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Anuioupyia veac dlepyaaciac

e pid t fork()

e H fork O€V €XEl NAPANETPOUC
e n.X. Oev OEXETAI KAMOIO KWOIKA NMPOC EKTEAEDN

e Anuioupyei pia vea dlepyaacia

e H vea diepyacia ovopaleral «naidi»
e 1N «Buyarpikn»

e AuTn nou TnVv dnuioupynoe ovoualeTal «yovioc
* [ KYOVIKN»
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KAnpovouia

e To naidi €ival eva avTiypago Tou yoviou
e aPYXIKOMOIEITAl *KANPOVOUWVTAC» TNV KATAOTACH TOU

e To naidi ekTeAEl TOV iI010 KWAIKA PE TOV YOVIO

e H pvnAun Tou naidiou ival avriypago Tnc UVNKNG
TOU YOVIOU, JE Ta id1a NEPIEXOUEVA
e OTATIKN MVAKN, OUVAMIKN YVAMN, oToifa

e To naidi «kAnpovouei» (MeTa&u aAwv) Kkai
TOV program counter Tou yoviou

e ONWC O YOVIOG TOU, TO Naidi ouvexidel TNV EKTEAECN Tou KwOIKA
HETA TNV KANON TNG fork (OXI HE TNV NPWTN EVTOAN TNG main)
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P1 (parent) program

fork () P2 (child)
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Alaxwpiopo¢ yoviou-naidiou

e NMwc Eexwpiloupe, 0TO €NINEdO TOU KWOIKA,
av JETA TNV KANon TNG fork BPIOKONACTE OTO
nAaiolo ekTEAEONC TOU yoviou N Tou naidiou;

e guvnOIoPEVN NEPINTWOT: BEAOUPE TO NAIdI VA EKTEAEDEI
OIaPOPETIKO KWOIKA anod TOV YovIO TOoU

o EAEyyOUpE TNV TIUN MOU ENICTPEPEI N fork
« = 0: nAaiolo eKTEAEONC TOU Naidiou

« > 0: nAaiolo ekTEAEONC TOU yoVvIOoU yia eniTuxia (ENIOTPEPETAl TO
avayvwplioTIKO Tou naidiou)

« < 0: nAaiolo ekTEAEONC TOU yoviou yia anoTuyia (dev
dnuioupynenke vea diepyaaia)
e Mnopei va xpnoiJonoinBei yia va yivel KaTaAAnAn
d1akAadwon Peoa oTov KwdIKa TOU NPOYPANNATOC
e £(POOOV £MIOUPOUNE KATI TETOIO
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int main(int argc, char *argv[]) {
int pid;

printf ("%d: creating new process\n", getpid());
pid = fork();
printf ("%$d: fork returned %d\n", getpid(), pid);

return (0) ;
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int main(int argc, char *argv[]) {
int pid;

printf ("%$d: creating new process\n ", getpid());
pid = fork();
if (pid == 0) {

printf ("$d: hi from child\n", getpid());

}

else {
printf ("%$d: hi from parent\n", getpid()):;

return (0) ;
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Mia npwTN HOPPN «ENIKOIVWVIACY

e H fork avTiypagpel oTto naidi TNV Pvnun Tou yoviou

e O yovIOC NNopei va avaBeoel o Kanoleg HETABANTEG
(Be0€IC pvnUNC) TINEC / BedoPEVA Nou eNIBUET va
«nepacer» oTo Naidi, npoTou dnuioupynaoel To Naidi

e MeTa TNV KANON TNG fork, OAEC OI HETABANTEC TOU
NPoypPAPaToC Nou ekTeAEl To naidi Ba exouv TIC 10IEC
TINEC UE AUTEC TOU YOVIOU

e TNV OUVEXEIQ, APoU KABe Olepyacia xel EexwpioTn
LVNN, O ONOIEC AAANAYEC yivovTal OTNV PVAKN MIAG
dlepyaaciac €ival opaTec HOVo oTnv idia

e gV UNAPXEI KANola «KpuPn» PeTadoan OEOONEVWV
avapeoa otnv dlepyaacia yovio kal Tnv diepyacia naidi
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int main(int argc, char *argv[]) {
int pid;
int data = 42;

pid = fork();

if (pid == 0) {
data = data + 1;
printf ("child: %d\n", data);
return(0) ;

}

else {
data = data - 1;
printf ("parent: %d\n", data);
return(0) ;
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parent

pid = fork();
if (pid == 0) {
data = data + 1;

else {
data = data - 1;
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parent child

A

pid = fork();
if (pid == 0) {
data = data + 1;

}

else {
data = data - 1;

MpoypappaTiopog 11 12

>nupog AGAng
THMMY, MavenioTnuio Osgoahiag

lalis@uth.gr



parent child

A

pid = fork();
if (pid == 0) {
data = data + 1;

}

else {
data = data - 1;
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parent child

pid = fork();
if (pid == 0) {
data = data + 1;

a

}

else {
data = data - 1;
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parent
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child

pid = fork();

a

if (pid == 0) {

data = data + 1;

else {

data = data - 1;
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parent child

pid = fork();
if (pid == 0) |
data = data + 1;

S

else {
| data = data - 1;
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parent child

e\l
if (Dld

data = d ta |+ 1;

S

else {
| data =|data |- 1;
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parent child

pid fork () ;
if qpid == 0) {
dalta |= data + 1;

S

elsel {
| data |= data - 1;
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parent child

pid = fork();
if (pid == 0) {
data = data + 1;

A

else {
data = data - 1;
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Kpupn kataoTaon (BifAI0BNKwV)

e MgPOC TNG KATACOTAONC NOU KANPovoueiTal oTo naidi
€ival Kal N ECWTEPIKN kKaTtaoTaon TwVv PIBAIOBNKwWY
Mou XPnGIKOMOIEI O YOVIOC

* TINEG KABOAIKWV PETABANTWYV, EVOIAUETEC aNOBNKeC OEOOUEVWY, ...

e AUTO pnopeil va odnynoel O€ «nePiepya» (paivoueva

e [1a napadeiyua, Ta NEPIEXOUEVA TNG ECWTEPIKNG
anoBnknc TG stdio GTOV YOVIO avTiypagovTal
OTNV E0WTEPIKN anodnkn TnG stdio oTo NAIdI

e ONWC OAa Ta NEPIEXOMEVA TNC UVAKNG TOU Yoviou
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int main(int argc, char *argv[]) {

int pid;

|-p-r-lr-£f L " Aoyw line-buffered noATiknc
------ Ol XapakTNPEC anobnkeuovTal
pid = fork(); EOWTEPIKA OTNV stdio

1f_lipid)

Kal TEAIKG ypagovTal oTnv
kabiepwpevn €€0do oTav
OAOKANPWOEI N YPAUKN HE \n

“return(0)
}
else-L-1
rom parent\n");
return(O)
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TepuaTiopocg dlepyaociac

e volid exit(int status)
e Tepuatilel Tnv Olepyacia AUeTa, KAEIVEI NEPIYPAPEIC APXEIWV
e KANon eninAcov 01ad0IKAcIwV «kabapiopyoU» Tou XPNnoTn

e Mnopei va kAnBei ano onolodnnoTE onUEIo Kal Jeoa

ano onoladnnoTe ouvapTnon TOU NPoypAauPaToC
e |00OUVAUEI HE KANON TNG return ANO TNV main

e H 1IN EMOTPOPNC status NPENE va €ival
uia Tipn (0. .255) woTE va xwpasl o€ eva byte
e OUVNOWG EXIT SUCCESS (=0) N EXIT FAILURE (=1)
e To A&ITOUPYIKO KpATA QUTN TNV TIHN
e £TOI WOTE va PNopei va napaAn®Osi ano Tnv yovikn diepyaacia
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Avapovn via TepuaTiopo naidiou

® pid t waitpid(pid t pid,
int *status, i1nt options)

e pid > 0: avapovn yia TNV CUYKEKPILEVN OlEPYATia

e pid == 0: avapovn yia onoladnnoTe diepyaacia
BpiokeTal oTnv id1a opada pe TNV yovikn diepyaacia
e pid == -1:avauovn yia onoladnnote diepyaacia

e pid < -1: avapovn yia onoladnnote dlEpyacia
BpiokeTal oTnV opada PE avayvwpioTiKO | pid |

e EmioTpEpel TO avayvwpioTiko TNG dlEpyaaiac yia Tnv
onoia n NAnpo@opia TEpUaTIouou anobnkeUsTal oTnNV
dieuBuvaon nou deixvel 0 OEiKTNG status
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Epunveia nAnpogopiac TepUaTiopou

e H nAnpoopia TepuaTiopoU KwOIKOMOIEITAl OE Evav
aKEPAIO Kal NMpenel va epUNVeUBel kataAAnAa
e guunepIAauBavel TNV TIKN €NIOTPOPNC TNC diEpyaaiac + aAka

AUTO YIVETAl HECW EIOIKWV PHAKPOEVTOAWV

e WIFEXITED (): true @V TO Naidi TEPUATIOTNKE
KavoviKa (M€ return | exit N exit)

e WEXITSTATUS (): N TI|JI‘] (1 byte) NOU ENECTPEWE
TO NaIdi HEOW return | exit N exit

e WIFSIGNALED (): true av T0 naidi dev
TEPUATIOTNKE Kavovika (aAAd NECW ONPATOC)

e WTERMSIG (): 0 apiBuoc Tou onuaToc rnou
NPOKAAECE TOV TEPUATIOUO Tou naidiou
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int main(int argc, char *argv[]) {
int pid;
int status;

pid = fork();

if (pid == 0) {
sleep (60) ;
exit (42); // return(42);

waltpid(pid, &status, 0);
1f (WIFEXITED (status)) {
printf ("child returned %d\n", WEXITSTATUS (status));

}
else 1if (WIFSIGNALED (status)) {

printf ("child terminated with %d\n", WTERMSIG (status));
}

return (0) ;
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KAnpovouia nepiypapewv apxeiwyv

e Mad pe TNV KATAOTACN EKTEAECNC TOU YOVIOU,
TO NaIdi KANPOVOUEI avTiypa@a TwV NEPIYPAPEWV
APXEIWV MOU EXEI ONUIOUPYNOEI O YOVIOC
e OTO NveUPa TNG dup

e H avayvwon/eyypa®n HEOW TWV NEPIYPAPEWV
apxeiwv TnG piag diepyaociac aAAadouv Tnv Beon
avayvwonc/syypaenc TwV NEPIYpPAPewV TNC AAANG

e O yOVIOC NPENEl va KAEIVEI TOUC NEPIYPAPEIC NOU
dev BeAel va kAnpovounoel To naidi, Kal avrioTorxa
TO Naidi NPenel va KAEIVEI TOUC KANPOVOUNMEVOUCG
neplypageic apxeiowv nou dev xpelaleral
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dlepyaaia yoviog 01 2 3
VARV,
file descriptor table
access access access
structure structure structure
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~ Olepyaaia yoviog 01 2 3
Vv v

file descriptor table

access access access
structure structure structure

file descriptor table
NOANTNA
Z . . :
A digpyacia naidi 0 1 2 3
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int main(int argc, char *argv[]) {
int fd;
int pid;

fd = open(argv([1l], O RDWR|O CREAT|O TRUNC, S IRWXU);

if (! (pid=fork()))
write (fd, "hello from child ", 17);
close (f£d) ;
return(0) ;

waitpid(pid, NULL, 0); /* wait for child termination */
write (fd, "and hello from parent", 21);

close (fd) ;

return (0) ;
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ANayn kwoika diepyaaiac

e Mia diepyaacia pnopei va aAAa€gl To npoypapua
MOU €KTEAEI, Kal va apyiosl TNV EKTEAEDCT EVOC
(evTeAWC) d1aPOPETIKOU NPOYPAUUATOC

e 'Eva naidi ynopei va «autovounBei» nANpwc Kai va
EKTEAEDEI OIAPOPETIKO KWOIKA anod Tov yovio Tou
e OUVNBIOPEVOC AOYOG Yia TNV dnuioupyia VEwV dIEPYACIwV

e To oUOCTNUA €ival AVOIXTO/ENEKTACIHO

e Mnopei va ypa@Tel kKwdIKac Nou Kanoia oTiydn
Oa exTeAETEl KWOIKA NMOU OEV £XEl YPAPTEI AKONA
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EkTeAEON npoypaupaToc

e int execl (const char *file,
const char *arg0O, ...)

e EkTeAel TO npoypappa file (pe faon To PATH)
NEPVWVTAC TA OPIOUATA argol, ...

e Ta opiocuata npenel va TepuaridovTal YE NULL

e Av NETUXEI, N KANON O&EV ENIOTPEPEI NMOTE

¢ int execv(const char *file,
char *const argvl([])

e 'ONwC N execl, UE TA OPICUATA TOU NPOYPANNATOC
va nepviouvTtal we d1avuopa, onwc Ta OEXETAlI N main
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nalia EKTEAEON VEQ EKTEAEON

l P1
o

code A code B
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program A program B
P1

i
|
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KAaoiko PoTiBo ekTeAeonc fork-exec

e 'Eva npoypappa A emBupei va eKTEAETEI eva AAAO
(51apopeTIKO) NPOypappa B £Tol woTe:
e VA HNV OTAUATNOEI N EKTEAEON TOU TPEXOVTOC NPOYypAaToc A

aA\d pnopei va ouveyioTel napaAAnAa i agou npwTa
OAOKANPWOEI N EKTEAECN TOU NpoypappaToc B

e T AMOTEAECUATA TNC EKTEAECNC TOU NpoypauuaTtoc B va
Xpnoipgonoin®ouv oTo npoypauua A

e TO NPOYPAPHA A va PNopei va SIaKOWEl TNV EKTEAECT TOU
npoypauuaToc B ava naca oTiyun
e AUTO HNopei va eNITeUxBei NOAU EUKOAA av TO

npoypauua A avabsosl TNV EKTEAEON Tou B o€ pia
EexwpioTn diepyaoia naidi Je fork-exec

e Eival auto nou kavel To npoypappa Tou shell nou
TPEXEl AUTONATA OTAV AVOIYOUUE Eva TEPUATIKO
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npoypauua add

int main(int argc, char *argv[]) {
int vl1,v2;

vl = atoi(argv([l]);
v2 = atoi(argv[2]);

printf ("%$d plus %d equals %d\n", vl1, v2, v1+v2);
return (0) ;

S gcc add.c —-o add

S

S ./add 123 456

123 plus 456 equals 579
$
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int main(int argc, char *argv[]) {
int pid;

1f (! (pid=fork())) {
printf ("child: execute ./add 123 456\n");
execl ("./add", "add", "123", "456", NULL);
perror ("execl") ;
return(l) ;

waitpid (pid, NULL, O0);

printf ("parent: child terminated\n");
return (0) ;
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KaraoTaon d1epyaociac JETA TO exec

e 'OTav pia diepyacia aA\alel KwdIKa PEOW exec,
N KATAoTaon EKTEAECNC APXIKOMOIEITAI €K VEOU

e H dlepyacia anokTa kaivoupyia Pvnun
e H dlepyacia anokTa kaivoupyia oToifa

o O BiIBAIOBNKeC o€ eninedo XpnoTn Eava@opTwvovTal
e KaBwc apxilel pia evTeAwC karvoupyla eKTEAEGN KwOIKA

o Mpoooxn: n diepyacia napapevel n idia
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[MepiypaPeic apyeiwv PETA TO exec

e OI neplypageic apxeiwv nou £xel n diepyaacia T
OTIYMI MOU KAVEl exec MAPAMEVOUV AVOIXTOI

e To npoypappa nou ekTeAel n dlEpyaocia UNopei
va XpnOoIUOMNOINCEl AUTOUC TOUC NEPIYPAPEIC,
oav va Touc ixe dnuioupynaoel To 1010

e KAaoikn «e@appoyn>»: avakateubuvon Tne
oupBaTIKNG £10000U/€E0O0U EVOC NPOYPANMATOC
NPOTOU apXIiOEl N EKTEAEON TOU HECW exec

e £V ayvoid Tou NPoypAauPaToC NoU EKTEAEITAI OTNV CUVEXEID
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int main(int argc, char *argv[]) {
int fd, pid;

1if (! (pid=fork())) |

printf ("child: execute ./add 123 456 with redirection\n");

fd = open("test", O RDWR|O CREAT|O TRUNC, S IRWXU);
dup2 (fd, STDOUT FILENO); // redirect stdout

close (fd) ;

execl ("./add", "add", "123", "45¢", NULL) ;

perror ("execlp") ;

return(1l) ;

waitpid(pid, NULL, O0);
printf ("parent: child terminated\n");
return (0) ;
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Opgavec diepyaoiec kar (oumn

e Av TEPUATIOEI 0 YOVIOC Hiac diepyaoiac, n Olepyacia
naidi ouvexilel TNV eKTEAEON TNG AANG PEVEI oppavi
e 0l OpPavec diEpyaciec UIOBETOUVTAl AnO TOV OTEVOTEPO
OUYYEVI TOUG
e Av TepuaTiosl eva naidi piac dlepyaociac, NapapPeVvel o€
kataotaon {opni
e TO AEITOUPYIKO oUVEYXIZEI va KpaTa nNAnpogopia yia Tnv
diepyacia (AOyoc TeEpUATIOPOU, TIMN EMNIOTPOPNC KTA), yia va
unopei va napaAapBel autn TNV NAnpogopia o yoviog
e Mia diepyacia napapevel o€ kataoraon Ouni HEXPI O
yovioG TNC (a) va KaAEoel TNV AEIToupyia avapovng
yia TepuaTiopo Tou naidiou N (B) va TepuaTioEl
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Ouadec diepyaciwv (process groups)

e KaBe diepyaaia avnkel o€ pyia opada (process group)

e To avayvwpioTiko opadac (process group ID — pgid)
eival 7o i010 YE TO avayvwpIoTIKO TOU NPWTOU
nueAouc TN (process group leader)

e Ta naidia kAnpovopuouv Tnv ouada Tou yoviou

e To avayvwpioTIKO TNG opadac piac dlepyaciac PMnopei
va An@eBei/al\ael peow getpgid/setpgid

e H opadonoinon anAonoigi TRV «padikn>»
oiayeipion Twv dIEPYACIWV
e AMNOOTOAN ONUATOC O€ Hid ouada dlepyaciwv
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int main(int argc, char *argv[]) {
int pid;

pid = fork();

if (lpid) {
printf ("child: PID=%d, PPID=%d, PGID=%d\n",
getpid(), getppid(), getpgrp()):;
while (1) |
printf ("child: ping\n"); kaqj o1 2 BIEPYATIEC AVAKOUV OTNV

| sleep (3); id1a opada (auTn Tou yoviou)

return (0) ; '
} 0a TeppaTioTouv Kai o1 2 pe Ctrl+C

printf ("parent: PID=%d, PPID=%d, PGID=%d\n",
getpid(), getppid(), getpgrp());
while (1) {
printf ("parent: ping\n");
sleep(3);
}

return (0) ;

}
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int main(int argc, char *argv[]) {
int pid;

pid = fork();

if (!pid) A
setpgid (0,getpid()); /* create my own group */
printf ("child: PID=%d, PPID=%d, PGID=%d\n",
getpid(), getppid(), getpgrp()):;
while (1) {

printf ("child: ping\n"); TO naidi dnuioupyei TV
| sleep(3); dIkn Tou opada
t (0) :
\ I oev TepuaTiCeTar pe Ctrl+C

printf ("parent: PID=%d, PPID=%d, PGID=%d\n",
getpid (), getppid(), getpgrpl());
while (1) {
printf ("parent: ping\n");
sleep (3);
}

return (0) ;

}
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