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HUuwku

Huwka — He3aBUCKMM NOTOK OT MHCTPYKLMN B paMKuTe
Ha edHa nporpama:

Mma pasnunyHu cbCcToaHus (running, ready v gp.);

KOHTEKCTBT Ha HULLKATa ce CbXpaHdBa KOrato 14 HE
Ce N3IMbJIHABA,

Huwkute ce nnanmpat ot OC 1 ce nsnbnHABAT KaTo
He3aBMCUMWN eOUHNLN B paMKUTE Ha NPOLEC;

Huwknte nmaTt cobCTBEH CTEK;
EAvH npouec Mmoxe ga nMma MHOXXECTBO HULLIKU;

Bcaka HULWKa ce npeacrtaBsa Ypes3 CTpykTypa - thread
control block (TCB);

Bcska HMLWKa MOoXe Aa cb3gaBa ApyrM HALLKMW.
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[Tpouecun / HULWKK

 KnroyoBa pa3nuka - MHOXXeCTBO HULLIKK
nMmaTt goCTbn A0 €4HO U CbLLO agpecHo
NPOCTPAaHCTBO Ha npoLeca.
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[lpegumcTBa Ha HULLKUTE

= Hawun-BaxHOTO npeanmMcTBO - [locTbn A0
agpecHOTO NPOCTPAHCTBO Ha npoueca.

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

= [lo-manko BpeMe 3a MNpPeBKJTIKO4YBaHE
MeXady HULLUKUTE.

* [lo-mMarnko KOMyHUKaLMOHHM pa3xoau.
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Multi-threading / Single threading

= Single threading

OC He pasnos3HaBa HULLIKN.
» Multi-threading

[MogabpKa HULLIKK.

NMpumepn Ha OC:
= MSDOS - eauH npouec n
eqHa Hu1LLKa

single process, single thread single process, multiple = UNIX — mHOXecTBO
threads npouecu C No eaHa H1ULKa
BCeKU

= Solaris, Windows —
MHOXECTBO HULLIKU

multiple processes, single multiple processes,
thread multiple threads
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Moaenun Ha single n multithread
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[TapanesiHO U KOHKYPEHTHO MU3MbJ/IHEHUE

e KOHKYPEHTHO U3NbAHEHWNE B €4HOAAPEHA CUCTEMA
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time

>
>

o I'IapanenHo U3nv/iIHEHNE B MHOIToOAAPEHA CUCTEMA
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Multi-threaded knneHT: Web Browsers




[lpegnmcTBa HA MHOTOHULLIKOBOTO
nporpamMmumpaHe

* [logobpsiBa Npon3BOANTENHOCTTA Ha
NPUNOXEHNATA.

* |3non3BaHe Ha MHOrOSAPEHN NMPOLIECOPU.
= [logoOpsiBa CTpyKTypaTa Ha nporpamuTe.

=  |[/]3non3BaT ce Nno-manko CUCTEMHU
pecypcu.
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Peanunsauns Ha HULLKU

= User level — sgpoTto He nogabpKa HULLIKN.
YnpaBneHneTo nm e 4pes onbrnmoTteka.

= Kernel level — ynpaBneHneTo Ha HULLKUTE
ce ocurypsea OT A4p0To.
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User-level HULLKK

User Mode
. - < .
(Scheduler D - .
I"*~.._ Process I'M_ Process B _,/" cess C J}.
| Kernel Mode [ Scheduler ]
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User-level — npeaumcTtBa u
HeaocTaTbLUM

NpeanmcTBa:
=  AApoTo He yyacTBa B NPEBK/OYBAHUATA HA HULLKUTE.

" [lnaHMpaHETO MOXKe Aa € NPUNOKHO OPUEHTUPAHO —
n3bop Ha Han-gobpuna anropuUTbM.

" HuwKuTe morat aa ce nanbsHABaAT Ha BCAKa OC —
Heobxoagmnma e camo bubnunoTeka.

HepocTtatbuu:

= [loBeyeTo CUCTEMHU N3BUKBAHMA 33 6/10I-(MpaLLI,I/1 nAapoTo
6J'IOKI/Ipa npoueca — BCU4YKN HULLUKU B HETO Ce 6J'IOI-(I/IpaT.

" H,El,pOTO MoXxe Aa npmncveanHABa CamMmo npouecn Kbm
npouecopu. Huwknte B npouec He MmoraTt Aa ce U3NbvJIHAT
NnapazsesiHoO Ha HAKOJIKO npouecopa.
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Kernel-level HUWKKN

User Mode

(e =) ¢ = 0 o 2

I'\-._Pm

Procesg B Egii G J

Scheduler ]

Kernel Mode




Kernel-level — npegnmcTtBa v
HegocTaTbLUN

NpeanmcTBa:

=  AapoTo MOXe Aa naaHupa eaHOBPEMEHHO MHOTO HULLIKM.
OT CbLLKA NPOLLEC BbPXY HAKOMKO NpoLecopa.

"  BnokupaHeTo ce n3BbPLIBA HAa HUBO HULLKA.

=  OYHKUUUTE Ha AAPOTO MoraT Aa 6baaT peanmsmpaHu
MHOTOHMLIKOBO.

HepocTtatbuu:

" HDEBKI'II-OHBaHETO B PaMKUTE Ha €4U1H npouec ce n3BbpLuBa
OoT A4pPOTO. Pe3y1'ITaT'bT e 3abaBsiHe Ha U3MbJ/IHEHMETO.
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Bunonmorteku 3a HULKN

» [IpepocTtaBaTt nHTepdenc 3a paborta c
HULLIKWA.

— libpthread for POSIX threads
— libthread for Solaris threads

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

« Posix Threads (pthreads)
— LLnpoko nsnonssaH
— basupaH Ha Posix standard
— OnpocTeHnun n3BnkBaHus: pthread create, ...
— TunuyHo nanonaeaH B C/C++ npunoxeHus

— Moxe ga 6bae peanusunpaH n Kato user-
level n kato kernel-level

« Java Threads
— EcTecTBeHa nogapwbXKka, BrpageHa B e3nka
— Huwkute ce nnanupar ot JVM

 Win 32 Threads
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[lpoekTnpaHe Ha MHOFOHULLIKOBWU
nporpamm
« AKO nporpamarta MOXe Ja ce opraHusupa B

He3aBUCUMMW, KOHKYPEHTHO N3NbIHABALLUTE
ce eauHULUN.

routinel final routine
final routine

m final routine

0]
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Obwmn Mmoaenm Ha MHOMOHULLKOBW
nporpamu

 Manager-worker

/;erver

/
I . \
Pispat: ——> worker worker worker
cher
N
] 0S
/—/
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Obwm moaenm Ha MHOMOHULLKOBW

nporpamMmu
* Pipeline
/
7
/‘ OS
— 7
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Obwm moaenm Ha MHOMOHULLKOBW
nporpamu

« Team server

/ server

/

/

OS

——

J
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Pthreads API

* YnpaBneHue Ha HULUKU
e Mutexes
« Conditional variables
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KomnunupaHe Ha MHOIOHULLIKOBA
nporpama

> gcc —o <executable name> <source file> -lpthread

Heobxoaumo e 3agaBaHe Ha
bubnuotekara pthread c onuusita -
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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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3aBbpLUBAHE HA HULLKA

* [lpn 3aBbpLUBaHE HA PYHKLUUATA, OT KOATO €
Cb3fafeHa;

* [lpwn n3sukBaHe Ha pthread exit();
 [lpouectT 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(1); -
}
}

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; int main (int argc, char* argv([]) {
for (; ;) { pthread t t1, t2, t3;
printf (“+") ;
for (k=0,;k<10000;k++);

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

} pthread create(&tl, NULL, Plus, NULL);
void *Minus (void *threadid) { pthread create(&t2, NULL, Minus, NULL);
int k: pthread create(&t3, NULL, Dot, NULL);
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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[Tpnmep 2 - npobnem
int main (int argc, char* argv[]) {
pthread t tl1, t2, t3;
printf ("Creating thread %d\n", t);

pthread create(&tl, NULL, Plus, NULL);
pthread create(&t2, NULL, Minus, NULL) ;
pthread create(&t3, NULL, Dot, NULL);

return (0) ;

OnepayuoHHU cucmemu, Xpucmo BbniyaHos



[Tpnmep 2 - npobnem
int main (int argc, char* argv[]) {
pthread t tl1, t2, t3;
printf ("Creating thread %d\n", t);

pthread create(&tl, NULL, Plus, NULL);
pthread create(&t2, NULL, Minus, NULL) ;
pthread create(&t3, NULL, Dot, NULL);
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34yakBaHe Ha HULLKA

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(1l);
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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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CUHXPOHM3ALIMA HA HULLIKA

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




Mutexes - onepauunn

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




I3non3BaHe

lock mutex;
Critical Section;

unlock mutex;
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MHuumnanmanpaHe v yHuLLOXXaBaHe Ha
mutex

int pthread mutex init (pthread mutex t *mp,

const pthread mutexattr t *mattr);

v mutex e NbpBOHa4YaNnHoO OTKIIO4YEH

int pthread mutex destroy(pthread mutex t *mp);
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3akntoyBaHe/oTKn4YBaHe 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;

pthread mutex t mu;

void *inc_count (void* arg) {

int i=0;

[Tpumep

// Mutex wvariable

for (i=0;i<1000000;i++) { ’,//"

pthread mutex lock (&mu) ;

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. Count = %d\n“, count);

pthread exit (NULL) ;
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Cemadbopu - onepauun

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

int sem post(sem t *sem);

int sem getvalue(sem t *sem, int *sval);
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[Tpnmep “Tlponssognten-koHcymaTop”

MponsBoanTensaT reHepupa azbyKkaTa 1 A 3anNncea CMMBOJI O CUMBO/ B
bydep oT TMN char.
KoHcymaTopbT YeTe gaHHUTe OT bydepa 1 rm n3Bexaa Ha ekpaHa.

Buff

printf ( )
Producer

a..z
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#include
#include
#include
#include
#include
#include
#include

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

char buffer = ' ';

void *Producer

int k, x, 1i;

for ( i='a'; ik='z"';
x =0;
for ( k=0;
buffer = 1i;

}

(void *arg) {

i++ ) {

k<10000000; k++ ) =x++;

printf ("Producer thread ended.\n");
pthread exit (NULL) ;

OnepayuoHHU cucmemu, Xpucmo BbniyaHos



void *Consumer (void *arg) {
int k, x, i;
char a;

for ( i='a'; i<='z'; i++ ) {
a = buffer;

printf ("%c\n", a);

if ( a == 'z' ) break;

x =0;

for ( k=0; k<5000000; k++ ) x++;
}
printf ("Consumer thread ended.\n");
pthread exit (NULL) ;

}
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int main(int argc, char *argv[]) ({
pthread t proc, cons;
int status;

// Create Producer and Consumer threads
status = pthread create(&proc, NULL, Producer, NULL);
if (status !'= 0) {
perror ("Create thread Producer") ;
exit(1l);
}

status = pthread create(&cons, NULL, Consumer, NULL) ;

if (status '= 0) {
perror ("Create thread Consumer") ;
exit (1),

printf ("Main thread ended. \n");
pthread exit (NULL) ;
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Pe3synTaTt

Bb3MOXXHM BapMAHTM HA U3BEXKAAHETO:
* 33aaaaabbcdddddddece...

*bfpz
* 7
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PeweHune c mutex

#include <stdio.h>
#include <stdlib.h>
#include <sys/types.h>
#include <unistd.h>
#include <pthread.h>
#include <semaphore.h>
#include <signal.h>

char buffer = ' ';

1 * 1 *

sem t mutex; void *Consumer (void *arg) {
int k, x, i;
char a;

void *Producer (void *arg) {

int k, x, 1i; . . .
romr = for ( i='a'; i<='z'; i++ ) {

. . . sem wait( &mutex ) ;
for ( l=la'; l<='z'; l++ ){ p—

a = buffer; // Critical section

x =0; sem post( &mutex ) ;

for ( k=0; k<10000000; k++ ) =x++; printf ("$c\n", a);

sem wait( &mutex ); if (a == 'z' ) break;

buffer = i; // Critical section x =0;

sem post( &mutex ); for ( k=0; k<5000000; k++ ) =x++;
} }
printf ("Producer thread ended.\n") ; printf ("Consumer thread ended.\n");
pthread exit (NULL) ; pthread exit (NULL) ;
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int main(int argc, char *argv[]) {
pthread t proc, cons;

int status;

if (sem_init(&mutex, 0, 1) == -1) {
perror ("Init semaphore") ;
exit (1) ;
}
// Create Producer and Consumer threads
status = pthread create(&proc, NULL, Producer, NULL);
if (status '= 0) {
perror ("Create thread Producer") ;
exit (1) ;
}
status = pthread create(&cons, NULL, Consumer, NULL) ;
if (status '= 0) {
perror ("Create thread Consumer") ;
exit(1);
}
// Wait for threads to complete
pthread join(proc, NULL) ;
pthread join(cons, NULL) ;

printf ("Main thread ended.\n");
pthread exit (NULL):
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PeweHne cbc cemadpopu

#include <stdio.h>
#include <stdlib.h>
#include <sys/types.h>
#include <unistd.h>
#include <pthread.h>
#include <semaphore.h>
#include <signal.h>

char buffer = ' ';

sem_t mutex;
sem_t full;
sem_t empty;

void *Producer (void *arg) {
int k, x, i;

for ( i='a';

}

i<='z'; i++ ){

x=0;

for ( k=0; k<10000000; k++ ) =x++;

sem wait( &empty );

sem wait( &mutex );

buffer = i; // Critical section
sem post( &mutex );

sem post( &full );

printf ("Producer thread ended.\n") ;

void *Consumer (void *arg) ({
int k, x, i;
char a;

for ( i='a'; ik='z';
sem wait( &full );
sem wait( &mutex );
a = buffer;// Critical section
sem post( &mutex );
sem post( &empty );
printf ("%c\n", a);
if (a == 'z' ) break;
x=0;
for ( k=0; k<5000000; k++ ) x++;
}
printf ("Consumer thread ended.\n") ;
pthread exit (NULL) ;

i++ ) {

pthread exit (NULL) ;
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int main(int argc, char *argv[]) {
pthread t proc, cons;
int status;

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

}

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

}

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

}
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#include
#include
#include
#include
#include

MHOIFOHULWIKOB CbPBBP

<stdio.h>
<netinet/in.h>
<arpa/inet.h>
<pthread.h>
<stdlib.h>

#define SVRPORT 3000

// Worker thread function
void *worker (void *arg) {

int D1,

D2, operation, sum;

int sd_copy;

// The argument is the socket copy from accept()
sd_copy = *(int*)arg;

// Read from the socket
read(sd_copy, &D1l, sizeof(D1));
read(sd_copy, &D2, sizeof(D2));
read(sd_copy, &operation,

sizeof (operation)) ;

switch (operation) ({
case 0: sum = D1 + D2; break;
case 1l: sum = D1 - D2; break;

case 2: sum = D1 * D2; break;
case 3: sum = D1 / D2; break;
case 4: exit(0);
default: {
printf ("Server: Error\n");
exit(1l);

write(sd copy, &sum, sizeof(sum));
// Return the result

close (sd_copy) ;

pthread exit(0);//End of the worker
}
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MHOIFOHULWIKOB CbPBBP

int main() {
int sd, sd_copy;

struct sockaddr in myaddr, theclient; // Prepare buffer for incomming connections
int clientlen, tmp=1; if ( listen(sd, 5) == -1 ) {
pthread t td; perror ("listen") ;
- exit(1l);

// Create a socket }
sd = socket (AF_INET, SOCK_STREAM, 0);
if (sd == -1) { // Server's main loop

perror ("socket") ; while (1) {

exit(1l); // Wait for a client connection
} sd_copy = accept(sd,

// Bind to the socket (struct
myaddr.sin family = AF INET; sockaddr¥*) &theclient,
myaddr.sin port = htons (SVRPORT) ; &clientlen) ;
myaddr.sin addr.s addr = htonl (INADDR ANY) ; if (sd _copy == -1) {

perror ("accept") ;
if ( bind(sd, (struct sockaddr *)s&myaddr, exit(1l);
sizeof (myaddr)) == -1 ) { }

perror ("bind") ;

exit (1) ; // Start worker thread
} pthread create(&td, NULL, worker,

// Set socket to be with REUSABLE port (void *) &sd_copy) ;
if ( setsockopt(sd, SOL SOCKET, SO REUSEADDR, }

&tmp, sizeof(int)) == -1 ) {

perror ("setsckopt") ; exit(0);

exit(1l); }
}
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Bbtnpocu?
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