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A. 2uvapTnoeic exec()

['vwpilouue OTI he TNV KANon NG fork() KAWVOTToioupE TO
process image (oToifa, kKwdika, cwpo, etc) yiag digpyaaciac.
O1 eVTOAEC exec atrd TNV AAAN, AvTIKABIGTOUV TO Process
Image piag digpyaciag A JE aQUTA EVOG EKTEAEDIUOU apXEiou
(T1.X. IS, sort, uniq, oTIOATTOTE EKTEAECIUO!)

2TNV ouveExela N A Ba ouvexioel va ekTeAgiTal atrd To
“main()” Tou apyeiou (kKal 0xI atro eKei TToU £yive TO fork).

Me Tnv KAfjon Tn¢ exec 10 B Ba £xel 1o idio PID, PPID, File
Descriptors, alarms, KTA. Tou TTatépa A. (0eC oeA. 234)

Memory fork() Memory exec()

Fork( T

xec()
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A. lNapadeiyua 1 - execl()

Na ypa@ei Eva TTpOYpPAPUaA TO
OTTOIO vVa TTapoualadel To
TTEPIEXOMEVO TOU KOTOAOYOU

"..”, KOVOVTOC XpNnon Tou execl

H B ,
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A. lNapadeiyua 1 - execl()

[* File: execl_demo.c */
#include <stdio.h> /* For printf */
main()

{

printf("l am process %d and | will execute an''ls -| ..\n", getpid());

if (execl("/bin/ls", "Is", "-I", "..", NULL) == -1) {
perror("execl");
}

}

[Mapadeiypa EKTEAEONG

$ execl_demo

| am process 13974 and | will execute an''ls -l ..

total 488

drwx-----x 53 antonis faculty 155648 Jan 5 09:52 antonis
drwx-----x 47 chryssis faculty = 4096 Mar 1 13:46 chryssis
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A. 2uvapTnoeic exec()

Y1rdpxouv 6 €idn atrd 1a oTroia pag evolapEépouy HOvo Ta akdAouba

#include <unistd.h> arguments
int execl(char *path, char *arg0, char *arg1, ..., char *argn, NULL);  AnAwvei o1 €dw
int execv(char *path, char *argv[]); T TeAelvel To arg

list (eVOAAOKTIKOG

—  Otrou path €ival oxXeTiIKO R ATTOAUTO POVOTTATI.
P X n H oploudcg (char *)0)

int execlp(char *path, char *arg0, char *arg1, ... , char *argn, NULL);
int execvp(char *path, char *argv([]);

— 'Omou oTo path dev xpe1dadeTal va opioel TNV TOTToBETia TOU EKTEAECIUOU
gpooov Ba yivel xpon Tng MeTABANTAG TTEPIBAAAovTog PATH yia va Bpebei To
EKTEAETIMO. AUTO gival XPrOIUO YIOTI UTTOPET va PNV EPOUUE TTOU aKpIBWG BpioKeTal
éva ekTeAEOIPO TT.X. sort, uniq, etc).

Kal o1 TEooepig eoTPEPOUV -1 o€ AABOC evwy O€ ETTITUXIA TITTOTA.

H Siagopa tng execl(list) / execv(vector) eivail 0T T0 execl Traipvel oav
Opiopa: arg0=«bvoua ekTEAETINOUY, arg1=«ueTaBAnT 1», ....
argn=«MdeTaBANTA N», arg(n+1)=NULL evw n execv argv[O] argv[1] ., argv|n],
argv[n+1]=NULL.

H idia diagopd 1oxUel kai yia 1o euyog execlp(list,PATH) / execvp
(vector,PATH).

O1 1o TTavw evToAEG eival evToAEg BIBAI0BNKNG oTo Linux TTou BaaiovTal
oTNV KARON OUOTAMATOG execve (vector environment). 14-6



A. MNMapadeiypa 2 - execvp()

#include <stdio.h> /* For printf */

int main()

{ Meprypaepn
int pid, status; char *argv[2]; AnuioupynoTe pia digpyaaia maidi n

if ((pid = fork()) == -1) { /* Check for error */ oTToia eKTEAET TV date. MC'))\IQ
perror("fork"); exit(1); i i ;
} oAOKANpwaEl TO TTaIdi O TTATEPAG

else if (pid == 0) { ouvexiCel TNV EKTEAEDN TOU.
/* Child process */

argv[0] = "date"; argv[1] = NULL,;
printf("l am child process %d and | will replace myself by 'date'\n", getpid());

if (execvp("date"”, argv) == -1) { z ,
perror("execvp"); exit(1); AtrotéAeopa EKTEAEONG

} $./execvp-example2
} | am child process 508 and | will replace myself by 'date’
else { Sun Mar 4 12:50:06 RST 2007

/* Parent process */ | am parent process 3340

if (wait(&status) 1= pld) { /* Wait for child Child terminated with exit code 0

perror("wait"); exit(1);
¥

printf("l am parent process %d\n", getpid());
printf("Child terminated with exit code %d\n", status >> 8);

}

exit(0); 14-7
}



A. MNapaodeiyua 3

YAotroinon AtTAou KeAU®pouUcg uE execvp

Na ypapei eva TTpoypappa C 1Tou
va AEITOUPYEI oAV £va ATTAO
KEAUQOC:. Na OEXETAI ATTO TO
TTANKTPOAOYIO EVTOAEC TIC OTTOIEC
vVa avOAQUBAVEl va EKTEAEOCEI PO
OlEpyaaoia-Traidi TTou Ba
ONUIOUPVYEI.  [Memory

fork k%
Parent— (L xecvp()
Wait()- child

14-8




A. lNapdaodeiyua 3

YAotroinon AtTAou KeAugpoucg
[* File: simpleshell.c */
#include <stdio.h> /* For fgets, printf */
void parse(char *buf, char **argv); /* Function prototype */

void execute(char **argv); [* Function prototype */

int main()

{ Get user
char buf[1024]; char *argv[64]; command into
while (1) { buf

printf("Command: "); /* Get input */

if (fgets(buf, sizeof(buf), stdin)’ == NULL) {

printf("\n"); exit(0);

}

parse(buf, argv); /* Split buf into arguments copied into argv */

execute(argv); Memory
}

: fork ] ?

return O; Parent (L xecvp()

Wait()- child




A. Napaodeiyua 3

YAotroinon AtTAou KeAugpoucg

/] Tokenizes “buf’ arguments into “argv” table
void parse(char *buf, char **argv)

{

char *tmp; // used to perform a linear scan of buf
tmp = buf; // initialize buf to the same position with buf

while (*tmp !1="0") {

if ("tmp =="") || (*tmp ==1t) || ("tmp =="n)) {

*tmp ="\0"; // replace whitespace with NULL

tmp

m.X. buf= “Is —a - "

Argv[ 0,1,2,3,NULL... ]

*argv++ = buf; // first set *argv=buf then *argv++

[lprintf("%s\n", *--argv);

buf = ++tmp; // set buf to the next string

}

tmp++;

}
*argv=NULL; /* End of arguments */

Memory

child

Wait()+

.I: k V.
Parent— (L Execvp()

void execute(char **argv)

{

1

int pid, status;
if ((pid = fork()) < 0)
perror("forlf"); exit(1);
}
else if (pid == [* Child process */
if (execvp(argv[0], argv) == -1) {
perror(argv[0]); exit(1);
}
} else { /* Parent process */
if (wait(&status) != pid) {
perror("wait"); exit(1);
}
}

Vector + PATH

Create a child */
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B. KAnon 2uotnuarocg system()

e 2& TTOAAEC TTEPITITWOEIC, OTTWG TO TTPONYOUNEVO TTAPAdEIYUAQ,
BEAouuE TO TTAIdI VO EKTEAECEI KATTOIO UPIOTAMEVO TTPOY. TT.X.,

;.#incluc.:ie <unistd.h> Memory System()

int mam() { a)Fork() pu
system("ls -al | sort > output.txt'); | WAait() — b)eico /7
exit(0);

}
int system(const char *cmdstring);

emoTpEPel -1 (out of process 1 0 OK)
«  Tomrpoypaupa C trepIMEVEL HEXPI VO OAOKANPWOEI N EVTOAN system.
*  H evroAn system uAoTroicital ouolaoTikd péow fork (Traidi),
exec(traidi), waitpid (Tratépag repipével To TTOdI).
(MEAETAOTE TO TTAPAdEIYUA OTO OXAMa 8.22 (0eAida 247)
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B. lNapadeiypa 3 - system()

looec ouvoAika dispyacis¢ 6a dnuioupynbouv
QTTO THV EKTEAEON TOU TTPOYPAUUATOC Sysexec.c

TO OTTOIO XPNOIUOTTOIEI TNV EVTOAN system yia va

KaAEoel To TTooypauua keEAugouc batch.sh;

$ cat sysexec.c

#include <unistd.h>

int main()

{
system("./batch.sh");
exit(0);

}

$cat ./batch.sh

1=0;
while [ $i -It 1000 ];
do

eChO _n " $i ";

Is -al | sort | uniq | rev > /tmp/file;

((i++));

done
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B. Napadeiyua 3 - system()

. H ekTEAEON TOU Sysexec(7228) dnuioupyei yia véa diepyaaia sh(7229) n ormoia
kavel 1000 emavaAnyeig.

. Zs_K?Gs atro 11 1000 eravaAqyeic dnuioupyouvral 4 diepyaacieg (Is, rev, sort,
uniq).

. OupiCoupe Ot TO IS, rev, sort, unig dgv €ival built-in evTOAEC TOU KEAUPOUG
(dnAadn dev BpiokovTal péoa oTo eKTEAETIMO apXeio Tou shell). ETTopévwg
KABe KAjon Toug dnuIouUpyEi pia véa diepyaaia.

. Etropévwg Ba £xoupe 4*1000 (Is,sort,rev,uniq) + 1 (sysexec(7228) ) + 1
(sh(7229) ) = 4002 dicpyaciec

Mo kdatw @aivovral duo atré Ta 1000 oTiypIOTUTTA JE TNV EVTOANR pstree.
$ pstree -Gp dzeina

sshd(31040)——bash(31042)——sysexec (2709)——sh(7229)——Is(2852)
—rev(2854)
—sort(2853)
—Uuniq(2855)

$ pstree -Gp dzeina
sshd(31040)——bash(31042)—— sysexec (2709)——sh(7229)——Is(2953)

rev(2955)
sort(2954)
uniq(2956) 14-13



[". Alaxeipion Znuatwy (Signals)

Signals (software interrupts): Mikpa ynvouara, Ta
OTToia OTEAVOVTAI O€ PIa KaBopiopévn digpyaaia N
OMADEC DIEPYOTIWV.

Ta onpaTta oTeAvovTal HETAgU AlEpyacoiwy (Eav
UTTAPYXOUV Ta KATaAANAa dikaiwpaTa, Tr.X. Kill())  atro 10
[MTupniva otnv Aiepyacia (11.X. alarm())

Ortav AdBel 1o signal pia diepyacia, OIAKOTTTEI ANECA
TNV EKTEAEON TNG, Kal diaxelpieTal To signal.

— H dl1axeipion Tou onUAToc YiveTal OUCIACTIKA UE Eva
signal handler

— EvVaAAakTIKG, N dlEpyaOia UTTOPEI VO ayvONOEl TO
onua (... aAAG Ox1 OAa Ta orjuaTa)
Edw Ba peAetnooupe Ta onpaTa oTo TAQICIO TNG

YAwooag C evw Ta gixaue O€l €TTIONC OTO TTAAICIO TOU
KEAUQOUG. 14-14




[". Alaxeipion Znuatwy (Signals)

« KaBe onua oto UNIX atroteAcitail:
— a1ro £va api1Ouo (1r.X., 2) N avrioToIXa ATTo £va
I000UVAO CUMBOAIKO ovoua (T1.X., SIGINT),
—Eva di1axeipioty onuparog (signal handler) o

OTTOIOC JTTOPEI VA AvTIKATAOTAOEI TN JEBODOO JE
TNV OTTOIa £va TTPOYPAUMa dlaxEIpiCeTal TO ONUa.

 [a va Trpoypauuatioouvue Ta onuara otnv C
TTPETTEI VO oUPTTEPIAGBOUNE TNV BIBAI0BNKN

#include <signal.h>
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A. KAnon 2uoTtnuartoc signal()

#include <signal.h> ApI1BuAC orpaToC TTou Ba

yonow’loal TOoV handle

void cntl_c_handler(int sig)

{

printf("Just received signal %d\n", sig);

}

main() { Set New signal Handler &
int |: Backup previous one in fp
)

VOI p)(int); // default sighandler variable
fp = signal(SIGINT, cntl_c_handler);

for (i=0;i<5;i++) {
printf("Still running\n");

'I'Iapé(&lvpa ExkTéAeong

$ ./simplesignal
$./a

Still running

Just received signal 2
Still running

Just received signal 2
Still running

Just received signal 2
Still running

Just received signal 2
... €0W OIAKOTITETAI

sleep(1); * YTT00€0T€E OTI OTEAVOUE TO
} onua SIGINT atrd 1o KEAUPOG
sighal(SIGINT, fp); /[ erravapopda default Sighandler 14-17
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E. 2nuarta kal Aiepyaaoiec

Edav dnAwooupe éva signal handler kai kavoupue fork
TOTE AUTOG O signal handler 1oxUe&1 Kal yia TO TTaIOI.

#include <signal.h>

void signal_handler(int sig) {
printf("A signal %d was received by %d \n", sig, getpi

}

int main(void) {
pid_t pid;

I* Install signal handler */
signal(SIGINT, signal_handler);
if ( (pid = fork()) < 0) perror("fork error");

else if (pid == 0)
while (1) {

printf("child (orphan) still alive\n"); sleep(1);

}

else { printf("parent has finished\n"); }

exit(0);

Na va doupe OTi

d?qpaAadevsTa a1rd 1O TraIdI
TTopoUpE va OTEIAOUME OTTO

10 KEAUQPOG $kill -2 4256
BAétroupe 611 Ba TTOPAAN@OEi
atrevdgiag arrod 1o Traidi

child (orphan) still alive
child (orphan) still alive

A signal 2 was received by 4256
child (orphan) still alive
child (orphan) still alive
child (orphan) still alive

T

/

2NHEIWOTE OTI TTPOKEITAI
Yia £va op@pavo process
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E. 2nuarta Kal AIEpYAOIEC
Aouyxpovn Attopuyn Zombies pe Signals

e 21NV d1aAegn 13 (TeAeuTaio TTAPAdEIYMA) EIDANE TTWC
UTTOPOUUE VA ATTOPUYOUNE Ta zombies ue KATTOI0
ouUyXPOVvo TPOTTO.

—  AnAadn, ekteAoupue wait() HEXP! va pag eTTIOTPEWEI TO exit code 1o
TTaioi.

—  AuTO Ouwc oTapaTtouoe TNV ekTEAEoN Tou TTaTépa (0To wait())
UEXPI va attavTioel To TTaidi. (dNA. o TraTtépag ékave blocking
walit)

 Twpa 6a douue Eva eVAAAOKTIKO, KAl TTPOYPAMMATIOTIKA
M0 0pBO TPOTTO, VIO TNV AOUYXPOVN ATTOPUY TWV
zombies.

 Oa kavoupue xpnion tou SIGCHLD, 10 oTT10i0 OTEAVETAI
aT1TO TO TTAIOI OTO TTATEPA OTTOTE TO TTAIOI TEPUATIOEI N
OTAUATACEI TTPOCWEIVA TNV AEITOUPYIQ TOU.
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E. 2nuarta Kal AIEpYAOIEC
Aouyxpovn Attopuyn Zombies pe Signals

#include <signal.h>

#include <unistd.h> // STDOUT FILENO

void signal_handler(int sig) {
int pid; int status;
printf(“#%d: A signal %d
pid = wait(&status);
printf(“#%d: Exit Code %d %d\n", getpid(), pid, status>>8);

}

int main() {
int pid;
signal(SIGCHLD, signal_handler); /* Install signal handler */
pid = fork();
if (pid == -1) { I* Check for error */
perror(“fork"); exit(1);

ceived \n", getpid(), sig);

}

v

TotroB£Tnon wait()
MECQ OTOV
signal_handler £101
WOTE VA UTTOPEI TO
TTaidi va TTapadwaEl
1O exit code
AVELAPTNTA UE TO
TTOCO ATTAOXOANUEVOG
gival o Tatépag. Auto
replopidel Ta zombie
processes.

else if (pid == 0) { I* The child process */
printf(“#%d: Exit!\n“, getpid()); _
exit(37);  /* Exit with a silly number* | $./chldsignal

ATtrotéAeopa EKTéAeong

) #5288: Exit!  (Child)
[* The parent process */ #2920: A signal 20 was received

else {

while (1) I* Never terminate */

#2920: Exit Code 5288 37

sleep(1000);
} \

AUTO TTponyouleva pag dnuioupyotoe’zombie processes
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H. Ala-01EpyaCIOKA 2NUaTO
KAnon 2uotnuatoc Kill()

Mexpl Twpa €idapE TTWG UTTOPOUNE Va OTEIAOUE
onuarta armrod Tov rupnva (1r.X. SIGALRM) kai atré

TO KEAUQOG (11.X. SIGINT) o€ pia digpyaaoia.
Tiyivetal sav OEAoupE va oTeiAoUE OorpaTa PETACU

YIrapxel n KAnon ocuvotnuarog kill

int kill(int pid, int sigcode);
el =1 o€ amroTuyia R 0 o€ emiITUXIA

A

— Hkill eival yévo £@IKTA €Av n sending dlepyaadia £XEl TOV
id10 1010KTATN UE TNV receiving digpyaaoia (1 o sender givai

root)
— Tla d1a-epyaciakr) atmooToAn GNUATWY PTTOPOUUE VA

XPNOIJUOTTOINOOUME TA UN-OEOPEVUUEVA VIO AAAO OKOTTO
SIGUSR1, SIGUSR2.
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H. Ala-01EpyaCIOKA 2NUaTO
KAnon 2uotnuatoc Kill()

#include <stdio.h> /* For printf */

#include <signal.h> /* For SIGTERM, SIGSTOP, SIGCONT */
int main () {
int pidl, pid2;
if ((pidl = fork()) == -1) { perror("fork"); return 1; }
else if (pidl == 0) { // first child loop
while (1) { /* Infinite loop */

printf ("Process 1 is alive\n"); sleep(l);
}
}

else { // parent

if ((pid2 = fork()) == -1) { perror("fork"); return 1; }
else if (pid2 == 0) { // second child loop

while (1) { /* Infinite loop */

printf ("Process 2 is alive\n"); sleep(l);

}
}

// parent’s code

sleep(2); kill(pidl, SIGSTOP); /* Suspend first child */
sleep(2); kill(pidl, SIGCONT); /* Resume first child */
sleep (2);

kill (pidl, SIGTERM); /* Terminate first child */

kill (pid2, SIGTERM); /* Terminate second child */

}

return 0O;

Meprypaepn

Anuioupyoupue duo
TTaidId Ta OTTOIA
EKTEAOUV QTTO £Va
ATTEIPO BPOX0. 2TN
OUVEXEIQ OTAPATAPE TO
10, T0 ouveyidouue Kal
TENOG TEPUATICOUME KAl
TIG dUO DIEPYAOTIEC.

$ .Ja.exe

Process 1 is alive
Process 2 is alive
Process 1 is alive
Process 2 is alive
Process 1 is alive
Process 2.is alivgj-25




Z. KA\non 2uoTtnuartoc alarm()

#include <unistd.h>

unsigned int alarm(unsigned int count);
EmioTpé@el 0 i Tov aplOuod deuTtepoA. HEXPI TO TTPONYyoUHEvo set alarm.

* Aivel TnV evTOAR} OTOV TTUPAVA VA OTEIAEI HETA ATTO
count deutepoAemrTa To oRnua SIGALRM oTtnv kaAouoca
OlEpyacia.

« O peTpnTAC KpaTEiTAl ECQA OTOV TTUPNVA.
ETTionuAavoeig
« To alarm AEN kAnpovopeital oto 1TaIdI.

« ETioncg 1o alarm yivetai reset kaBe popda 1Tou POBAvVElI OTNV
dlepyaacia oTroTav TTPETTEI va cavayivel installed eav
BEAoupe va To AappBavoupue ouvexela (OeC TTapAdEIYUQ)
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Z. lNapadeiypa alarm()

#include <signal.h> // signal, alarm
#include <unistd.h> // fork, getpid

#include <time.h> [/ time_t, time /
void signal_handler(int sig) {

Alarm signal handler

time_t rawtime; time ( &rawtime ); /* compute the current time */
printf("#%d: The kernel sent a SIGALRM(%d) on: %s", getpid(), sig, ctime (&rawtime));

alarm(1); /* we re-install the alarm here */

}

int main() {
int pid;

I* Install signal handler and set the alarm clock */

signal(SIGALRM, signal_handler);

alarm(1);
pid = fork();
if (pid == -1) { perror("fork™); exit(1); }
else if (pid == 0) {

I* The child process */

AtroTéAecpa EKTEAEONG

#6020 (child)

#2280 (parent)

#2280: The kernel sent a SIGALRM(14) on: Sun
Mar 4 23:58:58 2007

while (1) { printf("#%d\n", getpid()); sleep(3); } | #2280

}
else {

while (1) { printf("#%d\n", getpid()); sleep(3); }
}

#2280: The kernel sent a SIGALRM(14) on: Sun
Mar 4 23:58:59 2007

#2280

#2280: The kernel sent a SIGALRM(14) on: Sun

Mar 4 23:59:00 20Q7 . .
#2280 Movo O'HGTEPHQ:;O
#6020 TTapaAappavel To alarm




