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Threads

e Athread is a light - weight process

e Athread exists within a process, and uses the process resources
e |[tis asynchronous

e The program in C calls the pthread.h header file

e How to compile:

gcc hello.c —Ipthread —o hello



Creating a thread

int pthread_create( pthread _t * thread,
pthread_attr t *attr,
void * (*func)(void *),
void *arg );

Returns O for success, (>0) for error

e 1starg (*thread) — pointer to the identifier of the created thread.

e 2ndarg (*attr) —thread attributes. If NULL, then the thread is created with
default attributes

e 3rdarg (*func) - pointer to the function the thread will execute

e 4tharg(*Yfarg) - the argument of the executed function



A thread that prints “Hello World”

#include <pthread.h>

#include <stdio.h>

#include <stdlib.h>

void *hello_world(void * ptr) {
printf("Hello World! | am a thread!\n");
pthread_exit(NULL);

}

int main(int argc, char * argv[]) {

pthread_t thread;

int rc;

rc = pthread_create(&thread, NULL, hello_world, NULL);

if (rc) {
printf("ERROR: return code from pthread_create() is %d\n",rc);
exit(-1);

}

pthread_join( thread, NULL );



Thread synchronization mechanisms

e Mutual exclusion (mutex)
o Guard a critical section
o Itis alocking mechanism

e Semaphores
o A generalized mutex
o Can send signals between threads
o Itis a signaling mechanism



Mutexes

e Guard against multiple threads modifying the same shared data
simultaneously

e Provide locking/unlocking critical code sections where shared data is modified

e Each thread waits for the mutex to be unlocked (by the thread who locked it)
before performing the code section



Mutexes — basic functions

int pthread_mutex_lock(pthread_mutex_t*mutex);

int pthread_mutex_unlock(pthread _mutex_t*mutex);

e A mutex is like a key (to access the code section) that is handed to only one
thread at a time
e The lock/unlock functions work together

e A mutex is unlocked only by the thread that has locked it



Mutex example

#include <pthread.h>

Ptthrea_dz)”;“tex—t my_mutex; Whenever a thread reaches the lock/unlock
INT Main

int tmp; block, it first determines if the mutex is

.. locked.
/ initialize the mutex

tmp= pthread_mutex_init( &my_mutex, NULL ); _ _ o
If so, it waits until it is unlocked.
/] create threads

pthread_mutex_lock( &my_mutex); Otherwise, it takes the mutex, locks the
do_something_private(); succeeding code, then frees the mutex and
pthread_mutex_unlock( &my_mutex); unlocks the code when it's done.

pthread_mutex_destroy(&my_mutex);
return O;



Semaphores

Counting Semaphores:

e Permit a limited number of threads to execute a section of the code
e Similar to mutexes (if we use binary semaphores it's the same )
e Should include the semaphore.h header file

e Semaphore functions do not have pthread_prefixes
o They have sem_prefixes



Semaphores — basic functions

e Creating a semaphore:
int sem_init (sem_t*sem, int pshared, unsigned int value);
o Initializes a semaphore object pointed to by sem
o pshared is a sharing option; a value of 0 means the semaphore is local to
the calling process
o gives an initial value to the semaphore

e Terminating a semaphore:
int sem_destroy (sem_t*sem);
o Frees the resources allocated to the semaphore sem
o An error will occur if a semaphore is destroyed for which a thread is
waiting



Semaphores — basic functions

e Semaphore control:
int sem_post(sem_t*sem);
o Atomically increases the value of a semaphore by 1, i.e., when 2 threads
call sem_post simultaneously, the semaphore's value will also be
increased by 2 (there are 2 atoms calling)

int sem_wait(sem_t*sem);
o Atomically decreases the value of a semaphore by 1; but always waits
until the semaphore has a non-zero value first



#include <pthread.h>
#include <semaphore.h> |

void *thread_function( void *arg ) {

void *thread_function( void *arg ); sem_wait( &semaphore ): |
o | perform_task_when_sem_opens();
sem_t semaphore; // also a global variable just like mutexes othread_exit( NULL ) :
int main() { ; :
int tmp, . :

/[ initialize the semaphore
[*Semaphore: 0 and 1 --> (locked/unlocked)*/
tmp = sem_init( &semaphore, 0, 0);

/[ for loop creates threads
pthread_create( &thread[i], NULL, thread_function,
NULL );

- Main thread increments the semaphore's

while ( still_has_something_to_do() ) { count value in the while loop

sem_post( &semaphore );
}

pthread_join( thread[i], NULL ); - The threads wait until the semaphore's

f;mr_ndgstroy( &semaphore ); count value is non-zero before performing
urn 0;

} perform_task_when_sem_open() and further




#include <pthread.h>

#include <stdio.h>

#include <stdlib.h>#include <semaphore.h>
sem_t sem;

void *print_Hello( void *ptr ){
printf("Hello ");
sem_post(&sem); //semaphore unlocked (Up)!

}

void *print_World( void *ptr ){
sem_wait(&sem); //semaphore locked (Down)!
printf("World\n");

}

int main(int argc, char * argv[]
pthread_t t1, t2;
int rc, rc2;
[*Semaphore: 0 and 1 --> (locked/unlocked)*/

This program sometimes prints "Hello World",
sometimes prints "World Hello".

Using a semaphore we can synchronize them.

t2 will never be executed before t1.

sem_init(&sem, 0, 0 ); /*Initialize semaphore with intraprocess scope*/

rc = pthread_create(&t1, NULL, print_Hello, NULL);
rc2 = pthread_create(&t2, NULL, print_World, NULL);

pthread_join(t1, NULL); /*Wait for the thread to finish*/
pthread_join(t2, NULL);



Take away during COVID-19 restrictions

o 12Ze@-N meAdreg (1 + N threads)
e Mobvo 1 TeAATNG PTTOPEI VO BPIOKETAI OTO KATAOTNUO
e Mrropei va Trepipévouy 0 - N TTEAATEG EKTOG KATACOTAHMATOG

Aladikaoia:

e Av UTTApPXEl TTEAATNG, O 2@ TOV KAAEI OTO KATACTNMA KAl TOV ECUTTNPETEI
o O 1eAdTNG TTaipVEl TNV TTapayyeAia Kal @eUyel aTTd TO KATAOTANO

e Eav dev e€uttnpeTeiTal KATTOI0C & UTTAPYXOUV TTEAATEC TTOU TTEPIPEVOUV, O 2E£Q
QEXETAI €vav ATTO AQUTOUG OTO KATAOTNHUA KAl TOV ECUTTNPETEI

e Edav dev UTTAPXOUV TTEAATEC TTOU TTEPIPEVOUV, O 2£( QOXOAEITAI UE TO KIVATO TOU
TNAEQWVO oTo Facebook pExp! va 1001T0INBEi ATTd TOV ETTOPEVO TTEAATN




Requirements

Mpétrel avaykaoTiKA va xpnoiyotroinoete 1 + N threads
[Mp€tTel avayKaoTIKA va XpnoINoTToINOETE Semaphores yia Tov OuyXpovIiouo
H AUon 010 ouykekpiuévo TTPORANUG dev Trpétrel va KaTtaAnyel o€ deadlock

Ta threads 6a rpéTTel avaykaoTika va dnuioupyouvtal MONO ot main
ouvapTnaon.

customer() kal chef() dev TrpétTel va dnuioupyouv GAAa threads

Compile using -Ipthread



