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Threading
A thread provides a device through which more than one core of a CPU may be operated on simultaneously.  Threads may also be used to separate different tasks in a program, essentially segregating differing functionality.
A simple threaded application

· Create a new Console application and name it SimpleThreaded
·  (
using
 System;
using
 System.Collections.Generic;
using
 System.Linq;
using
 System.Text;
using
 System.Threading;
)Ensure the following Using statements are present:



·  (
static
 
void
 ThreadedOutput1()
{
    
for
(
uint
 i=0;i<25;i++)
        
Console
.WriteLine(
"Thread 1"
);
}
static
 
void
 ThreadedOutput2()
{
    
for
 (
uint
 i = 0; i < 25; i++)
        
Console
.WriteLine(
"Thread 2"
);
}
)Add two methods:
 





Test these methods as you would normally and observe the output:
 (
static
 
void
 Main(
string
[] args)
{
    ThreadedOutput1();
    ThreadedOutput2();
    
Console
.ReadLine();
}
)




As is to be expected, as this program is not yet threaded, the methods execute consecutively



We will now thread the output of this program:
·  (
static
 
void
 Main(
string
[] args)
{
    
Thread
 t1 = 
new
 
Thread
(ThreadedOutput1);
    
Thread
 t2 = 
new
 
Thread
(ThreadedOutput2);
    t1.Start();
    t2.Start();
    
Console
.ReadLine();
}
)Modify the Main function:






Note that Thread.Start is a non-blocking function, i.e. it will not wait until that thread is finished to read the next statement.  As such, both threads will start almost simultaneously.
· Build and observe the output:
[image: ]
Notice how threads 1 and 2 are outputting at varying times; both threads are operating concurrently.
Blocking a thread
You may wish to wait for a thread to finish processing before continuing execution; this can be achieved with a "join" statement.  A join will block execution until the thread has completed and returned.
Add a third function, ThreadedOutput3, modifying the implementation of the other two.
 (
Thread
 t1 = 
new
 
Thread
(ThreadedOutput1);
Thread
 t2 = 
new
 
Thread
(ThreadedOutput2);
Thread
 t3 = 
new
 
Thread
(ThreadedOutput3);
t1.Start();
t2.Start();
t3.Start();
Console
.ReadLine();
)Implement this in the main function and observe how the output changes:





[image: ]
All three outputs are now mixed.  What if we wished to instead wait for the completion of threads 1 and 2 before executing 3?
The join statement can be used as so:


 (
Thread
 t1 = 
new
 
Thread
(ThreadedOutput1);
Thread
 t2 = 
new
 
Thread
(ThreadedOutput2);
Thread
 t3 = 
new
 
Thread
(ThreadedOutput3);
t1.Start();
t2.Start();
t1.Join();
t2.Join();
t3.Start();
Console
.ReadLine();
)





Observe the output again.  Notice how thread 3 will not start until threads 1 and 2 have completed.  The Join function will block the main thread of execution until thread 1 and then thread 2 have completed processing and thus are ready to be rejoined into the main thread.







Pausing a thread
An important concept for the implementation of a thread is pausing or blocking it temporarily.  This can be achieved through the sleep command which will essentially block execution until a predetermined period of time has expired.  Note that the main thread of execution can also be put into a sleep state, but doing this for an extended period of time will cause the entire program to hang.  Sleep is a blocking function and a sleeping thread does not take up any significant processing time.
Modify the ThreadedOutput1 method and observe the change in output:
 (
static
 
void
 ThreadedOutput1()
{
    
Thread
.Sleep(500);
    
for
(
uint
 i=0;i<25;i++)
        
Console
.WriteLine(
"Thread 1"
);
    
Thread
.Sleep(500);
}
)





ThreadedOutput1 and ThreadedOutput2 will start at the same time.  ThreadedOutput2 will output as previously.  ThreadedOutput1 will pause for 500ms, output as previously, pause for another 500ms and terminate.  ThreadedOutput3 will run when both previous threads are complete.
Naming a thread
For the sake of simplicity, especially when multiple threads are simultaneously operating within the same method, a thread may be named.
Remove ThreadOutput1, 2 and 3.
 (
static
 
void
 ThreadedOutput()
{
    
Console
.WriteLine(
"Thread: "
 + 
Thread
.CurrentThread.Name);
}
)Create a new method in their place:



 (
        
static
 
void
 Main(
string
[] args)
        {
            
Thread
 t1 = 
new
 
Thread
(ThreadedOutput);
            
Thread
 t2 = 
new
 
Thread
(ThreadedOutput);
            
Thread
 t3 = 
new
 
Thread
(ThreadedOutput);
            t1.Name = 
"Thread 1"
;
            t2.Name = 
"Thread 2"
;
            t3.Name = 
"Thread 3"
;
            t1.Start();
            t2.Start();
            t3.Start();
            
Console
.ReadLine();
        }
)And modify the main function:







Observe the output:
[image: ]
Function parameters when creating a thread
The final and most complex element of basic thread handling is passing a parameter to a function which starts a thread.
This is somewhat more complex than it may first appear.  It can be achieved through a lambda expression, though this is considered bad practice and should be avoided.
 (
static
 
void
 Main(
string
[] args)
{
    
Thread
 t1 = 
new
 
Thread
(ThreadedOutput);
    
Thread
 t2 = 
new
 
Thread
(ThreadedOutput);
    
Thread
 t3 = 
new
 
Thread
(ThreadedOutput);
    
string
 Thread1Data = 
"Hello from thread 1"
; 
//While this data is a string, it will be cast to an object
    
string
 Thread2Data = 
"Hello from thread 2"
;
    t1.Start((
object
)Thread1Data);
    t2.Start((
object
)Thread2Data);
    t3.Start((
object
)
"Hello from thread 3"
); 
//An implicit cast is legal, but may cause problems with complex data types
    
Console
.ReadLine();
}
static
 
void
 ThreadedOutput(
object
 myVar)
{
    
//Casting our object back to a string.
    
Console
.WriteLine((
string
)myVar);   
    
//Note that passing the wrong data type will result in a run-time error and the program crashing.
}
)Far more preferable, if somewhat abstract initially is the notion of casting the parameter as an object.  The parameter “object” is intended to take a reference to any type-cast variable or object which may be recast to its original format in the threaded function:
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The obvious issue with this is that only a single parameter can be passed.   This can, however, be circumvented by encapsulating the data to be passed in a specially created object:
 (
public
 
class
 
ThreadedData
{
    
public
 ThreadedData()
    {
        tNumber1 = 0.0;
    }
    
public
 ThreadedData(
string
 s1, 
string
 s2, 
double
 n1)
    {
        tData1 = s1;
        tData2 = s2;
        tNumber1 = n1;
    }
    
public
 
string
 tData1;
    
public
 
string
 tData2;
    
public
 
double
 tNumber1;
}
class
 
Program
{
    
static
 
void
 Main(
string
[] args)
    {
        
Thread
 t1 = 
new
 
Thread
(ThreadedOutput);
        
Thread
 t2 = 
new
 
Thread
(ThreadedOutput);
        t1.Name = 
"Thread 1"
;
        t2.Name = 
"Thread 2"
;
        
//Create instances of our ThreadedData class
        
//This object will be passed to ThreadedOutput
        
ThreadedData
 td1, td2;
        td1 = 
new
 
ThreadedData
();
        td1.tData1 = 
"Hello from thread 1"
;
        td1.tData2 = 
"This data has been passed dynamically"
;
        td1.tNumber1 = 17.3;
        td2 = 
new
 
ThreadedData
(
"Hello from thread 2"
, 
"This data has also been passed dynamically"
, 11.4);
        
//We can now start our threads:
        t1.Start((
object
)td1);
        t2.Start((
object
)td2);
        
Console
.ReadLine();
    }
)


























 (
    
static
 
void
 ThreadedOutput(
object
 myVar)
    {
        
//Casting our object back to ThreadedData:
        
ThreadedData
 td = (
ThreadedData
)myVar;
        
Console
.WriteLine(
Thread
.CurrentThread.Name + 
": "
 + td.tData1);
        
Console
.WriteLine(
Thread
.CurrentThread.Name + 
": "
 + td.tData2);
        
Console
.WriteLine(
Thread
.CurrentThread.Name + 
": "
 + td.tNumber1.ToString());  
    }
}
)




[image: ]
While this is a relatively strange and convoluted concept initially, it is the generally accepted practice for passing initialisation data to threads.  Regardless of this, most threads are able to gain context and data in other ways (which will be covered in subsequent lectures) meaning that this technique is rarely employed.  Remember that threads share memory relative to the class in which they operate, and as such, appropriately scoped variables may be used for data transfer if the situation permits it.  Multiple threads can safely read from the same variable; however multiple threads potentially simultaneously writing can result in significant errors.  This is a facet of synchronisation, which will be covered in detail in next week's tutorial.















Exercise
· Create a new console application.
· Generate 10,000,000 random doubles in a single, static array.
· Square root each number individually then add the result together.
· Print the result.
This could be achieved with code similar to the following:
 (
static
 
double
[] randomList;
static
 
int
 numRandoms;
static
 
void
 Main(
string
[] args)
{
    
//Generate random numbers
    numRandoms = 10000
000;
    
Random
 rng = 
new
 
Random
();
    randomList = 
new
 
double
[numRandoms];
    
for
 (
uint
 i = 0; i < numRandoms; i++)
        randomList[i] = rng.NextDouble() * 1e6;
    
double
 result = 0.0;
    
//Square root each number and sum the result in a single thread
    
for
 (
uint
 i = 0; i < numRandoms; i++)
    {
        result += 
Math
.Sqrt(randomList[i]);
    }
    
Console
.WriteLine(
"Result: "
 + result);
}
)













· Modify this code to create a threaded application which uses 4 threads to perform the calculation of these numbers.
· You will need to create a static array of doubles with the same number of elements as there are threads to hold the results from each thread
· [bookmark: _GoBack]You will need to create a function which receives the index of the array elements it will be calculating and the index of the array it will be writing to.  For example, the first thread may calculate 0 - 2499999 then write to element 0, the second 2500000 - 4999999 and write to element 1 etc.  Remember how data is passed to a threaded function.
· Sum the result of the 4 element array in a single thread and output the result.
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