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Programs vs. Processes

O OLUumoAOYLOTEC EKTEAOUV TTPOYPA AT

O Mia diepyaoia (process) sival €va instance evoc mpoypAppatos, KaBwe auvto
ekteAelTal.

B To idlo npdypappa propel va ekteAeitol MoAAEG PopECG TauTOXpOVA
B Al OopETIKA TTPOYPAMMATA LLTTOPOUV ETILONC VO EKTEAOUVTOL TOLUTOXpOVA
B AkOpa Kot aro dtadopeTkoUC XPROTES

O Muw Siepyaoia pmopei va «yevvnBei» povo amo o aAAn Sdiepyaoia

m [1.X., 0Tav MANKTPOAOYW MO EVTOAR OTO TEPUATLKO pou (oto shell), To Unix
dnuloupyel o véa Slepyaoia yla va Tnv eKTEAEOEL
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2.TA evOOTEPA P1AG OlEPYAOLAG

O Mua Slepyaoia amoteAeitol amno:
O To mpoypappa ou eKteAeL (i.e., a file containing the code to run)
O PID: Process identifier (an integer)
O Memory used to execute the program (text, data, heap, stack)
O PC: Program counter
= indicates where in the program the process currently is

O A number of signal handlers

= tells the program what to do when receiving signals

O M Siepyaoia pmopet va «paBew to PID tng:
#include <sys/types.h>

#include <unistd.h>

pid_t getpid(void) ;

O 'Hto PID tou yovéa tnc:

pid _t getppid(void) ;
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The fork() System Call [1/3]

O e ovotiupata Unix, urtdpxel akplBwe Evag Kat PLovo £vag TPOmoc va GTLAEELS Yo VEQ
Slepyaoia:

#include <sys/types.h>
#include <unistd.h>
pid t fork(void);

O H diepyaoia ntadi (child process) eival akplBec avtiypado tou yovea:

Tpéxel To ibLo mMpoypappa

H pvApn tne eivatl akplBec avtiypoado tng LvApNG ToU yoveQ

Ta signal handlers kau file descriptors avtiypddovrtal emiong

O program counter (PC) sival akplBwc oto (610 onpeLo OTWC Tou yovea
O AnA., akptBwg peta tnv fork()

O Ymapyel Evag Ko Lovo Evag TPOTog va Slakpivoupe yovea amo natdi:
m fork () returns 0 to the child process
m fork () returnsthe child’s PID to the parent process
m fork () returns-1in case of error

O >xedov nmavra eA€éyxoupe to anotédeopa tns fork ().
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The fork() System Call [2/3]

/N\EITOUPYIKA ZUCTHPATA

pid t x;
x = fork();
printf (“x=%d”,x) ;

Crom

v
pid t x;
x = fork();
printf (“x=%d4d”,x) ;

parent process (1234)

pid t x;
x = fork();
printf (“x=%d4d”,x) ;

child process (1235)
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The fork() System Call [3/3]

O JuvnBwc ol Slepyacieg yovea kal atdov emiteAovv SLadopeTIKOUC POAOUC LETA
Vv kKAnon tng fork():

pid _t pid;
pid = fork() ;

if (pid<0) {perror (“Fork error”); exit(l);}

if (pid==0) /* child */

{
printf (“I am the child process\n”) ;
while (1) putchar(‘c’);

}

else /* parent */

{
printf ("I am the parent process\n”) ;
while (1) putchar(‘p’):;

}
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The Fork of Death!

O [MMpoooxn ue tn fork()!!

m [aveUkoAo va Snuoupynoste xaog!! ©

while (1) {
fork () ;
}

O O aplBuog twv dlepyaotlwyv evog cuotrpatog Unix eival emepaopevoq

m PID: 16-bit integer =» maximum 65536 processes!

O Mnv xaipeote opwe! ©
m Otadministrators ouvOw¢ Aapfavouv Ta HETPA TOUC
m [leplopilouv To aplBUO processes ava user

B [lelpopatioTeite uoOvo oto onitt ©
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The exec() System Call [1/4]

O Hexec () emitpenel o pa Stepyacio vo aANAEEL TO TPOYPOULLOL TTOU
ekteAel (aAAd tapapévovtac n idta dtepyacial)

m Code/Data for that process are destroyed

Ot environment variables dtatnpouvtal

Ot file descriptors dtatnpouvtatl

To véo mpoypappa popTtwvetal Kol ekteAeital (amo tnv apxn)
Aev undpyel entotpodn!!

int x = 3;
int err = exec(“hello”);
printf (“x=%d” ,x) ;

\ 4

int main() {
‘ printf (“Hello world!'\n”);
}
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The exec() System Call [2/4]

O fork() and exec() pmopouv kat va xpnotpomnotnbouv Eexwplotd
m [lotg;;;

O JuvnBwc OUWG, «TIAVE TTOKETON» !

if (fork()==0) /* child */

{
exec (“hello”); /* load & execute new program */
perror (“Error calling exec()'\n”);

exit(l);
}
else /* parent */
{
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The exec() System Call [3/4]

O Ta command-line arguments mepviouvtol cav array of strings:

® To npwrto, argv[0], mpEmeL va gival To program name
® To televtaio npemet va eivat NULL (onpatodotel to tT€AOC Tou array)

O Av gV 10 TNPAOETE AUTO, TO MPOYPOUUA OOC UITOPEL va EXEL ampoBAemtn
ocuunepidpopa!

B Mepkéc dopec oAU mepiepyn!

O T.x., ywa va ekteAécoupe “1s -1 /home/spyros”,
® To 6voua nmpoypappatog eivat V/bin/ls”
m Kot to array of arguments eivat
{“1s”, “-1”, “/home/spyros”, NULL}
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The exec() System Call [4/4]

O Ynapyouv 4 versions tou exec(), faoel SU0 XapaAKTNPLOTIKWV:

®m Avalnitnon tou npoypappotoc oe (i) absolute path, i (ii) SPATH
B [loapapetpol mepacpéeveg we list i wg vector (array)

absolute path $PATH

list (n+1 parameters) execl () execlp ()

vector (2 parameters) execv () execvp ()

O MNoapadeypa execl():
execl (“/bin/1ls”, “1s”, “-1”, “/home/spyros”, NULL) ;

O MNoapadelypa execv():
char *params[4] = {“1s”, “-1”, “/home/spyros”, NULL};
execv (“/bin/ls”, params) ;
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Epwtnoetg

O Q1l: tovpBaivel otav mAnKkTpoAoyeic pa evtoAn oto shell;
m To shell process kavel fork() (6nA., dnulovpyet KAwvo Ttou)
®m To child process kavel exec() yia va ekteA€oel To {NTOULLEVO TIPOYPAUA

O Q2: Kuav n evtoAn eivatl cuvBetn, SnAadn mepLEXEL pipes;;;
mX.: ls | grep “.txt” | wc
m To shell kavel fork() pla dopd yia kabe npoypappa!

B Anuloupyel pipes kat kavovilel n €€060¢ Tou evoc process va dloxeteuBel oav
eloob0o¢ oTo eMOpEVO, dSnuloupywvtag pa aAdvoida diepyactwv

O Q3: Nwc teppatitel pla dlepyaoia;;
B Acite T1c emopevec dtadaveieg! ©
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TeppatiCovtag pua oepyaoia

O Muw Siepyaoia teppatitetal (xwpic odpdaipa) otav:
® Hmain () function emiotpédel
A -
B To mpoypoppa KOAEL exit ()

O Kapia Stepyaocia dev pmopet va teppatiost («okotwoely) aAAn, oUTe Kav o idlog o
kernel!

B Mrmopel povo va tng oteidel éva signal
O ...MapaKAAWVTOC TN Vo TeEppatiost!
m To signal Ba kaA£oel tov oxetiko signal handler (pwa function)
m By default, to signal SIGINT teppatilet pia Siepyoaoia
O Auto elval To orpa mou otéAvetal otayv atdte AC
O Opwc n dlepyaoia UmopeL va EXEL AVTLKATOOTAOEL TOV OXETIKO handler
m To signal SIGKILL £xeL to (60 amotéAeoua
O Opwc 8ev pmopet va avtikataotadet o handler touv ©
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Inter-Process Communication

O Kavovikad, ol Slepyacieg tpExouv aveédptnta, xwpic va emnpedlouv n pia tnv
AAAN
m Ektelovvtal og anopovwon (executed in isolation)
B Zexwplotol Ywpol SteuBuvoewv (address spaces)

O Ymapyxouv 4 pnXoVIoHOoL TIoU EMITPEMOUV O€ SlEpyaoies Tou ibLovu umtoAoyiloth va
aAAnAerdpdcouv

m Signals: AmootoAn evog onpatog o pla Stepyaoia (SIGINT, SIGKILL, k.t.A.)

m Pipes: KavaAl emikolvwviog yia petagdopd dedopévwy

m Shared memory: Kowvry pviipun otnv omoia €xouv npocPfaon moAAES
Slepyaoieg

m Semaphores: cuyxpoviopnog Slepyaotwv

O Autéc ol péBodol ovopalovtal Inter-Process Communication (IPC) kalt emitpenouyv
TNV eTiKovwvia Hetaéy dlepyactwyv Tou idlov urtoAoyloth (6nA., OXL TNV
gMKovwvia dlepyaolwv HEow SLKTUOU)
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Signal Handling [1/3]

O Muw Siepyaoia propel va oteilel og pa dAAn €va signal

SIGSEGV: segmentation fault (non-authorized memory access)
SIGBUS: bus error (non-aligned memory access)

SIGPIPE: you tried to write in a pipe with no reader

SIGCHLD: one of your children processes has stopped

SIGSTOP, SIGCONT: pause and continue a process

SIGUSR1, SIGUSR2: two generic signals to be used by user programs

You can get a complete list of signals with kill -1

O Auto yivetal pe to system call kill()
#include <sys/types.h>
#include <signal.h>
int kill (pid t pid, int sig);

O Avuto 6gv «okotwvew (kill) anapaitnta pla diepyaocia!
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Signal Handling [2/3]

O Tl €vav custom signal handler:

#include <signal.h>
void (*signal ( , void (*sighandler) (int))) (int) ;

informally: HANDLER *signal (int signum, HANDLER *sighandler);
where HANDLER would be a function like this: void sighandler (int)

#include <signal.h>

void myhandler (int sig) {

printf (I received signal number %d\n”, sigqg);
o rx.: signal (sig, myhandler); /* set it again it */
}

int main() {
void (*oldhandler) (int) ;
oldhandler = signal (SIGINT, myhandler) ;
signal (SIGUSR1, myhandler) ;
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Signal Handling [3/3]

O Otav €vag signal handler tpéxel, to signal emavadEpetal autopata otV apxLkn
Tou oupurnepldpopa (otov default signal handler)

B [pénel va kaAéoete signal() Eava péoa otov signal handler!

O [Mpoooxn! To Unix ev kpatdel ta signals og kamola oupd

m Avto (6wo signal otalel og pla Stepyaoia moAAEG PpopEC og olvToua
Slaotriparta, popel kat va armootaAel povo pia popa!
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. hemowpysavowera G026
Zombie Processes

O Otav pa Slepyaocia teppatiost, dev adatlpeital kateuBbeiav ano to cvoTnua
m H diepyaoia yoveac pmopet va evdladEpetal yia to return value

O ‘Etouyivetal «zombie:
B H pvAun KL oL mopol TG eAeuBepwvovtal pev
B AMQA TAPAUEVEL N KATOXWPENOH TNE 0To process table péxpt o yovéac va AdpeL to
return status
B Av o yoveéag €xeLNén teppatiosl, n dlepyaoia «uloBeteital» amno tnv dlepyaocia init
(ue PID 1).

O Aev npénetlva adrvete zombies!!
B AMww¢ Ba oag teAelwoouv ta PIDs
m O administrator KavoviKa MpEMeL va BETEL TEPLOPLOUOUC OTO TTOOEC SLEPYAOLEC
UTTOPEL VO TPEXEL TAUTOXPOVA EVOG XPNOTNG

O [l va teppatiosl Eva zombie, 0 yoveag ToU TIPETEL vaL KOAEDEL “wait”
m To wait() elval blocking péxpt va teppatiost kamnoto art’ ta modid tng dtepyaociog

B EvaAlakTikd, o yovéag pumopei va B€oel 61ko tou handler yia to SIGCHLD signal,
WOTE Va eVNUEPWOEeL OTav teppatiosl kamotlo modi Tou (Kal TOTE va KAVEL wait)
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Waiting for Children Processes [1/2]

O Mepipével (blocked) péxpt kamoto matdi tng Slepyaciog va TepUATIOEL:

#include <sys/types.h>
#include <sys/wait.h>
pid t wait(int *status);

O wait () mepilpével yla omotodnimote matdi tng diepyaoiog
B Ektoc av kamolo ratdi £xel AdN teppatiost (elval zombie) onote emotpedel
QUEOWC
Eriotpedel to PID Tou matdlov mou TEPUATLOE
To status mepléxel to return value tou matdlou
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Waiting for Children Processes [2/2]

O To waitpid() cou bivel meploootepo EAeyxo:

pid t waitpid(pid_t pid, int *status, int option);

B To pid dnAwvel yla oo tadi va meppévou e (to -1 onpaivel onolodnmote)

B To option WNOHANG to kdvel non-blocking, akopa kL av dgv €xeL nén
Teppatiostl kaveva ratdi

O Mapddewypa SIGCHLD signal handler

void sig_chld(int sig) {
pid _t pid;
int stat;
while ( (pid=waitpid(-1, &stat, WNOHANG)) > 0 ) {
printf ("Child %d exited with status %d\n”, pid, stat);
}
signal (sig, sig_chld);
}

O Epwtnon: MNati xpnotpomnowoupe while;
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Pipes [1/3]

O ‘Eva pipe eival éva unidirectional communication channel avapeoa og diepyaocieg

B O,tLypayelc oto éva akpo, to dtafalelc oto dAlo
B Av xpelaleote bidirectional emukolvwvia;
O Xpnowuormnotiote duo pipes!

O Anuloupywvtag éva pipe

#include <unistd.h>
int pipe(int £d[2]);

O Ta return parameters givad:
m £d[0] file descriptor yia avayvwon
m £d[1l] file descriptor yia ypadipo

=)

=0,
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Pipes [2/3] o
O >uvnbwc ta pipes xpnolpomnolouvtal o€
ouvbuaouo pe fork() .H

int main() {
int pid, £d[2];

char buf[64]; <::§{j€:>
or

if (pipe(fd)<0) exit(1l);

pid = fork();

if (pid==0) /* child */

{ close (£d4[0]) ; /* close reader */
write(£fd[1l],”hello, world!'”,b14);

;lse { /* parent */

{ close (£fd[1]) ; /* close writer */

close(fd[0])

if (read(£fd[0] ,buf,64) > 0)
printf (“Received: %s\n”, buf);
waitpid(pid,NULL,O0) ;
}

>1m0pog BoUAyapng — Oikovopikd Mavemotiuio ABnvwy



A&iToupyik@ ZuoTApaTa 6/3/2026

Pipes [3/3]

O la noapadelypa, ta pipes xpnotpornolovvtol o€ shell commands:

sort foo | uniq | wc

O Ta pipes EMTPEMOUV HOVO TNV ETILKOWVWVIA AVALECO OE processes e Koo
«TIPOYOVO»

B ALoTL éva pipe descriptor mepvael amo tn pla dSltepyacio otnv AAAn povo pEoca
fork(), d5nAadn amo yovea oe matdi

O Kuav duo Siepyaoieg mou Sev €xouv KoLvo Tipoyovo BEAOUV va EYKATAOTHCOUV
pipe yla EMKOWVWVLQ;

B Ynapyouv ta named pipes (yvwotd kat w¢ FIFOs)

m Eival eldika apyeia mov cuunepidpEpovtal we pipes

B Apkei oL dvo Slepyaoiec va cupdwvrioouv oTo Ovopa TOU apxeiou
O To mkfifo() dnuioupyel Eva named pipe
O Meta xpnotpomnotwoupe open(), read(), write(), close()
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Shared Memory [1/5]

O Kavovtag xprion shared memory, prmopouUv MoAAEC Slepyaoieg va €xouv pocfaon
O€ JLO KON TtEPLOXN UVAMNG

O [Meploxeg shared memory MPEMEL vat
m SnuwoupynBouv (created)
m yivouv attached ano kamnoiwa diepyaocia
®m yivouv detached armno tnv dlepyacia
m koataotpadouv (destroyed) otav dev xpeldlovtal mMAEov o€ KapLd Slepyaoia

O Otav xpnotpomnoloVpe shared memory mpemnel vo AApUPAVOUE Ta HETPO MO VAL
arnoduyoupe race conditions, péow onpadopwv (semaphores)

>1m0pog BoUAyapng — Oikovopikd Mavemotiuio ABnvwy



Shared Memory [2/5]

O Ta va dnuoupyriooupe (create) eva shared memory segment:

#include <sys/ipc.h>
#include <sys/shm.h>
int shmget(key t key, int size, int shmflg);

B key: rendezvous point (key=IPC_PRIVATE if it will be used by children
processes)

size: size of the segment in bytes
shmflg: options (access control mask)
Return value: a shm identifier (or -1 for error)

>1m0pog BoUAyapng — Oikovopikd Mavemotiuio ABnvwy



A&iToupyik@ ZuoTApaTa 6/3/2026

Shared Memory [3/5]

O Tl va kavoupe attach éva shared memory segment:

#include <sys/types.h>
#include <sys/shm.h>
void *shmat(int shmid, const void *shmaddr, int shmflg);

B shmid: shared memory identifier (returned by shmget)
B shmaddr: address where to attach the segment, or NULL if you don’t care
m shmflg: options (access control mask)

O SHM_RDONLY: read-only

O To detach a shared memory segment:
int shmdt (const void *shmaddr) ;

B shmaddr: segment address
m NMpoooxn: to shmdt() Sev kataotpEdel Tnv eploxn shared memory!

m Ta shared memory segments mopopeEVOUV ABIKTO AKOUA KL OTAV OAEC Ol
Slepyaoiec mou ta xpnotponolovoayv £xouv teppatiost!

O Odeilete va ta kataotpePete otav dev xpelalovral MAEOV
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Shared Memory [4/5]

O Tava kataotpePoupe (destroy) éva shared memory segment:

#include <sys/ipc.h>
#include <sys/shm.h>
int shmctl (int shmid, int cmd, struct shmid ds *buf);

B shmid: shared memory identifier (returned by shmget)
B c¢cmd=IPC_RMID to destroy the segment
® buf: NULL as far as we are concerned

O Command line

B Me tnv evioAn ipcs unopeite va deite ta umtdpyovta segments (ko ta
semaphores)

B Mropeite KoL va Ta KATAOTPEWPETE E TNV EVIOAN
ipcrm shm <id>
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Shared Memory [5/5]

O Napadsypa:

int main() {
int shmid = shmget (IPC_PRIVATE, sizeof(int), 0600);
int *shared int = (int *) shmat(shmid, 0, 0);
*shared int = 42;

if (fork()==0) {
printf ("The value is: %d\n", *shared int);
*shared int = 12;
shmdt ( (void *) shared int);
}
else {
sleep (1) ;
printf ("The value is: %d\n", *shared int);
shmdt ( (void *) shared int);
shmctl (shmid, IPC_RMID, O0);
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Race Conditions [1/2]

O ©Otav moAAEg Slepyaoieg mMpoomeAAUVOUV KOLVA MVHHLN, TIPETIEL TTAVTA VA
Bwpakilete To MpoOypaUUd oog amnod race conditions!

O MNoapadelypa: NpooBrikn otolxeiov os array

int array[32], size;

int add elem(int elem)

{
if (size==32) return -1;
array[size] = elem;
size = size + 1;

O O napandavw Kwdlkag prmopel va odnynoet o race condition!

m Av dUo processes poomaBrioouv va tPooBEcouV OToLXELO TauTOXpOVQ,
uropei va mpokAnBel opaipa
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Race Conditions [2/2]

Q)_~ size=0
eygogx

thread 1 o082 thread 2
running waiting

: | int add elem(int elem) { & int add elem(int elem) {

. if (size==32) return -1; if (size==32) return -1;

. array[size] = elem; array|[size] = elem;

|.> size = size + 1; size = size + 1;

} }

thread
int add elem(int elem) ({ running| int add elem(int elem) ({
thread1 ;¢ (size==32) return -1; . if (size==32) return -1;
waiting array[size] = elem; E array[size] = elem;
size = size + 1; . size = size + 1;
} >}

NMooa oTolIXEia £Xel Twpa To array;;; ©
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Semaphores [1/6]

O & MOAAEG TIEPUTTWOELG XPELALOUOOTE VOL CUYXPOVICOUUE TNV eKkTEAEON SUO N
TIEPLOOOTEPWYV SLlEPYAOLWV OTAV:

B potpalovtol kolvoug mopouc (kowv pvnun, file descriptors, devices, KtA.)
B Lo Slepyaoia PpEMEL va TEPLUEVEL KATTOLo event (armo karmola AAAn)

O Mia onpadopocg (semaphore) anoteleital amno
B £vav OsTIKO aKEPALO Kol
m SUo puebodouc: UP() kat DOWN()
O DOWN():
= if (sem>=1) then {sem=sem-1}
= else {block the process}
O UP():
= if (there are blocked processes) then {unblock one of them}
= else {sem=sem+1}

O Ot pgBodol up() kat down() ekteAoUvtat ATOpLKA!
B AnAadn, dgv pmopouv va «Sltakomouvy otn HEon
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Semaphores [2/6]

O Owonuadopol xpnoluevouv oe SUO cevapla:

B N apoBaio anokAelopo (mutual exclusion): 6tav dev MPEMEL val EKTEAECOUV
KATolo Kplolpo koppatt kwowka (critical region) meplocotepec ano pio dtepyaoieg
Tauto)Xpova

O =Zekwvape pe sem=1
O Mmnaivovtog oto critical region: DOWN(sem)
O Byaivovtac armno to critical region: UP(sem)

m [ cuyxpoviopo diepyaciwyv (process synchronization): otav pla depyaoia
TIPETIEL VAL TIEPLUEVEL Eva event AAANG Slepyaoiog

O Zekwape pe sem=0

O MNa va meplpévoue yla to event: DOWN(sem)

O MNa va kavouue trigger to event: UP(sem)

O TuoupPaivel av to event yivel triggered mtpv n aAAn diepyaocia kavelt DOWN();

O Epwtnon: Nwc purmopoupe va anodUyoupe To race condition otnv add_elem();
O Epwtnon: Nwc urmopoulpe va emnitpePpoupe péxptl kat k>1 depyaociec tautoO)pova oe Eva
critical region;
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Semaphores [3/6]

O Otonuadopol Snuoupyouvtal C€ arrays

O [ va dnuovupynooupe (create) €va array of semaphores:

#include <sys/types.h>

#include <sys/ipc.h>

#include <sys/sem.h>

int semget(key t key, int nsems, int semflgq);

key: rendezvous point or IPC_PRIVATE
nsems: number of semaphores to create
semflg: access rights

Return value: a semaphore array identifier
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Semaphores [4/6]

O Ta UP() kat DOWN() yivovtal péow tng idtag function:

#include <sys/types.h>

#include <sys/ipc.h>

#include <sys/sem.h>

int semop (int semid, struct sembuf *sops, unsigned nsops) ;

B semid: the semaphore array identifier
B sops: an array of commands to be issued
B nsops: the size of sops

O To sembuf struct:

struct sembuf {
short sem num; /* semaphore number: 0 = first */
short sem op; /* semaphore operation */
short sem flg; /* operation flags */

};
m sem_op: 1 for UP(), -1 for DOWN()
B OAgc oL AeLtoupyieg eKTEAOUVTOL TOMLKA, GOV JiaL.
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Semaphores [5/6]

O Awaxelpl{opaote Ti¢ onpadopouc we ENC:

#include <sys/types.h>

#include <sys/ipc.h>

#include <sys/sem.h>

int semctl (int semid, int semnum, int cmd, ...);

B semid: the semaphore array identifier
B semnum: the semaphore number
® c¢cmd: command
O IPC_RMID: destroy the semaphore
O GETVAL: return the value of the semaphore

O Otonuadopol «{ouv» Kol HETA TO TIEPAC TWV SLEPYACLWY TTOU TIC dnpovpynoav
Ka/f TG xpnotpomnoinoav

m [lpénel va anelevBepwoete (destroy) tic onuadopouc otav dev xpetalovral
TIAEOV

m Eite péoa amo 1o npoypappd oag, r} ano to command line pe ipcs, ipcrm
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Semaphores [6/6]

O Napadsypa:

int main() {
struct sembuf up = {0, 1, 0};
struct sembuf down = {0, -1, 0},
int my sem, vl, v2, v3, v4;

my sem = semget(IPC_PRIVATE, 1, 0600); /* create semaphore */
vl = semctl(my sem, O, GETVAL);

semop (my_sem, &up, 1); /* UP() */
v2 = semctl (my sem, 0, GETVAL);

semop (my sem, &down, 1); /* DOWN () */
v3 = semctl (my sem, 0, GETVAL);

semctl (my sem, 0, IPC_RMID); /* destroy */
v4 = semctl (my sem, 0, GETVAL);

printf ("Semaphore values: %d %d %d %d\n", v1, v2, v3, v4);
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Threads vs. Processes

O Ta multi-process mpoypappata eival damavnpa:
m To fork() xpetaletal va avtiypaet tTn pvun tng dtepyaciog
m To interprocess communication givat SUokoAo

O Threads (Nquata): “lightweight processes”
m KdaOe process meplEXel €va ) meploootepa threads
B OAa ta threads evoc process ekteAouv To (610 TpOypaAppLaL

B OAa ta threads potpalovral tig idtec machine-code instructions, tnv dla
global memory, ta idta open files, kat toug i6loug signal handlers

m KdaOe thread €xeL 61ko tou thread ID, program counter (PC), stack kat stack
pointer (SP), errno, kat signal mask
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Threads in C and Java

O Posix Threads
B Posix Threads (pthreads) are standard among Unix systems

O Also available on Windows through 3™ party libraries (Pthreads-w32)
B The operating system must have special support for threads
O Linux, Solaris, and virtually all Unix systems have it
B Programs must be linked with —Ipthread
O Beware: Solaris will compile fine even if you forget the —Ipthread
(but your program will not work)

O Java Threads
B Threads are a native feature of Java: every virtual machine has thread support
B They are portable on any Java platform
B Java threads can be:
O mapped to operating system threads (kernel threads or native threads)
O or emulated in user space (user threads or green threads)
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Anpiovpyia pthread

O [ va dnuouvpynooupe eva véo pthread:

#include <pthread.h>

int pthread create(pthread t *thread,
pthread attr t *attr,
void *(*start routine) (void ¥),
void *argqg) ;

thread: thread id (this is a return argument)

attr: attributes (i.e., options)

start_routine: function that the thread will execute
arg: parameter to be passed to the thread

Return value: 0 on success, error value on failure

O Toinitialize and destroy the default pthread attributes

int pthread attr init(pthread attr t *attr);
int pthread attr destroy(pthread attr t *attr);
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Teppatiopog evog pthread

O ‘Eva pthread tepupatilel otav:
B Tepuatilel TO process Tou
B Teppartilet 1o thread-yoveéac tou
B Teppatifern start routine () Tou
o

KaAel pnta to pthread_exit():

#include <pthread.h>
void pthread exit(void *retval) ;

O Like processes, stopped threads must be waited for:

#include <pthread.h>
int pthread join(pthread t th, void **thread return);
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pthread Create/Delete Example

O To create a pthread:

#include <pthread.h>

void *func(void *param) {
int *p = (int *) param;
printf ("New thread: param=%d\n", *p) ;
return NULL;

}

int main() {
pthread t id;
pthread attr t attr;
int x = 42;

pthread attr init(&attr);
pthread create(&id, &attr, func, (void *) &x);
pthread join(id, NULL) ;
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Detached Threads

O A “detached” thread:
m does not need to be joined by pthread join()

B does not stop when its parent thread stops

O By default, threads are “joinable” (i.e. “attached”)

O To create a detached thread, set an attribute before creating the thread:

pthread t id;
pthread attr t attr;

pthread attr init(&attr);
pthread attr setdetachstate (&attr, PTHREAD CREATE DETACHED) ;
pthread create(&id, &attr, func, NULL);

O You can also detach a thread later with pthread detach ()

B But you cannot reattach it!
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Race Conditions with Threads

O Ta threads polpddovtal T MEPLOCOTEPA resources
B memory, file descriptors, KTA.

O MNpoocoxn!! Kivéuvog - Odavatog!!

m Eilval moAU eUkoAo va dnuloupynoete race conditions pe threads, xwpic kav
va 1o KataAdfete

O [pEmeL mAvTa Vo EPEVVATE AV XPELALETAL CUYXPOVIOHOG
B And solve them with special thread synchronization primitives

O Pthreads have two synchronization concepts:
B Mutex
m Condition Variables
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Pthread Sync with Mutex [1/2]

O Mutex (mutual exclusion)

#include <pthread.h>
int pthread mutexattr init (pthread mutexattr t *attr);
int pthread mutex init(pthread mutex t *mutex,
const pthread mutexattr t *mutexattr);
int pthread mutex lock (pthread mutex t *mutex)) ;
int pthread mutex trylock(pthread mutex t *mutex);
int pthread mutex unlock (pthread mutex t *mutex);
int pthread mutex destroy(pthread mutex t *mutex);
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Pthread Sync with Mutex [2/2]

O Example

pthread mutex t mutex;

int add elem(int elem) ({

int n;

pthread mutex lock (&mutex) ;

if (size==32) {
pthread mutex unlock (&mutex) ;
return -1;

}

array[size++] = elem;

n = size;

pthread mutex unlock (&mutex) ;

int main() {
pthread mutexattr t attr;
pthread mutexattr init(&attr);
pthread mutex init(&mutex, &attr);

pthread mutex destroy (&mutex) ;
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Thread Safety with Unix Primitives

O [poooxn!
m Kamowa Unix primitives kat library functions €xouv oxedlaotel xwpig va
urtootnpilouv thread safety!

B Otav ypdadete éva multi-threaded npoypappa, oPpeilete va eAEYXETE TO Man
pages av oL cuvaptnoELlg tou KaAeite eival thread-safe

O TLy.:
m gethostbyname (): b¢v eival thread-safe!
B Mrmopeite va tn xpnotpomnotoste o multi-threaded mpoypappata
O ...o0AAQ pe mutex!
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Condition Variables

O Condition Variables

B O unXaviopog mou enitpenel o€ éva thread va meplpével (blocked) péxpt va to
«&umvnoel kamotwo dAAo thread

O Ta condition variables xpeidlovtal mutex yLa va AeLToupyrjoouv
B The mutex is used to synchronize access to the condition variable

B Otav «Eumvave» TIPETEL VoL EAEYXOUV aV TIPETIEL OVTWG Va EUTTVACOULV, i AV
TIPETIEL VOL CUVEXLOOUV VOl TLEPLUEVOUV.

O Tl meploootepec MANPodOpPLEC:
http://www.ibm.com/developerworks/linux/library/l-posix3/
https://computing.linl.gov/tutorials/pthreads/
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API for Condition Variables

O Atinittime:

pthread mutex t mutex;
pthread cond t cond var;
int predicate = FALSE;

pthread mutex init (&mutex, NULL);
pthread cond init(&cond var, NULL);

O To wait for an event:

pthread mutex lock (&mutex) ;
while (predicate==FALSE)

pthread cond wait(&cond var, &mutex) ;
predicate = FALSE;
pthread mutex unlock (&mutex) ;

O To trigger an event:

pthread mutex lock (&mutex) ;
predicate = TRUE;

pthread cond signal (&cond var);
pthread mutex unlock (&mutex) ;
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