I- Thread creation :
· The function pthread_create() is used to add a new thread of control to the current process.

· Function call pthread_create() is prototyped by:

             int pthread_create(pthread_t * thread, 

                       const pthread_attr_t * attr,

                       void * (*start_routine)(void *), 

                       void *arg);

Here is the pthread_create Man page.

II- Thread termination:
· There are several ways in which a Pthread may be terminated:

· The thread returns from its starting routine (the main routine for the initial thread). 

· The thread makes a call to the pthread_exit subroutine

· The thread is canceled by another thread via the pthread_cancel routine

· The entire process is terminated due to a call to either the exec or exit subroutines.

· Function call pthread_exit() is prototyped by:

              void pthread_exit(void * return_value);

· Analogous to exit.

· The exit routine kills all threads and exits the process.

· If the currecnt thread is the last thread then the process terminates

· Returning from the start_routine is equivalent to calling pthread_exit
· Returning from the inital thread main is the equivalent to calling exit
Here is the pthread_exit Man page.
III- Wait for thread termination:
· Use the pthread_join function to wait for a thread to terminate.

· Function pthread_join() is prototyped by:

             int pthread_join(thread_t tid, void **status);

· Analogous to wait.

· Must specify thread. There is no wait any.

· Current thread blocks until thread terminates

· The return value of thread is returned in status
Here is the pthread_join Man page.

IV- Self and Equal:

· The function pthread_self() can be called to return the ID of the calling thread.

· Function pthread_self() is prototyped by:

                       pthread_t pthread_self(void);
                 - It is use is very straightforward: 

            #include <pthread.h>

            pthread_t tid;

            tid = pthread_self();


Here is the pthread_self Man page.

· The function pthread_equal() can be called to compare the thread identification numbers of two threads.
· Function pthread_equal() is prototyped by:

            int pthread_equal(pthread_1 t1, pthread_t t2);

         - It is use is straightforward to use, also: 

           #include <pthread.h>

           pthread_t tid1, tid2;

           int ret;

           ret = pthread_equal(tid1, tid2);

· As with other comparison functions, pthread_equal() returns a non-zero value when tid1 and tid2 are equal; otherwise, zero is returned. When either tid1 or tid2 is an invalid thread identification number, the result is unpredictable.


Here is the pthread_equal Man page.

V- Passing arguments to threads:
· The pthread_create() routine permits the programmer to pass one argument to the thread start routine. For cases where multiple arguments must be passed, this limitation is easily overcome by creating a structure which contains all of the arguments, and then passing a pointer to that structure in the pthread_create() routine.

· All arguments must be passed by reference and cast to (void *).
VI- Thread Synchronization:
· The threads library provides three synchronization mechanisms:

· mutexes - Mutual exclusion lock: Block access to variables by other threads. This enforces exclusive access by a thread to a variable or set of variables. 

· joins - Make a thread wait till others are complete (terminated). 

· condition variables - data type pthread_cond_t 

· Problem:
                           int foo = 0;

                           void foo_initializer()

                           {

                                   if (foo == 0)


                       foo = 1;
/* This must only be done once. */

                           }

                          Here is a possible execution sequence... 
 
           Thread 1



    Thread 2

 
            if (foo == 0)

 





if (foo == 0)

 





    foo = 1;

 
            foo = 1;

                          Both Thread 1 and Thread 2 set foo.

· Mutexes are used to prevent data inconsistencies due to race conditions
· A race condition often occurs when two or more threads need to perform operations on the same memory area, but the results of computations depend on the order in which these operations are performed.

· Mutexes are used for serializing shared resources

· Anytime a global resource is accessed by more than one thread the resource should have a Mutex associated with it.

· One can apply a mutex to protect a segment of memory ("critical region") from other threads.

· Mutexes can be applied only to threads in a single process and do not work between processes as do semaphores.      

· Using Mutexes:

                        pthread_mutex_t mutex = PTHREAD_MUTEX_INITIALIZER;

                        int pthread_mutex_lock(pthread_mutex_t * mutex)

                        int pthread_mutex_unlock(pthread_mutex_t * mutex)

Here is the pthread_mutex_lock Man page.
Here is the pthread_mutex_unlock Man page.

VII- Examples:

· Compile:

      gcc -o threads1 threads1.c –lpthread

· Run: ./threads1

· Results:

Thread A:  0

Thread B:  0

Thread A:  1

Thread B:  1

Thread A:  2

Thread B:  2

Thread A:  3

Thread B:  3

Thread A:  4

Thread B:  4

Thread A:  5

Thread B:  5

Thread A:  6

Thread B:  6

Thread A:  7

Thread B:  7

Thread A:  8

Thread B:  8

Thread A:  9

Thread B:  9

· Compile:
  gcc -o threads2 threads2.c –lpthread

· Run: ./threads2

· Results:

Thread A:  0

Thread B:  1

Thread B:  2

Thread A:  2

Thread B:  4

Thread A:  5

Thread B:  6

Thread A:  7

Thread B:  8

Thread A:  9

