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Aopn apxelou TPOYPOAUUATOC

» Mpoypappa (program) ovopdletal To eKTeEAECLIO ap)xeio tou PplokeTal
amoBnkeupévo oto dioko (m.x. To “a.out”, n to “Is”  to “gecc”)
» [Mpoypappato ¢TLaxvoulE eUelc (a.out) n
» Elvat €tolpec edbappoyec (/usr/bin/gec, /bin/ls, ...)
s Ta mpoypdppata eivat ouvnOiopéva Suadika apxeia. AlAd €xouv tnv
LOLOTNTA OTL UITOPOUV va. EKTEAEOTOUV (SnNAadr €XouV EVTOAEC UNXAVNG).

» TLTtEPLEXEL TO ap)elo a.out? O petadpaotic otav dnpLloupyeL To
TPOYPOUpO, artoBnKeVEL LECA OTO a.out dtddopa TpApatTa (segments):
1. Tic evtoAég Tou Tipoypappatoc (oe y\wooa punxavng) — ovoualetat text n
code segment

2. NAnpodopieg yLa TIC apXLKOTOLNUEVEG KOOOALKEG LETAPBANTEG KOl OTOOEPEC
TIOU €XEL TO TtPOYpappa (LEYEDN, apXIKES TILEG) — ovoualstal data segment
3. NAnpodopieg yLa TIC N apXLKOTOLNUEVEG KOLOOALKEG LETAPBANTEG TTOU £XEL
TO Tpoypappa (LeyEdn) — ovoualstal bss segment
s Mrmopeite va Selte AEMTOUEPELEC TWV TUNUATWY LLE TNV EVTOAN size, m.y.
EKTEAEOTE OTO TEPUATLKO:
$ size a.out
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Noapadeypa

APXLKOTIOLNEVEC KOOOALKEC
HeTaBANTEC Kol otaBepa strings

i lokovtal oto TuRpa data tou a.out
int a = 5, arrl[50] = { 1, 2, 3 }; b gl

int b, arr2[50];
Mn apXLKOTIOLNUEVES KAOOALKEG

HeTaBANTEC BpiokovTal oTo THAMA
int main() { bss tou a.out

char *name =
Ol ToTuikEG petaPAnteg dev

int c; ‘  Bplokovtal mouBeva! Oa

Cc =a+b + strlen(name); TomoBetnBolv otn otoifa OTOV TO
NPOypoppa ekTeAeltal we Stepyaoia.

return 0;
} \ OL evtoAéc Bpiokovtal oto TuApa text
TOUV a.out
‘_ . 3
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Mpoypapupa (program) & diepyaotia (process)

L)

» Mpoypappa (program) ovopaletol to EKTEAECLUO apXELO TToU BplokeTal
arnoBnkevpevo oto dioko (m.x. To “a.out”, N to “Is” N to “gcc”)

L)

> [lpoypappota PTiaxvoupe eUeic (a.out)
» Elval €towuec edappovec (/usr/bin/gec, /bin/ls, ...)
¥ Otav €va mpoypoappa ekteAeital yivetal diepyaoia (process).

% AvaAoya PLE TO cUOTNUA, UWTOPEL VO CUVUTIAPYXOUV KOl VA EKTEAOUVTOLL
TMOAAEG Slepyaoiec oe kABe xpovikn otyun (multitasking)
» T1.X. €xw ovolxto tov browser, tov editor KoL To TEPUATLKO KOl TNV (Lo OTLyr aKoUw Kl
gva TpayoudL.
» Molpalovtal tov enefepyaotn (1 Toug eme€epyaoTEG), TN UV, KATT.
» Av unapyouv moAAot emefepyaote (mMapAAANAOL UTTOAOYLOTEG), UTTOPEL va eKTEAOUVTOL
TaUTOXpOoVa AAALWG UIopEeL va evaAAldooovtal Ue TToAU ypriyopo puBuo kat va

ekteAOLVTAL €K TTeptTpori¢ Sivovtag tnv Yevudaiodnon tng TOUTOXPOVNG EKTEAEDNC
(timesharing).
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Alepyaolec

s H duadkaoia Katd tTnv onola To MPOoyPaAUUa LETAAAACOETOL OF
Slepyaoia eival Wdlaitepa moAUTTAOKN Kol TNV avaAaLBAVEL TO
AELTOUPYLKO CUOTNUO TOU UTTOAOYLOTA.

* «XoVTplKA» Bripara:
1. Avolyetal To apxeio Tou mpoypAappatoc amno tov dioko.

2. Metadepovtal (avtiypadovtal) oL evtoAec Tou (armo to TuApa text) oe
KQTIOLO ONUELO oTNV KUPLO VAN

3. AsopeleTal Ywpog yla TNV tonoBeTnon Twv KadoAlkwv HETOBANTWY
(mMAnpodopiec amod ta tpRpata data kat bss)

4. Apxlkomolouvtal ol KaBoAkeg petafAnTeC (oo to TuRpa data)

5. AsopeleTal xwpog UVAKNG yLa Ttn otoifa tou mpoypappatos (stack)

6. Mpoetolpaletol o Xwpoc LvAUNG armo tov onoio Ba divovtal bytes av to
npoypappa KaAet tnv malloc (o xwpog autdg ovoudletal owpoc — heap)

7. Npoetotpalovtol TOAUTTAOKEC SOUEC TOU AELTOUPYLKOU CUCTIHATOC Lo
Sltaxeiplon kat SpopoAoynon tng dlepyaoiog
8. Evtélel, kaAeitat nmain().
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MepLka yLa TG SLepyacieg

s Mmopei moAAEC Slepyaoiec va mpoEpyovTal oo To idlo mpoypapuua

» T.X. €W avoLyTta TTOAAQ TEPULATIKA: £VOL ELVAL TO TIPOYPALLLA TOU
TEPUATLKOU 0ToV HLOKO, OPWCE EKTEAOUVTOL TTOAAEC AUTOVOUEC KOl
éexwplotecg dlepyaoiec.

s Kabe diepyaoia naipvel pia povadikr tavtotnta (process id) —
glval évac akEpaloc aplOpoc mou tn¢ Sivel To AELTOUPYLKO cuoTnua
» H tavtotnta sival ev yével tuyala. Kabe popa mou ekteAoU e To (610

TIPOYPOUHA, TO cUoTNMA popel va Sivel otnv avtiotowxn dlepyaoia
StadopeTikn TOUTOTNTA.

» AlEPYAOLEC TTOU EKTEAOUVTAL TAUTOXPOVA KOl OL OTIOLEC TIPOEPYOVTOAL ATIO
1o (6L0 poOypappa Bewpouvtal eVIEAWS SLODOPETIKEC, aveEEAPTNTEC KoLl
EXOouV SLOPOPETIKEC TAUTOTNTEC.
s Mmopw vo Bpw moLeC SLepyaoilec EKTEAOUVTOL QWUTA TN OTLYMNA, padl
LLE TLC TOLUTOTNTEC TOUC, EKTEAWVTOC:
$ ps
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Nwc prmopw va Bpw tnv tTavtotnta TNE dlepyoaciog

¢ Houvaptnon getpid() emotpédel To process id TnG Tpéxouoag
Slepyaoiag, m.y.

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

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

}

+** EKTEAEON OTO TEPUOATIKO:
$ ./a.out
Process id: 3757
$ ./a.out
Process id: 3760
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H kAnon exec

** M€oa armo 1o MPOYPAUMA LOU UTOPW VOL EKTEAEOW Eval
omoLodNMoTe AAAO TPOYPOUUA LE TNV XPNON TWV KANCEWV
exec.

» H Siepyaoia pou Ba avrikataotadel kol Ba eKTteAECEL TO VEO
TPOYPOLUHLAL.
» AnAadn «e€adavileto» o kwdikag kot ta dedopva tng dlepyaciag

LLOU Kol 0T B€0n Toug pmaivouv o Kwdikag kal ta dedopéva Tou VEoU
TIPOYPAUMATOC TTOU BEAW VO EKTEAECW.

» To process id mpodavwc dev aAAalel pag kat dev TiayTnKe GAAN
Slepyaocia. AAage to nmpoypappa aAAd oxL n diepyacial!
< Emopévwe, mapepewvay moAd ipaypoata IAIA, onwg m.x To user id, o
TPEXWV PAaKEAOG epyaoiag, Ta apyeio TOU ATAV AVOLYXTA KATU
*** YITAPpYXOUV QPKETEC EKOOOELC TNC exec
» execl(), execv(), execlp(), execvp(), execle(), execve()

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

¢ Anauteital #include <unistd.h>

s Hexecl() naipvel wg opiopata tnv mARpn dtadpoun tou
MPOYPAMHATOC (apxelou) Tou BEAW VoL EKTEAECW KOl OTN CUVEXELA OL
ETIOLEVEC TIAPALLETPOL ElvaL OAa TOL OPLOUOTA TTOU TIPETIEL VO TIEPALOTOUV
otnv main() Tou tpoypAappatoc mov Ba ekteAeoTel (pE TTPWTO TO Ovoua
TOU TIPOYPAUHATOC, OXL TNV TARPN dtabpour Tou).

» Hexecl() npodavwg sivat variadic.
% H teAevtaia mapapetpoc npemnel va eivatl NULL.

% Av OAa mave KaA@, n execl() dev emiotpedel mMotTE (€xel KataoTpadei N
Slepyaoia mou tnV KAAECE...)

 Mapadeypa: ylo va ekteAéow “gec —c myfile.c” Ba nmpémnetl va KaAEow TNV
execl() kanwcg €toL:

execl("/usr/bin/gcc", "gcc", "-c", "myfile.c", NULL);
NMAHPHXZ AIAAPOMH Ovopa Opiopa Opiopa TEAOG
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Noapadeypa execl 1/3

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

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

return 9;
} To “Is” &ev eival n MAHPHZ Sdtadpoun
NG evtoAnc Is! Mpémel va mepdcou e
. ' ' : o
** EKTEAEON OTO TEPUATLKO: OA?KA L OVOTta't'l S
$ ./a.out BplokeTol amoOnKeVUEVO TO
cree . mpoypappa ls.
Before calling execl S
After calling execl Mwg to Bplokoupe;
$ $ which 1s

/bin/1s
$

s TLEYLVE???
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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 "1ls -1"; AnAadi "ls" pe 1 6piopa, to "-1" */
execl("/bin/1s", "1s", "-1", NULL);
printf("After calling execl\n");

return 0;
}
+* EKTEAEON OTO TEPUOATLKO:
$ ./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 ektéleon! To devtepo printf() dev eKTEAEOTNKE TIOTE...

11
‘ Parallel Processing Group

| UNIVERSITY OF IOANNINA MYY502 -- MpoypapuaTioNog ZuoTNHATWY



Noapadeypa execl 3/3

s To mapakatw £ival o KWOLKAC TOU PoypAppaToc a.out. Tt Ba yivel 6tav to
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 9;

}

% Oa ekteAeltal er AMELPO TO a.out amo tnv ibla Siepyacia 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 ida Aoyikn pe tnv execl(), povo nou ta opiopata
dev Sivovtal Eexwplotd, aAd palepeva oAa pall og Evav mivoka:

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

¢ To mponyoUuevo mapadetypa pe xpron tng execv():

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

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

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

printf("Before calling execv\n");
execv("/bin/1ls", arg);
return 0;
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[Ipoypappatiopog
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Anuoupyla veac dtepyaoiag

s Mmopw pEoa armod To MPOYPAUUA LOU UITOPW VOl
dnuoupynow pio evieAwg vea dlepyaoio;
» AUOTUXWC Ol CUVAPTAOELC TNG Katnyopilag exec AEN dnpuloupyouv veéa
Slepyaoia, mapa dtatnpouv TNV TPEXYOUOA Kol amAwg tn Balouv va
EKTEAEOEL Eva AAAO TIPOYPAUUCL...

¢ YILAp)EL Evac Kol LovadLKOC TPOTIOC VAl YIVEL AUTO: N
(meplepyn) kKAnon cuotnuatoc fork():

» H ocuvaptnon autr Snuoupyel Eéva mavopolotuno avtiypado tng
TpEYovoac Slepyaoiac kot ot Vo, mMALov, dlepyaoieg ekteAovvTal
ToTtoXpova Kol aveEaptnta!

» H Siepyaoia mou kaAeoe tnv fork() ovoudletal Siepyacio-yoveag
(parent) evw n véa Slepyaocia ovopdaletal Ouyatpiki N dtepyacia-
rntadi (child process).

15
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s Otav dnuwovupynOei n Stepyaoia-maidi, dev Eekivaet va ekteAel Tnv main().
ApxileL va eKTEAEL, OUEOWC META TO oNMELO TTOU £ywve n kKARon otnv fork().
» ElvalAeg kal o matépag kat 1o matdi va emotpedouv pall anod tnv fork.
s MNoapadeypa:

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

$
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E€nynon

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

#include <unistd.h> , , )
H yovikn Slepyacia kaAel tnv fork
1) Anuloupyeital véa Slepyaoia

int main() { (Buyatpikn). Mpokettal yia
printf("parent (%d) about to call fork\n", SEPYEEE PO vl

. yovEa, n omola ekteAel To 6lo
getpid()); TPOYPOUHAL.
fork(); 2) Ko n yovikn Kot n Buyatpikr

. nogs o n . . Sdlepyaoia ocuveyilouv amod tnv
printf("Hi from process %d\n", getpid()); Arion e Fork kaL kiTw.

return 0;
} Auto T0 printf 1o ekteAoUv Kkal oL
dUo dlepyaoieg (oL omoleg ival
SLapOPETIKEC 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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Epwtnpata & mopatnpnoeLg

¢ Mati tumwBnKe MpwTa To process id Tou YOVEQ Kall LLETA TOU
ntadlov; MpoAaBaivel mavia Kol EKTEAELTAL TIPWTO O YOVEQC;

» Anavinon: Eival evteAwg tuxaio! Av EavaekteAEcoUUE TO a.out
Uropel va ektunwBel mpwta To pAvVU o Tou Ttadlou...

¢ Agv glval HAAAOV avoUoLlo TO YEYOVOC OTL yoveac Kat Ttatdl
elvall TTAVOLLOLOTUTIOL KOl KAVOUV aKpLPwC ta idla mpaypata;

» Anavtnon: Npodavwc vat! MnopoUpe OpwC va Toug BAAOUUE va
KAvouV SLapopETIKA pAyOTAL.

¢ Nwc propet to matdi va yvwpilet otL elval madl Ko va KAvel
QAAQL TTPAYLOTOL OLTTO QLUTAL TTIOU KAVEL O YOVEQC;

» Amavtnon: MNpmneL va Kkottaéou ue TNV TLun mou smotpedet n fork(). Av
elval lon pe 0, tote Bplokopaote oto adi, aAALwe otov yovea!

» 2TOV YOVEQ, EMLOTPEDEL TO process id tou natdlou.

18
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Aladopomoinon yovea — matdov

##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
$
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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
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To nowdt etval avtiypodo tou natepa

¢ H Buyatpikn Stepyaoia elval TANPEC KAl TTAVOUOLOTUTIO
avtilypado tnc yovikne dlepyaoiog

** TpExeL avilypodo Tou 5lou MPoypAULATOC LE TOV YOVEQ

% AKOUO TILO CNMOVTLKO: EXEL TTAVOULOLOTUTIA avTlypada OAwV

TWV HETABANTWVY TOU YOVEQ, UE TLC TLHEG TTOU ELYOLV OTOV
natépa ntpiv tn fork().

¢ MevikOTEPQ, KANPOVOUEL Tt TAVTA ATTO TOV TOTEPO. AKOAL KOl

oo apxela elxe kavel open() o matepac, Ta £XEL Kol To maLdi
Kol paAtota eival nén avolkta!
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OAa i6La — mapadeLlypa

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

int a = 5;

int main() {
int b = 10;
printf("parent about to call fork\n");
if (fork() == @) /* 0 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
garent (pid 11703): a = 5, b = 10

22
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To mawdt eival Stadopetikn dlepyaotia

** Mmnopel va dnuioupyeital we mMARPeC avtiypado tou yovea,
OLLWC OTN CUVEXELA ELVOL LUTOVOLLO KLl
a) Mrmopeiva ekteAel AAAEC EVTOAEC TOU TIPOYPAUATOC ATTO OTL O
YOVEQ(G
b) Mmnopel va divel AAEC TIMEC OTIC LETAPANTEG, LG KAl Elval SLKEC
ToU, S1a.POPETIKEC ATO TOU YOVEQ.
¢ OtL aAAayEc kavel otic petafAntec tou to naldi, 6gv
emnpeAlouV TLC avTiloTolxec LETABANTEC Tov natepa (Kol TO

avtiotpodo)

23
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ALODOPETIKEC TIMEC HETABANTWY — TapadeLlypa

#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;

}

% EKTEAEON OTO TEPUATLKO:
$ ./a.out
parent: a = 5, b = 10
child: a =5, b = 10
parent now: a = 4, b =
child now: a = 6, b =1
- $
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Mepuevovtag to bl — waitpid()

¢ Otav dnuovpyeital pia véa dtepyaotia, autrny SpopoAoyeitol
KOl EKTEAELTOL AVEEAPTNTA OTTO TOV YOVEQ.

» Mrnopel va teppatiosl 0 Yoveac Kot To bt var ouvexioel va
ekteAeltal A kal To avamnodo.

** 2TLC IEPLOCOTEPEC TIEPUTTWOELC OUWGE, OTaV PpTLAEoUpE pia
veEa Olepyaoia, Lo eVOLAPEPEL VAL TNV TIEPLUEVOU LE VO
oAokAnpwaoeL tn SouAeld NG N TEAOG MAVTIWYV Vo yWwpPL{oUpE
LLE KATTOLO TPOTIO OTL TEPUATIOTNKE.

¢ o oUTO TO OKOTIO Xpnotpomoleitatl n kKAnon waitpid() n
OTIOLOL LOLC ETILTPETIEL VAL OTAMOTACOUUE KOl VOL TLEPLLEVOUUE
VOl TEPUATLOTEL pia oUYKEKPLUEVN Slepyaoia-taldi

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

% O tunog pid_t eivat kata Baon Yevdbwvupo tou int.

** To npwto oplopa (pid) eival to process id TG BuyaTPLKAG
Slepyaciog mou MePLUEVOUE VA TEAELWOEL.

» Av epAOOUE -1, TOTE MEPLUEVOULE Hiat OTIOLOSATIOTE ATO TLG
Buyatplkéc poag diepyaoiec va TeAELWOEL.

s To tpito oplopa dev pag evbladepel — Ja divouue navra 0.

** To 6eltepo Oplopa elxvel O Evav AKEPALO, OTOV OmoiLo Ba
amoBnKeUTEL N KATAOTAON TEPUATIONOU (BOCIKA TIEPLEXEL TNV TLUN
emiotpodnc) tng Buyatplknc dlepyaoiac.

» Me auTO ToV TPOTO, TO TALSL UTTOPEL ETILONC VOL EVNLEPWOEL TOV YOVEQ YL
TO TL EYLVE.

» Av bev pag evoladeEpel n Tpn, pmopoul e va nepacoupe NULL.
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¢ H kAnon
wait(&exitstatus);

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

¢ AnAadn), TEPLUEVEL TOV TEPUATLOLO omoloudnmote natdlou.

** TNV ayvooUUE EMOUEVWC...

27
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Noapadeypa avopovne 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, ©);
printf("child terminated!\n");
return 0;

¢ H Buyatpikn diepyacia teppatilel kavovikad pe return ano tnvmain() tng

( 28
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Nopadeypo avopovng 2

#include <stdio.h>

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

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

void 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");
return 0;

}

¢ H Buyatpikn diepyaocia teppatilet kavovika pe exit()

( 29
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Moallpvovtag TNV TLUN TEPUATIOUOU

¢ Mo va Umopeow va Bpw UE TL TLUN TEPUATLOE TO TtodL pou
(elte pe exit eite pe return), Ba npemnel va mepdow TN
deutepn nmapapetpo otnv waitpid() pe deiktn og kamolov
OKEPALO

** JTOV OKEPOLO QUTO, KOTA TNV €mLiotpodn amno tnv KAnon Ba
neplthapBavovtat 2 eldwv nAnpodopleg

a) Av teppatiotnke kavovika (e return ) exit) n dtepyaoia-radi i
SLaKOTINKE ampoopeva T.X. AOyw Karmowou odpaipatoc i ctrl-C KA.

B) H tun teppatiopol v TEPUATIOTNKE KOVOVLKA

¢ Mo va SLomLoTwow To a) TMPETIEL VA XPNOLULOTIOLOW TO Macro
WIFEXITED().

¢ Av outo pou dwoel TRUE, tote T0 B) MPpoEKUTTE IO TO Macro
WEXITSTATUS ().

30
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Noapadeypa avopovng 3

#include <stdio.h>

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

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

void 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 == 0) /* 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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N\emntopepelec — Mapatnpnoslc — waitid()

% To macro WEXITSTATUS () emtotpépet MONO ta 8 AlyOtepo onuavtika
bits tn¢ TLUN¢ TEPpUATIOUOU TOU TtatdLov

» EMopEVwe, av to Todl BEAEL va «TIEL» KATL OTOV YOVEQ PEOW exit/waitpid,
oUTO Ba TpEMEL va elval Evac aplOpoc pexptl to 255.

¢ H mo cuyxpovn ekdoxn tngwaitpid() eilvaln ovvaptnon waitid():
waitid(P_PID, childpid, &info, WEXITED);
Mo avapovn orrotoudnmote naldlou:
waitid(P_ALL, @, &info, WEXITED);
ornou to info eivat tumou siginfo t.

» 210 info.si_status umopel kaveig va Bpet TNV TLUA TEPUATLOMOU TOU
ntadlov, Kal paAtota ONAOKAHPO tov aképato (OxL Lovo ta 8 Alyotepo

onUovTka bits).

Parallel Processing Group
I UNIVERSITY OF IOANNINA

ATO TO TEPULATLKO, VLo VO BPOUE AETITOUEPELEG
Kol TAnpodopleC yLo CUVAPTNOELG,

XPNOLUOTIOLOU LE TNV EVIOAN man:

$ man waitid
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Fork + exec

¢ Mia moAU cuvnBlopgvn meplmtwon otnv paén sivat va
BeAoupe va dnuloupynoou e pia Buyatplkn dtepyacia n
ortoila Ba ekteAECEL Eval AAAO TIpOYpapa Kol Ba TeppaTioEL.

¢ AuTO T0 ogvaplo vAormoleital pe tn xprion tng fork () ywa va
dnuoupynBel n vea dlepyacia KaL otn oUVEXELA E TO Ttodl
va KoAel tnv exec () yla vo eKTeAEoEL AAAO TTPOYPAULL

¢ O yovéac, avaloya UE TNV EPLITTWON, UITOPEL va TIEPLUEVEL N
OXL TOV TEPUATIONO TOU TtaLdLou.
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Napadewypa fork + exec

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

void 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() == @) /* child */
childfunc();
printf("parent (%d) waits for child...\n", getpid());
waitpid(-1, NULL, 0); /* or just wait(NULL) */
return 0;

( 34
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H cuvaptnon system()

¢ MpOKeLTAL YL Yl cuvApPTNON N OToLla KAVEL TN AsLToupyia
twv fork + exec + waitpid pe pia povo kAnon!

» Anuoupyel éva modi, To omoio ekteAel To Mpoypappa ov BEAoupe
(LEow shell) kat 0 yovéac emloTpEDEL LOALG TEPUATLOEL TO TTOLOL.

** H ouvaptnon system():

» Hsystem() naipvel wg oplopa 1 cupPoArooelpa, n omolia TePLEXEL
AKPIBQ?Z tnv evtoAn mou Ba ekteAOUCOUE OTO TEPUATLKO!

a) MmAokadpel (otapatd mpoowpLva) tTnv tpexovoa dlepyacia

b) Snuioupyel pia véa diepyaoia n omoia ektelel éva kéEAudoc (shell, Tt.x.
Bash)

c) TO KEAUPOC eKTEAEL TNV EVTOAN TTOU IEPACOE WCE TTAPAUETPO
d) teppatilet n Slepyacia tou kKeEAUDOUG Kat
e) ouvexilel n apxkn pag diepyaoia.

» AmMAOC, ypriyopoc aAAQ KoL AELTOUPYLKA TIEPLOPLOTLKOC 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 EKTEAEON OTO TEPUATIKO:

$ ./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()

. 36
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