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Emikolvwvia petofl dlepyaocitwv yovea-matdlou

¢ Kata karmnoto tpomno, 6o dnpioupynocoupe €vo Tumo duadilkou
«opxelou» oto omolo Ba €xouv pooBaon kat ot Suo
dlepyaoiec.

** Apxika, Ba Bswprioouvpe OTL oL Slepyaoiec £xouv PoEPBEL
aro to oo mpoypappa, e xpnon tng fork() (Lmopeite va
davtaoteite ylati;)

» ALOTL pe tnv fork to matdi kKAnpovopel Ta mavto OMwe ETAE, AKOUOL
KoL TaL apxela Ttou €XEL avoiéel o yoveag.

¢ O yovéac Ba avoitel To apyeio kat to odt Oa to €xeL 6N
avoLxto otav dnuloupynOet pe tnv fork().

¢ Ta eldka autd apyela ovopdalovtol (avwvupol) aywyoi
(unnamed pipes)

» ALOTL KaTA To Avolypa 6gv SLveTal KOVEVA OVOULA OLPXELOU.
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Aywyol (pipe)

s Anuloupyla & avolypa pipe:

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

s Ertotpedet 0 av oAa OK — aAAlwe apvnTiko.

* 21o pfd[] avolyouv kot emiotpedovtal 2 mepypadeic apyxeiwv.
» Me 1o pfd[1] unopet va yivet MONO ypayipo (write) mpog to pipe
» Me 1o pfd[0] 6a propet va yivet MONO SuaBaocpa (read) artd to pipe
» AnAaédn, ott ypapetal oto pfd[1] dtaBaletal ard to pfd[0].

¢ Eyypadn kol avayvwon ylvovtol PE TIC YVWOTEC CUVAPTAOELS
read() kat write().

¢ KAelowo yivetat pe tnv close().
¢ Aev pmopeite va kavete Iseek().
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Napadeypa pe pipe

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

if (pipe(pfd) < 0) {
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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Noapadeypa — SnuLovpyla pipe

pfd[0]

pfd[1]
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Napadewypa — fork() kat kKAnpovopLa pipe
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Nopadeypo — KAELOLHO AXpNOTWV TIEPLYPADEWV
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pfd[0]

pfd[1]

ftodd

pfd[O]

Newpalel va pnv kAeiow toug neplypadeis;;;
Aev gival anapaitnto va kAeioouv! Ouwg, avaloya

UE TL OeAouue va kavouve, av Sev KAeioouv Umopel
va exouue mpoBAnuarta (BA. napakatw).
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Nopadeypa — TEALKN KATAOTOAON

pfd[1]

pfd[O]
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EktéAeon napadelypato & 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 eyypadeac kavel close(), otov avayvwotn n read() Ba emotpeP et
0 (EOF-End of File), adou opwc mpwta dtafdoel doa bytes eixav nén
ypadtel.

< Omnolodnmote Suadiko apyxeio (apa Kal Evac aywyoc) TAaPOUEVEL AVOLKTO 000
UTIAPXOUV avoLKToL teplypadei

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

» Mmopel va ypadel cuvexwe o eyypadeag akopa Kt otav dev kavel read() o
avVOyVWOoTNC;

< Amavtnon: OxL — UTIAPXEL TIEPLOPLOMEVOC XWwpPoC (ouvnBwe 512 bytes). Av
veuUloeL, TOTe 0 eyypadEag LMAOKAPEL LEXPL O AVAYVWOTNG VA OOELAOEL XWPO
HE tnv read().
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Aywyol kol exec, |

¢ Tuylvetat av to matdl kavel exec??
» TLylveTolL LE Ta pipes TTou €XEL aVOLEEL O TTATEPOLC;
» H Siepyaoia-matdi ta kAnpovopei OK. Opwc ta yvwpllel To VEO
TIPOYPOLULLO TTOU B EKTEAEOTEL PE TNV exec Kal av val, TTw;
¢ Amavtnon:
» Onwc elyape meL, ol KAoeLg TuTtou exec dgv dSnuoupyoulv vea
Slepyaoia, aAAd Statnpouv TNV UTtdpXouoa n oroio armAd eKTeAEl
AaAAo TtpOypa A
» MoAAQ tpaypota Onwce To process id, To user id, 0 TPEXWV KATAAOYOC
gpyaoioc KAt Statnpouvtal.

» Onuwc emniong kot ot avouxtol meptypadeic apyxeiwv (file descriptors)
» OLormolot meplhapfavouv Kal Toug mepLypadeic Twv aywywv!

» Emopévwg, To mpoypappa tou Ba tpefel pEow TNC exec Ba Exet
QVOLYTOUC TOUC (OLOUC TTEPLYPAPEIC apxeiwV Otwc n dlepyaoio Tou To
EKTEAEL, CUUTTEPIAOUBOAVOLEVWYV KO TWV QYWY WV.
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Aywyol kat exec, I

*** YIAapyeL Opwc €va mpoPAnpaL:

» OK, o aywyoc Ba eivat avolktog, aAld twe Ba yvwpllel To VEO
NPOYpPOUpLa TToLloL akpLBwC elval oL teplypadEic yLa Tov aywyo;
(wote va pmopetl va ypadet / Stafdaosl anod autouc;)

¢ AnAadn, oto tponyoUEVO TaPASELY 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("./otherprog", " otherprog", NULL);
printf("execl() failed!\n", getpid());
}
}

nw¢ Ba yvwpilel to otherprog noto ivat to pfd[0] ???
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[MepvwvTac TOV aywyo LECW exec

+** O HOVOC TPOTOC VA «TIEPACOULE» TOV TTEPLYPODEQ OTO
TPOYPOLULO TIOU Ba EKTEAECTEL ATTO TNV exec elval:

UEOW OPLOUATWV OTNV Main Tou mpoypauuatoc mov da
EKTEAEOTEIL

¢ To mpoypappa Ba pEMeL va £XEL oplopato otnv main() Tou,
TaL omoila Ba Touv Swoouv Tov AKEPALO apLlBUO ou
OVTUTPOOWTIEVEL TOV TIEPLYPAdEQ TOU aywyou.
» Mnv €gxvape 0TL 0 aywyoc eival nén avolxtog Aoyw tn¢ KANPOVOULAC
Nn¢ Slepyaoiac-ratdlou, amAd To VEo Ttpoypapa Oev EEPEL TOV aUEWV
apLOuo tou (mepypadea).
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Noapadewypa pe exec & pipe, |

s lovikn Slepyaocio & 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, pfd[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 otherprog.\n", getpid());
sprintf(s, "%d", pfd[o]); /* Write pfd[@] to a string */

execl("./ otherprog", "otherprog", s, NULL); /* Pass s as an argument */
printf("exec() failed!\n");
}

return 0;
}
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Napadeypa pe exec & pipe, I

\/

% To otherprog.c (uetadpaon pe: gcc -o otherprog otherprog.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[1]); /* 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, pfd[1]=4.
(23859) - I am the parent; sending hello message.
(23860) - I am the child. I will exec otherprog.
(23860) - I am otherprog. 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 [o0!]
(pipe2) - read 1 bytes from the pipe [!]

Parallel Processing Group
l UNIVERSITY OF IOANNINA MYY502

15

-- MpoypaAPHATIONOG ZUCTNHATWY



2uvon EMKOWVWVLIOC LE AyWYOUC

1. O yoveac dnULoupyel Kal avolyeL Evav aywyo He tnv pipe().

2. Emotpedovtal 2 mepypadelc, oTov Evav yivetal eyypadn
Kol amo tov aAlov dlapfacpa.

3. Anpwoupyeital Stepyaoia-mtadi pe tn fork(). To maidi
KANPOVOUEL TOUC TiepLlypadelc.

4. Apeoo KAelolo oocwv Teplypadewyv dev xpetalopaote (wote
va AndBouv EOF otav mpeTEeL).

5. Aldfaopa Kot ypaPLpo YveETaL oo VoL TIPOKELTOL YLoL ATTAO
apxelo, peow read() kot write().

6. KaBe diepyaoia kAeivel e close().

7. Av to maldl eKTEAECEL LEOW exec KATIoLo AAAO TIPOYPOULQ,
oL Tteplypadeic Lmopouv va mepAoouv oTto SeVTEPO
TMPOYPOLUO LECW OPLOUATWY 0TN Main() Tou.
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OEaTA LE TOUC OyWYOoUG: aupidpoun ertkovwvia?

¢ EKTOC amo tov yovea, Unopel va ypadet kat to matdl otov
aywyo yla va ta Stafalel o yoveag;
* Anavtnon:
n ocuvtopn Kat aopaAng amavinon ivat: kalvtepa OXl,
» TapOTL UTIO PO UTIOOEOELC UIMOpPEL KAl VOl YLVETAL.

¢ OL aywyol Bewpouvtol LOVO-KATEVOUVTPLEC ETILKOLVWVIEC.

¢ Nwc propel Aoutov va ypadel o matépac nPoc To natdli aAAad
Kol To Talldi va ypadel tpoc Tov MoTEPQ;
“* Anavtnon:
Mpémnetl va dnuloupynBouv Vo aveaptntol aywyot:
» otov evav Ba ypadel o matEpag kat Oa Stafalet to maldt Ko
» otov aAAov Ba ypadel to ratdi kat Oa Stafalet o yoveag.
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O£paTa E TOUC aywyouc: av dev EAEyyouLE To exec?

¢ Onwc elnape mpuv:

7. Av 1o tadl eKTEAECEL LECW exec KATIoLo AAAO TIPOYPOLUUQL,
oL TLEPLYPODELC UITOPOUV VA TIEPAOOUV 0TO HEVUTEPO
NMPOYPOUUO LECW OPLOUATWY 0Tn main() Tou.

TLyLVETAL OV TO TIPOYPOALLUO TIOU EKTEAELTOL LEOW TNG exec
elval pla etolpn epappoyn mou dev €xoue mpocoBacn otov
KwOLKA TNC; Mwc pmopet va EEPeL TOV AywYO HOC WOTE va
ETUKOWVWVNAOOUUE pall TnG;

* Artavtnon:
Baolkad, 6ev pmopoU e va KAVou e Timote!

‘ Parallel Processing Group
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... kalt dev ylvetal TUnots;

** ZEPOUNE KATL YLOL KOs edappoyn, OKOMA KAl Yo QUTEC TIOU
dev exoupe ypaeL eUElC;

@ Mnnwc 6Aeg oL edbappoyec ypadouv karmou kat Staalouvv
OItO KATTOU;

* Artavtnon:
Mavta €xouv avolytd (UTtoXpeWTLKA) SUO CUYKEKPLUEVA
apxela,
» to standard input (ue file descriptor 0, yia Stafaopa amnod to
TMANKTPOAOYLO) KoLl
» to standard output (ue file descriptor 1, yia ypaipo otnv 00ovn).
¢ M Adyouc dopntotntac (portability), avti va
xpnotpornolovpe to 0 yia to standard input kat 1 yia 1o
standard output, tpEmEL va XpNOLUOTIOLOULE Tl
STDIN_FILENO katSTDOUT_FILENO avtictolya.
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... KOL TTWC po¢ BonBaeL Auto val EMLKOWVWVNCOUUE;

** Ao povo tou dev BonBacetl. Opwc umapyet N €€nc LOEa:

» UTMOPOUE LE KATIOLOV TPOTIO VAL KCUVOECOUEY» TOUC AYyWYOoUC LOG UE
Vv standard input i/kat tnv standard output tng véac dtepyaoiag;

» EtoLn Stepyaoia Oa miotevel OTL Stafalel .. oo To MANKTPOAOYLO
aAa otnv tpaén ta Sedopeva Ba TN Ta SLVEL O YOVEQC LEOW EVOCQ
aywyou.

* Artavtnon:
AUTO OVTwc Ba Asttoupynoel. Apket BEBaa var UmopouuE va
TO KAvoupue!

¢ ATtoteltal voL LTTOPOUE VO KAVOULE «TIEPLEPYECH AAAAYEC
OTOUC TtEPLYPAPELC...

Parallel Processing Group
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[Ipoypapupatiopnog
CUCTNUATWYV UNIX/POSIX
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«Mawyvidbla» pe Touc meplypadeic apxelwv

** Ynapyel n Sduvatotnta va SNULOUPYNCOUUE EVOV VEO
(avtiypado) nepiypadéa o onoiog pnopet va
XxpnotpormolnBet yia tpoomelacn evog R8N avolytou
apXEilov.

** AnAadn, to (6lo apyeio WTOPOULE VO TO TTPOOTIEACLOCOULE QTTO
U0 Slapopetikouc / aveéaptnTtouc MePLypaPElC.

** MaAwota purnopoU e vo KAELOOULLE TOV TPWTO AAAQ TO ap)elo
Oa mapapelvel avoLyTo HLOC Kat Eival avolytoc o deutepoc.

¢ AUO £lval oL KANOELC TTOU TIETUXAVOUV TO TTOPATTAVW:

» dup()
» dup2()

Parallel Processing Group
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H kAnon dup()

*** Anuoupyla avtiypadou nepypodea (umotiBetal OtL To
apxelo pe mepypadea fd eivatr nén avouyto):
#include <unistd.h>
int dup(int fd);

*** Enotpedel €vav veo meplypad£a, 0 OoLog Umopel va
xpnotuomnolnBeil va mpoomneAacou e to idlo 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 meplypadea (umotiBetal
OTL TO apyeio pe meptypadea fd eival ndn avouyto):

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

s O véoc teplypadeac Ba eitvat autoc ou divoupue (newfd)

% EmiotpEdel Tov veo nspwpad)sa (6nAadn to newfd) av oAa rave
KOAQ, aAALWC EVOV apvNTLKO aplBuo.

** Av o newfd ypnowonoteital dn, n dup2() npwta KAeivel To
OLPXELO TOV KOl 0TN CUVEXELA KAVEL Tov hewfd va mpoomeAaUVEL TO
apyxeio tou fd.

s Mo mopadeLypa, To mMapaKATw ypadel otnv o00ovn HEcw 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 < Q) 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 0;
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Napadeypa pe exec & pipe & dups, |

s lovikn Slepyaocio & 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, pfd[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) >= 90) { /* Duplicate pipe to @ (std input!) */
execl("./piped4", "piped4", NULL);
printf("exec() failed!\n");

gerror("dupZ");
}
return 9;
}
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Noapadeypa pe exec & pipe & dups, I

*» To piped.c (uetddpaon pe: gcc -o piped piped.c):

#include <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 0;
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EkteAeon mapadeiypatoc

$ ./a.out

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

(piped4) - read 2 bytes [he]
(pipe4) - read 2 bytes [11]
(piped4) - read 2 bytes [o!]
(piped4) - read 1 bytes [!]
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ErmtumAgov mapadetypa: 2 madLd

** AnpLoupynoTe TPOYpPALLUO OTIOU N Yovikn Slepyaoia
dnuioupyel 6V0 (2) matdid, Omou 1o MPWTO EKTEAEL TNV EVTOAN
“ls -1" kai, HEOW aywyoU, oTEAVEL TNV £€€060 TNG EVTOANC
oto Sevtepo tadi, To omoio eKkteAeL TNV evtoAn “wc”.

** A\von:
» O natepac Oa dSnULoupynoeL Evav aywyo
» 21Tn ouvexela Ba dnuovpynoet 2 matdld

» Ta modid 6a avtiypaouv ta KAtaAAnAa dkpa tou aywyou pe dup?2()
oto stdin/stdout

> Ta radla Ba kdvouv exec.
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2XNUATLOMOC aywyou
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2XNUATLOMOC aywyou
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2XNUATLOMOC aywyou

-
-
-

YrnevOuon:

Ua nieipale av AEN kAgivaue Toug EPLYPAPEIC
KoL TOUGC aipVaUE OAoUc avolxToUc;
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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", "1s", "-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"); ; ; ; ;
} Elval katt rtov TIPETIEL VA KAVEL O
perror("dup2 from child 2"); exit (1); yovEag av BEAEL va TTEPLUEVEL VAL
} TEAELWOOUV Ta TalLdLA ToU;
ce /* Parent code */
return 0;
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