
 
ThreadedTask
(
object
 
tNum
)
{
    
Random
 
rng
 = 
new
 
Random
(
Thread
.CurrentThread.GetHashCode
());
    
Console
.WriteLine
(
"Thread {0} ({1}) started"
, 
tNum
, 
Thread
.CurrentThread.GetHashCode
());
    
Thread
.Sleep
(
rng.Next
(1000, 10000));
    
Console
.WriteLine
(
"\t\t\
tThread
 {0} ({1}) finished"
, 
tNum
, 
Thread
.CurrentThread.GetHashCode
());
}
)Take the following code as an example:










Run this and observe the output:
[image: ]
Notice how the threads start in a manner that is slow and staggered.  The machine which ran the above program is quad-core, thus by default, the ThreadPool is set to permit only 4 simultaneous threads.  This is not, however, ideal for programs in which the running threads in question do not saturate the CPU, or indeed even come close.  We can, therefore override these parameters.
 (
static
 
void
 Main(
string
[] 
args
)
{
    
int
 
workerThreads
, 
completionThreads
;
    
ThreadPool
.GetMinThreads
(
out
 
workerThreads
, 
out
 
completionThreads
);
    
Console
.WriteLine
(
"Min worker threads: "
 + 
workerThreads
 + 
"\
nMin
 completion threads: "
 + 
completionThreads
);
    
ThreadPool
.SetMinThreads
(
20, 
completionThreads
);
    
for
 (
int
 
i
 = 0; 
i
 < 20; 
i
++)
        
ThreadPool
.QueueUserWorkItem
(
new
 
WaitCallback
(
ThreadedTask
), 
i
);
    
Console
.ReadLine
(
);
}
)In this instance, we’ll set the minimum worker threads to 20 (this is the number of threads the ThreadPool keeps waiting for incoming requests) without changing the number of completion threads (which are used for asynchronous input/output):








Run the program again and observe the difference in output:
[image: ]
You can adjust the operation of the Threadpool using the SetMinThreads and SetMaxThreads methods.  Try adjusting the Threadpool’s operation using these to see the difference.
Exercise
A timeserver is a simple concept; upon receiving a connection, the server will send the current time to the client, and then disconnect.
Download the TCPReturnServer from the zip file on moodle and include it in your program (this will perform the relevant TCP code for you).  The class namespace is ThreadpoolTimesever; you will either need to follow this, or change it in the class.
The class can be used as follows:
 (
static
 
void
 Main(
string
[] 
args
)
{
    
TCPReturnServer
.
NetworkOutput
 no = Output; 
//A delegate - this returns the string that will be passed when a connection is opened
    
TCPReturnServer
 
ts
 = 
new
 
TCPReturnServer
(
1234, no); 
//the port to use (1234) and the delegate to call
    
Socket
 s = 
ts.Listen
(
); 
//Listens on the socket (remember to include using 
System.Net.Sockets
)
    
ts.HandleConnection
(s)
; 
//Handles the connection, calling the 
NetworkOutput
 delegate and sending it to the client
}
static
 
string
 Output()
{
    
return
 
"The time is "
 + 
DateTime
.Now.ToString
(
"
HH:mm:ss
 
tt
"
);
}
)









Download the TCPTestClient from the same package and test the code for 1 iteration.
 (
while
 (
true
)
{
    
Socket
 s = 
ts.Listen
(
);
    
ts.HandleConnection
(s)
;
}
)Notice how the server exits when the connection completes.  Resolve this by wrapping a while loop around the listen/connection handler:




Test this with 10 iterations.  What do you notice about the return?   Bear in mind that this program inserts a deliberate, artificial 5 second sleep into the handler.
Modify this code so that the server adds the connection handler to the Threadpool for every new thread.  Run this again with 10 iterations and notice the difference.
Adjust the parameters of this Threadpool so that return is simultaneous for each request.


Threading conclusion and recap
To conclude threading, a number of exercises of varying difficulty have been created to test what you have learned.  You may need to refer back to any of the previous threading worksheets to complete these exercises.  You will also need the zip file which accompanies this worksheet (available from moodle).  These tasks are intended to be difficult, so do not worry if you find them problematic, and be sure to ask for help should you need it.
1) Spellchecking application – splitting data.
First, consider a simple spellchecking console application (you will need to place Words.txt from the zip file into \bin\debug in the project folder:
[image: ]
And navigate to bin -> debug.









Add the following code:
 (
class
 
Program
{
    
if
 (!
File
.Exists
(
"Words.txt"
))
    
{
    
    
Console
.WriteLine
(
"Error: Download Words.txt from 
Moodle
 and place it in Project\\bin\\Debug!"
);
    
    
Environment
.Exit
(
-1);
    
}
    
wHash
 = 
new
 
HashSet
<
string
>(
File
.ReadAllLines
(
"Words.txt"
), 
StringComparer
.InvariantCultureIgnoreCase
);
    
Console
.WriteLine
(
"Input word:"
);
    
if
(
wHash.Contains
(
Console
.ReadLine
()))
    
{
    
    
Console
.WriteLine
(
"Word exists"
);
    
}
    
else
    
{
    
    
Console
.WriteLine
(
"No such word found"
);
    
}
    
Console
.ReadLine
(
);
}
)













This allows us a simple lookup for a single word.  Run it and test it with a few reasonable words (“hello”, “cat”, “dog” etc) and a few non-words to see the difference.  Processing should be relatively fast, fast enough not to warrant parallelising.  What, however, if we were to emulate the spellchecking of a complete document containing one million words?  We can modify the above example to generate a blend of “real” and fake words.
Use the following example to assist you:
 (
class
 
Program
{
    
static
 
HashSet
<
string
> document;
    
static
 
string
[] 
documentList
 = 
new
 
string
[1000000];
    
static
 
Mutex
 
exMut
 = 
new
 
Mutex
();
    
static
 
Mutex
 
nexMut
 = 
new
 
Mutex
();
    
static
 
void
 Main(
string
[] 
args
)
    {
        
if
 (!
File
.Exists
(
"Words.txt"
))
        {
            
Console
.WriteLine
(
"Error: Download Words.txt from 
Moodle
 and place it in Project\\bin\\Debug!"
);
            
Environment
.Exit
(
-1);
        }
        
//Sets up the 
documentList
 array
        
document
 = 
new
 
HashSet
<
string
>(
File
.ReadAllLines
(
"Words.txt"
), 
StringComparer
.InvariantCultureIgnoreCase
);
        
string
[
] 
realSet
 = 
document.ToArray
();
        
Random
 
rng
 = 
new
 
Random
(
);
)











 (
        
for
 (
int
 
i
 = 0; 
i
 < 1000000; 
i
++)
        {
            
if
 (
rng.NextDouble
() >= 0.0001)
            {
                
documentList
[
i
] = 
realSet
[
rng.Next
(0, realSet.Length-1)];
            }
            
else
            {
                
documentList
[
i
] = 
FakeString
(
rng.Next
(3, 10));
            }
        }
        
document.Contains
(
"Hello"
);
        
//loop through the 
documentList
 array and call 
document.Contains
(
string) on each of them.
        
//
document.Contains
 will return true if the word is correct, false if not.
        
//Print any incorrect words to console.
        
Console
.ReadLine
(
);
    }
    
static
 
string
 
FakeString
(
int
 size)
    {
        
StringBuilder
 b = 
new
 
StringBuilder
(
);
        
Random
 r = 
new
 
Random
(
);
        
char
 
ch
;
        
for
 (
int
 
i
 = 0; 
i
 < size; 
i
++)
        {
            
ch
 = 
Convert
.ToChar
(
Convert
.ToInt32(
Math
.Floor
(26 * 
r.NextDouble
() + 65)));
            
b.Append
(
ch
);
        }
        
return
 
b.ToString
();
    }
}
)

















· At least 4 threads (either using the Thread class or Threadpool) should be running simultaneously, checking the document.
· You will need an additional, threaded method (remember how to pass data to this method).
·  (
document.Contains
(
"Hello"
);
)To check a word, call document.Contains.  For example,

 (
document.Contains
(
"
Thisisnotaword
"
);
)Will return true, while

Will return false.
· Accumulate from your threads (using either a list or an array) all of the incorrect words discovered and print these to console.  You may need to refer to previous tutorials to remind yourself how to do this.



2) Robust synchronisation
Create an application with 3 Threads which prints the numbers from 1 to 100.  Each thread should output in increments of 3, but the threads should be scheduled so that this is not apparent.  Output should look similar to the following:
 (
Thread 1
Thread 2
Thread 3
)[image: ]
· You may need to consider the various synchronisation methods we have learned about to discover which is the most appropriate
· You may need more than one method (though this is achievable with one)
· The implementation should be as fast as possible, i.e. it should not use any Thread.Sleep calls.





















3) Processing on a BackgroundWorker

 (
private
 
void
 
WorkerMethod
(
object
 sender, 
DoWorkEventArgs
 e)
{
    
for
 (
int
 
i
 = 0; 
i
 < 1000; 
i
++)
    {
        
Thread
.Sleep
(
10);
    }
}
)Create a BackgroundWorker which processes the following code as its asynchronous method:




Add a progress bar to the form and to the worker.  Make the appropriate modifications to the WorkerMethod.
Add a cancel button to the form and to the worker.  Make the appropriate modifications to the WorkerMethod.
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