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Aopn apxelov MPOYPAUUOTOC

» Mpoypappa (program) ovopdletal To eKTeEAECLO apxeio tou PplokeTal
amoBnkeuvpévo oto dioko (m.x. To “a.out”,  to “Is” ) to “gcc”)
» [Mpoypappato ¢TLaxvoulE eUelc (a.out) n
» Elvat €tolpec edbappoyec (/usr/bin/gec, /bin/ls, ...)
s Ta mpoypdppota eival cuvnBlopéva duadika apxeia. AltAd €xouv tnv
LOLOTNTA OTL UITOPOUV Vo EKTEAEOTOUV (SnNAad €XoUV EVTOAEC UNXaVNG).

» TLTtEpLEXEL TO apxelo a.out? O petadpaotic otav dnpLloupyeL To
TPOYPOAUO, artoBOnKeVEL LECA OTO a.out dtddopa TpApatTa (segments):
1. Tic evtoA€ég Tou Ttpoypappatoc (oe y\wooa punxavnc) — ovoualetal text n
code segment

2. TAnpodopiec yLa T otPXLKOTIOLNMEVEG KOLOOALKECG LETAPBANTEG Kol OTOOEPES
TIOU €XEL TO TtPOYpappa (LEYEDN, apXIKES TILEG) — ovoualstal data segment
3. NAnpodopieg yLa TIC N apXLKOTOLNUEVEG KOLOOALKEG LETAPBANTEG TTOU £XEL
TO TIpoypappa (LeyEOn) — ovoualstal bss segment
s  Mrmopeite va Selte AEMTOUEPELEC TWV TUNUATWY LLE TNV EVTOAN Ssize, m.y.
EKTEAEOTE OTO TEPUATLKO:
$ size a.out
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Noapadeypa

APXLKOTIOLNLEVEG KOLOOALKEC
HeTaBANTEC KoL oTtaBepa strings

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

int b, arr2[50];
Mn oPXLKOTIOLNUEVEC KAOOALKEG

netoBAnteC Bplokovtal oTo TUAUA
int main() { bss tou a.out

char *name =
Ol tomkeC petaPAnteg dev

int c; Bplokovtal mouBeva! Oa

c =a+ b + strlen(name); tortoBetnBouv otn otoifa otav o
NPOypoapa eKTEAE(TOL WC Slepyaoia.

return 0;
} \ Ol evtoAEg Bpilokovtal oTo TUAMa text
TOU a.out
\_ ' .
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Mpoypapupa (program) & diepyaotia (process)

L)

» Mpoypappa (program) ovopdletol To EKTEAECLUO apXELO TTOU BplokeTal
armoBnkevpévo oto dioko (m.x. To “a.out”, N 1o “Is” ) to “gecc”)

L)

> [lpoypappota PTiaxvoupe eUeic (a.out)
» Elval €towuec edbappovec (/usr/bin/gec, /bin/ls, ...)
% Otav eva nmpoypappa ekteAeital yivetal Siepyaoia (process).

% Avaloya PLE To cUOTNHUA, UTOPEL VAL CUVUTIAPXOUV KOl va eKTEAOUVTOL
TOAAEG Slepyaoiec oe kABe xpovikn otyun (multitasking)

» T1.X. €xw ovolxto tov browser, tov editor KoL To TEPUATLKO KAl TNV (Lo oTLypr aKoUw Kl
gva TpayoudL.

» Motpalovtal Tov enefepyaoth (1] TOUG EMeEEPYAOTEC), TN LVAMN, KATT.

» Av unapyouv nmoAhol ene€epyaotéc (mapAAAnAotl UTTOAOYLOTEC), Umopel va ekteAolvTal
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 tnv omoio To MPOoypapUa LETAAAACOETAL OF
Slepyaoia gival Wolaitepa moAUTTAOKN Kol TNV avaAopBavel to
AELTOUPYLKO cUOTNLO TOU UTTOAOYLOTH.

* «XoVTplKa» Brpata:
1. Avolyetal To apxeio Tou mpoypAappatoc amno tov dioko.

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

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

4. Apxlkomolouvtal ol KaBoAkeC petaBAnTEC (oo to TuRpa data)

5. AsopeleTal xwpog UVANG Yo Ttn otolfa tou mpoypappatog (stack)

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

7. Npoetotlpalovtol TOAUTTAOKEC SOUEC TOU AELTOUPYLKOU CUCTIHLATOC YL
Slaxeiplon kat SpopoAoynon tng dtepyaoiog
8. Evtélel, kaAeitat nmain().
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MepLka yLa TG SLepyaoieg

s Mmopei moAAEC Slepyaoiec va TPoEPOVTaL Ao To idLo mpoypauLL
» 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 povadikni tavtotnta (process id) —
elval évac akepaloc aplBuocg nou tng Sivel To AELTOUPYLKO cUoTNHA
» 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 EKTEAOUVTOL TAUTOXPOVA KOl OL OTIOLEC TIPOEPYOVTOAL OO
1o 1610 MpoOypappa Bewpouvtal eViEAWS SLOPOPETIKEC, aVEEAPTNTEC KoLl
EXOUV SLaPOPETIKEC TOUTOTNTEC.
s Mmopw va Bpw moiec Stepyaoiec ekteAovvtal avuth TN otyun, padl
LLE TLC TAUTOTNTEC TOUC, EKTEAWVTAC:
$ ps
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Nwc prmopw va Bpw tnv tTavtotnta TNE dlepyoaciog

¢ H ouvaptnon getpid() emotpédel To process id TnG Tpéxouoag
Sdlepyaoiag, m.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

*** M£oa amo 1o MPOYPAUUA LOU UTOPW VOL EKTEAEOW Eva
omoLodNIOTE AAAO TTPOYPOULLO LLE TNV XPNON TWV KANCEWV
exec.

» H Siepyaoia pou Ba avrikataotadel kol Ba eKTteAECEL TO VEO
TPOYPOLLLLAL.
» AnAadn «e€adavileta» o Kwdikag Kot ta dedopeva 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 aANaleL pLag kat Sev Pptiaxtnke aAAn
Slepyaocia. AAaée to mpoypappa aAAd oxL n diepyacial!
< Emopévwe, mapgpetvay moANd paypata IAIA, onwc 1.y to user id, o
TPEXWV PaKeEANOG epyaoiag, Ta apyeio TOU ATAV AVOLYXTA KATU
*** YITAPpYXOUV aPKETEC EKOOTELC TNC exec
» execl(), execv(), execlp(), execvp(), execle(), execve()

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

* Anoautettal #include <unistd.h>

s Hexecl() naipvel wg opiopata tnv mARpn dtadpoun tou
TMPOYPAUHATOC (apxelov) TTou BEAW VoL EKTEAEOW KOl OTN CUVEXELA OL
ETIOLEVEC TIAPALLETPOL ELVaL OO TOL OPLOLLATO TIOU TIPETIEL VAL TIEPALOTOUV
otnv main() Tou poypAappatoc mou Ba ekteAeotel (He TPwWTO TO OVOopA
TOU TMPOYPAUMATOC, OXL TNV TTAN PN Stadpoun tou).

» Hexecl() npodavwg sivat variadic.
% H tedevtaia mapapetpog npemnel va eivot NULL.

% Av Ola mave kaAd, n execl() dev emotpedel mote (€xel KataoTpadei N
Sdlepyaoia mou TNV KAAEOE...)

» Mapadeypa: yia va ekteAéow “gec —c myfile.c” Ba npémnetl va KaAEow TNV
execl() kanwg €totL:

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("1s", "1s", "-1", NULL); /* NULL petd to teAeutaio opiopa */
printf("After calling execl\n");

return 0;
} To “Is” &ev eival n MAHPHZ Sdtadpoun
NG evtoAnc Is! Mpémel va mepdcou e
. , ' : P
** EKTEAEON OTO TEPUATLKO: OA?KA =L ovonatlt S
$ ./a.out Bploketo amoOnKeVUEVO TO
cre . mpoypappa ls.
Before calling execl S
After calling execl Mwg to Bplokoupe;
$ $ which 1s

/bin/1s
$

s TLEyLve???
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Nopadeypa 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", "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 ektéleon! To deltepo printf () dev ekTEAEOTNKE TTOTE...
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Noapadeypa execl 3/3

s To mopakatw £ivat o KWALKAC TOU TTPOYPAMHOTOC a.out. Tt Ba yivel 6tav to
EKTEAEOOUUE;

#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 ekteAeltal T’ AneLlpo To a.out amo tnv ibla diepyacia 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()

¢ Mpokettat ya idta Aoyikn pe tnv execl (), povo nou ta opiopata
dev Sivovtal Eexwplotd, aAAd palepeva OAa poll og Evav mivaka:

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

% To mponyoupevo napadelypa He xprion 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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Anuovpyla veac dtepyaoiag

s Mmopw pEoa armod To MPOYPOUUA LOU UTTOPW VO
dnuoupynow pia evteAwc vea dlepyaoia;
» AUOTUXWC Ol CUVAPTAOELC TNG Katnyopilag exec AEN dnpuloupyouv veéa
Slepyaoia, mapa dtatnpouv TNV TPEXYOUOA Kol amAwg tn Balouv va
EKTEAEOEL Eva AAAO TIPOYPALUCL...

¢ YIAp)eL €vac Kol Lovadlkoc TPOTOC va YiVEL aUTO: N
(meplepyn) kKAnon cuotnpatog fork():

» H ocuvaptnon autry Snuoupyel Eéva mavopolotuno avtiypado tng
TpEYovoac Slepyaoiag kot ot Vo, mMALov, dlepyaoieg ekteAovvtal
ToTtoXpova Kol aveEaptnta!

» H Siepyaoia mou kaAeoe tnv fork() ovoupdletal Siepyaocia-yoveog
(parent) evw n véa Slepyaocia ovopdaletal Ouyatpiki N dtepyacio-
rntadi (child process).

15
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s Otav dnuoupynBet n diepyaoia-madi, dev Eekivaet va ektedel tnv main().
ApxlleL va ekTeAEl, AUECWC LETA TO onpeio mov €ywve n kKAnon 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 TEPUATIKO:
$ ./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 Stepyaoia kaAel tnv fork
1) Anuloupyeital véa Slepyaoia

int main() { (Buyatpikr). MpoketTat ya
printf("parent (%d) about to call fork\n", SEPYEEE- A PTE wol

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

. nygs o n . . dlepyaoia ocuveyilouv amod tnv
printf("Hi from process %d\n", getpid()); Aron e Fork Kat kaTw,

return 0;
} AuTo to printf to ekteAoUV Kal ot
dUo blepyaoieg (oL omoleg ival
SLaOPETIKEG KL AP EXOUV
SladopeTiko process id)

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

¢ Mati tTumwBnKe MPwWTA TO process id Tou YOVEQ KOl LLETA TOU
rntadlov; MpoAaBaivel mavia Kot EKTEAELTAL TPWTO O YOVEQC;

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

% Aev elvall paAAoV ovoUOLO TO YEYOVOC OTL YOVEQC Kol Ttadi
glvall TTOVOUOLOTUTIOL KOlL KAVOUV aKpLBwC Ta tbLa paypata;

» Anavtnon: Npodavwc vat! MnopoUpe OpwC va Toug BAAOUUE va
KAVOUV SLadpOopETIKA TipAyaTA.

¢ Nwc pmopel to matdi va yvwpilel ott eival matdi Kot vor KAVEL
QAAQL TTPAYLOTAL OTTO ALUTA TIOU KALVEL O YOVEQC;

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

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

Parallel Processing Group

‘_ 18

| UNIVERSITY OF IOANNINA MYY502 -- MpoypappaTionog SuoTnUATWV



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 == @) /* @ 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 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 Buyatpikn Stepyaoia eival TANPEC KAl TOVOLLOLOTUTIO
avtiypado tTng yovikng dlepyaoiog

** TpExeL avtiypodo Tou i8Lou MPOoypPAUHATOC LLE TOV YOVEQ

** AKOMO TILO CNUOVTLKO: £XEL TTAVOLLOLOTUTIA avTiypada OAwV

TWV METOBANTWY TOU YOVEQ, HE TIC TLUEG TTOVU ELYOLV OTOV
natépa ntpiv tn fork().

¢ MevikOTEPQ, KANPOVOUEL TOr TAVTA ATTO TOV TTOTEPA. AKOAL KOl

ooa apxela elxe kaveL open() o matepaC, Ta £XEL Ko To TaLdi
Kol paAtota eiva ndn avoukta!

21
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OAa i6La — mapadelypa

##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 dnuiovpyeital we MARPEC avilypodo Tou yovEaQ,
OUWC OTN CUVEXELA ELVOLL UTOVOUO KOLL
a) Mrmopeiva ekteAel AAAEC EVTOAEC TOU TIPOYPAUATOC ATTO OTL O
YOVEQ(G
b) Mmnopel va divel AANEC TIMEC OTIC LETAPBANTEC, LG KAl Elval SLKEC
ToU, S1a.POPETIKEC ATTO TOU YOVEQ.
¢ OtL aAAayEc KAvel oTLC PeTaBANTEC Tou To TTadi, 6V
entnpeAlouV TLC avtiotolxeg peTaBAnNTEC TOU TaTEPA (KalL TO

avtiotpodo)

23
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ALOPOPETIKEC TIMEC LETAPBANTWY —

nopadeypa

#tinclude <stdio.h>
#include <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 TEPUATLKO:
$ ./a.out
parent: a = 5, b = 10

child: a =5, b = 10

parent now: a = 4, b =9

child now: a = 6, b = 11
_ $
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l UNIVERSITY OF IOANNINA

24

MYY502 -- MpoypapuaTiogog ZuoTNHATWY



Mepuevovtag to bl — waitpid()

¢ Otav dnuoupyeital pio vea diepyaoia, avtn Spopoloyeital
Kol EKTEAELTOL AvEEAPTNTA ATTO TOV YOVEQ.

» Mrnopel va teppatiosl 0 Yoveac Kot To bt var ouvexioel va
eKTeAelTOL 1) KaL TO avarodo.

** 2TIC TIEPLOCOTEPEC MEPLUTTWOELC OUWC, OTOV PTLAEOVUE pia
véa Slepyaoia, pLac evoladEPEL va TNV TIEPLUEVOULLE Val
oAOKANPwWOEL TN SOUAELA TNG 1 TEAOC MAVTIWY VA YVwPL{oOULE
LE KATTOLO TPOTIO OTL TEPLATIOTNKE.

¢ Mo oUTO TO OKOTO Xpnotuormoleital n kKAnonwaitpid() n
OTTOLOL LLOLC ETILTPETIEL VO OTOUOTI| OOV LLE KOlL VOl TLEPLUEVOULE
VO TEPUATIOTEL pia ouykekpLuevn dtepyaoio-maldi

Parallel Processing Group

‘_ 25
| UNIVERSITY OF IOANNINA MYY502 -- MpoypappaTionog SuoTnUATWV



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

% O tunog pid_t eivat katd Baon Pevdwvupo tou int.

* To mpwto oplopa (pid) eival to process id TG BuyaTPLKAG
Slepyaciog mov MeEPLUEVOUE VO TEAELWOEL.

» Av epAooue -1, TOTE MEPLUEVOUE pHiat OTOLOSATIOTE ATO TLG
Buyatplkéc poag diepyaoiec va TeAELWOEL.

s To tplito Oplopa dev poc evdladepetl — Ja divouue navra 0.

s To 6eltepo Oplopa SELXVEL OE Evav OKEPOLO, OTOV OToio Ba
amoOnNKeVTEL N KATAOTAON TEPUATIONOU (BOCIKA TIEPLEXEL TNV TLUN
emotpodnc) tng Buyatpkne diepyaoiac.

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

» Av dev poc eviladeEpeL n TIUn, Lmopou e va epdocoupe NULL.
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¢ H kAnon
wait(&exitstatus);

¢ Elvat Looduvaun pe tTnv KAnon:
waitpid(-1, &exitstatus, 0);

¢ AnAadr), MEPLUEVEL TOV TEPUATLONO omoloudrmote matdlou.

*¢* Tnv ayvooU e EMOUEVWC...
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Napadeypa 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 Buyatpiwkn diepyaoia teppatilel kavovika pe return anod tnvmain() tng

( 28
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Noapadeypo avopovig 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 Buyatpwkn diepyacia teppatilel kavovika pe exit ()

( 29
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Moallpvovtag TNV TLUN TEPUATIOUOU

¢ Mo va prmopeow va Bpw HE TL TLUN TEPUATLOE TO TTatdL pou
(elte pe exit eite pe return), Ba npenel va mepdow TN
devtepn nmapapetpo otnv waitpid() pe deiktn og kamolov
OKEPOLO

** JTOV OKEPOALO OUTO, KOTA TNV €MLoTpodn armo tnv KAnon Ba
neplthapfavovtal 2 eldbwv Anpodopieg

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

B) H tiun teppatiopol v TEPUATIOTNKE KAVOVLKA

¢ M va SLamLoTWwow To O) TPEMEL VAL XPNOLULOTIOLIOW TO Macro
WIFEXITED().

** Av auto pou dwoel TRUE, tote to B) MPoEKUTITE Ao TO Macro
WEXITSTATUS ().
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Noapadeypa avopovne 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 == @) /* 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 () emtotpeépet MONO ta 8 AlyOtepo onuavtika
bits Tn¢ TLUNG TEPUATIOUOU 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 ouyxpovn ekdoxn tngwaitpid() eilvaln ovvaptnon waitid():
waitid(P_PID, childpid, &info, WEXITED);
Mo avapovn orrotoudnmote naldlou:
waitid(P_ALL, @, &info, WEXITED);
omou 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 IE TNV EVIOA man:

$ man waitid
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Fork + exec

s Mia moAU cuvnBlopEvn mepimtwon otnv mpaén ivol va
Beloupe va dnulovpynooupe pia Buyatpikn dtepyaoia n
omoila Oa ekTeAECEL Eval AAAO TtpOypoupLa Kol Ba TepuaTiosL.

¢+ AuTO To ogvaplo uhormoleital pe tn xpnon tnes fork () ywa va
dnuoupynbetl n vea dlepyaoia kal otn cuvexeLla e To Ttaldl
va KoAel tnv exec () yla vo eKTeAEoEL AAAO TTPOYPA UL

¢ O yovéac, avaloya PE TNV MEPLUTTWON, UMOPEL VOl TIEPLUEVEL
OXL TOV TEPUATLOMO Tou rtodLou.
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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 9;

r 34
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H cuvaptnon system()

*»* MpoOKeLTAL YLa pia cuvaptnon n omola KAVEL TN Asttoupyla
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 6plopa 1 cupBoAoocelpd, n omola mMePLEXEL
AKPIBQ?Z tnv evtoAn mou Ba ekteAOUCOE OTO TEPUATLKO!

a) MmAokadpel (otapatd mpoowpLva) Ttnv TpExovoa dlepyaoia

b) dSnuovpyel pia véa dlepyacia n omola ektelel eva k€EAudog (shell, T.x.
Bash)

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

» ATAOC, ypryopoc aAAd Kol AELTOUPYLKA TLEPLOPLOTLKOC TPOTIOC.

Parallel Processing Group

‘_ 35

| UNIVERSITY OF IOANNINA MYY502 -- MpoypappaTionog SuoTnUATWV



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;
}
% EKTEAEON 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()

36
‘ Parallel Processing Group

| UNIVERSITY OF IOANNINA MYY502 -- MpoypauuaTiouog ZuoTnUATWV



	Διαφάνεια 1:   Προγραμματισμός συστημάτων UNIX/POSIX
	Διαφάνεια 2: Δομή αρχείου προγράμματος
	Διαφάνεια 3: Παράδειγμα
	Διαφάνεια 4: Πρόγραμμα (program) & διεργασία (process)
	Διαφάνεια 5: Διεργασίες
	Διαφάνεια 6: Μερικά για τις διεργασίες
	Διαφάνεια 7: Πώς μπορώ να βρω την ταυτότητα της διεργασίας
	Διαφάνεια 8: Η κλήση exec
	Διαφάνεια 9: Η κλήση execl()
	Διαφάνεια 10: Παράδειγμα execl 1/3
	Διαφάνεια 11: Παράδειγμα execl 2/3
	Διαφάνεια 12: Παράδειγμα execl 3/3
	Διαφάνεια 13: Η κλήση execv()
	Διαφάνεια 14:   Προγραμματισμός συστημάτων UNIX/POSIX
	Διαφάνεια 15: Δημιουργία νέας διεργασίας
	Διαφάνεια 16: fork
	Διαφάνεια 17: Εξήγηση
	Διαφάνεια 18: Ερωτήματα & παρατηρήσεις
	Διαφάνεια 19: Διαφοροποίηση γονέα – παιδιού
	Διαφάνεια 20: getppid() – η ταυτότητα του γονέα
	Διαφάνεια 21: Το παιδί είναι αντίγραφο του πατέρα
	Διαφάνεια 22: Όλα ίδια – παράδειγμα
	Διαφάνεια 23: Το παιδί είναι διαφορετική διεργασία
	Διαφάνεια 24: Διαφορετικές τιμές μεταβλητών – παράδειγμα
	Διαφάνεια 25: Περιμένοντας το παιδί – waitpid()
	Διαφάνεια 26: waitpid()
	Διαφάνεια 27: wait()
	Διαφάνεια 28: Παράδειγμα αναμονής 1
	Διαφάνεια 29: Παράδειγμα αναμονής 2
	Διαφάνεια 30: Παίρνοντας την τιμή τερματισμού
	Διαφάνεια 31: Παράδειγμα αναμονής 3
	Διαφάνεια 32: Λεπτομέρειες – Παρατηρήσεις – waitid()
	Διαφάνεια 33: Fork + exec
	Διαφάνεια 34: Παράδειγμα fork + exec
	Διαφάνεια 35: Η συνάρτηση system()
	Διαφάνεια 36: Παράδειγμα με system()

