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Pthreads API

* YnpaBneHue Ha HULLKU
* Mutexes

Pa3npep,eneHM N MpexoBu onepaunoHHU cucTte

n, XpucTo

BbnyaHoB



Cb3gaBaHe Ha HULLKA

int pthread create(pthread t *tid,
const pthread attr t *tattr,
v01d*(*start_rout1ne)(v01d *),
void *arg) ;
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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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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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KpuTnyHa cekumus

« KputnuHa cekuyus (Critical Section - CS) — Ta3n yacT oT Koga Ha HULLKA,
B KOMTO UMa obpbLUeHNE KbM 06LL pecypc.

e  W3uckBaHusa kbm CS:

B KPUTUYHa cekun4a B fageH MOMEHT MOXXe Aa Ce HaMnpa CaMoO ejHa
HULLKaA.

AKO efiHa UNKN HAKOIKO HULLIKM XenaaT ga BnA3aT B KpUTUYHUTE CU
ceKkLUun, To Ha efHa OT TAX TOBa 3aAbikUTenHo TpsAbsa ga 6bae
paspeLLeHo.

Bcaka HuLKa MoXe Aa npeMmnHaBa B NPOU3BOSTHO CbCTOAHME U3BbH
KpUTM4YHaTa Cu cekums, T.e. Moxe aa Obae gopu cnpsHa. ToBa He
TpsibBa Oa oka3Ba BNUSIHE BbPXY APYrUTE HULLKN NPy N3NOM3BaHe Ha
obLwusa pecypc.

OTHOCUTENHUTE CKOPOCTU Ha pa3BUTME HA HULLIKATE ca NpeaBapuTenHo
HEeN3BECTHU 1 NPOUN3BOSTHW.

Huwka He moxe ga cnpe U3NbIHEHMETO CU B KPUTUYHA CEKLMS.

KputuyHute cekuum He TpssbBa aa Mmart npuopuTeTu.
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[Tpnmep 3a gocTbn A0 06Ly, pecypc

Huwka P1 n3sbplusa ysennyasa npomeHnuearta count 1000000
NbTU, HULWKA P2 Hamanasa npomennueaTta count 1000000 nbTw.
HavyanHaTta ctonHocT Ha count e 0.

=

P1 P2

»KakBa e CTOMHOCTTa Ha count crej 3aBbplUBaHe Ha
HUWKUTE?
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[Tpnmep 3a gocTbn A0 06Ly, pecypc

int count;

void *P1() { void *P2 () {
for (i=0; i<1000000; i++) { for (i=0; i<1000000; i++) {
inc (count) ; dec (count) ;
} }
} }
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Pl:

P2:

[Mpmmep 3a AocTtbn A0 061 pecypc

Cnep Komnunauma:

LOADR
INCR
STORER

LOADR
DECR
STORER

count

count

count

count

3apexna count B permcrep R
NukpemMeHTHpPa R
3anmucea R Ha agpec count

3apexna count B permcrep R
HexkpemMeHTHpa R
3anmncea R Ha agpec count
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BAanAHMe Ha NpeKbCBaHUATA

quant P1 count R P2
t, 100 7?7
t, LOADR count 100 100
INCR 100 101
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BavsHue Ha npekbcBaHuATa (2)

quant P1 count R P2
t, e 100 ?7?7?
t, LOADR count 100 100
INCR 100 /101
npeKkbcBaHe
TCB r,
<
R =101
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BansHue Ha npekbcBaHuATa (3)

quant P1 count R P2
t, e 100 ?7?7?
t, LOADR count 100 100
INCR 100 101

t; 100 100 LOADR count
100 99 DECR
99 99 STORER count

TCB r,

R=101
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NpeKbcBaHe

BanaHne Ha npekbcBaHuAaTa (4)

quant P1 count R P2
t, 100 27?7
t, LOADR count 100 100
INCR 100 101
t; 100 100 LOADR count
100 99 DECR
99 /99 STORER count
TCB r, TCB r2
R=101 R=99
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BavsHue Ha npekbcBaHuATa (5)

quant P1 count R P2
t, - 100 P77
t, LOADR count 100 100
INCR 100 101
t; 100 100 LOADR count
100 99 DECR
99 99 STORER count
t, 99 /101
STORER count 101 A 101
TCB r, TCB »p,
yd
R=101 R=99
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CUHXPOHU3ALNA HA HULLIKA

« Mutual Exclusion locks (Mutex).
« Semaphores.

ncto BbnyaHoB



Mutexes - onepauunn

* lock()
* unlock()

Temn, XpucTo

BbnyaHoB



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; [ %é%%%?%,//1

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) ;

Pa3npep,eneHV| n Mpexosu onepaunoHHN CUCTEMMU, XpVICTO BbnyaHoB



int main(int argc, char* argv[]) {
pthread t tl1l, 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: count is %d.\n“, count);

pthread exit (NULL) ;
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Cemadopu

Cemadpop — crneumnaneH Bma LIENIOYUCTIEHA
NONIOXKMUTENHA NPOMEHINBA, BbPXY KOSATO ca
onpepnernenn ase onepauuun (npummtuen) P n V.
Onepauunte ca Hegenumu.

Cemadbop, npnemauy camo ase ctomnHoctm 0O n 1
— ABOUYeH cemadpop.
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Cemadopu

« onepauusa P(S):
HuwkaTa ce onutBa ga uanbnHu S=S-1. Npu ToBa ca BL3MOXHWU ABa Cryyast:

« S>0. Huwkarta nsnbnHsBa S=S-1 1 npogbikaBa CBOETO pa3BUTUE;

« S=0. Huwkarta ce 6nokupa (wait) gokaTo S cTaHe No-rofisiMo OT Hyna.
ToraBa n camo ToraBa TS 3aBbpLUBa onepauunsata S=S-1 n npoabskaea
N3NBbIHEHUETO CW.

« onepauusa V(S):
Huwkata na3nbnHsea onepauyusata S=S+1. [Npu ToBa CbLLUO ca Bb3MOXHW ABa
cnyyas:

« S>0. Huwkara, nanbnHasawa onepaumara V(S), npoabiikasa aa paboty;

« S=0. Huwkara, nanbnHaBawa onepauumdara V(S), npoabiikasa aa padbotn,
HO Npeau ToBa ce akTUBMpa edHa oT BrIoKMpaHnTe HULWKKM (T.€. AaBa 1 ce
Bb3MOXHOCT Aa 3aBbpLun 3anovHatata cu P(S) onepauuns).
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MN3non3saHe Ha cemadopu

semaphore sem=1;

P1l: for (;;) {
P(sem) ;
CSsl;
V(sem) ;
Progl;

}

P2: for (;;) {
P (sem) ;
CS2;
V(sem) ;
Prog2;

}

Cemadhop ¢ noBeye OT ABe CTOMHOCTU — 06L cemachop
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Cemadbopu - onepauun

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

int sem wait(sem t *sem); // amanor ma P(S)

int sem post(sem t *sem); // auasor uHa V(S)
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[Tpnmep
#include <stdio.h>

#include <pthread.h>

#include <semaphore.h>

int count=0;
sem t S; // Semaphore variable
void *inc_count(void* arg) {
int i=0;
for (i=0,;i<1000000;i++) {
sem wait (&S);
count++;
sem post (&S) ;
if (i%100000==0) printf("+\n");
}
pthread exit (NULL) ;
}
void *dec_ count(void* arg) {
int i=0;
for (i=0,;i<1000000;i++) {
sem wait (&S);
count--;
sem post (&S);
if (i%100000==0) printf("-\n");
}
pthread exit (NULL) ;
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int main(int argc, char* argv[]) {
pthread t t1, t2;

// Initialize the semaphore

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

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

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

printf ("Main: count is %d.\n“, count);

pthread exit (NULL) ;
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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;
int clientlen, tmp=1;

pthread t td;

// Create a socket
sd = socket (AF_INET, SOCK_STREAM, 0);
if (sd == -1) {
perror ("socket") ;
exit (1) ;
}

// Set socket to be with REUSABLE port

if ( setsockopt(sd, SOL SOCKET, SO _REUSEADDR, &tmp,

sizeof(int)) == -1 ) {
perror ("setsckopt") ;
exit(1l);
}

// Bind to the socket

myaddr.sin family = AF INET;
myaddr.sin port = htons (SVRPORT) ;
myaddr.sin addr.s_addr = INADDR ANY;

if ( bind(sd, (struct sockaddr ¥*)&myaddr,

sizeof (myaddr)) == -1 ) {
perror ("bind") ;
exit(1l);

// Prepare buffer for incomming connections

if ( listen(sd, 5) == -1 ) {
perror ("listen") ;
exit(1l);

// Server's main loop

while (1) {
// Wait for a client connection
sd_copy = accept(sd,

(struct
sockaddr*) &theclient,
&clientlen) ;
if (sd _copy == -1) {
perror ("accept") ;
exit(1l);

// Start worker thread
pthread create(&td, NULL, worker,
(void *) &sd _copy) ;

exit(0);
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Bbnpocu?
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