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Anpovpyio NApoTtog

* int pthread create(pthread_t *thread,
pthread attr t *attr, void *(*start_routine)(void *),
void *arg);

— thread: povadiko avayvwpLoTLKO Lol TO VEO VALQL.

— attr: avtikeipevo thread attr_t n NULL ywa tic default
TLMEC.

— start_routine: n C poutiva mou Ba eKTeAECEL TO VEO
VALQL.

— arg: MAPAMETPOC 1Tov Ba mepaoel otnv start_routine.



Teppatiopoc NQpotog

* void pthread exit(void *value_ptr);
— KaAeitat amno to iblo to vipa (self-destruction)

— EvaAloktikd: Teppatilel Kavovika n poutiva start_routine
(“return NULL;”)

— MPOZOXH oto exit(): teppatilet 0An tn diepyaocial

* int pthread cancel(pthread t my_thread);
— KaAettat amno 1o vApa tng main() kot okotwvel to my_thread
— MPOZOXH ota memory leaks!

* int pthread join(pthread t my thread, void **value ptr);

— KaAettat amo to vapa tng main(), to omolo mapapeveL adpaveg
(suspended) pexpt va teppatiost to viapa my_thread



Attributes vaupoartoc (1 oo 3)

Ta attributes ival evog tpomocg va
nopapeTponotnBel N cupunepLopA TWV VUATWV.

Elval outovopua avTlKELLEVO TTOU UtopouV va
ouvdeBouv pe ToAAA vripaTa.

H ocUvdeon umopel va yiveL HOVO KOTA TNV
dnuoupyia evoc vpatoc (pthread create())

Ta default attributes etvait cuvnBwc n kaAUTepPN
eTILAOYN).



Attributes vauportocg (2 oo 3)

e Detach state

— int pthread_attr_setdetachstate(pthread attr t *tattr,int
detachstate);

* Ta nondetached vrpata dev amodeopevouv TOUC TTIOPOUC TTOU
Katexouv av 6ev KAnBel n pthread_join() (mpocoxn: memory leak!)

* Scope
— int pthread_attr_setscope(pthread_attr_t *tattr,int scope);

* OplileL to meptBailov avtaywviopou (system or process) tou
vApatoc yla deopevon mopwv mty CPU.



Attributes vaupoartoc (3 amno 3)

e Scheduling Policy
— int pthread_attr_setschedpolicy(pthread_attr t *tattr, int
policy);
e Emloyeg: FIFO, RR or OTHER, 6ev uttootnpiletal o oAa ta A2

— int pthread_attr_setinheritsched(pthread attr_t *tattr, int
inherit);

* Ta katvoupyla viipata (6ev) KAnpOvopoUV TNV TTOALTLKI TOU
natepa

— int pthread_attr_setschedparam(pthread attr t *tattr,
const struct sched param *param);

* Movo n sched_priority utootnpiletal



Start Routine

* void * start_routine(void * arg);

— ExteAeital amod to vApo AUECWE LETA TNV EKTEAECN TNC
pthread_create()

— Eruotpedel void deiktn, avaAoyo LE TNV TLUA TToU
emiotpedeL n pthread_exit()

e ot vat SOUUE TNV TIUA, TIPETEL VOL KAVOU LLE join LLE TO VAL
— Agyxetou 6elktn oe void avtlkeipevo, To omoio Ba yivel cast

— J€ MEPLITTWON TIOU €va VA XpeLAleTo TTOANEG
TIOPOLUETPOUC TIPETIEL va. dnpLoupynOel doun (struct)
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Baowko mapadswypa Pthreads

1. #include <stdio.h>

2. #include <pthread.h>

3. #include <unistd.h>

4. int main() {

5. pthread ttl, t2;

6. void *f2(), *f1();

7. intil,i2;

8. i1=1;

9. i2=2;

10. pthread create(&t1, NULL, f1, &il);
11. pthread create(&t2, NULL, f2, &i2);
12. pthread_join(t1l, NULL);

13. pthread_join(t2, NULL);

[N
s
——

14. void *f1(void *x){
15. inti=*(int*)x;

16. usleep(1000);

17.  printf("fl: %d\n",i);
18. pthread_exit(NULL);
19. }

20. void *f2(void *x){
21.  inti=*(int*)x;

22. usleep(1000);

23.  printf("f2: %d\n",i);
24. return NULL;

25. }
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Thread-safe

Atayeiplon Twv StapolpalOUEVWV TOPWV UE TPOTIO TTOU
VOl OTTOKAELOVTOL LOUVETIELEC OTNV KATAOTO.ON TNC

LV NG OTav TTIOAAQTAAQ vAjpatal AELttoupyouv
TOLUTOYXPOVAL.

MepimAoko (NATNO CUVETIELOC TTOU cUVAVTATOL OTLC BA.

AUokoAo mpoPBAnua, pe Eekabapn AUon povo o€
auotnpa koBoplopeva oevapla xpnonc.

2uvnBwc dlvetal mMEPLOCOTEPN TIPOOOXN OTNV
TpPOTIOTOoLNoN EVOC TOPOU Kol OXL oTNV avayvwon. Tt
yLVETOL OpWC OTOV N avayvwon METABAAEL TNV
Kataotaon tou ntopou (BA. pvnun cache);
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ApoilBaioc AMOKAELONOC

e ‘Eva vApa evnuepwvel Ta UTTOAOLTTAL OTL BEAEL/EXEL ATTOKAELOTLKN
npoofoon o nopo!

— XpnotuormnoloUpe avtikeipevo tumou pthread _mutex_t, éotw lock.
— To lock eivai evvololoyikd cuvdedepevo e tov thread-safe mopo.

— KaBe vpo mpLv mpoomeAAoEL TOV TTOPO KAAEL TNV
pthread_mutex_lock(lock) kat tov deopevel.

— Otav bev tov xpetaletal kaAel tnv pthread _mutex_unlock(lock) kot
ToV anmodeopEeVEL.

— Av ev Tw peTaEL AAAo vipa kaAEoet tnv pthread mutex_lock(lock) Ba
TIEPLUEVEL LEXPL TO TIPWTO VA Vo KAAEoeL Tnv unlock.

— * pthread_mutex_trylock() — mpoomnaBet va kAeldbwaoel vipa n
ETILOTPEDEL KWOLKO OPAAUATOC OV ATIOTUXEL TO KAELOWLAL.
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Baowko mapadetypa Mutex

#include <stdio.h>

#include <pthread.h>

int counter = 0;

pthread_mutex_t lock;

void *f(void *x);

Int main() {
pthread_t tl, t2;
intil=1; inti2=2;
pthread _mutex_init(&lock, NULL);
pthread_create(&t1, NULL, &f, &il);
pthread_create(&t2, NULL, &f, &i2);
pthread_join(t1, NULL);
pthread_join(t2, NULL);
pthread_mutex_destroy(&lock);

O L

O
> w N 2o

15. }

15. void *f(void *x){

16. int my_id = *(int*)x;

17. pthread_mutex_lock(&lock);
18. if (counter==0){

19. counter+=my_id;

20. printf("New counter %d \n",
counter);

21. }

22. pthread_mutex_unlock(&lock);
23. return NULL;
24.}

E¢ao@aAiloupe o1 povo éva vriua Ba
auc¢noel Tov counter o€ kKABe oTIyur)!
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Condition Variables (1 amno 2)

Baowkn o€a: to thread A mapapével adbpavec 0oco
Karmola ouvOnkn eivol avaAnBnic (false)

Karowa otypn eva aAAdo thread Ba aAAdaéel tnv
ouvOnkn kat Ba oteilel onpa oto adpavec thread A ot
LLTLOPEL VoL ouVEXLOoEL

2UVETIWC, EXOULLE ALEDH ETILKOWVWVIOL LETOAED VNUATWV

Kot 6w XpNOLLOTIOLOULE EVOL OVTLKELLEVO
pthread _mutex_t, €otw lock

ErtumA£ov, XpNOLUOTIOLOU LLE EVOL OVTLIKELMEVO TUTTOU
pthread _cond t, €otw cond
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Condition Variables (2 amno 2)

Ta vAapata kavouv lock & unlock to mutex rou oxetiletal pe Tov MoOpo.

To 1o vipa, rtou Ba mepLpuevel, kaAel tnv pthread _cond_ wait(cond, lock)
neoa o€ loop, mpoc amoduynv spurious wakeups.

H pthread _cond_wait() amodeopevel Tto mutex Ko £€ToL TO 20 vAua
QTOKTA TtpocPfaon.

To 20 vApa aAAaleL tnv ouvOnkn, kadel tnv pthread_cond_signal(cond)
Kol arteAevBepwvel To lock ko apyotepa Kol To mutex.

To 1o viipa cuveXilel. XpnNOLLLOTIOLEL TOV TTOPO Kall ATtEAEUOEPWVEL TO
mutex.

* pthread_cond_broadcast() avti tou pthread cond_signal() 6tav 6€Aw va
Eunvriiow TOAAQ vijpota!

— T mapadeypa, otav MEPLUEVOUV Yo SLapopeTIKO MARB0G TOpwV.

— Apa TpEMEL OAa va SOKLMAGOUV OV LKAVOTIOLE(TAL N cuVO KN Tou .
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Napadswypa Condition Variable

1. #include <stdio.h> 16. void *f1(void* unused){ (XV:;LGV:\QT\:TYLO::TSHI

2. #include <pthread.h> 14. pthread_mutex_loclﬂ,&(ﬂ OOUWE Spurious

3. int counter = 0; 15. while (counter==0) wakeups!

4. pthread _mutex_t lock; 16. pthread _cond_wait(&cond, &lock);

5. pthread cond_t cond = 17. counter = 5000 / counter;
PTHREAD_COND_INITIALIZER; 18. printf("New counter: %d\n", counter);

6. void *f1(void *), *f2(void *); 19. pthread_mutex_unlock(&Iock);

7. main() { 20. return NULL; } //end f1()

8. pthread tt1, t2;

9 pthread_mutex_init(&lock, NULL); 21. void *f2(void* unused){

10.  pthread_create(&t1, NULL, &f1, NULL); 22. pthread_mutex_lock(&lock);

11.  pthread_create(&t2, NULL, &f2, NULL); 23. counter = 1000;

12.  pthread_join(tl, NULL); 24. printf("First update: %d\n",counter);

13.  pthread_join(t2, NULL); 25. pthread_cond_signal(&cond);

14.  pthread_mutex_destroy(&lock); 26. pthread_mutex_unlock(&lock);

15.  pthread_cond_destroy(&cond); 27. return NULL; } //end f2()

16. }
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AdLe€odo (1/2)

= B9 =

foE s B

10.
11.
12.
13.
14.
15.
16.
17.
18.

19.

20.

void *function1()
{
pthread_mutex_lock(&lock1); // step 1

pthread_mutex_lock(&Ilock?2); // step 3
pthread_mutex_unlock(&lock2);

pthread_mutex_unlock(&lock1);
}

void *function2()

{

pthread_mutex_lock(&lock?2); // step 2
pthread_mutex_lock(&lockl);
pthread_mutex_unlock(&lock1);
pthread_mutex_unlock(&lock2);

}

main()

{
pthread_create(&threadl, NULL, functionl,
NULL);

pthread_create(&thread2, NULL, function2,
NULL);

}

http://www.yolinux.com/TUTORIALS/LinuxTutorialPosixThreads.html
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TTOTE PTTAIVEI
oT1o while()?

AdLe€odo (2/2)

pthread_mutex_lock(&mutex_1);

while ( pthread_mutex_trylock(&mutex_2) )
/* Test if already locked */

{

pthread_mutex_unlock(&mutex_1); /* Free
resource to avoid deadlock */

/* stall here */

pthread_mutex_lock(&mutex_1);

}

. count++;
. pthread_mutex_unlock(&mutex_1);
. pthread_mutex_unlock(&mutex_2);

http://www.yolinux.com/TUTORIALS/LinuxTutorialPosixThreads.html
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NapaAAnAec mapayyelisc (1 ano 3)

* H napayyeAia tepvael ano dtadopa otadla

— MAnpwun, mpostoluactia, PnoLLo, TTAKETAPLOLA,
Sdlavoun

— 2€ OpLOMEVA BripaTa, Eva N MEPLOCOTEPA VAOTO
TEPLUEVOUV VA TIPOCTIEAALCOUV EVOLV TIEPLOPLOUEVO
NOpo

* MoapaAlayn: KPATNOELC ELOLTNPLWV

— TnAedwvntnc, mAavo, Tauiog
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NapaAAnAec mapayyelisc (2 ano 3)

* Mrmopouv va eEuTtnPETOUVTOL TAUTOXPOVA
TOO0EC TtopayyeALEC O0OL Elval oL topol

— ATtayopeUETaAL N TAUTOXPOVN TPOTIOTIOLNCN TOU
LLETPNTN TTOPWV

— AnAadn eva vapa povo npocBadatpel tov
LLETPNTH, OV KOlL TIEPLOCOTEPA TOU EVOC UITOPOUV
va ekteAouvtal topaAAnAa.

— Mrmopet va tpeTeL vo. SECUEVCOUE V TIOPOUC
 M.x. 3 dovpvouc ya PnoLpo
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NapaAAnAec mapayyelisc (3 ano 3)

To {ntoupevo eival o TPooOLOPLOUOC TNC KPLOLUNC
TEPLOXNC KAl O TPOTIOC GUYXPOVLIOUOU TWV VNUATWV
XwpLc var umAokapeL To eva to aAAo. [davika BeAoupe
OAec oL tapayyeAiec va avateBouv (av uTtdpyouv) oe
TOPOUC

1 mutex yLa Tov petpntn Slabeoipuwy nopwv
1 condition variable yia tic mapayyeAlec
Av B€Aoupe val EKTUTTWVOULV Kol logs oTtnv KOVoOAQ;

Av dev TeplpevVouv OAoL yla o 6Lo mARBo¢ mopwvy;
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Napadsiypa pe moapAAAnNAEC mOPpAYYEALEC

#include <stdio.h>

o L X ey Guo9n B9 W =

N NN RNNNRRRRRRRRBR R
i P WINE OWLXNOOUREWDNEO

pthread_mutex_destroy(&lock);
pthread_cond_destroy(&cond);
return O;

— _—
#include <pthread.h> 1. void *order(void *x){
H A = ¥(; *\y.
#include <unistd.h> 2. !nt id = *(int *)x;
#define N 10 - Intre;

g " FR) = n .
othread_mutex_t lock; 4, printf("H paraggelia %d xekinhse\n",id);
pthread_cond_t cond; 5. rc = pthread_mutex_lock(&Ilock);
int resources = 2; //diathesimoi poroi ol while (resources == 0) {

o ) 7. printf("H paraggelia %d den brike diathesimo poro.
int id[N]; j
) ) Blocked...\n", id);
int main() { )
. 8. rc = pthread_cond_wait(&cond, &lock);
int rc;
9.
pthread_t threads[N]; ; . . e .
o 10. printf("H paraggelia %d eksipiretitai.\n", id);
pthread_mutex_init(&lock, NULL);
- 11. resources--;
pthread _cond_init(&cond, NULL);
o ) ) 12. rc = pthread_mutex_unlock(&lock);
for (inti=0;i<N;i++) { ] )
il = i1 13. sleep(5); //kane kapoia douleia me ton poro
id[i] = i+1;
) ) ) ) ) 14. rc = pthread_mutex_lock(&Ilock);
printf("Main: dhmioyrgia nhmatos %d\n", i+1); . . e " .
) o 15. printf("H paraggelia %d eksipiretithike epitixos! \n", id);
rc = pthread_create(&threads[i], NULL, order, &id[i]);
) 16. resources++;
o ) ) 17. rc = pthread_cond_signal(&cond);
for (inti=0;i<N;i++) {
o ) 18. rc = pthread_mutex_unlock(&lock);
pthread_join(threads[i], NULL); )
19. pthread_exit(NULL);
} 20
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Kowa opaApata pe vipato

AkpiBela kAetbwpotoc — Ooo 1o AemTopEPN ELvoL T
KAELOWLLATO, TOCO TEPLOCOTEPO TIAPAAANALOLLO
EXOUE, aAAA pe peyaAvtepn emiBapuvon.

Kplolpuecg meploxec— EAaxlotomnoinon Kplowy
MEPLOXWV, UMOPEL va elval onuela cupdopnonc.

2uxvotnta KASOwHATWY — MATIWC KAELOWVOULE TTOAU
ouxva; MNTtwc kKAslwbwvou e xwplc va penel; Melwon
KAELOWHATWYV yla TANpN aélomoinon mapaAAnALlopou.

MoAAQ vipata; - Mooa vApata eival mapo ToAAQ;
Mropel va petwoouv tnv anodoon);

Axkataotatn €€06o¢ — KAeltbwaoape tnv 00ovn;
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Napaywyn bevdotuyaiwv aplOpwv

 Weubotuyalol aplBpuot

— Mapayovtol amo podnuatikn ocuvaptnon

— E€aptwvTol amo tov apxLko aplOuo (omopo)

— Exouv oTOATIOTIKA XOPOKTNPLOTIKA TUXOLWV

— AAA\Q o bLoc omopoc divel tnv bLla akoAouBia
* MMoapaywyn xwpic vuata

— srand(seed): opilel to omopo (default: 1)

— rand(): emwotpedel emopevo Pevdotuyaio aplOuo

29



Wevdotuyaiotl pe vpata (1/3)

* Hrand() exeL kpudn KataotToon
— Apxka €xeL 1 N otL dwoape otn seed()
— KaBe popa mou kaAeitat aAAalel Tov aplOuo
— AMO ekel mpokUTTEL 0 EMOEVOC Pevdotuyalog
— Av £xoupe TTOAAA vipOTa £XOUE TIPOBANUa
* Motpalovtol oAa tnv dla Kpudr KaTAoTaon
e Xwpil¢ mutex R katL AAAO

e OQuolLaoTKA YpAdouv To Eva TAVW 0TO AAAO
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Wevudotuyaiotl pe vapata (2/3)

 Avon: rand_r(&seedp)
— H rand_r €xeL w¢ kataotoon tov seedp
e Aev €XeL Kpudn KATAOCTOON
— Ap)Lka seedp = emtBuUUNTOC OTIOPOC
— 2€ KABe KAnon Tpomomnoleital To seedp
— KaBe vpa €xeL tn OLKN TOU KATAoTaoN

— Qtavel va £xeL tn Sk Tou petaBAntn seedp!
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Wevudotuyaiotl pe vapata (3/3)

* Mwg va Byaloupe cwota Peuvdotuyaioug;
— ZEKWVAUE PE EVAV KEVTPLKO OTIOPO
— Av ToV Kavou e KaBoAlkn petaBAntn;

* OAa ta vapata Ba €xouv tnv dla
e QuolaoTLka AL ypAdouv To Eva TAvVw oTto AAAO
— Ynodetn: nwc npootateVou e KABOOALKEC peTaBANTEC;
— Av ToV avtlypayouLLE O€ TOTIKA HETAPANTA;
e Tote kKABOe vApa Ba £xel akplBwc tnv dla akoAouBia

— Ynodel€n: av cuvObuUACOUUE OTIOPO E KATL OTTO TO VAUQL

32
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BiAloypadia kot avadopEC

* http://randu.org/tutorials/threads/
* http://www.cs.cf.ac.uk/Dave/C/node30.html

* https://cis.temple.edu/~giorgio/old/cis307f97
/readings/pthreads.html

* http://linux.die.net/man/3/
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