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HUuwku

Huwka — He3aBUCKMM NOTOK OT MHCTPYKLMM B paMKUTe
Ha edHa nporpama:

Mma pasnunyHu cbctoaHus (running, ready v gp.).

KOHTEKCTBT Ha HULLKAaTa ce CbXpaHdBa KOrato 14 HE
Ce N3MbJIHABA.

Huwkute ce nnanmpat ot OC 1 ce nsnbrnHABAT KaTo
He3aBMCUMUN eONHULM B paMKUTE Ha npoLec.

Huwknte nmaTt cobCTBEH CTEK;
EAvH npouec Mmoxe Aa nma MHOXECTBO HULLIKY;

HuLwKka nMma gocTbn 40 aApecHOTO NPOCTPAHCTBO U
pecypcuTe Ha npoueca.
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[Tpouecun / HNLWKK

MHOXEeCTBO HULLKM UMaT AOCTbMN 40 €AHO U
CbLLIO aApPECHO NPOCTPAHCTBO.

Bcsaka HULWKa ce npeacTtaBd Ypes CTPYKTypa -
thread control block (TCB).

Bcska HMLWKa MOXKe Aa cb3gaBa Apyr HALLKW.
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[lpegnumcTBa Ha HULLKUTE

* [lo-manko Bpeme 3a cb3gaBaHe.
* [lo-manko Bpeme 3a 3aBbpLUBaHe.

= [lo-manko BpeMeE 3a MNpeBKIIio4BaHE
MeXOYy HULLUKNTE.

* [lo-marnko KOMyHUKaLMOHHW pa3xoau.
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Multi-threading / Single threading

»= Single threading

OC He pasnos3HaBa HULLIKW,
= Multi-threading

[MogabpKa HULLIKK.

NMpumepun Ha OC.:
= MSDOS - eguH npouec u

elHa HULLKa

single process, single thread single process, multiple = UNIX — MHOX€eCTBO
threads npouecu € no egHa HULKa
BCEKU
= Solaris, Windows —
MHOXECTBO HULLIKU
multiple processes, single multiple processes,
thread multiple threads
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Moaenun Ha single n multithread

NPUNOXKEHNA
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[TapanenHo N KOHKYPEHTHO U3MbJIHEHUE

e KOHKYPEHTHO U3NbJIHEHWNE B eAHOAAPEHA CUCTEMA
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Multi-threaded knuneHT: Web Browsers




[lpeanmcTBa HA MHOTOHWULLIKOBOTO
nporpammpaHe

* [logobpsiBa Npon3BOANTENHOCTTA Ha
NPUNOXEHUATA.

* [I3non3BaHe Ha MHOrosiAPEHM NPOLIECOPU.
= [logoOpsiBa CTpyKTypaTa Ha nporpamuTe.

=  |[/]3non3BaT ce No-Mmalnko CUCTEMHU
pecypcu.




Peannsauns Ha HULLKU

= User level — aapoTo He noaabpKa HULLKN.
YnpaBneHmneTo nm e 4pes bmubnuoTteka.

= Kernel level — ynpasneHneTo Ha HULLKUTE
ce ocurypsiea oT g4p0To.

OnepayuoHHuU cucmemu, Xpucmo BbniyaHos



Bbunonmnotekun 3a HULLKU

» [IlpepocTaBsaT MHTEpPdENC 3a paboTa c
HULLIKWA,

— libpthread for POSIX threads.
— libthread for Solaris threads.

— Java Threads
— Win 32 Threads
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[TakeTn 3a HULLKWU

Posix Threads (pthreads)

— LLnpoko n3nonssaH

— basupaH Ha Posix standard

— OnpocTeHun ns3sunksaHus: pthread create, ...
— Tunun4Ho mnanonaeaH B C/C++ npunoxeHus

— Moxe pa 6bae peanuanpaH un KaTto user-
level n kato kernel-level

Java Threads
— EcTecTBeHa nogaopuxka, BrpageHa B e3unka
— Huwknte ce nnanupat ot JVM

Win 32 Threads
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[lpoekTnpaHe Ha MHOMOHULLIKOBM
nporpamm
* AKO nporpamara Moxe [a ce opraHusupa B

HEe3aBUCUMMWN, KOHKYPEHTHO U3NbIHABALLMUTE
ce eanHULUN.

routinel final routine

routinel final routine

final routine

routinel final routine
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Obwm moaenm Ha MHOMOHULLIKOBU

nporpamm

« Manager-worker
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Obwm moaenm Ha MHOMOHULLIKOBU

NpPorpamMu
* Pipeline
/
]
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Obwm moaenm Ha MHOMOHULLIKOBU

nporpamu
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Pthreads API

* YnpaBneHue Ha HULLKU
« Mutexes
« Conditional variables
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Cb3gaBaHe Ha HULLKa

int pthread create(pthread t *tid,
const pthread attr t *tattr,
v01d*(*start_rout1ne)(v01d *),
void *argqg) ;
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3aBbpllUBaHe Ha HULLKA

* [lpn 3aBbpLUBaHE Ha PYHKLUNATA, OT KOATO €
Cb3gadeHa;

 [1pun n3sukBaHe Ha pthread_exit();
 [lpouecbT 3aBbpLUBa Ypes exit().

void pthread exit(void *status);
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[Tpnmep
#include <pthread.h>

#include <stdio.h>
#define NUM_THREADS 5

void *PrintHello (void *threadid) {
printf ("\n%d: Hello World'\n", threadid);
pthread exit (NULL) ;

int main (int argc, char* argv[]) {
pthread t threads[NUM THREADS] ;
int rc, t;

for(t=0; t < NUM_THREADS; t++) {
printf ("Creating thread %d\n", t);

// Create a thread and pass its number as argument
rc = pthread create(&threads[t], NULL, PrintHello, (void *)t);

if (re){
printf ("ERROR: pthread create %d\n", rc);
exit(1l); -
}
}

pthread exit (NULL) ;
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#include <pthread.h>

#include <stdio.h> I_I p I/I M e p 2

void *Plus (void *threadid) {
int k;
for (; ;) {
printf (“+") ;
for (k=0;k<10000;k++) ;
}

int main (int argc, char* argv[]) {
pthread t tl1, t2, t3;

printf ("Creating thread %d\n", t);

} pthread create(&tl, NULL, Plus, NULL);
void *Minus (void *threadid) { pthread create(&t2, NULL, Minus, NULL);
. pthread create(&t3, NULL, Dot, NULL);
int k; -
for (; 7 ) | pthread exit (NULL) ;
printf£(™“-"); } -
for (k=0;k<10000;k++);

}
}
void *Dot (void *threadid) {
int k;
for ( ; ;) {
printf£(™“.");
for (k=0,;k<10000;k++);
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I3yakBaHe Ha HULLIKA

int pthread join(thread t tid,
void **status) ;
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[Tpumep

#include <pthread.h>
#include <stdio.h>
#define NUM THREADS 3

void *BusyWork (void *null) ({
int 1i;
double result=0.0;

for (i=0; i < 1000000; i++) {
result = result + (double)random() ;

}

printf ("result = %$e\n", result);
pthread exit (NULL) ;
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[Tpumep

int main (int argc, char* argv[]) {
pthread t thread[NUM THREADS] ;
int rc, t, status;

for (t=0; t < NUM THREADS; t++) {
printf ("Creating thread %d\n", t);

rc = pthread create(&thread[t],
NULL, BusyWork, NULL) ;
if (rc) {
printf ("ERROR: pthread create %d\n", rc);
exit (1) ;
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[Tpumep
for (t=0;t < NUM THREADS;t++) ({

rc = pthread join(thread[t], (void *) &status);

if (rc) {
printf ("ERROR: pthread join %d\n", rc);
exit(1l);

}
printf ("Main: Completed join with thread 3%d

status= %d\n", t,status);

pthread exit (NULL) ;
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CUHXPOHMN3aLUMS HA HULLIKA

* Mutual Exclusion locks (Mutex).
« Condition variables.
« Semaphores.




Mutexes - onepauyunu

* lock()
* unlock()
* trylock()




I3non3BaHe

lock mutex;
Critical Section;

unlock mutex;
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MHuumnanunsnpaHe n yHuujoxasaHe Ha
mutex

int pthread mutex init(pthread mutex t *mp,

const pthread mutexattr t *mattr);

v' mutex e NbpBOHA4YaNnHoO OTK/IHO4YEH

int pthread mutex destroy(pthread mutex t *mp);
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3aknoyBaHe/oTKNn4YBaHe Ha mutex

int pthread mutex lock (pthread mutex t *mp);

int pthread mutex unlock (pthread mutex t *mp);
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#include <stdio.h>
#include <pthread.h>

int count=0; 7Y

pthread mutex t mu; // Mutex variable
void *inc_count (void* arg) { mutex
int i=0; .:‘
for (i=0,;i<1000000;i++) {
pthread mutex lock (&mu) ; +1 1
count++;

pthread mutex unlock (&mu) ;
if (i%100000==0) printf("+\n");
}
pthread exit (NULL) ;
}
void *dec_count (void* arg) {
int i=0;
for (i=0,;i<1000000;i++) {
pthread mutex lock (&mu) ;
count--;
pthread mutex unlock (&mu) ;
if (i%100000==0) printf("-\n");
}
pthread exit (NULL) ;
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int main(int argc, char* argv[]) {
pthread t tl, t2;

// Initialize the mutex
pthread mutex init(&mu, NULL);

pthread create(&tl, NULL, inc_count, NULL);
pthread create(&t2, NULL, dec_count, NULL);

pthread join(tl, NULL) ;
pthread join(t2, NULL) ;

// Free the mutex resources
pthread mutex destroy (&mu) ;

printf ("Main: Done.\n");

pthread exit (NULL) ;
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Cemadhopu - onepauun

int sem init(sem t *sem,
int pshared,
unsigned int wvalue);
int sem wait(sem t *sem);

int sem post(sem t *sem);

int sem getvalue(sem t *sem, int *sval);
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#include
#include
#include
#include

#include

[Tpumep

<sys/types.h>
<unistd.h>
<pthread.h>
<semaphore.h>
<signal.h>

#define NUMTHREADS 5

sem_t semaphore;

void *sem waiter (void *arg) {
int *id = (long)arg;

printf ("Thread %d waiting\n", *id);

sem wait (&semaphore) ;

printf ("Thread %d resuming\n", *id);
pthread exit (NULL) ;
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int main(int argc, char *argv([]) {
int thread count;

int sem value;
pthread t sem waiters[NUMTHREADS];

int status;

if (sem _init (&semaphore, 0, 0) == -1) {
perror ("Init semaphore") ;
exit (1) ;

for (thread count=0;thread count<NUMTHREADS; thread count++)
{

status = pthread create(&sem waiters[thread count], NULL,
sem waiter, (void*)thread count);

if (status != 0) {
perror ("Create thread");
exit(1l);

[ )
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// "Broadcast" the semaphore by repeatedly posting until
// the count of waiters goes to 0.
while (1) {
if (sem getvalue (&semaphore, &sem value) == -1) {
perror ("Get semaphore value");
exit(1l);
}

if (sem value > 0) break;

printf ("Posting from main: %d\n", sem value);
if (sem post(&semaphore) == -1) {

perror ("Post semaphore") ;

exit(1l);

}
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Bbunpocu?
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