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Aopn apxelov MPOYPAUUOTOC

» Mpoypappa (program) ovopaletol To EKTEAECIUO apXELo TToU BplokeTal
amoBnkeupévo oto dioko (m.x. To “a.out”, n to “Is” N to “gcc”)
» [Mpoypappato ¢Tiaxvoue suelc (a.out) n
» Elval €tolpec edappoyec (/usr/bin/gec, /bin/ls, ...)
 Ta mpoypappata eivat cuvnOiopeva Suadika apxeia. AlAQ Exouv TNV
LOLOTNTA OTL UIOPOoUV va EKTEAEOTOUV (SNAd €XOUV EVTOAEC UNXavnc).

» TLTEPLEXEL TO ap)eio a.out? O petadpaotic otav dnHLoUpYEL TO
TPOYPOUpA, artoBnKeVEL LECA OTO a.out dtddopa TpApata (segments):
1. Tic eVTOA£EG TOU Ttpoypappatoc (oe y\wooa punxavng) — ovouadletal text n
code segment

2. NAnpodopieg yla TIC apXLKOTOLNUEVEG KAOOALKEG LETABANTEG KOl OTOOEPEC
TIOU £XEL TO TIPOYPApUa (LEYEDN, apXIKES TIUEG) — ovoualstal data segment
3. NAnpodopieg yla TIC KN apXLKOTIOLNUEVEG KAOOALKEG LETABANTEG TTOU £XEL
TO Tpoypappa (LeyEOn) — ovoualstal bss segment
s  Mrmopeite va Selte AEMTOUEPELEC TWV TUNMUATWVY LE TNV EVIOAN Size, ).
EKTEAEOTE OTO TEPUOATLKO:
$ size a.out
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Noapadeypa

APXLKOTIOLNUEVEC KALOOALKEC
HeTaBANTEC Kal oTtaBepa strings
Bplokovtal oto TuApa data tou a.out

int a = 5, arrl[50] = { 1, 2, 3 };

int b, arr2[50];
Mn 0pXLKOTIOLNMEVEC KOBOALKEC

netaBAnTEC Bplokovtal oTo TUAUA
int main() { bss Tou a.out

char *name = "Hil";
OL Torkeg petaPAnteg dev

int c; Bplokovtal mouBeva! Oa

c =a+ b + strlen(name); tonoBetnBouv otn otoifa otav to
NPOYpOpLa eKTEAE(TOL WG Slepyaoia.

return 0;

} \ OL evtoA£cg Bpiokovtal oto TUNHA text

TOU a.out

| ' .
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Mpoypappa (program) & diepyaoia (process)

< Npéypappa (program) ovopdletol To eKTEAECLUO apXeio mou BplokeTal
arnoBnkevpevo oto dioko (m.x. To “a.out”, N to “Is” N to “gcc”)

> [poypappota GTiaxvoupe speic (a.out) i
» Elval €towueg edappovec (/usr/bin/gec, /bin/ls, ...)

% Otav éva npoypappa ekteAeital yivetal diepyaoia (process).

% AvaAoya PE To oUOTNUA, UTOPEL VOL CUVUTIAPYXOUV KOl VOl EKTEAOUVTOL
TMOAAEG Slepyaoieg og kABe xpovikn otyun (multitasking)
» T1.X. £Xw avolyto tov browser, Tov editor KoL TO TEPUATIKO Kal TNV (Lo oTlypn akovw K
gva TpayoudL.
» Motpalovtal tov enefepyaotn (1] TOug eMeEepPYAOTEC), TN LVALLN, KATT.
» Av unapyouv rmoAlol emefepyaotég (mapAaAAnAotl UTTOAOYLOTEC), Umopel va ektedolvTal
TaUTO)Xpova aAALWG Umopel va evalddocovtal e TToAU ypriyopo puBbuod kat va

ekTeEAOLVTAL €K TTEPLTPOTTC Sivovtag tnv YeudaioBnon tng TAUTOXPOVNG EKTEAEDNC
(timesharing).
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ALEpYQOLEC

s H dadikaoia Katd tnv onola 1o MPoypappa LETAAAACCETAL OF
Slepyacia eival Wdlaitepa MOAUTIAOKN Kol TNV avaAALBAVEL TO
AELTOUPYLKO CUCTNUO TOU UTTOAOYLOTH,.

* «XovTpLlKA» Bripoara:
1. Avolyetal To apyeio Tou MpoypAappatoc amno tov Sioko.

2. Metadepovral (avtiypadovtal) oL evtoAec Tou (armo to Tunpa text) oe
KQTIOLO ONUELo oTNV KUPLA LvAUN

3. AsopeleTal Ywpog yla tTnv tonobetnon tTwv kadoAlkwv HeETOBANTWY
(mMAnpodopiec amod ta tuRpata data kat bss)

4. Apxlkormolouvtal ot KaBoAKeC petaBAntec (oo to Tunpa data)

5. AegopeleTal Ywpog UvAUNG yLa tn otolfa tou mpoypappatog (stack)

6. Mpoetolpaletol o Xwpoc UvnUng amo tov onoio Ba divovrtal bytes av to
npoypappa kaAet tnv malloc (o xwpog autog ovopadlstal cwpoc — heap)

7. Npoetotpalovtol TOAUTTAOKEC SOUEC TOU AELTOUPYLKOU CUCTHLATOC yLa
Sdlaxeiplon kat Spopoloynon tng dtepyaociog
8. EvtéAeL, kaAettat nmain().
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MepiLka yLa TLg SLEpyaoieg

s Mmopei moAAEC Slepyaoiec va mpoEpyovTal oo To idLlo mpoypoapa
» T.X. €W avoLyTa TTOAANA TEPUOTIKA: £VOL ELVAL TO TIPOYPALLLA TOU
TEPUATLKOU 0TOV HLOKO, OPWCE EKTEAOUVTOL TTOAAEC QAUTOVOUEC KOl
éexwplotec Slepyaoiec.
¢ Kdabe diepyaoia naipvel pia povadikni tavtdtnra (process id) —
elval évac akEpaLog aplOuoc mou tn¢ HLVEL TO AELTOUPYLKO cUuoTnHa
» Htavtotnta eivat ev yével tuxaia. KabBe popa mou ekteAovpe to (6Lo
TIPOYPOUHA, TO cuoTnua urmopet va divel otnv avtiotowxn diepyaoia
StadopeTikn TOUTOTNTA.
» AlEPYaOLEC TTOU EKTEAOUVTAL TAUTOXPOVA KOl OL OTIOLEC TIPOEPYOVTOL OO
1o 1610 poypappa Bswpouvtal eViEAWC SLODOPETIKES, AVEEAPTNTEC Kol
EXOUV SLaPOPETIKEC TOUTOTNTEC.
s Mmopw va Bpw moLec SLepyaoiec ekTEAOUVTOL QWUTA TN OTLYMNA, Hadl
LLE TLC TAUTOTNTEC TOUC, EKTEAWVTOC:
$ ps
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Nwc pumopw va Bpw TNV TUTOTNTA TNC SlEpyaciog

¢ Houvaptnon getpid() emotpédel To process id tng Tpéxovoag
Sdlepyaoiag, T.x.

#include <stdio.h>
#include <unistd.h> /* For getpid() */

int main() {
printf("Process id: %d\n", getpid());
return 0;

}

% EKTEAEON OTO TEPUATLKO:
$ ./a.out
Process id: 3757
$ ./a.out
Process id: 3760
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H kAnon exec

s M£oa armno To MPOYPOUUA LOU UTTOPW VO EKTEAECW EVOL
omoLodNmote AAAO MPOYPOUUA LE TNV XPNON TWV KANCEWV
exec.

» H diepyaoia pou Ba avrikataotaBei kat Oa ekteAECEL TO VEO
TPOYPOLLLLAL.
» AnAadn «e€adavileta» o kwdikag kat ta dedopéva tnc dtepyaociag

LLOU Kall 0T B€on Toug pmaivouv o Kwdkag Kol ta dedopéva Tou vEoU
TIPOYPAUOTOC TTOU BEAW VoL EKTEAEOW.

» To process id mpodavwc dev aANAlel pag Kot Sev dtiaxtnke AAAn
Sltepyaoia. ANaée to mpoypoappa aAAd oxL n diepyaociall
< Emopévwce, mapepetvayv moANd paypata IAIA, onwc 1. To user id, o
TPEXWV PAKENOC epyaciag, Ta apyeia TOU NTAV AVOLXTA KATU
*** YIApYXOUV QPKETEC EKOOOELC TNC exec
> execl(), execv(), execlp(), execvp(), execle(), execve()

» Kavouv xovtpika tnv idta SouAeld, aAAd pe alla opiopoata /
ETULAOVEC.
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H kAnon execl()

* Arntattettal #include <unistd.h>

s Hexecl() naipvel wg opiopata tnv mARpn dtadpopn tou
NPOYPAMHATOC (apxelou) Tou BEAW var EKTEAECW KOl OTN CUVEXELA OL
ETIOLLEVEC TIAPAUETPOL Elval OAa Ta OplopaTA TTOU TIPETEL VA TIEPOLOTOUV
otnv main() Tou tpoypAappatoc mou Ba ekteAeoTel (pE TTPWTO TO Ovoua
TOU TIPOYPAHATOC, OXL TNV TTARPN dtabpour Tou).

» Hexecl() npodavwg eival variadic.
% H teAevtaia napapetpog npemnel va ivatl NULL.

% Av OAa ave koA, n execl () dev emiotpedel mote (€xel kKataotpadeln
Sdlepyacia ou tnv KAAECE...)

 Mapadeypa: ylo va ekteAéow “gec —c myfile.c” Ba mpémnetl va KaAEow TNV
execl() kanwg €tot:

execl("/usr/bin/gcc", "gcc", "-c", "myfile.c", NULL);
NAHPHX ATIAAPOMH Ovopua Op1lopa Opiopa TEAOG
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Nopadeypa execl 1/3

#include <stdio.h>
#include <unistd.h> /* Needed for execl() */

int main() {
printf("Before calling execl\n");
/* EktéAeon "l1ls -1"; AnAadi "ls" pe 1 6piopa, to "-1" */
execl("1ls", "1s", "-1", NULL); /* NULL petd to teAeutaio opilopa */
printf("After calling execl\n");
return 0;
} To “Is” &ev eiva n MAHPHZ Sdtadpoun
NG evtoAnc Is! MpéEmel va mepdooupe
OAGKANPO TO [LOVOTTOTL OTTOU

/

s EktéAEOn OTO TEPUATLKO:

Bploketal amobnkeupevo To
$ ./a.out ipoypappa ls.

Before calling execl
After calling execl Nwg to Pplokoupe;
$ $ which 1s
/bin/1s

$

s TLEywve???

Parallel Processing Group 10
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Noapadeypa execl 2/3

#include <stdio.h>
#include <unistd.h> /* Needed for execl() */

int main() {
printf("Before calling execl\n");
/* EktéAeon "l1ls -1"; AnAadiy "ls" pe 1 6piopa, to "-1" */
execl("/bin/1s", "1ls", "-1", NULL);
printf("After calling execl\n");

return 0;
}
+* EKTEAEON OTO TEPUATLKO:
$ ./a.out
Before calling execl
total 7

-rwxr-xr-x 1 dimako staff 4688 May 14 22:23 a.out

-rw-r--r-- 1 dimako staff 167 May 14 22:23 test exec.c
$

/

2 Jwotn ektéAeon! To devtepo printf () dev ekTEAEOTNKE TIOTE...

11
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Nopadeypa execl 3/3

s To mapakatw £lval o KWOLKAC TOU Mpoypappatoc a.out. Tt Ba yivel otav 1o
EKTEAEOOUE;

#include <stdio.h>
#include <unistd.h> /* Needed for execl() */

int main() {
printf("Before calling execl, pid = %d\n", getpid());
execl("./a.out", "a.out", NULL);
printf("After calling execl\n");
return 0;

}

% Oa ekteAettal er’ Amnelpo to a.out ano tnv Wbla diepyaoia kal apa:
$ ./a.out
Before calling execl 11454
Before calling execl 11454
Before calling execl 11454
Before calling execl 11454
Before calling execl 11454
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H kAnon execv()

¢ Mpokewtat yia idla Aoyikn pe tnv execl(), povo nou ta opiopata
dev bSivovtal Eexwplotd, aAAd poalepeva oAa pall og Evav Tivaka:

#include <unistd.h>
int execv(char *path, char *argv[]);

¢ To mponyoUpevo mapadetypa pe xprion tng execv():

#include <stdio.h>
#include <unistd.h> /* Needed for execl() */

int main() {
/* ExktéAeon "ls -1"; NMivakag pe 3 deikteg oe ocupBoloosipég */

char *arg[3] = {"1s", "-1", NULL };

printf("Before calling execv\n");
execv("/bin/1ls", arg);
return 0;

‘_ 13
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Anploupyla veac dlepyaotiag

s Mnopw HEoa armo TO MPOYPALLUO LOU UITOPpW VA
dnuoupynow pia evieAwc vea dlepyaoia;
» AUOTUXWC Ol CUVAPTAOELC TNG Katnyopilag exec AEN dnuloupyouv veéa
Slepyaoia, mapa Statnpouv TtV TPEXYOUoA Kol amAwe tn falouv va
EKTEAEOEL Eva AAAO TIPOYPALLUCL...

** YILAp)EL EVOC KOl LOVASLKOC TPOTIOC VAL YIVEL AUTO: N
(meplepyn) kAnon cuotiuatog fork():

» H ocuvaptnon autr) Snuioupyel €éva mavopolotumno avtiypado tng
TpEYovoac Slepyaoiag kot ot Vo, mMAEov, dlepyaoieg ekteAovvTal
Totoxpova Kol aveéaptnta!

» H Siepyaoia mou kaAeoe tnv fork() ovoupaletal Siepyaoia-yoveog
(parent) evw n véa Slepyaocio ovopaletol Buyatpkn i diepyaoia-
rntadi (child process).

15
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s Otav dnuloupynBet n diepyaocia-maldi, dev Eekivaetl va ekteAel tnv main().
Apxilel va ekteAel, AUEOWC LETA TO onpeio mov €ywve n kKAnon otnv fork().
» ElvalAeg kat o matépag kat to matdi va emotpédouv pall ano tnv fork.
s MNoapadeyua:

#include <unistd.h> /* Needed for fork(), getpid() */

int main() {
printf("parent (%d) about to call fork\n", getpid());

fork();
printf("Hi from process %d\n", getpid());
return 0;

}

s EKTEAEON OTO TEPUATLKO:
$ ./a.out
parent (11533) about to call fork
Hi from process 11533
Hi from process 11534

$
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E¢riynon

. . H yvovikn dlepyaocia ekteAel Tnv
#include <stdio.h> pr\lnt-F

#include <unistd.h>

H yovikn Stepyaoia kaAel tnv fork
1) Anuloupyeital véa Slepyacia
int main() { (Buyatpikr). MpoketTat yLa

printf("parent (%d) about to call fork\n", SLepyaoia-avtlypago tou

. YovEa, n omoia ekteAel To idlo
getpid()); TPOYPOLUAL.
fork(); 2) Kouwn yovikn kat n Buyatpiki

Sdlepyaoia ouveyilouv amo tnv

printf("Hi from process %d\n", getpid()); Aron e Fork Ko kT,

return 0;
} AuTO to printf to ekteAoUV Ka oL
dUo dlepyaoieg (oL omoleg eival
SLadOPETIKEG KaL Apa EXOUV
StadopeTiko process id)

$ ./a.out
parent (11533) about to call fork
Hi from process 11533
Hi from process 11534
‘_ $ 17
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Epwtnpota & nopatnpnoeLg

¢ Matl tumwBnKe MpwTta To process id Tou YOVEQ Kol LLETA TOU
ntodLlov; MpoAaBaivel mavio Kol EKTEAELTOAL TIPWTO O YOVEQC;

» Anavinon: Eivat evteAwc tuxaio! Av EavaekteAécou e To a.out
Urtopel va ektunwBel mpwTta To pAvupa Tou matdlou...

** Agv elvol LAAAOV aVOUGOLO TO YEYOVOC OTL YOVEQC Kot Ttoitdt
glval TTAVOUOLOTUTIOL KOlL KAVOUV aKpLPwC ta dLla mpaypata;

» Anavtnon: MNpodavwc vai! MnopoUpe OpUwC va Toug BAAOUUE va
KAvouV SLadopeTIKA TipAyaTA.

¢ Nwc propet to matdi va yvwpilet otL elvat atdi Ko va KAvel
QAAQL TIPAYLOTOL OTTO QLUTAL TTOU KAVEL O YOVEQC;

» Amavtnon: MNpemnetL va kottaéou e tnv T mou entotpedet n fork(). Av
elval lon pe 0, tote Bplokopaote oto Tadi, aAALwg oTtov yovea!

» 2TOV YOVEQ, eNLoTpEdeL To process id tou matdlou.

18
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Awadopormoinon yovea — matdou

##tinclude <stdio.h>
##tinclude <unistd.h>

int main() {
int ret;

printf("parent (%d) about to call fork\n", getpid());

ret = fork(); /* Remember what fork() returned */

if (ret == 0) /* 0@ returned to child */
printf("I am the child, with pid %d\n", getpid());

else /* child’s pid (> @) returned to parent */
printf("I am the parent, with pid %d; child pid = %d\n",

getpid(), ret);
return 0;

/

s EktéAEOn OTO TEPUATLKO:

$ ./a.out

parent (11644) about to call fork

I am the parent, with pid 11644; child pid = 11645

I am the child, with pid 11645
$

19
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getppid() — n TavtoTNTA TOU YOVEQ

##tinclude <stdio.h>
##tinclude <unistd.h>

int main() {
int ret;
printf("parent (%d) about to call fork\n", getpid());
ret = fork(); /* Remember what fork() returned */
if (ret == 0) /* 0@ returned to child */
printf("I am the child, with pid %d; parent pid = %d\n",
getpid(), getppid());
else /* child’s pid (> @) returned to parent */
printf("I am the parent, with pid %d; child pid = %d\n",
getpid(), ret);
return 0;

/

s EktéAEOn OTO TEPUATLKO:

$ ./a.out

parent (11640) about to call fork

I am the parent, with pid 11640; child pid
% am the child, with pid 11645; parent pid

11645
11640

20
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To nowdt etval avtiypodo tou natepa

*** H Buyatpkn Stepyaocio eivol MARPEC KAl TTOVOUOLOTUTIO
avtiypado tnc yoviknc dlepyaoiog

** TpExeL avtlypado Tou 8lou MPoypAUUATOC UE TOV YOVEQ

** AKOMOL TTILO ONMOVTLKO: EXEL TIAVOUOLOTUTIO OVTLYpad Ol O AWV

TWV METABANTWY TOU YOVEQ, UE TLC TIMEC IOV ELXAV GTOV
natépa ntpv tn fork().

¢ MevikOTEPQ, KANPOVOUEL TOr TAVTA ATTO TOV TOTEPA. AKOUAL KOl

ooa apyeia eixe kavel open() o matepag, Ta £xeL kol To Tatdi
Kol paAtota eival nén avolkta!

21
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OAa 1bLa — mapadetypa

##tinclude <stdio.h>
##tinclude <unistd.h>

int a = 5;

int main() {
int b = 10;
printf("parent about to call fork\n");
if (fork() == @) /* @ returned to child */
printf("Child (pid %d): a = %d, b = %d\n", getpid(), a, b);
else
printf("Parent (pid %d): a = %d, b = %d\n", getpid(), a, b);
return 0;

/

s EktéAEOn OTO TEPUATLKO:

$ ./a.out

parent about to call fork

Child (pid 11704): a = 5, b = 10
;arent (pid 11703): a = 5, b = 10

22
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To mowdt eitval Stapopetikn dlepyaoia

** Mmnopel va dnuloupyeital we mMARPeC avtiypado tou yovea,
OUWC OTN CUVEXELO ELVOL OLUTOVOUO KOt
a) Mrmopeiva ekteAel AAAEC EVTOAEC TOU TIPOYPAUMOATOC ATtO OTL O
YOVEQG
b) Mmnopelva divel AAAEC TIHEC OTIC LETAPBANTEG, LA KOl Elval OLKEC
ToU, SLa.POPETIKEC ATTO TOU YOVEQ.
¢ OtL aAAayéc Kavel otic petaBAntec tou to maldi, 6gv
entnpeAlouV TLC avTiloTtolyec LETABANTEC TOU ntatEpa (Kol TO

avtiotpodo)

23
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AL0POPETIKEC TIMEC LETAPBANTWY —

nopadelypa

#tinclude <stdio.h>
#tinclude <unistd.h>
int a = 5;

int main() {
int b = 10;
if (fork() == @) { /* @ returned to child */
printf("child: a = %d, b = %d\n", a, b);
a++; b++;
printf("child now: a = %d, b = %d\n", a, b);
}

else {
printf("parent: a = %d, b = %d\n", a, b);
a--; b--;

printf("parent now: a = %d, b = %d\n", a, b);
}

return 0;

}

s EKTEAEON OTO TEPUOATLKO:
$ ./a.out
parent: a = 5, b = 10

child: a =5, b = 10
parent now: a = 4, b =9
child now: a = 6, b = 11
$

Parallel Processing Group
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Mepuevovtag to bl — waitpid()

¢ Otav dnuoupyeital pia véa dtepyaoia, autry SpopoAoyeitol
KOl EKTEAELTOIL AVEEAPTNTA OTTO TOV YOVEQ.

» Mrnopel va teppatiosl o yoveag Kat to odi va ouveyiost va
ekteAeltaL ) kal To avarmnodo.

** 2TIC TIEPLOCOTEPEC TIEPUTTWOELC OUWC, OTav dTlaéoupe pia
veéa Olepyaoia, poc evolapEPEL VoL TNV TEPLUEVOUE VOl
oAokAnpwaoeL tn SOUAELA TNG N TEAOG TTAVTWYV VAL yWwpPL{oUpE
LLE KATIOLO TPOTIO OTL TEPUATIOTNKE.

¢ Mo aUTO TO OKOTO Xpnotpomoleital n kAnon waitpid() n
OTIOLOL MOLC ETILTPETIEL VAL OTOOTACOUME KOl VOL TIEPLLLEVOUUE
VOl TEPLLATLOTEL pia oUYKEKPLUEVN Slepyaoia-Ttaldi

Parallel Processing Group
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s Anouteital #include <sys/wait.h>
pid t waitpid(pid_t pid, int *exitstatus, int options);

% O tunog pid_t eival kata Baon Pevdwvupo tou int.

** To mpwto oplopa (pid) eival to process id TNG BuyaTpLlKAG
Slepyaciog mou MEPLUEVOUE VO TEAELWOEL.

» Av epAooupe -1, TOTE MEPLUEVOULE piat OTOLASATIOTE QTG TLG
Ouyatplkéc pag diepyaoiec va TeAELWOEL.

s To tpito oplopa dev pac evdladépel — Ja divouue navra 0.

s To 6eltepo Oplopa Helyvel o Evav aKEPALO, OTOV omoio Ba
amoBnKeUTEL N KATAoTaon TEPUATIONOU (BOOIKA TIEPLEXEL TNV TLUN
emiotpodnc) tnc Buyatplknc dtepyaoiog.

» Me auTO ToV TPOTO, TO TOLSL UITOPEL EMLONG VOL EVNLEPWOEL TOV YOVEQ YLOL
TO TL EYLVE.

» Av bev pag evoladEpel n Tun, pmopou e va nepacoupe NULL.
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¢ H kAnon
wait(&exitstatus);

¢ Elvat Looduvapn pe tnv KAnon:
waitpid(-1, &exitstatus, 0);

¢ AnAadr), MEPLUEVEL TOV TEPUATLOMO omotloudrmote matdlou.

¢ TNV ayvooU UE ETMTOUEVWC...
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Noapadeypa avopovie 1

#include <stdio.h>

#include <stdlib.h> /* For exit() */

#include <unistd.h> /* For fork(), getpid() */
#include <sys/wait.h> /* For waitpid() */

int main() {
int pid;

pid = fork();
if (pid == @) { /* child */
return 5; /* child exits with 5 */
}
printf("parent (%d) waits for child (%d)...\n", getpid(), pid);
waitpid(pid, NULL, 0@);
printf("child terminated!\n");
return 0;

¢ H Buyatpikn diepyacia teppatilel kavovika pe return and tnvmain() tng
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Noapadeypo avopovng 2

#include <stdio.h>

#include <stdlib.h> /* For exit() */

#include <unistd.h> /* For fork(), getpid() */
#include <sys/wait.h> /* For waitpid() */

delay() { /* Just delay */
int i, sum=0;
for (i = @; i < 10000000; i++)
sum += 1i;
printf("child (%d) exits...\n", getpid());
exit(5); /* Child exits with 5 */
}

int main() {
int pid;

pid = fork();
if (pid == @) /* child */
delay();
printf("parent (%d) waits for child (%d)...\n", getpid(), pid);
waitpid(pid, NULL, 0@);
printf("child terminated!\n");

¢ H Buyatpikn diepyacia teppatilet kavovika pe exit ()

( 29
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Malpvovtag TNV TLUN TEPUATIOHOU

¢ o val UImopeow va Bpw UE TL TLUN TEPUATLOE TO Ttodi pou
(elte pe exit eite pe return), Ba npenel va mepdow TN
devtepn nmapapetpo otnv waitpid() pe deiktn og kamowov
QKEPOALO

** JTOV OKEPOLO AUTO, KOTA TNV €miotpodn amo tnv KAnon a
neplthapBavovtat 2 etldwv nAnpodopleg

a) Av teppatiotnke kavovika (pe return n exit) n Stepyacio-maldin
SLaKOTINKE ampoopeva T.X. AOyw KArmolou odpaApatoc i ctrl-C KA.

B) H Tun teppatiopol oV TEPUATIOTNKE KAVOVLKA

¢ Mo va SLomLoTwow To a) TMPETIEL VA XPNOLUOTIOLOW TO mMacro
WIFEXITED().

** Av auto pou dwoel TRUE, tote to B) MPOEKUTITE O TO Macro
WEXITSTATUS ().
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Noapadeypo avopovne 3

#include <stdio.h>

#include <stdlib.h> /* For exit() */

#include <unistd.h> /* For fork(), getpid() */
#include <sys/wait.h> /* For waitpid() */

delay() { /* Just delay */
int i, sum=0;
for (i = @; i < 10000000; i++)
sum += 1i;
printf("child (%d) exits...\n", getpid());
exit(5); /* Child exits with 5 */
}

int main() {
int pid, status;

pid = fork();
if (pid == @) /* child */
delay();
printf("parent (%d) waits for child (%d)...\n", getpid(), pid);
waitpid(pid, &status, 0);
if (WIFEXITED(status)) /* Terminated OK? */
printf("child exited normally with value %d\n", WEXITSTATUS(status));
else
printf("child was terminated abnormaly.\n");
return 0;
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Nentopepelec — Mapatnpnoslc — waitid()

% To macro WEXITSTATUS () entotpépet MONO ta 8 AtyOTepo onUAVTIKA
bits tn¢ TiuN¢ TeEpUATIOUOU TOU ITatdLou

» Emopévwg, av to odl BEAEL va «TIEL» KATL OTOV YOVEQ PEOW exit/waitpid,
oUTO Oa TpEMEL va eival Evac aplOpoc pexptl to 255.

¢ H o cuyxpovn exboxn tngwaitpid() eilvaln ouvaptnonwaitid():
waitid(P_PID, childpid, &info, WEXITED);
Mo avopovn ortotoudnmnote naldlou:
waitid(P_ALL, @, &info, WEXITED);
omou to info eivattumou siginfo_t.

» 2to info.si_status pmopel kaveic va BpeL TNV TLUA TEPUATIOUOU TOU
ntadlov, kat paAtota ONAOKAHPO tov aképato (OxL Lovo ta 8 AlyOoTtepo

onuavtika bits).

Parallel Processing Group
I UNIVERSITY OF IOANNINA

ATO TO TEPUATLKO, YLO VO BPOUE AETITOUEPELEG
Kol TTAnpodopLeC yLoL CUVAPTNOELG,

XPNOLUOTIOLOU LE TNV EVTOAN man:

$ man waitid
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Fork + exec

** Mia oAU ouvnBLlopévn eplmtwon otnv npaén eivat va
BeAoupe va dnuloupynoou e pia Buyatplkn dtepyoacia n
oroila Ba ekteAECEL Eval AANO TIpOypappa Kol Ba Teppatiost.

¢ AuTO 1o ogvaplo vAormoleital pe tn xprion tng fork () ywa va
dnuoupynBei n vea dlepyaoia Kol 0Tn oUVEXELA HE TO TtaLdl
va KoAel tnv exec () ywa va eKTeAEoEL AAAO TTPOYPAULLAL

¢ O yovEac, avaloya LE TNV TEPLITTWON, UITOPEL VO TIEPLUEVEL 1)
OXL TOV TEPUATIONO TOU TaLdLou.
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Napadewypa fork + exec

#include <stdio.h>
#include <stdlib.h>
#include <unistd.h>
#include <sys/wait.h>

childfunc() { /* Just delay */
printf("child (%d) will fire up a firefox window!\n", getpid());
execl("/usr/bin/firefox", "firefox", NULL);
exit(5);

}

int main() {
printf("about to fork...\n");
if (fork() == 0) /* child */
childfunc();
printf("parent (%d) waits for child...\n", getpid());
waitpid(-1, NULL, @); /* or just wait(NULL) */
return 9;
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H cuvaptnon system()

*»* MpOKeLTAL YL Uit cUVAPTNON N OTtolal KAVEL TN AsLTtoupyia
twv fork + exec + waitpid pe pilo povo kAnon!

» Anuoupyetl éva rtatdi, To omolo ekteAel To poOypappa Tou BEAOUUE
(LEow shell) kat 0 yovéac emloTpEdEL LOALC TEPULATLOEL TO TTOULOL.

¢ H ouvaptnon system():

» Hsystem() naipvel wg 6plopa 1 cupBoAooelpd, n omola mePLEXEL
AKPIBQ?Z tnv evtoAn mou Ba ekteAOVUCOUE OTO TEPUATLKO!

a) MmAokadpel (oTtopatd mpoowpLva) Ttnv TpExovoa dlepyacia

b) dSnuovpyel pia véa dtepyacia n omola exkteAet Eva k€EAudog (shell, m.y.
Bash)

c) TO KEAUDOC EKTEAEL TNV EVTOAN TIOU TTEPACALE WC TIAPAETPO
d) teppatilel n dtepyacio tou keAUDOUC Kall
e) ouvexilel n apxkn pog diepyaoia.

» AMAOC, ypryopoc aAAd Kol AELTOUPYLKA TLEPLOPLOTLKOC TPOTIOC.
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Napadeypa pe system()

s Mapadeypa:
#include <stdio.h>
#include <stdlib.h> /* For system() */

int main() {
printf("Before system()\n");

system("1ls -1"); /* Create shell to execute 1ls */
printf("After system()\n");

return 9;
}
s EKTENEON OTO TEPUATLKO:

$ ./a.out

Before system()

total 16

-rwxr-xr-x 1 dimako staff 6748 May 14 14:49 a.out
-PW-r--pr-- 1 dimako  staff 236 May 14 14:49 test.c

After system()
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