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2.0voyn

¢ Xpnion tou make, Makefile
¢ Alaxeipion diepyaciwv oto UNIX
= fork(), wait(), waitpid(), explain_wait_status()
¢ >nuata oto UNIX
= Kill(), signal(), sigaction(), race conditions
¢ Xelplopog tou onpatog SIGCHLD
= Aguyxpovn €1domoinon yovikig dlepyaciag
= non-blocking waitpid()
¢ Aladiepyaotakn emkotwvwvia pe UNIX pipes
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<Tab>

<Tab>

<Tab>

Makeﬁle



Makefile

$ cat Makefile
# a simple Makefile

CC = gcc
CFLAGS = -Wall -02

all: proc-example

proc-example: proc-example.o proc-common.o
<Tab> $(CC) -o proc-example proc-example.o proc-common.o

proc-common.o: proc-common.c proc-common.h
<Tab> ¢$(cc) $(CFLAGS) -o proc-common.o -C proc-common.c

proc-example.o: proc-example.c proc-common.h
<Tab> $(cc) $(CFLAGS) -o proc-example.o -c proc-example.c

clean:
<Tab> rm -f proc-example proc-common.o proc-example.o

S make

gcc -Wall -02 -o proc-example.o -c proc-example.c
gcc -Wall -02 -o proc-common.o -C proc-common.c
gcc -0 proc-example proc-example.o proc-common.o
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Anuoupyia oto povtého tou UNIX: fork()

Agdopéva :
p="? mypid =?

\

Keipevo:

pid_t p, mypid;

p = fork();

if (p <0){
perror(“fork”);
exit(1);

}elseif (p ==0) {
mypid = getpid();
child();

}else {
father();

}
U
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}
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Anuoupyia oto povtého tou UNIX: fork()

Agdopéva :
p= mypid =?
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Keipevo:
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Anuoupyia oto povtého tou UNIX: fork()

¢ O\ec o1 biepyaoiec mpokumtouv Ue fork() [oyedov OAe(]
= '|610 TPOYPAUMA UE YOVIKN dlEpyacia, avtiypa®o Xwpeou pvAung,
KANPOVOUEL avolxTtd apxeia, cuvoeoelg, Sikalwpata mpodcfaong
¢ Avtikatdotaon mpoypdauuatog Olepyaociag: execve()

¢ H yovikn Olepyaocia evnuepwveTal yia To 8Advato Tou
maldlov pe wait() = ouAloyn TIMAG TEPUATIOUOU (exit status)

= Méxpl ToTE, maidi mou €xel KaAéoel TNV exit() eivat zombie

= Av o yovéag meBdvel mpwta, n Olepyaoia yivetat maidi tng
init (PID = 1), mou kavel ouvexwe wait()

Prog-A | 987 Prog-B | 987 (zombie)

Prog-B S ;
execve 937 exit




- wait() / waitpid()

¢ [a kaOe fork() mpémei va yivel éva wait()
¢ wait(&status)
= MmAOKApPEL EwG ormoiodnNmote maldi meBAvel
¢ To status kwdikomolei mw¢ mEBave n Olepyacia
= Kavovikd (exit()), A\oyw kamolou orjpatoc (SIGTERM, SIGKILL)
¢ XPNOIUEC MOKPOEVTOAEC YIa TNV EPUNVEia Tou status
= WIFEXITED(), WEXITSTATUS(), WIFSIGNALED(), WTERMSIG()
= oa¢ Oivetal n explain_wait_status()

¢ Mia mo gveAiktn wait(): waitpid()

= [leplpEVel yia aAAayr) KOTAOTAONG OUYKEKPIUEVOU N
omotovdnmnote PID digpyaciag-maidiov

= >uunepipopd eAeyxouevn amno flags (WNOHANG, WUNTRACED)



explain_wait_status()

void explain _wait status(pid_t pid, int status)
{
if (WIFEXITED(status))
fprintf(stderr, "Child with PID = %1d terminated normally, exit status = %d\n",
(long)pid, WEXITSTATUS(status));
else if (WIFSIGNALED(status))
fprintf(stderr, "Child with PID = %1ld was terminated by a signal, signo = %d\n",
(long)pid, WTERMSIG(status));
else if (WIFSTOPPED(status))
fprintf(stderr, "Child with PID = %1d has been stopped by a signal, signo = %d\n",
(long)pid, WSTOPSIG(status));
else {
fprintf(stderr, "%s: Internal error: Unhandled case, PID = %1d, status = %d\n",
__func__, (long)pid, status);
exit(1);
}
fflush(stderr);



explain_wait_status()

void explain _wait status(pid_t pid, int status)

{

}

if (WIFEXITED(status))
fprintf(stderr, "Child with PID = %1d terminated normally, exit status = %d\n",
(long)pid, WEXITSTATUS(status));
else if (WIFSIGNALED(status))
fprintf(stderr, "Child with PID = %1ld was terminated by a signal, signo = %d\n",
(long)pid, WTERMSIG(status));
else if (WIFSTOPPED(status))
fprintf(stderr, "Child with PID = %1d has been stopped by a signal, signo = %d\n",
(long)pid, WSTOPSIG(status));
else {
fprintf(stderr, "%s: Internal error: Unhandled case, PID = %1d, status = %d\n",
__func__, (long)pid, status);
exit(1);
}
fflush(stderr);

MNapadeyua:

pid = wait(&status);

explain wait status(pid, status);

if (WIFEXITED(status) || WIFSIGNALED(status))

--processes_alive;



Kd)éS_l_Kac_: nmapadeypa fork() / wait()

void child(void)

{
compute(10000);
exit(7);

}

int main(void)
{
pid_t p;
int status;

p = fork();

if (p < 9) {
perror("fork");
exit(1);

}

if (p == 0) {
child(); exit(1);

}

p = wait(&status);
explain wait status(p, status);
return 0;



2nuata oto UNIX (1)

¢ AnootoAn (kill(), raise())



2nuata oto UNIX (1)

¢ AnootoAn (kill(), raise())

MNapadeyua:

if (kill(pid, SIGUSR1l) < @) {
perror(“kill”);
exit(1);

}



2nuata oto UNIX (1)

¢ AnootoAn (kill(), raise())

MNapadeyua:

if (kill(pid, SIGUSR1l) < @) {
perror(“kill”);
exit(1);

}

¢ Xelplopoc (signal(), pe SIG_IGN, SIG_DFL ry handler)



2nuata oto UNIX (1)

¢ AnootoAn (kill(), raise())

MNapadeyua:

if (kill(pid, SIGUSR1l) < @) {
perror(“kill”);

exit(1);
}
¢ Xelplopoc (signal(), pe SIG_IGN, SIG_DFL ry handler)
MNapadeyua:
void sighandler(int signum)
{
got sigusrl = 1;
}

if (signal(SIGUSR1, sighandler) < 0) {
perror(“could not establish SIGUSR1 handler”);
exit(1);
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2nuata oto UNIX (2)

¢ Avaclomota
=T Ba yivel av €pOBouv mMoAAG ocuata;
- H ouvdptnon xelptopou Ba tpecel and 1 £wg n QopPEC
=T Ba yivel av To onua £pOeL evw n ouvaptnon
XEIPIOPOU EKTEAEITAL;
¢ Race conditions: auto Ba douAéYel;



2nuata oto UNIX (2)

¢ Avaclomota
=T Ba yivel av €pOBouv mMoAAG ocuata;
- H ouvdptnon xelptopou Ba tpecel and 1 £wg n QopPEC
=T Ba yivel av To onua £pOeL evw n ouvaptnon
XEIPIOPOU EKTEAEITAL;
¢ Race conditions: auto Ba douAéYel;
MNapadeyua:

void sighandler(int signum)

{
}

got_sigusrl = 1;

got _sigusr = 0;
while (!got sigusrl)
pause(); /* Avapovi €wg 6tou AndOei kdmoilo orjpa */



2nuata oto UNIX (3)

¢ H signal() dev eival popntn

¢ O handler akupwvetal 6tav ektelsital (System V)
= KAl TIPETTEL VA EMAVEYKATAOTADEI
= Oxl... BSD. X1o Linux; e€aptdralt... libC vs. kernel

¢ KaAUtepn, popntr Avon: sigaction()



2nuata oto UNIX (3)

¢ H signal() dev eival popntn

¢ O handler akupwvetal o6tav ekteAeital (System V)
= KAl TIPETTEL VA EMAVEYKATAOTADEI
= Oxl... BSD. X1o Linux; e€aptdralt... libC vs. kernel

¢ KaAUtepn, popntr Avon: sigaction()
MNapadeyua:

struct sigaction sa;
sigset t sigset;

sa.sa_handler = sigchld_handler;
sa.sa_flags = SA RESTART;
sigemptyset(&sigset);
sa.sa_mask = sigset;
if (sigaction(SIGCHLD, &sa, NULL) < @) {
perror("sigaction");
exit(1);



2nuata oto UNIX (4)

¢ XPNOIUEC EVTOAEC
= kill, ps, pstree, killall, grep



2nuata oto UNIX (4)

¢ XPNOIUEC EVTOAEC
= kill, ps, pstree, killall, grep
S Kill -1
1) SIGHUP 2) SIGINT 3) SIGQUIT 4) SIGILL
5) SIGTRAP 6) SIGABRT 7) SIGBUS 8) SIGFPE
9) SIGKILL 10) SIGUSR1 11) SIGSEGV 12) SIGUSR2

S ps —ef | grep vkoukis|grep bash
vkoukis 4277 4276 0 12:17 pts/e 00:00:00 bash

S kill -TERM 4277
S kill -9 4277
S killall -9 bash



2nuata oto UNIX (4)

¢ XPNOIUEC EVTOAEC
= kill, ps, pstree, killall, grep
S Kill -1
1) SIGHUP 2) SIGINT 3) SIGQUIT 4) SIGILL
5) SIGTRAP 6) SIGABRT 7) SIGBUS 8) SIGFPE
9) SIGKILL 10) SIGUSR1 11) SIGSEGV 12) SIGUSR2

S ps —ef | grep vkoukis|grep bash
vkoukis 4277 4276 0 12:17 pts/e 00:00:00 bash

S kill -TERM 4277
S kill -9 4277
S killall -9 bash

® OAec ol Aemmtopépelec ota manual pages
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SIGCHLD

¢ SIGCHLD: éva maidi dA\ace kataotaon
= [1€0ave kKavoviKa
= TEPUATIOTNKE ATTO OrjHa
= £xEl oTApATAOEL AOYyw onuatog (SIGTSTP, SIGSTOP)

¢ Emtpénel otn yovikn Olepyacia va kavel waitpid()
aovyypova, otav xpeladetal
= Katt ovuPaivel o€ eva maidi
= O nmatépac Aappavel SIGCHLD

= EkteAei waitpid()
. l0avika: ToANEC popég, ue WNOHANG



Kd)éll(a_c_:_ mapadelypa xeipopou SIGCHLD



Kwdikag: mapadetypa xeipiopou SIGCHLD

void sigchld handler(int signum)
{

pid_t p;

int status;

Something has happened to one of the children.
We use waitpid() with the WUNTRACED flag, instead of wait(), because
SIGCHLD may have been received for a stopped, not dead child.

A single SIGCHLD may be received if many processes die at the same time.
We use waitpid() with the WNOHANG flag in a loop, to make sure all
children are taken care of before leaving the handler.

do {
p = waitpid(-1, &status, WUNTRACED | WNOHANG);
if (p < 0) {
perror("waitpid");
exit(1);
}

explain wait status(p, status);

if (WIFEXITED(status) || WIFSIGNALED(status))
/* A child has died */
if (WIFSTOPPED(status))
/* A child has stopped due to SIGSTOP/SIGTSTP, etc... */
} while (p > 0);



2wAnvwoelg oto UNIX (1)

[ Awgpyacia ]

write read Xwpoc XpARoTN
fd[1] L
Xwpog lNMupnva
\
(m U
Aaxkpo Aaxkpo
EVYPAPNG avayvwone

¢ Evag amod toug facikotepoug pnxaviopoug oto UNIX
¢ Movodpoun petagpopd OeOOUEVWV
¢ ATO TO AKPO £yypapnc o0To AKPO avayvwaong
= Anuiovpyia pe pipe(), emkoivwvia pe write() kat read()
= Av n cwAnvwon ival adela; — n read() urmAokdpet



2wAnvwoelg oto UNIX (1)

[ Awgpyacia ]

Xwpog lNMupnva

Xwpog XpRoTn

int fd[2];

intnum1, num2;

pipe(fd);
write(fd[1], &num1, sizeof(num1));

read(fd[0], &num?2, sizeof(num?2));
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[ Awgpyacia ]

write Xwpog XpRoTn
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int fd[2];

intnum1, num2;

pipe(fd);
write(fd[1], &num1, sizeof(num1));

read(fd[0], &num?2, sizeof(num?2));
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[ Awgpyacia ]

write read Xwpoc XpARoTN
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int fd[2];

intnum1, num2;

pipe(fd);
write(fd[1], &num1, sizeof(num1));

read(fd[0], &num?2, sizeof(num?2));



2wAnvwoelg oto UNIX (2)

Awgpyacia
matépag

Xwpog lNMupnva

Xwpog XpRoTn

pipe(fd);
fork();
... O MATEPAC KAEIVEL TO AKPO AVAYVWONG

...TO MaLdi KAEIVEL TO AKPO EYYPAPNG
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Kwdikag: mapadetypa IPC pe UNIX pipes

double value;
int pfd[2];
pid t p;

if (pipe(pfd) < 0) {
perror(“pipe”);

exit(1);

}

p = fork();

if (p < 9) {
perror(“fork”);
exit(1);

} else if (p == 0) {
if (read(pfd[@], &value, sizeof(value)) != sizeof(value)) {
perror(“read from pipe”);
exit(1);
}
printf(“child received value: value = %f\n”, value);
exit(9);
} else {
compute value(&value);
if (write(pfd[1], &value, sizeof(value)) != sizeof(value)) {
perror(“write to pipe”);
exit(1);
}
exit(9);



Kwdikag: mapadetypa IPC pe UNIX pipes

double value;
int pfd[2];
pid t p;

if (pipe(pfd) < 0) {
perror(“pipe”);

exit(1);

}

p = fork();

if (p < 9) {
perror(“fork”);
exit(1);

} else if (p == 0) {
if (read(pfd[@], &value, sizeof(value)) != sizeof(value)) {
perror(“read from pipe”);
exit(1);
}
printf(“child received value: value = %f\n”, value);
exit(9);
} else {
compute value(&value);
if (write(pfd[1], &value, sizeof(value)) != sizeof(value)) {
perror(“write to pipe”);
exit(1);
}
exit(9);
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