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Emikolvwvia petaév ditepyaolwyv yovea-matdlou

¢ Kata karmnoto tpormno, 6a dnuioupyrnooupe €va tumo duadikou
«opxelou» oto omolo Ba €xouv pooBaon kat ot Suo
dlepyaoiec.

** Apxka, Ba Bswprioouvpe OTL oL Slepyaoiec £xouv PoEPOEL
aro to i6lo mpoypappa, pe xpnon tng fork() (umopeite va
davtaoteite ylati;)

» ALOTL pe tnv fork to matdi kKAnpovopel Tta mavta Onwe ETALE, AKOUQ
KOLL TOL apXELaL TTOU €XEL QVOLEEL O YOVEQL.

** O yoveac Ba avoléel To apxelo kot to radt Oa to €xeLnén
avoLxto otav dnuoupynBet pe tnv fork().

% Ta €61k avtd apyxeia ovopdlovtal (avwvupol) aywyoi
(unnamed pipes)

» ALOTL KaTA To avolypo 6gv Slvetal KovEVA OVOa OPXELOU.
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Aywyol (pipe)

*** Anuloupyla & avolypa pipe:

#include <unistd.h>
int pipe(int pfd[2]);

** Entotpedet 0 av Ao OK — aAAlwe apvnTko.

»* 21o pfd[] avolyouv kot emiotpEdovtal 2 mepypadeic apyxeiwv.
» Me 1o pfd[1] unopet va yivet MONO ypayipo (write) mpoc to pipe
» Me 1o pfd[0] Oa punopet va yivet MONO SiaBaocpa (read) artd to pipe
» AnAaédn, ott ypapetat oto pfd[1] dtaBaletat ard to pfd[0].

¢ Eyypadn kot avayvwon ylvovtol PE TIC YVWOTEC CUVAPTAOELS
read() kat write().
s KAelowo ylvetal pe tnv close().

¢ Aev pmopeite va kavete Iseek().
B 3
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Napadeypa pe pipe

int main() {
int n, pfd[2];
char msg[50];

if (pipe(pfd) < @) {
perror("pipe()");

exit(1);
}
if (fork() !'= @) { /* Parent */
close(pfd[0]); /* No reading by the parent */
printf("(%d) - I am the parent; sending hello message.\n", getpid());
write(pfd[1], "hello!!", 7);
}
else { /* Child */
close(pfd[1]); /* No writing by the child */
printf("(%d) - I am the child.\n", getpid());
while ((n = read(pfd[0], msg, 2)) >= 0) {
if (n == @) break; /* EOF */
printf("(%d) - read %d bytes from the pipe [%.*s]\n", getpid(), n, n, msg);
}
if (n < 09) {
perror("read() from child");
exit(1);
}
}
return 0; /* All files close */
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Noapadeypo — Snulovpyla pipe

pfd[0]

pfd[1]

5
I Parallel Processing Group

| UNIVERSITY OF IOANNINA MYY502 -- MpoypaupaTtiopog ZuoTnUAaTwV




Napadewypa — fork() kot KAnpovoula pipe
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Nopadeypo — KAELOLHO AXPNOTWV TIEPLYPODEWV
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pfd[0]

pfd[1]

ftodd

pfd[O]

Newpalel va pnv kAeiow toug neplypadeis;;;
Aev elval antapaitnto va kAeioouvv! Duwg, avaioya

UE TL BEAOUUE va KAVOUVE, av O€V KAgloouV umopel
va Exouue npoBAnuarta (6BA. mapakatw).
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Nopadetlypa — TEALKN KATAOTOON

pfd[1]

pfd[O]

8
I Parallel Processing Group

| UNIVERSITY OF IOANNINA MYY502 -- MpoypaupaTtiopog ZuoTnUAaTwV




EkteAeon mapadelypotoC & AEMTOUEPELEC

s ExtéAeon:
$ ./a.out
(23299) - I am the parent; sending hello message.

(23300) - I am the child.

(23300) - read 2 bytes from the pipe [he]
(23300) - read 2 bytes from the pipe [11]
(23300) - read 2 bytes from the pipe [o0!]
(23300) - read 1 bytes from the pipe [!]

% MEePLKEC AEMTOUEPELEC:

» Otav o eyypadéac kavel close(), otov avayvwotn n read() Ba emotpeP et
0 (EOF-End of File), adou opwce mpwta dtafdoel oca bytes eixav nén
ypadtel.

< Omnolodnmote Suadiko apyeio (apa Kal Evag aywyog) TapOoUEVEL AVOLKTO 600
UTtAPXOUV avolktol neplypadeig

<> [a auto 1o taidi kAgivel to pfd[1] otav éekivael — €toL Oa AdBel EOF poALg
kAeloeL to pfd[1] kal o yoveéag (eyypadEag).

» Mmopel va ypadel ouvexwe o syypadeac akopa KL otav dev kavel read() o
aVOyVWOoTNC;

< Amavtnon: OxL — UTIAPXEL TIEPLOPLOMEVOG XWpPOoC (cuvnBwe 512 bytes). Av
YEULOEL, TOTE 0 eyypadEag LMAOKAPEL LEXPL O OVOYVWOTNG VA 0OELACEL XWPO
ue tnv read().
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Aywyol kal exec, |

¢ Tuylvetal av to maldi kavel exec??
» TULYLVETOL LE TOL pipes TTou €XEL AVOLEEL O TTATEPQLC;
» H diepyaoia-matdi ta kAnpovopet OK. Opwc ta yvwpilel to véo
TPOYPOLULLOL TTOU Bl EKTEAECTEL UE TNV eXec Kal av Vo, TTwg;
s Anavtnon:
» Onwc elyape meL, oL KAGoeLg TuTtou exec dev Snpoupyolv VEa
Slepyaoia, aAAd Statnpouv TNV uTtdpxouoa N oroia armAd ekTeAel
AAAO TpOYpOUpLOL
» MoAAQ mpaypota Onwce To process id, To user id, 0 TPEXWV KATAAOYOC
gepyaoiag kAT dtatnpouvral.
» Onwc eniong kat oL avolxtol meptypadeic apxeiwv (file descriptors)
» OLornolotl mepthapfavouyv Kal Toug epLypadelc Twv aywywv!
» Emopévwe, To mpoypappa mou Ba TpEfel HEOow TNC exec Ba £xel
QVOLYTOUC TOUC (OLoUC mepLypapeic apxeiwv onwc n dtepyacia mou 1o
EKTEAEL, CUUTTEPIAOUBOAVOLEVWVY KO TWV QYWY WV.

Parallel Processing Group
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Aywyol kat exec, |

*** YIapyeL Opwc £va mpoPAnuaL:

» OK, o aywyoc Ba eivat avolktog, aAld twe Ba yvwpllel To VEO
NPOypOUpLa TtoLloL akpLBwc eival oL teplypadeic yLa Tov aywyo;
(wote va pmopel va ypayet / dtaBaoesl and avtoug;)

s AnAadn, oto mponyoUEVO TTAPASELY QL

if (fork() !'= @) { /* Parent */
close(pfd[0]); /* No reading by the parent */
printf("(%d) - I am the parent; sending hello message.\n", getpid());
write(pfd[1], "hello!!", 7);
}
else { /* Child */
close(pfd[1]); /* No writing by the child */
printf("(%d) - I am the child. I will exec program ‘pipe2’.\n", getpid());
execl("./pipe2", "pipe2", NULL);
printf("execl() failed!\n", getpid());
}
}

nw¢ Oa yvwpilel 1o pipe2 moto eival to pfd[0] ??7?
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[epvwvTac TOV aywyo LECW exec

+** O HOVOC TPOTIOC VA KTIEPACOULE» TOV TTEPLYPODEQ OTO
TPOYPOUO TIOU Ba EKTEAECTEL OTTO TNV exec eLva:
UEOW OPLOUATWV OTNV MAin TOU MPOYPAUUATOC ToU da
EKTEAEOTE(

¢ To mpoypappa Bo pEMEeL va £XeL oplopato otnv main() Tou,
Ta omoia 6o Ttou Swoouv Tov akEPALo aplBuo mou
QVTUTPOOWTIEVEL TOV MEPLYPAPEQ TOU OywyoU.

» Mnv Eexvape 0TL 0 aywyoc elval Nén avolxtog AOyw th¢ KANPOVOULAC
¢ Slepyaocioc-matdlov, amAd 1o VEo TtpOoypapa Oev EEPEL TOV AUEWV
apLOuo tou (mepypadea).
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Noapadewypa pe exec & pipe, |

s lovikn diepyaocio & maldi mou ekteAel exec:

int main() {
int pfd[2];
char s[10];

if (pipe(pfd) < 0) {
perror(“pipe()");
exit(1);

}

if (fork() != @) { /* Parent */
printf("(%d) - I am the parent; pfd[0]=%d,pdf[1]=%d.\n", getpid(),pfd[0],pfd[1]);
close(pfd[0]); /* No reading from the parent */
printf("(%d) - I am the parent; sending hello message.\n", getpid());
write(pfd[1], "hello!!", 7);

}

else { /* Child */
close(pfd[1]); /* No writing by the child */
printf("(%d) - I am the child. I will exec pipe2.\n", getpid());
sprintf(s, "%d", pfd[0]); /* Write pfd[@] to a string */
execl("./pipe2", "pipe2", s, NULL); /* Pass s as an argument */
printf("exec() failed!\n");

}

return 0;

)
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Napadeypa pe exec & pipe, I

** To pipe2.c (uetddpaon pe: gcc -0 pipe2 pipe2.c):

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

int main(int argc, char *argv[]) {
int pfd, n;
char msg[10];

if (argc != 2)
exit(1);
pfd = atoi(argv[1l]); /* Get the file descriptor */
printf("(%d) - I am %s. I will read from fd %d\n", getpid(), argv[0], pfd);

while ((n = read(pfd, msg, 2)) >= 0) {
if (n == @) break; /* EOF */
printf("(%s) - read %d bytes from the pipe [%.*s]\n", argv[@], n, n, msg);
}
if (n < 09) {
perror("read() from child");
exit(1);
}

return 0;

Parallel Processing Group
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EkteAeon mapadeiypatoc

$ ./a.out

(23859) - I am the parent; pfd[0]=3, pdf[1]=4.
(23859) - I am the parent; sending hello message.
(23860) - I am the child. I will exec pipe3.
(23860) - I am pipe2. I will read from fd 3

(pipe2) - read 2 bytes from the pipe [he]
(pipe2) - read 2 bytes from the pipe [11]
(pipe2) - read 2 bytes from the pipe [o!]
(pipe2) - read 1 bytes from the pipe [!]
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2uvoyn emkowvwviog LE aywyouC

1. O yovéag dnULoupyEl Kol avolyeL evav aywyo U tnv pipe().

2. Emotpedovtal 2 mepypadeic, otov Evav ylvetol eyypadn
Kol aro tov aAAov dtafaocpa.

3. Anpwoupyeitat dStepyacia-mtawdi pe tn fork(). To madl
KANPOVOUEL TOUC TtepLlypadeLlc.

4. Apeoo KAeloLpo oowv Teplypadewyv dev xpelalopaote (wote
va AndBouv EOF otav mpemeL).

5. Alafaopa kot ypaLpo yivetal oov vo TIpOKELTAL YLo. aTtAO
apxeilo, peow read() ko write().

6. KaBe diepyaocia kAeivel pe close().

7. Av 1o bl ekteAECEL HECW exec KATIOLo AAAO TIPOYPOLUUQL,
oL TtepLypadeilc LmopouV va TEPACOUV 0To OEUTEPO
TPOYPOLLUO LECW OPLOPATWY 0T main() Tou.
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OEpaTA LE TOUC OyWwYoUs: aupidpoun ertkowvwvia?

¢ EKTOC amo tov yovea, punopel va ypadet kat to matdl otov
aywyo ya va ta Stafalel o yoveag;
* Anavtnon:
n ocuvtopun Kat a.opaAnc amavinon ivat: kaAvtepa OXl,
» TapOTL UTIO TIPOUTIOOECELC UIMOPEL KAl VOl YLVETOL.

¢ OLaywyol Bswpouvtal HOVO-KATEVOUVTHPLES ETILKOLVWVIEG.

¢ Nwc puropetl Aowtov va ypadel o matépac npoc To rmaldi aAAd
Kol To Taldi va ypadel tpoc Tov MoTEPQ;
“* Antavtnon:
Mpémnet va dnpuiloupynBouv Vo aveaptntol aywyot:
» oTov €vav Ba ypadel o matépac kat Oa Stafalet to modt kot
» otov aA\ov Ba ypadel to atdi kat Oa Stafalel o yoveag.
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O&pata LE TOUC aywyouc: av dev eAEyyouLE To exec?

¢ Onwc elrape mptv:

7. Av 1o bl eKTeEAECEL HECW exec KATIOLO AAAO TTPOYPOULQ,
oL TLEPLYpOdELC UITOPOUV va TtEPAOOUV 0To HEUTEPO
NMPOYPOUUO LECW OPLOUATWY 0Tn main() Tou.

TLYLVETAL OV TO TIPOYPOAUUO TIOU EKTEAELTOL LEOW TNG exec
elval pla etolpun epappoyn mou dev €xoue mpooBacn otov
KwdLKA TNC; Mwc pmopet va E€peL TOV AywYO HOG WOTE val
ETILKOLVWVNOOUUE pall Ttng;

* Artavtnon:
Baowka, dev umopou e va KAVou e Timote!
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... kall dev ylveTal TUnoTE;

** ZEPOUE KATL YLOL KAOE edappoyn, AKOMA KL Yo QUTEC TIOU
dev exoupe ypa el ePelc;

@ Mnnwc 6Aeg ol edbappoyeg ypadouv Kamou kot dStafalouvv
oItO KATTOU;

* Artavtnon:
Mavta €xouv avolytd (UTtoXpewTLKA) SUO CUYKEKPLUEVA
apxela,
» to standard input (pe file descriptor 0, ywa StaBaopa amno to
MANKTPOAOYLO) Kot
» to standard output (ue file descriptor 1, yia ypadipo otnv 08ovn).
¢ Mo Aoyouc dopntotntac (portability), avti va
xpnotportotov e to 0 yia to standard input kat 1 yio to
standard output, tpEmeL va xpNOLUOTIOLOUUE T
STDIN_FILENO kot STDOUT_FILENO avtictouya.
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... Kol Tw¢ poc BonBaeL auto val EMLKOWVWVNCOUUE;

¢ Ao povo tou dev BonBaetl. Opwc vumapyet N €€nc LOea:

» UTMOPOUE UE KATIOLOV TPOTIO VAL K CUVOECOUEY TOUC OlyWYOoUC LOC UE
Vv standard input i/kat tnv standard output tng véac dtepyaoiac;

» EtoLn Siepyaoia Oa miotevel 0Tl Stafalel .. armod To MANKTPOAOYLO
aAa otnv paén ta dedopEva Ba TN Ta HLVEL O YOVEAC LEOW EVOCQ
aywyou.

* Artavtnon:
AUTO ovtwce Ba Aettoupynoel. Apket BEBata va UmopouE va
TO KOVOUE!

¢ ATtaLTE(TOL VO LTTOPOUE VO KAVOULE «TIEPLEPYECH AAAAYEC
OTOUC TtEPLYPAPELC...

Parallel Processing Group
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[Ipoypappatiopog
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«Mawyvidbla» pe Toug epLlypadeLc apxelwV

** Yrapyxel n Suvatotnta va SnNULOUPYACOUUE EVAV VEO
(avtiypado) nepiypadéa o onoiog pnopet va
xpnotpormnolnBei yia mpoomnélacn evoc dn avowytou
apXEilov.

s AnAadn, to (bto apyeio umopoUUE Vol TO TPOCTIEARCOULE QTTO
SUo Slapopetikouc / aveéaptntouc mepLlypapeic.

*** MaAwota prnopoU e vor KAELCOULLE TOV TPWTO aAAQ To apyelo
Oa mopapeivel avoLXTo HLaC KoL Elval avoLXTtog o SeUTEPOC.

¢ AUO £lval oL KAN|OELG TTOU TIETUXAIVOUV TO TIOPATTAVW:

» dup()
» dup2()

Parallel Processing Group
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H kAnon dup()

** Anuloupyla avtiypadou nepypodea (umotiBetal OTL To
apxelo pe meplypadea fd eivat nén avouyto):
#include <unistd.h>
int dup(int fd);

s Enotpedel €vav veo meplypad£a, 0 OoLo¢ UMopEel va
xpnotwuomnolnBel va mpoomneAaocoupe 1o Lo apxeio pe tov fd.
s M mopadeypa, To MopakATw ypadeL otnv 00ovn:
if ((new = dup(STDOUT_FILENO)) > @) {
write(new, "Hi!\n", 4);
close(new);

Parallel Processing Group
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H kAnon dup?2()

s Anuloupyla CUYKEKPLUEVOU avTlypadou neplypadea (umtotiBetal
OTL 1o apyeio pe meptypadea fd eivat nén avouxto):

#include <unistd.h>
int dup2(int fd, int newfd);

s O veoc eplypadeac Ba eivat avtoc tou divoupue (newfd)

» EmiotpEdel Tov véo nepwpacbea (6nAadn 1o newfd) av oAa mave
KOAQ, aAALWC EVOlV apvNTLKO aplBLO.

** Av o0 newfd ypnowonoteitatr nén, n dup2() npwta KAeivel To
OLPXELO TOV KOl 0TN ouvEXELa KAvel Tov newfd va mpoomneAaUveL To
apxeio tou fd.

s Mo mopadeypa, To mopakatw ypadel otnv 0006vn pEow tou 8:

if (dup2(STDOUT FILENO, 8) > 0) {
write(8, "Hi!\n", 4);
close(8);

}
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Noapadetypa dup / dup?

#include <stdio.h> ExtéAeon:

#include <unistd.h>
#include <fcntl.h>
#include <sys/stat.h>

$ ./a.out
Hello world 1
Hello world 3
$ cat file.txt

int main() { Hello world 2

int out, bak;

bak = dup(STDOUT_FILENO); /* Backup standard output */
out = open("file.txt", O _CREAT | O_TRUNC | O RDWR, S_IRUSR | S_IWUSR);
if (bak < @ || out < 0) exit(1);

printf("Hello world 1 \n");

dup2(out, STDOUT_FILENO); /* out will be the new standard output */
close(out); /* No longer needed */

printf("Hello world 2 \n");

dup2(bak, STDOUT_FILENO); /* close & restore the original standard output */
close(bak); /* No longer needed */

printf("Hello world 3 \n");
return 9;
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Noapadeypa pe exec & pipe & dups, |

s lovikn diepyaocio & maldi mou ekteAel exec:

int main() {
int pfd[2];

if (pipe(pfd) < @) {
perror(“pipe()");
exit(1);
}
if (fork() != @) { /* Parent */
printf("(%d) - I am the parent; pfd[0]=%d,pdf[1]=%d.\n", getpid(),pfd[0],pfd[1l]);
close(pfd[0]); /* No reading from the parent */
printf("(%d) - I am the parent; sending hello message.\n", getpid());
write(pfd[1], "hello!!", 7);
}
else { /* Child */
close(pfd[1]); /* No writing by the child */
if (dup2(pfd[@], STDIN_FILENO) >= 0) { /* Duplicate pipe to @ (std input!) */
execl("./piped", "piped4", NULL);
printf("exec() failed!\n");

gerror("dupz");
}
return 0;
}
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Noapadewypa pe exec & pipe & dups, I

¢ To piped.c (uetddpaon pe: gcc -0 piped pipe4d.c):

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

int main() {
int n;
char msg[10];

printf("(%d) - I am piped4. I will read standard input.\n", getpid());

while ((n = read(STDIN_FILENO, msg, 2)) >= 0) {
if (n == @) break; /* EOF */
printf("(piped4) - read %d bytes [%.*s]\n", n, n, msg);
}
if (n < 0) {
perror("read() from child");
exit(1);
}

return 9;
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EkteAeon mapadeiypatoc

$ ./a.out

(24365) - I am the parent; pfd[0]=3, pdf[1]=4.
(24365) - I am the parent; sending hello message.
(24366) - I am the child. I will exec pipe4.
(24366) - I am piped4. I will read standard input.

(piped4) - read 2 bytes [he]
(piped4) - read 2 bytes [11]
(piped4) - read 2 bytes [o!]
(piped4) - read 1 bytes [!]

I . 28
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ErmtumAgov mapadetypa: 2 tatdia

** AnpLoUpynoTE TPOYPALLUO OTTIOU N Yovikn Slepyaoia
dnuioupyei 6V0 (2) madid, Omou To MPWTO EKTEAEL TNV EVTOAN
“ls -1" ka, HEoW aywyoU, oTEAVEL TNV £€€000 TNC EVTOANC
oto Oevtepo Tadi, To omolo eKTeAEL TNV evtoAn “wc”.

** A\von:
» O natepac Oa SnULoupynoeL Evav aywyo
» 2Tn ouvexela Ba dnuoupynoet 2 moda

» Ta nawdia Ba aviypapouv ta KatdAAnAa akpa tou aywyou pe dup2()
oto stdin/stdout

> Ta rtadla Ba kdvouv exec.

Parallel Processing Group
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2XNMUATLOMOC aywyoU
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2XNMUATLOMOC aywyoU
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2XNMUATLOMOC aywyoU

-
-="
-

YrevOupon:

Ua rteipale av AEN kAgivaue TouG TEPLYPAPEIC
KOl TOUC ipAVOLLE OAOUC avoLXTOUG;
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O KwoLKAC

int main() {
int pfd[2];

if (pipe(pfd) < 0) {
perror("pipe()"); exit(1);

}
if (fork() == 0) { /* child 1 */
close(pfd[@]); /* No reading from the pipe */
if (dup2(pfd[1], STDOUT_FILENO) >= @) { /* Dup to std output */
close(pfd[1]); /* No longer needed! */
execl("/bin/1s", "1ls", "-1", NULL);
printf("exec() failed from child 1!\n");
¥
perror("dup2 from child 1"); exit (1);
}
if (fork() == 0) { /* child 2 */
close(pfd[1]); /* No writing to the pipe */
if (dup2(pfd[@], STDIN _FILENO) >= @) { /* Dup to std input */
close(pfd[0]); /* No longer needed! */
execl("/usr/bin/wc", "wc", NULL);
printf("exec() failed from child 2!\n"); - - - ;
} Elvarl katTL tou TIPETLEL VAL KAVEL O
perror("dup2 from child 2"); exit (1); yoveag av BEAEL va TIEPLUEVEL VAL
} TEAELWOOUV Ta. TS LA TOU;
e /* Parent code */
return 0;
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