
PROGRAMMATISMOS SUSTHMATOS
Exet�seic B' Periìdou 2006

1. (aþ) K�tw apì poiec proôpojèseic mporoÔme na dhmiourg soume èna arqeÐo/sklhrì sÔndesmo s' èna
arqeÐo pou an kei se �llo idiokt th; 'Otan to k�noume autì, to arqeÐo/sklhrìc sÔndesmoc pou
dhmiourg same èqei san idiokt th em�c,   ton idiokt th tou arqikoÔ arqeÐou, kai giatÐ; Pìte
mporeÐ, an mporeÐ, o �lloc idiokt thc na sb sei to sklhrì sÔndesmo pou dhmiourg same; An
sb sei o �lloc idiokt thc to arqikì arqeÐo, tìte sb nei autìmata kai o sklhrìc sÔndesmoc pou
dhmiourg same,   ìqi, kai giatÐ;

(bþ) “'Otan termatÐsei mÐa diergasÐa, èqei th dunatìthta na epistrèyei ènan akèraio kwdikì exìdou
sth diergasÐa pou thn dhmioÔrghse, kai mìno s' aut n. To Ðdio akrib¸c isqÔei kai gia ta n mata,
dhlad  ìtan termatÐzei èna n ma, mporeÐ na epistrèyei ènan akèraio kwdikì exìdou sto n ma pou
to dhmioÔrghse, kai mìno s' autì. H mình diafor� eÐnai ìti prèpei na epistrafeÐ o akèraioc autìc
kwdikìc prosarmosmènoc se deÐkth se void. EpÐshc, ìtan dhmiourgeÐtai èna n ma, up�rqei h
dunatìthta na per�soume sth sun�rthsh pou ja arqÐsei na ekteleÐ to n ma mÐa par�metro. Autì
ìmwc eÐnai arket� perioristikì, giatÐ k�poiec forèc ja jèlame na per�soume sth sun�rthsh peris-
sìterec paramètrouc, opìte s' autèc tic peript¸seic h mình mac lÔsh eÐnai h qr sh exwterik¸n
metablht¸n.” Sqoli�ste ta prohgoÔmena se 20 grammèc to polÔ.

2. Gr�yte èna prìgramma gia to kèlufoc Bourne (èstw ìti onom�zetai “rmperc”) to opoÐo na diab�zei
apì thn prokajorismènh eÐsodo (stdin) grammèc keimènou kai tic opoÐec na metafèrei sthn proka-
jorismènh èxodo (stdout), èqontac k�nei tic ex c tropopoi seic. An se k�poia gramm  thc eisìdou
up�rqei o qarakt rac ’%’, sthn èxodo na metafèretai h gramm  thc eisìdou, èqontac apaleÐyei ì,ti
up�rqei sth gramm  apì ton qarakt ra autì, sumperilambanomènou, mèqri to tèloc thc gramm c. An
up�rqoun perissìterec thc mÐac emfanÐseic tou ’%’ sth gramm , to prohgoÔmeno efarmìzetai gia thn
pr¸th emf�nis  tou, dhlad  den metafèretai sthn èxodo ìlo to tm ma thc gramm c apì aut  thn pr¸th
emf�nish mèqri to tèloc thc. An k�nontac aut  th diagraf , autì pou apomènei sth gramm  eÐnai mìno
kenoÐ qarakt rec, tìte na mhn metaferjeÐ kajìlou h gramm  sthn èxodo. 'Omwc, an sthn eÐsodo up�r-
qoun kenèc grammèc, qwrÐc ’%’, autèc na metaferjoÔn autoÔsiec sthn èxodo, ìpwc �llwste ja prèpei
na sumbaÐnei kai gia opoiad pote gramm  thc eisìdou den perièqei ’%’. Plhroforiak�, o qarakt rac
’%’ qrhsimopoieÐtai sta progr�mmata thc gl¸ssac programmatismoÔ Prolog gia thn èndeixh ènarxhc
sqolÐwn mèqri to tèloc thc gramm c. Dhlad , to prìgramma “rmperc” ja mporeÐ na qrhsimopoihjeÐ
san èna fÐltro “aposqoliasmoÔ” programm�twn Prolog. MÐa endeiktik  ektèlesh eÐnai h ex c:

$ cat prog.pl
parent(jim, john). % This is a fact

parent(john, helen). % And another fact % and one percent more
% These are two rules

grandparent(X,Z) :- parent(X,Y), parent(Y,Z).
mult(X,Y,Z) :- Z is X * Y. % Define multiplication
$ ./rmperc < prog.pl
parent(jim, john).

parent(john, helen).
grandparent(X,Z) :- parent(X,Y), parent(Y,Z).
mult(X,Y,Z) :- Z is X * Y.
$

3. An to ektelèsimo prìgramma pou prokÔptei apì to prìgramma C sthn epìmenh selÐda onom�zetai
“ptt”, d¸ste èna pijanì apotèlesma thc entol c “ptt 2 3”. Exhg ste epÐshc, polÔ sunoptik�, poia
eÐnai h leitourgÐa tou progr�mmatoc.



#include <stdio.h>
#include <stdlib.h>
#include <pthread.h>

int m;
void *f(void *argp)
{ pthread_t *thrs;

int i, retcode, sum = 0, n = (int) argp;
thrs = malloc(m * sizeof(pthread_t));
printf("%d %d\n", n, pthread_self());
if (n--) {

for (i=0 ; i<m ; i++)
pthread_create(thrs+i, NULL, f, (void *) n);

for (i=0 ; i<m ; i++) {
pthread_join(*(thrs+i), (void **) &retcode);
sum += retcode; }

pthread_exit((void *) sum); }
pthread_exit((void *) pthread_self()); }

main(int argc, char *argv[])
{ pthread_t thr;

int n, retcode;
n = atoi(argv[1]); m = atoi(argv[2]);
pthread_create(&thr, NULL, f, (void *) n);
pthread_join(thr, (void **) &retcode);
printf("%d\n", retcode);
pthread_exit(NULL); }

Poio ja eÐnai to apotèlesma thc ektèleshc thc entol c “ptt 3 5 | wc -l”; Genik�, ti ja perimènate
na ektup¸netai apì thn entol  “ptt 〈n〉 〈m〉 | wc -l”, gia opoiad pote 〈n〉 kai 〈m〉, kai giatÐ;

4. Gr�yte èna prìgramma C (upojèste ìti onom�zetai “countfiles”) to opoÐo ìtan kaleÐtai me èna
pl joc apì kìmbouc (katalìgouc, arqeÐa   �llou eÐdouc kìmbouc) tou ierarqikoÔ sust matoc arqeÐwn
sth gramm  entol c, na metr�, gia kajèna ap' autoÔc touc kìmbouc, pìsoi kìmboi up�rqoun k�tw
ap' autìn, sumperilambanomènou kai tou Ðdiou, kaj¸c kai sunolik�. An to prìgramma klhjeÐ qwrÐc
orÐsmata, na metr� touc kìmbouc k�tw apì ton trèqonta kat�logo. Fusik�, “k�tw” apì èna kìmbo
pou den eÐnai kat�logoc up�rqei akrib¸c ènac kìmboc, o eautìc tou, en¸ k�tw apì èna kat�logo
pou perièqei dÔo arqeÐa kai èna kat�logo, o opoÐoc perièqei trÐa arqeÐa, up�rqoun ept� kìmboi. Gia
par�deigma:

$ ./countfiles ~syspro/2005 ~syspro/sp_programs ..
11 file(s) under /home/users/syspro/2005
91 file(s) under /home/users/syspro/sp_programs

3919 file(s) under ..
4021 file(s) found in total
$ ./countfiles
20 file(s) found in total

$ ./countfiles ~syspro/sp_programs/* countfiles*
83 file(s) under /home/users/syspro/sp_programs/c_progs
7 file(s) under /home/users/syspro/sp_programs/sh_scripts
1 file(s) under countfiles
1 file(s) under countfiles.c

92 file(s) found in total
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1. (aþ) Parathr ste thn parak�tw dialogik  epikoinwnÐa me to kèlufoc kai sumplhr¸ste entolèc   a-
potelèsmata entol¸n, ìpou up�rqoun aposiwphtik�, ètsi ¸ste h eikìna pou ja dhmiourg sete
na eÐnai sunep c. Se peript¸seic mhnum�twn l�jouc apì entolèc, den zhteÐtai h epakrib c dia-
tÔpws  touc, apl¸c h ousÐa touc. MporeÐte na sumper�nete, apì ta dedomèna pou èqete, pìsoi
upokat�logoi perièqontai ston kat�logo ../syspro/dir2; Aitiolog ste tic apant seic sac.

$ whoami
billy
$ ls -ld ../syspro/dir?
drwxr--r-- 2 syspro users 512 Sep 8 12:38 ../syspro/dir1
drwx--x--x 4 syspro users 512 Sep 8 12:44 ../syspro/dir2
$ ls ../syspro/dir1
file1.txt
$ ls -l ../syspro/dir1/file1.txt
.............................................................
$ ls ../syspro/dir2
.............................................................
$ ls -l ../syspro/dir2/file2.txt
-rw-r--r-- 1 syspro users ...............................................
$ cat ../syspro/dir2/file2.txt
A test file
$ ls ../syspro/dir2/*.txt
.............................................................
$ ln ../syspro/dir1/file1.txt .
.............................................................
$ ...........................................................
$ ls -l ../syspro/dir2/file2.txt
.......... 2 ........................ Sep 8 12:45 ../syspro/dir2/file2.txt

(bþ) “'Otan mÐa gonik  diergasÐa dhmiourgeÐ diergasÐec-paidi�, den eÐnai dunatìn na epitÔqoume epikoi-
nwnÐa metaxÔ gonèa kai paidi¸n mèsw exwterik¸n/kajolik¸n metablht¸n, giatÐ oi metablhtèc
autèc antistoiqÐzontai se diaforetikèc jèseic mn mhc kat� th dhmiourgÐa twn paidi¸n. EÐnai
dunatìn ìmwc na petÔqoume k�ti tètoio an k�noume dunamik  dèsmeush mn mhc sto gonèa (me
malloc), giatÐ o q¸roc ston opoÐo desmeÔetai aut  (swrìc) eÐnai koinìc gia to gonèa kai gia ta
paidi�. AntÐstrofa, ìtan se mÐa diergasÐa to arqikì n ma dhmiourg sei èna pl joc apì �lla
n mata, k�je n ma èqei diaforetikì swrì, opìte den mporoÔme na petÔqoume epikoinwnÐa metaxÔ
twn nhm�twn me dunamik  dèsmeush mn mhc. En¸, me exwterikèc/kajolikèc metablhtèc, mpo-
roÔme na èqoume epikoinwnÐa metaxÔ twn nhm�twn, afoÔ o q¸roc pou ful�ssontai autèc eÐnai
koinìc gia ìla ta n mata mÐac diergasÐac.” Sqoli�ste ta prohgoÔmena se 5 grammèc to polÔ.

2. Gr�yte èna prìgramma kelÔfouc Bourne (èstw ìti onom�zetai “teams”) pou na sumbouleÔetai èna ar-
qeÐo keimènou, to ìnoma-monop�ti tou opoÐou eÐnai h tim  thc metablht c perib�llontoc RESULTSFILE,
sto opoÐo perièqontai apotelèsmata podosfairik¸n ag¸nwn, èna se k�je gramm  tou arqeÐou, sth
morf  〈teamA〉-〈teamB〉:〈goalsA〉-〈goalsB〉 (ta onìmata om�dwn den perièqoun -   :). To prìgram-
ma pou ja gr�yete na upologÐzei kai na ektup¸nei, gia k�je om�da pou tou dÐnetai sth gramm  entol c,
to pl joc twn ag¸nwn pou èqei d¸sei, to sÔnolo twn bajm¸n pou èqei p�rei (gia k�je nÐkh, mÐa om�da
paÐrnei 3 bajmoÔc, gia k�je isopalÐa paÐrnei 1 bajmì, en¸ me  tta den paÐrnei bajmoÔc), kaj¸c kai
pìsa tèrmata èqei epitÔqei kai pìsa èqei deqjeÐ. Jewr ste ìti to RESULTSFILE perièqei egguhmèna
mìno grammèc sth swst  touc morf . MÐa endeiktik  ektèlesh faÐnetai sthn epìmenh selÐda.



$ RESULTSFILE=results.txt ; export RESULTSFILE
$ cat results.txt
Cote d’Ivoire-Serbia and Montenegro:3-2
Serbia and Montenegro-Netherlands:0-1
Netherlands-Cote d’Ivoire:2-1
Netherlands-Argentina:0-0
$ ./teams Netherlands "Cote d’Ivoire" Brazil
Matches: 3 Points: 7 Goals for: 3 Goals against: 1 Team: Netherlands
Matches: 2 Points: 3 Goals for: 4 Goals against: 4 Team: Cote d’Ivoire
Matches: 0 Points: 0 Goals for: 0 Goals against: 0 Team: Brazil

3. Gr�yte èna prìgramma C (upojèste ìti onom�zetai “thrseq”) to opoÐo na kaleÐtai me ènan arijmì 〈n〉
sth gramm  entol c. To arqikì n ma thc diergasÐac na dhmiourgeÐ èna nèo n ma, to opoÐo na dhmiourgeÐ
èna �llo, autì èna trÐto, kai oÔtw kajex c, èwc ìtou dhmiourghjoÔn sunolik� 〈n〉 n mata, plhn tou
arqikoÔ. K�je n ma, plhn tou teleutaÐou, na perimènei na termatÐsei to n ma pou dhmioÔrghse kai
met� na termatÐzei kai autì epistrèfontac san kwdikì exìdou to �jroisma thc tautìtht�c tou kai
tou kwdikoÔ exìdou tou n matoc pou eÐqe dhmiourg sei. To teleutaÐo n ma na epistrèfei mìno thn
tautìtht� tou. To arqikì n ma den epistrèfei k�ti. MÐa endeiktik  ektèlesh eÐnai h ex c:

$ ./thrseq 3
Level 3 (thread 16384): I created thread with id 16386
Level 2 (thread 16386): I created thread with id 32771
Level 0 (thread 49156): I didn’t create any thread
Level 1 (thread 32771): I created thread with id 49156
Level 1 (thread 32771): Thread with id 49156 returned 49156
Level 2 (thread 16386): Thread with id 32771 returned 81927
Level 3 (thread 16384): Thread with id 16386 returned 98313

4. DÐnetai sth sunèqeia tm ma C progr�mmatoc, to ektelèsimo tou opoÐou onom�zetai “prshmem”. D¸ste
èna pijanì apotèlesma thc entol c “prshmem 5”. Aitiolog ste sunoptik� thn ap�nths  sac.

main(int argc, char *argv[]) { ....................................
struct sembuf op[3] = {{0, 0, 0}, {0, 0, 0}, {0, 1, 0}}; is = 0;
n = atoi(argv[1]); op[0].sem_op = -n; op[1].sem_op = n;
mid = shmget(SHMKEY, n*sizeof(int), PERMS | IPC_CREAT);
sid = semget(SEMKEY, 1, PERMS | IPC_CREAT);
reg = shmat(mid, (char *) 0, 0);
semctl(sid, 0, SETVAL, &is);
numb = getpid();
for (i=1 ; i<n ; i++) {

pid = fork();
if (!pid) {
*((int *) reg + i - 1) = numb;
semop(sid, &op[2], 1); semop(sid, &op[0], 1);
printf("%d %d\n", getpid(), *((int *) reg + i));
semop(sid, &op[1], 1); exit(0); }

numb = pid; }
*((int *) reg + n - 1) = numb;
semop(sid, &op[2], 1); semop(sid, &op[0], 1);
printf("%d %d\n", getpid(), *((int *) reg));
semop(sid, &op[1], 1);
............................................................... }
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1. (aþ) Parathr ste thn parak�tw dialogik  epikoinwnÐa me to kèlufoc kai sumplhr¸ste ti ja ektupw-
jeÐ ìpou up�rqoun aposiwphtik�. Dikaiolog ste tic apant seic sac. An sthn teleutaÐa entol ,
h epilog  sthn “ls”  tan “-l” (antÐ gia “-al”), ja paÐrname to Ðdio apotèlesma; An ìqi, èqete
na sqoli�sete k�ti;

$ ls -ld *
drwxr-x--- 12 spro users 512 Sep 4 15:13 mydir
-rw-r----- 1 spro users 7672 Sep 4 15:08 myfile
$ cp myfile file1
$ ls -l file1
-rw-r----- 1 spro users 7672 Sep 4 15:14 file1
$ ln myfile file2
$ chmod 700 myfile
$ rm myfile
$ ln file2 file3
$ ln -s mydir newdir
$ cp file1 file4
$ ls -l file4
-rw-r----- 1 spro users 7672 Sep 4 15:14 file4
$ ls -ld *
.............................................................
$ ls -al mydir | grep ’^d’ | wc -l
.............................................................
$

(bþ) DÔo diergasÐec P1 kai P2 epikoinwnoÔn mèsw upodoq¸n ro c (stream sockets). H diergasÐa
P1 k�nei treic kl seic eggraf c sthn upodoq  thc S1, se aprosdiìristec f�seic thc ektèles c
thc, kai gr�fei, kat� seir�, ta mhnÔmata M1, M2 kai M3. H diergasÐa P2 k�nei treic kl seic
an�gnwshc apì thn upodoq  thc S2, tic R1, R2 kai R3, me th seir� aut , p�li se aprìble-
ptec qronikèc stigmèc. Poia apì ta parak�tw endeqìmena eÐnai pijanì na sumboÔn kai poia
apokleÐontai pantel¸c;

i. H R1 ja diab�sei to m numa M1, h R2 to M2 kai h R3 to M3.
ii. H R1 ja diab�sei to m numa M3, h R2 to M1 kai h R3 to M2.
iii. H R1 ja diab�sei to m numa M1M2 kai h R2 to M3.
iv. H R2 ja diab�sei to m numa M1M3 kai h R3 to M2.
v. H R1 ja diab�sei to m numa M1M2M3.
vi. H R1 ja diab�sei to m numa M1 kai h R2 to M2M3.
Dikaiolog ste thn ap�nths  sac. Up�rqoun �lla pijan� endeqìmena, ektìc apì aut� pou ana-
fèrontai kai epilèxate; Poiec ja  tan oi apant seic sac an h epikoinwnÐa metaxÔ twn diergasi¸n
ginìtan mèsw thlegrafik¸n upodoq¸n (datagram sockets); An ginìtan mèsw swl nwn;

2. Gr�yte èna prìgramma gia to kèlufoc Bourne (èstw ìti onom�zetai “contwrd”) to opoÐo na diab�-
zei apì thn prokajorismènh eÐsodo (stdin) èna keÐmeno to opoÐo na metafèrei sthn prokajorismènh
èxodo (stdout), èqontac ìmwc diagr�yei suneqìmenec emfanÐseic Ðdiwn lèxewn perissìtero apì mÐa
for�. K�je lèxh sthn èxodo na akoloujeÐtai apì th s mansh /〈N〉, ìpou 〈N〉 eÐnai to pl joc twn
suneqìmenwn epanal yewn thc lèxhc sthn eÐsodo. Epiplèon ken� metaxÔ twn lèxewn, sthn arq   
sto tèloc gramm¸n,   akìma kai kenèc grammèc, na mhn metafèrontai sthn èxodo, sthn opoÐa ìmwc na



diathreÐtai h arqik  dìmhsh se grammèc thc eisìdou, fusik� me thn exaÐresh twn lèxewn pou èqoun
diagrafeÐ. 'Ena par�deigma ektèleshc faÐnetai parak�tw, sto Sq ma 1.

$ cat testf.txt

This is a test test
test test test

test file file for
the contwrd Bourne Bourne

script. Have a look look
look at at at it it it.

$ ./contwrd < testf.txt
This/1 is/1 a/1 test/6
file/2 for/1
the/1 contwrd/1 Bourne/2
script./1 Have/1 a/1 look/3
at/3 it/2 it./1
$

Sq ma 1

while (!pthread_mutex_lock(&mtx)) {
if (is_empty_queue(myqueue)) {

..........................................
pthread_cond_wait(&cvar, &mtx);

..........................................
continue;

}
item = remove_from_queue(myqueue);

..........................................
while(needs_processing(item)) {

newitem = process_item(&item);
..........................................

insert_in_queue(myqueue, newitem);
..........................................

}
}

Sq ma 2

3. Se mÐa polunhmatik  efarmog , to arqikì n ma topojeteÐ stoiqeÐa proc epexergasÐa se mÐa kajolik�
prospel�simh our� kai, sth sunèqeia, dhmiourgeÐ NWorkers n mata-erg�tec, ta opoÐa diaqeirÐzontai
thn our� gia na epexergasjoÔn ta dedomèna pou perièqei. K�je erg�thc, ìtan den èqei doulei�, ex�gei
k�poio stoiqeÐo apì thn our�, to epexerg�zetai kai, analìgwc me to apotèlesma thc epexergasÐac,
endèqetai na prosjèsei sthn our� kai k�poia nèa stoiqeÐa gia epexergasÐa apì erg�tec, pijan¸c kai
ton Ðdio. Met� suneqÐzei paÐrnontac nèo stoiqeÐo apì thn our� gia epexergasÐa. H koin  prosp�jeia
twn ergat¸n termatÐzei ìtan den up�rqei, kai eÐnai bèbaio ìti den ja up�rxei, �llo stoiqeÐo sthn
our� gia epexergasÐa. To apìspasma k¸dika C pou faÐnetai parap�nw (Sq ma 2) proèrqetai apì th
sun�rthsh twn nhm�twn-ergat¸n. Sumplhr¸ste to apìspasma autì, ìpou up�rqoun aposiwphtik�,
gia na epiteuqjeÐ h epijumht  sumperifor�. MporeÐte na qrhsimopoi sete kai epiplèon, exwterikèc
  ìqi, metablhtèc, ìqi ìmwc shmatofìrouc   metablhtèc sunj khc, plhn aut¸n pou perilamb�nontai
 dh sto apìspasma. 'O,ti sunart seic qrhsimopoioÔntai, jewr ste ìti èqoun oristeÐ kat�llhla.

4. Gr�yte èna prìgramma C (upojèste ìti onom�zetai “sigcyc”) pou na kaleÐtai me dÔo orÐsmata 〈N〉
kai 〈M〉 sth gramm  entol c. H diergasÐa-gonèac na dhmiourgeÐ arqik� 〈N〉 diergasÐec-paidi� kai sth
sunèqeia na stèlnei èna s ma SIGUSR1 sto 〈N〉-ostì paidÐ. Autì, ìtan paral�bei to s ma, na steÐlei
epÐshc èna s ma SIGUSR1 sto prohgoÔmenì tou, to 〈N〉 − 1 t�xhc, autì sto prohgoÔmenì tou kai
oÔtw kaj' ex c. To 1o paidÐ na steÐlei to s ma sto gonèa touc. Aut  h kuklik  di�dosh tou s matoc
na gÐnei sunolik� 〈M〉 forèc. 'Ena par�deigma ektèleshc eÐnai to ex c:

$ ./sigcyc 3 2
Cycle 1: Process 0 (pid=11651) sending signal to 11654
Cycle 1: Process 3 (pid=11654) sending signal to 11653
Cycle 1: Process 2 (pid=11653) sending signal to 11652
Cycle 1: Process 1 (pid=11652) sending signal to 11651
Cycle 2: Process 0 (pid=11651) sending signal to 11654
Cycle 2: Process 3 (pid=11654) sending signal to 11653
Cycle 2: Process 2 (pid=11653) sending signal to 11652
Cycle 2: Process 1 (pid=11652) sending signal to 11651
$
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1. (aþ) H entol  “find 〈dir〉 -name 〈name〉 -print” y�qnei ston kat�logo 〈dir〉, kai anadromik� se
ìlouc touc upokatalìgouc tou, gia kìmbouc sto ierarqikì sÔsthma arqeÐwn pou to ìnoma touc
tairi�zei me to 〈name〉 kai ektup¸nei ta onìmata monop�tia twn kìmbwn pou brÐskei. Para-
thr ste th dialogik  epikoinwnÐa me to kèlufoc sto Sq ma 1 kai breÐte tÐ ja ektupwjeÐ ìpou
up�rqoun aposiwphtik�. Dikaiolog ste stoiqeiwd¸c thn ap�nths  sac.

(bþ) Poia  tan, kat� th gn¸mh sac, h prìjesh tou programmatist  pou ègraye to prìgramma C sto
Sq ma 2; D¸ste mÐa pijan  ektÔpwsh tou antÐstoiqou ektelèsimou progr�mmatoc (an ìlec oi
kl seic sust matoc leitourg soun qwrÐc prìblhma). Up�rqei k�poio polÔ sobarì sqediastikì
l�joc sto prìgramma autì; An nai, exhg ste poio eÐnai kai proteÐnete polÔ sÔntoma toul�qiston
dÔo trìpouc me touc opoÐouc ja mporoÔse na diorjwjeÐ to prìblhma autì.

$ ls . dir
.:
dir exfind.c

dir:
a_file.c exfind.c
$ find . -name ’*.c’ -print
.................................
$ cat exfind.c
#include <stdio.h>
main()
{ execlp("find", "find", ".",
"-name", "*.c", "-print", NULL);
perror("execlp"); }

$ cc -o exfind exfind.c
$ find . -name *.c -print
.................................
$ ./exfind
.................................

Sq ma 1

#include <stdio.h>
#include <signal.h>
int p[4] = {0, 0, 0, 0};
void handler(int sig)
{ printf("%d: %d %d %d %d\n",

getpid(), p[0], p[1],
p[2], p[3]); }

main()
{ int i, pid, st;

signal(SIGUSR1, handler);
for (i=0 ; i<4 ; i++) {

pid = fork();
if (!pid) { pause(); exit(0); }
p[i] = pid; }

for (i=0 ; i<4 ; i++)
kill(p[i], SIGUSR1);

kill(getpid(), SIGUSR1);
for (i=0 ; i<4 ; i++)

wait(&st); }

Sq ma 2

2. 'Ena keÐmeno se fusik  gl¸ssa eÐnai apodektì apì pleur�c emf�nishc ìtan up�rqei akrib¸c èna
kenì metaxÔ twn lèxewn kai ìtan den up�rqoun ken� prin apì ta shmeÐa stÐxhc (teleÐec, kìmmata,
klp.). EpÐshc, ìtan èna shmeÐo stÐxhc akoloujeÐtai apì lèxh, prèpei na up�rqei akrib¸c èna kenì
metaxÔ autoÔ kai thc lèxhc pou akoloujeÐ. Gr�yte èna prìgramma gia to kèlufoc Bourne (èstw ìti
onom�zetai “punct”) to opoÐo na diab�zei apì thn prokajorismènh eÐsodo (stdin) èna arqeÐo keimènou
kai, efarmìzontac to prohgoÔmeno “aisjhtikì” axÐwma, na to xanagr�fei sthn prokajorismènh èxodo
(stdout) me komyì trìpo. Upojèste ìti ìla ta pijan� shmeÐa stÐxhc eÐnai kataqwrhmèna sth metablht 
perib�llontoc PMARKS. 'Ena par�deigma ektèleshc eÐnai to akìloujo:

$ PMARKS=’.,?!’ ; export PMARKS
$ cat inp_file
Oh , my God ! !! What
an ugly file , isn’t

it? Yes ,it is.

$ ./punct < inp_file
Oh, my God!!! What
an ugly file, isn’t
it? Yes, it is.
$



3. Poia  tan, kat� th gn¸mh sac, h prìjesh tou programmatist  pou ègraye to parak�tw prìgramma
C; Parìti to prìgramma autì metaglwttÐzetai me epituqÐa, èqei di�fora sobar� logik� l�jh. Gr�yte
mÐa swst  ekdoq  tou, me b�sh thn ap�nths  sac sthn arqik  er¸thsh.

#include <stdio.h>
#include <pthread.h>
int i, j, count = 0; pthread_t ker_id, pi_id;
pthread_mutex_t mtx = PTHREAD_MUTEX_INITIALIZER;
pthread_cond_t cvar = PTHREAD_COND_INITIALIZER;
void *kernighan(void *argp)
{ printf("I am Kernighan version %d\n", *(int *) argp);

for (j=0 ; j<30000 ; j++) { pthread_mutex_lock(&mtx); count++;
if (count == 25000) {

pthread_cond_signal(&cvar); printf("%d: Signaled\n", ker_id); }
pthread_mutex_unlock(&mtx); } }

void *pike(void *argp)
{ printf("I am Pike the only one\n");

pthread_cond_wait(&cvar, &mtx); printf("%d: Woke up\n", pi_id); }
main()
{ for (i=0 ; i<5 ; i++) pthread_create(&ker_id, NULL, kernighan, (void *) &i);

pthread_create(&pi_id, NULL, pike, NULL);
for (i=0 ; i<5 ; i++) pthread_join(ker_id, NULL);
pthread_join(pi_id, NULL); }

4. Gr�yte dÔo progr�mmata C (èstw ìti onom�zontai “filein” kai “fileout”) tètoia ¸ste to pr¸to
na diab�zei thn prokajorismènh eÐsodì tou (stdin) kai na thn stèlnei sto deÔtero mèsw mÐac our�c
mhnum�twn. To prìgramma “fileout” na stèlnei ì,ti diab�zei apì thn our� mhnum�twn sthn proka-
jorismènh èxodì tou (stdout). To kleidÐ pou ja antistoiqeÐ sthn koin  our� na eÐnai o inode enìc
arqeÐou tou opoÐou to ìnoma dÐnetai san ìrisma kai sta dÔo progr�mmata. Plhroforiak�, h kl sh
sust matoc “msgrcv” epistrèfei sto ìnom� thc, se perÐptwsh epituqoÔc ektèleshc, to pragmatikì
mègejoc tou mhnÔmatoc pou di�base. Endeiktikèc ektelèseic twn dÔo programm�twn eÐnai oi ex c:

$ wc -c test_file
104 test_file

$ cat test_file
This is a text file to test the
filein/fileout cooperation. Binary
files should be transmitted OK, too.
$ ./filein /etc/services < test_file
/etc/services inode is 11166
Referencing msgq with id 360448
Transferring data... Done!
Sent 104 bytes
$ wc -c filein

6254 filein
$ ./filein /etc/fstab < filein
/etc/fstab inode is 4210
Referencing msgq with id 393217
Transferring data... Done!
Sent 6254 bytes
$

$ ./fileout /etc/services > outp_file
/etc/services inode is 11166
Referencing msgq with id 360448
Transferring data... Done!
Received 104 bytes
Removed msgq with id 360448
$ ./fileout /etc/fstab > new_filein
/etc/fstab inode is 4210
Referencing msgq with id 393217
Transferring data... Done!
Received 6254 bytes
Removed msgq with id 393217
$ wc -c outp_file

104 outp_file
$ wc -c new_filein

6254 new_filein
$ diff test_file outp_file
$ cmp filein new_filein
$



PROGRAMMATISMOS SUSTHMATOS
Exet�seic B' Periìdou 2004

1. (aþ) Parathr ste thn parak�tw dialogik  epikoinwnÐa me to kèlufoc:

$ ls -l
total 10
-rw-r--r-- 1 spro users 62 Jul 22 15:02 >!
-rwxr-xr-x 1 spro users 7921 Sep 5 14:05 a_file
-rw-r--r-- 1 spro users 100 Sep 28 09:58 redir.c
$ cat redir.c
#include <stdio.h>
main()
{ execlp("ls", "ls", "-l", ">!", "a_file", NULL);

perror("execlp"); }
$ cc -o redir redir.c
$ ./redir
........................................
$ ls -l
........................................

Ja ektupwjeÐ k�ti sth jèsh twn aposiwphtik¸n met� thn ektèlesh thc entol c “./redir”; An
nai, tÐ kai giatÐ; An ìqi, giatÐ; D¸ste kai èna pijanì apotèlesma thc entol c “ls -l” sto tèloc.

(bþ) “MporoÔme prin to gr�yimo sto kat�llhlo �kro enìc swl na (  se mÐa upodoq  ro c) tou
epijumhtoÔ mhnÔmatoc, na gr�youme to mègejoc tou mhnÔmatoc (p.q. san ènan akèraio 2 bytes),
opìte . . .”. An to prohgoÔmeno eÐnai h arq  mÐac ap�nthshc, tìte poia eÐnai h er¸thsh kai p¸c
ja prèpei na sumplhrwjeÐ h ap�nthsh;

2. Gr�yte èna prìgramma gia to kèlufoc Bourne (èstw ìti onom�zetai “encol”) to opoÐo na diab�zei thn
eÐsodì tou apì thn prokajorismènh eÐsodo, na gr�fei thn èxodì tou sthn prokajorismènh èxodo kai to
opoÐo, me b�sh arijmoÔc sthl¸n pou tou dìjhkan apì th gramm  entol c, na kataskeu�zei thn èxodì
tou san par�jesh twn kolon¸n apì thn eÐsodo pou orÐzontai apì touc dedomènouc arijmoÔc sthl¸n.
Dhlad , an to “encol” klhjeÐ san “encol 〈col.1〉 〈col.2〉 . . . 〈col.N〉”, sthn èxodo na ektupwjoÔn
pr¸ta oi st lec 1 èwc 〈col.1〉−1 thc eisìdou, met� oi st lec 〈col.1〉 èwc 〈col.2〉−1 kai oÔtw kajex c
kai tèloc oi st lec 〈col.N〉 èwc thn teleutaÐa. Fusik�, an k�poia gramm  thc eisìdou den eÐnai arket�
plati�, oi mh up�rqousec kolìnec aut c thc gramm c ja prèpei
na prokaloÔn thn eggraf  sthn èxodo ken¸n gramm¸n. Me
�lla lìgia, anex�rthta apì to pl�toc twn gramm¸n sthn
eÐsodo, an autèc eÐnai 〈M〉 sto pl joc, h èxodoc prèpei na
èqei 〈M〉 × (〈N〉 + 1) grammèc. 'Ena arqeÐo eisìdou kai èna
par�deigma ektèleshc tou “encol” faÐnontai sta sq mata:

$ cat inp_file
1. 234 George B. 4. 334 Helen B.
2. 247 Julia R.
3. 327 Robert R. 6. 389 Mary C. 9. 480 Peter G.
$

$ ./encol 18 33 < inp_file
1. 234 George B.
2. 247 Julia R.
3. 327 Robert R.
4. 334 Helen B.

6. 389 Mary C.

9. 480 Peter G.
$

3. Gr�yte èna prìgramma C (upojèste ìti onom�zetai “thread tree”) pou ìtan kaleÐtai me ènan arijmì
〈n〉 sth gramm  entol c, to arqikì n ma na dhmiourgeÐ èna duadikì dèntro apì n mata b�jouc 〈n〉 ( 
〈n〉+1 epipèdwn). Sugkekrimèna, to arqikì n ma na dhmiourgeÐ to n ma-rÐza (epipèdou 〈n〉) tou dèntrou,
to opoÐo na dhmiourgeÐ dÔo n mata (epipèdou 〈n〉 − 1) kai oÔtw kajex c èwc ìtou dhmiourghjoÔn 2〈n〉



n mata (epipèdou 0), dhlad  ta fÔlla tou dèntrou. K�je n ma termatÐzontac na epistrèfei san
kwdikì exìdou to �jroisma twn tautot twn ìlwn twn nhm�twn pou eÐnai �mesoi   èmmesoi apìgonoÐ
tou. To arqikì n ma na ektup¸nei to �jroisma twn tautot twn ìlwn twn nhm�twn tou dèntrou,
qrhsimopoi¸ntac to mhqanismì twn kwdik¸n exìdou pou perigr�fthke. 'Ena par�deigma ektèleshc:

$ ./thread_tree 2
Initial thread (id = 1024) created thread with id 1026
Level 0 thread (id = 3076) did not create any thread
Level 0 thread (id = 5126) did not create any thread
Level 1 thread (id = 4101) created threads with ids 5126 and 6151
Level 0 thread (id = 6151) did not create any thread
Level 2 thread (id = 1026) created threads with ids 2051 and 4101
Level 1 thread (id = 2051) created threads with ids 3076 and 7176
Level 0 thread (id = 7176) did not create any thread
Initial thread computes total sum of thread ids: 28707

4. An to ektelèsimo prìgramma pou prokÔptei apì to parak�tw C prìgramma onom�zetai “iosem”,
d¸ste èna pijanì apotèlesma thc entol c “iosem 5 10 1”, kaj¸c epÐshc kai thc “iosem 5 10 0”.
Exhg ste epÐshc, polÔ sunoptik�, poia eÐnai h leitourgÐa tou progr�mmatoc.

/* All includes are here */
union semun {int val; struct semid_ds *buff; unsigned short *array; };
main(int argc, char *argv[])
{ int i, j, n, m, sf, sid, fd, pid, st; long rnd, sofar, tot = 0;

struct sembuf op[2] = {0, -1, 0, 0, 1, 0}; union semun arg;
n = atoi(argv[1]); m = atoi(argv[2]); sf = atoi(argv[3]);
sid = semget((key_t) 11111, 1, 0600 | IPC_CREAT);
arg.val = 1; semctl(sid, 0, SETVAL, arg);
fd = open("my_file", O_CREAT | O_TRUNC | O_WRONLY, 0600);
srandom((unsigned int) getpid()); rnd = random() % 100;
printf("pid = %d rnd = %ld\n", getpid(), rnd);
write(fd, (char *) &rnd, sizeof(long)); close(fd);
for (i=0 ; i<n ; i++) {

pid = fork();
if(!pid) {

sid = semget((key_t) 11111, 1, 0600);
srandom((unsigned int) getpid());
for (j=0 ; j<m ; j++) {

if (sf) semop(sid, &op[0], 1);
fd = open("my_file", O_RDONLY);
read(fd, (char *) &sofar, sizeof(long)); close(fd);
rnd = random() % 100; sofar = sofar + rnd;
fd = open("my_file", O_WRONLY);
write(fd, (char *) &sofar, sizeof(long)); close(fd);
if (sf) semop(sid, &op[1], 1);
tot = tot + rnd; }

printf("pid = %d tot = %ld\n", getpid(), tot); exit(0); } }
for (i=0 ; i<n ; i++) wait(&st);
semctl(sid, 0, IPC_RMID, 0);
fd = open("my_file", O_RDONLY);
read(fd, (char *) &rnd, sizeof(long)); close(fd);
printf("pid = %d rnd = %ld\n", getpid(), rnd); unlink("my_file"); }



PROGRAMMATISMOS SUSTHMATOS
Exet�seic A' Periìdou 2004

1. (aþ) Sqoli�ste se 10 to polÔ grammèc sunolik� touc parak�tw isqurismoÔc:
i. O sunolikìc q¸roc pou katalamb�noun ta arqeÐa kai oi kat�logoi enìc qr sth s' èna

sÔsthma arqeÐwn eÐnai 600 MB. 'Ena ap' aut� ta arqeÐa, to “foo”, èqei mègejoc 10 MB.
Met� thn ektèlesh thc entol c “ln foo bar1”, ston kat�logo pou brÐsketai to “foo”, o
sunolikìc q¸roc pou katalamb�noun ta arqeÐa kai oi kat�logoi tou qr sth eÐnai plèon 610
MB kai met� thn ektèlesh thc entol c “cp foo bar2”, o sunolikìc q¸roc eÐnai 620 MB.

ii. Wc gnwstìn, k�poia apì tic plhroforÐec pou ful�ssontai ston inode enìc arqeÐou eÐnai
kai oi dieujÔnseic twn blocks sta opoÐa eÐnai kataqwrhmèna ta perieqìmena tou arqeÐou.
OmoÐwc, sta blocks ta opoÐa anafèrontai apì ton inode enìc katalìgou eÐnai kataqwrhmèna
ta perieqìmena tou katalìgou, dhlad  ta perieqìmena twn arqeÐwn kai twn katalìgwn pou
perièqontai s' autìn ton kat�logo.

(bþ) Se mÐa polunhmatik  efarmog , èna n ma, o “proðst�menoc”, mporeÐ na eisèljei se k�poio tm ma
tou k¸dik� tou, mìno afoÔ mÐa sunj kh pou emplèkei k�poiec exwterikèc metablhtèc isqÔsei.
Tic metablhtèc thc sunj khc tic ephre�zoun èna pl joc apì �lla n mata, oi “up�llhloi”, ta
opoÐa epÐshc frontÐzoun na enhmer¸soun kat�llhla ton “proðst�meno” mìlic h sunj kh isqÔsei.
Upojèste ìti oi metablhtèc pou emplèkontai sth sunj kh metab�llontai me tètoio trìpo ¸ste
an k�poia stigm  h sunj kh isqÔsei, ja isqÔei gia p�nta sth sunèqeia. Diatup¸ste se mÐa “yeu-
dogl¸ssa” thc epilog c sac ton k¸dika tou “proðstamènou” kai ton k¸dika twn “upall lwn”,
esti�zontac fusik� sta tm mata pou èqoun na k�noun me tic apaitoÔmenec enhmerwtikèc enèr-
geiec twn “upall lwn” kai me to “xemplok�risma” tou “proðstamènou” ìtan isqÔsei h sunj kh.
EnnoeÐtai ìti den up�rqei kamÐa ek twn protèrwn gn¸sh h eggÔhsh gia to sqetikì qronismì twn
emplekìmenwn nhm�twn.

2. Gr�yte èna prìgramma gia to kèlufoc Bourne (èstw ìti onom�zetai “reformat”) to opoÐo, ekteloÔ-
meno me mÐa par�metro 〈n〉 sth gramm  entol c, na diab�zei apì thn prokajorismènh eÐsodo (stdin)
èna keÐmeno domhmèno se grammèc apì lèxeic (oi lèxeic qwrÐzontai me ènan h perissìterouc kenoÔc
qarakt rec) kai na to xanagr�fei sthn prokajorismènh èxodo (stdout) ètsi ¸ste kamÐa gramm  na
mhn xepern� touc 〈n〉 qarakt rec, metaxÔ twn lèxewn na up�rqei akrib¸c ènac kenìc qarakt rac, ìlec
oi grammèc na arqÐzoun me mh kenì qarakt ra kai na mhn telei¸noun me kenoÔc qarakt rec. Upo-
jèste ìti sthn eÐsodì sac den up�rqei lèxh me perissìterouc apì 〈n〉 qarakt rec. 'Ena par�deigma
ektèleshc eÐnai to akìloujo:

$ cat file.txt
This is a text file to

test the Bourne script for
reformatting. Use it with
care!

$ ./reformat 17 < file.txt
This is a text
file to test the
Bourne script for
reformatting. Use
it with care!
$



3. An to ektelèsimo prìgramma pou prokÔptei apì to parak�tw C prìgramma onom�zetai “mythreads”,
d¸ste èna pijanì apotèlesma thc entol c “mythreads 3”, upojètontac ìti ìlec oi sunart seic nh-
m�twn pou kaloÔntai ja leitourg soun kanonik�.

#include <stdio.h>
#include <pthread.h>

void *f(void *argp)
{ pthread_t thr;

int n = (int) argp;
while (n--) {

pthread_create(&thr, NULL, f, (void *) n);
printf("%d %d %d\n", n, pthread_self(), thr);
pthread_join(thr, NULL); }

pthread_exit(NULL); }

main(int argc, char *argv[])
{ pthread_t thr;

int n = atoi(argv[1]);
pthread_create(&thr, NULL, f, (void *) n);
pthread_join(thr, NULL);
pthread_exit(NULL); }

Poio ja eÐnai to apotèlesma ektèleshc thc entol c “mythreads 10 | wc -lw”;

4. Gr�yte èna prìgramma C (upojèste ìti onom�zetai “mybros”) to opoÐo na kaleÐtai me ènan arijmì
〈n〉 sth gramm  entol c. H arqik  diergasÐa-gonèac na dhmiourgeÐ 〈n〉 diergasÐec-paidi�. H k�je
diergasÐa-paidÐ na ektup¸nei thn “t�xh” thc (1o paidÐ, 2o paidÐ, klp.) kai thn tautìtht� thc. Eidik�
to 1o paidÐ na ektup¸sei epiplèon kai tic tautìthtec twn epìmenwn diergasi¸n-paidi¸n, dhlad  twn
adelf¸n tou. 'Ena par�deigma ektèleshc eÐnai to parak�tw:

$ ./mybros 6
I am child no 2 with pid 4215
I am child no 4 with pid 4217
I am child no 3 with pid 4216
I am child no 5 with pid 4218
I am child no 1 with pid 4214 and my brothers are:

brother no 1 with pid 4215
brother no 2 with pid 4216
brother no 3 with pid 4217
brother no 4 with pid 4218
brother no 5 with pid 4219

I am child no 6 with pid 4219
$

EnnoeÐtai ìti den up�rqei kamÐa apaÐthsh eggÔhshc gia th seir� twn ektup¸sewn.



PROGRAMMATISMOS SUSTHMATOS
Exet�seic B' Periìdou 2003

1. (aþ) Parathr ste thn parak�tw dialogik  epikoinwnÐa me to kèlufoc kai d¸ste to apotèlesma pou
paraleÐyame sthn teleutaÐa entol . Exhg ste, polÔ sÔntoma, thn ap�nths  sac.

$ ls -l
total 4
-rw-r--r-- 1 spro users 91 Sep 9 15:29 exwild.c
$ cat exwild.c
#include <stdio.h>
main()
{ execlp("ls", "ls", "-l", "*.*", NULL);

perror("execlp"); }
$ cc -o exwild exwild.c
$ ./exwild
........................................

(bþ) Poia  tan, kat� th gn¸mh sac, h prìjesh tou programmatist  pou ègraye to prìgramma C apì
to opoÐo proèrqetai to parak�tw apìspasma; Up�rqei k�poio polÔ sobarì sqediastikì l�joc
sto prìgramma autì; An nai, exhg ste poio eÐnai kai proteÐnete p¸c ja mporoÔse na diorjwjeÐ.

..............................................
main()
{ ...........................................

if (pipe(fd) == -1) { ................... }
if ((pid = fork()) == -1) { ............. }
if (pid == 0) { write(fd[1], top, strlen(top)+1);

b = read(fd[0], mess, sizeof(mess));
printf("Child: Read %d bytes: %s\n", b, mess); ........ }

else { write(fd[1], toc, strlen(toc)+1);
b = read(fd[0], mess, sizeof(mess));
printf("Parent: Read %d bytes: %s\n", b, mess); ....... }

..............................................

2. Gr�yte èna prìgramma gia to kèlufoc Bourne (èstw ìti onom�zetai “remdupl”) to opoÐo na diab�zei
grammèc apì thn prokajorismènh eÐsodo (stdin) kai na tic gr�fei sthn prokajorismènh èxodo (stdout),
all� sthn perÐptwsh suneqìmenwn Ðdiwn gramm¸n sthn eÐsodo, na metafèretai sthn èxodo h mÐa mìno
ap' autèc. Na d¸sete epiplèon sto prìgramm� sac th dunatìthta na kaleÐtai, proairetik�, kai me thn
epilog  “-c”, opìte, sthn perÐptwsh aut , sthn arq  k�je gramm c sthn èxodo na ektup¸netai kai
twn pl joc twn gramm¸n thc eisìdou apì tic opoÐec pro lje. H dialogik  epikoinwnÐa sto Sq ma 1 thc
epìmenhc selÐdac eÐnai endeiktik  gia th leitourgikìthta tou “remdupl”. (ShmeÐwsh: ApagoreÔetai
h qr sh thc entol c “uniq”.)

3. Gr�yte mÐa sun�rthsh C, thn “void swapsighandl(int sig1, int sig2)”, h opoÐa, ìtan kaleÐtai,
na antall�ssei touc diaqeiristèc s matoc gia ta s mata sig1 kai sig2. Dhlad , met� thn kl sh
thc, o diaqeirist c gia to s ma sig1 na eÐnai autìc pou eÐqe prohgoumènwc to s ma sig2 kai toÔm-
palin. Gr�yte epÐshc kai èna prìgramma C thc epilog c sac, to opoÐo na epideiknÔei th qr sh thc
sun�rthshc swapsighandl. Gia par�deigma, sto Sq ma 2 thc epìmenhc selÐdac, faÐnetai h ektèlesh
enìc progr�mmatoc to opoÐo, afoÔ orÐsei kat�llhlouc diaqeiristèc gia ta s mata pou prokÔptoun
pat¸ntac Control-C   Control-Z sto plhktrolìgio, perimènei thn paralab  twn dÔo aut¸n shm�twn
kai, tèloc, epanalamb�nei th diadikasÐa aut , afoÔ pr¸ta enall�xei tou diaqeiristèc touc mèsw thc
swapsighandl.



$ cat test.txt
A line
A line
Another line
Final line
Final line
Final line
$ cat test.txt | ./remdupl
A line
Another line
Final line
$ cat test.txt | ./remdupl -c
2 A line
1 Another line
3 Final line

Sq ma 1

$ ./sigswap
Press Control-C or Control-Z
^C
I got a Control-C
Press Control-C or Control-Z
^Z
I got a Control-Z
Swapping handlers...
Press Control-C or Control-Z
^C
I got a Control-Z
Press Control-C or Control-Z
^Z
I got a Control-C
Finished...

Sq ma 2

4. An to ektelèsimo prìgramma pou prokÔptei apì to parak�tw C prìgramma onom�zetai “mqdemo”,
d¸ste èna pijanì apotèlesma thc entol c “mqdemo 5”, upojètontac ìti ìlec oi kl seic sust matoc
ja leitourg soun kanonik�. Exhg ste epÐshc stoiqeiwd¸c th leitourgÐa tou progr�mmatoc.

#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/msg.h>
#include <stdio.h>

void comm(int i, int q)
{ struct message { long mtype; char mtext[8]; } messrcv, messsnd;
messsnd.mtype = (long) getpid();
sprintf(messsnd.mtext, "%d", getppid());
msgsnd(q, &messsnd, strlen(messsnd.mtext)+1, 0);
msgrcv(q, &messrcv, 8, (long) i, 0);
printf("%d %s\n", getpid(), messrcv.mtext); }

main(int argc, char *argv[])
{ int i, n, pid, orig, qid, status;
n = atoi(argv[1]);
orig = getpid();
qid = msgget((key_t) 23456, 0600 | IPC_CREAT);
for(i=0 ; i<n ; i++) {

if ((pid = fork()) == -1) { perror("fork"); exit(1); }
if (pid) {
printf("%2d ", i);
comm(pid, qid);
wait(&status);
if(!i) {
msgctl(qid, IPC_RMID, (struct msqid_ds *) 0); }

exit(0); } }
printf(" ");
comm(orig, qid); }



PROGRAMMATISMOS SUSTHMATOS
Exet�seic A' Periìdou 2003

1. (aþ) Parathr ste thn parak�tw dialogik  epikoinwnÐa me to kèlufoc kai d¸ste to apotèlesma pou
paraleÐyame sthn teleutaÐa entol . Exhg ste, polÔ sÔntoma, thn ap�nths  sac.

$ ls -l
total 4
-rw-r--r-- 1 spro users 95 Jun 18 23:46 expipe.c
$ cat expipe.c
#include <stdio.h>
main()
{ execlp("ls", "ls", "-l", "|", "wc", NULL);

perror("execlp"); }
$ cc -o expipe expipe.c
$ ./expipe
........................................

(bþ) To prìgramma C apì to opoÐo proèrqetai to parak�tw apìspasma metaglwttÐzetai me epituqÐa,
èqei ìmwc dÔo polÔ sobar� logik� l�jh. Exhg ste poia eÐnai ta l�jh aut�, se sqèsh me th gn¸mh
sac gia tic projèseic tou programmatist , kai proteÐnete p¸c ja mporoÔsan na diorjwjoÔn.

......................................................
pthread_t thrid, tids[5];
void *thr_f1(void *argp)
{ printf("I am thread with id %d\n", thrid);

.......................... }
void *thr_f2(void *argp)
{ printf("I am thread no %d\n", *((int *) argp));

.......................... }
main()
{ ..........................

pthread_create(&thrid, NULL, thr_f1, NULL);
for (i=0 ; i<5 ; i++)

pthread_create(&tids[i], NULL, thr_f2, (void *) &i);
.......................... }

2. S' èna Prìgramma Metaptuqiak¸n Spoud¸n (PMS), ta prosferìmena maj mata, kaj¸c kai k�poiec
plhroforÐec sqetikèc me aut�, eÐnai kataqwrhmèna s' èna arqeÐo, to ìnoma-monop�ti tou opoÐou upo-
jèste ìti ful�ssetai san tim  thc metablht c perib�llontoc “PGCOURSES”. K�je gramm  tou arqeÐou
autoÔ antistoiqeÐ s' èna m�jhma kai perilamb�nei, me aut  th seir�, ton kwdikì tou maj matoc, to
ìnom� tou (sun jwc perissìterec apì mÐa lèxh), ton tÔpo tou maj matoc (B an eÐnai basikì   E an
eÐnai epilog c) kai tic didaktikèc mon�dec tou. Gia par�deigma:

$ PGCOURSES=pgcourses.txt ; export PGCOURSES ; cat $PGCOURSES
512 Systhmata Polymeswn kai Ypermeswn E 3
527 Diktya Optikwn Epikoinwniwn B 4
519 Katanemhmena Systhmata B 2
...........................................

Gr�yte èna prìgramma gia to kèlufoc Bourne (èstw ìti onom�zetai “pgstat”) to opoÐo na diab�zei
apì thn prokajorismènh eÐsodo (stdin) to f�kello enìc foitht , dÐnontac sthn pr¸th gramm  thc



eisìdou ton arijmì mhtr¸ou tou foitht  kai to onomatep¸numì tou (ìqi, kat' an�gkh, dÔo lèxeic) kai
se k�je epìmenh gramm  ton kwdikì enìc maj matoc sto opoÐo èqei exetasjeÐ o foitht c kai to bajmì
pou èqei p�rei. 'Enac foitht c jewreÐtai ìti èqei telei¸sei to PMS ìtan apì ta maj mata pou èqei
per�sei th b�sh (bajmìc ≥ 5) èqei sumplhr¸sei toul�qiston 40 didaktikèc mon�dec, apì tic opoÐec
toul�qiston 25 na proèrqontai apì basik� maj mata. To prìgramma “pgstat” na ektup¸nei an o
foitht c suneqÐzei   èqei telei¸sei tic spoudèc tou, kaj¸c kai to mèqri stigm c,   telikì, mèso ìro
bajmologÐac, me apokop  sta dÔo dekadik� yhfÐa. Gia ton upologismì tou mèsou ìrou, lamb�nontai
upìyh ìla ta maj mata sta opoÐa o foitht c èqei per�sei th b�sh (akìma kai an èqei sumplhr¸sei
perissìterec didaktikèc mon�dec apì tic apaitoÔmenec) kai o k�je bajmìc suneisfèrei sto mèso ìro
me barÔthta tic didaktikèc mon�dec tou antÐstoiqou maj matoc. Gia par�deigma:

$ ./pgstat
5234 John Smith
527 7
540 4
512 10
519 8
^D
John Smith (id = 5234) not finished.
Average mark: 8.22

$ ./pgstat
8 Bill Gates
532 6
510 8
527 10
....................
^D
Bill Gates (id = 8) got the diploma.
Average mark: 7.67

An qrhsimopoioÔse to prìgramm� sac h GrammateÐa pou diaqeirÐzetai to PMS, ja èprepe k�je for�
pou ja  jele na elègxei thn kat�stash enìc foitht  na plhktrologeÐ to f�kellì tou,   ja mporoÔse
na k�nei k�ti pio praktikì, qwrÐc na all�xei bèbaia to prìgramma; Upojèste ìti ìla ta dedomèna sac
eÐnai apolÔtwc sunep . Den qrei�zetai na k�nete elègqouc orjìthtac.

3. D¸ste mÐa pijan  ektÔpwsh tou ektelèsimou progr�mmatoc pou proèrqetai apì to akìloujo prì-
gramma C. EnnoeÐtai, ìti ja upojèsete ìti ìlec oi “fork()” ja leitourg soun qwrÐc prìblhma.

#include <stdio.h>
main()
{ int s;

printf("%d %d %d %d\n", getpid(), getppid(), fork(), fork());
printf("%d %d %d\n", getpid(), wait(&s), wait(&s)); }

4. Gr�yte èna prìgramma C (upojèste ìti onom�zetai “smplfind”) to opoÐo na leitourgeÐ san mÐa apl 
ekdoq  thc entol c “find”, ousiastik� ulopoi¸ntac mìno to krit rio eÔreshc me b�sh to ìnoma.
Sugkekrimèna, ìtan to prìgramma autì kaleÐtai san “smplfind 〈name〉1 〈name〉2 . . . 〈name〉k -dirs
〈dir〉1 〈dir〉2 . . . 〈dir〉m” na y�qnei k�tw apì touc katalìgouc 〈dir〉j (se opoiod pote b�joc) kìmbouc
me ìnoma k�poio apì ta 〈name〉i. To tm ma apì to -dirs kai met� mporeÐ kai na mhn dÐnetai, opìte h
anaz thsh tìte ja prèpei na gÐnetai ston trèqonta kat�logo. Gia par�deigma:

$ ./smplfind file1.c bla.txt foo.dat -dirs sp ../dir /home/users/me
sp/bla.txt
../dir/newdir/file1.c
../dir/other/another/bla.txt
/home/users/me/dir/foo.dat

Me b�sh to prìgramma pou gr�yate, d¸ste èna pijanì apotèlesma thc entol c:

$ ./smplfind *.c ????.txt
.........................................



PROGRAMMATISMOS SUSTHMATOS
Exet�seic B' Periìdou 2002

1. (aþ) Parathr ste thn parak�tw dialogik  epikoinwnÐa me to kèlufoc Bourne, pou den eÐnai ìmwc
swst . Se k�poia shmeÐa, se apotelèsmata entol¸n mìno, ektìc ap' aut� thc pr¸thc entol c,
ègine ek twn ustèrwn epèmbash. Poia eÐnai aut� ta shmeÐa, giatÐ eÐnai l�joc kai p¸c  tan h
pragmatik  prwtìtuph ekdoq ; EpÐshc, d¸ste to apotèlesma pou paraleÐyame sthn trÐth entol .

$ ls -ald . .. ???
drwxr-xr-x 4 spro users 4096 Oct 5 16:02 .
drwx------ 3 spro users 4096 Oct 5 15:55 ..
-rw-r--r-- 1 spro users 471 Sep 24 13:22 bla
-rwxr-xr-x 1 spro users 14415 Oct 5 14:18 foo
$ ln foo bar
$ ls -ald . .. ???
...........................................................
$ chmod 710 foo
$ ls -ald . .. ???
drwxr-xr-x 4 spro users 4096 Oct 5 16:03 .
drwx------ 3 spro users 4096 Oct 5 15:55 ..
-rwxr-xr-x 2 spro users 14415 Oct 5 14:18 bar
-rw-r--r-- 1 spro users 471 Sep 24 13:22 bla
-rwx--x--- 1 spro users 14415 Oct 5 14:18 foo
$ rm foo
$ ls -ald . .. ???
drwxr-xr-x 3 spro users 4096 Oct 5 16:04 .
drwx------ 3 spro users 4096 Oct 5 15:55 ..
-rwxr-xr-x 2 spro users 14415 Oct 5 14:18 bar
-rw-r--r-- 1 spro users 471 Sep 24 13:22 bla

(bþ) 'Otan anaptÔssoume client-server efarmogèc mèsw upodoq¸n, se k�poiec peript¸seic ulopoioÔme
ton exuphretht  (server) S ètsi ¸ste mÐa diergasÐa-paidÐ tou na analamb�nei thn exuphrèthsh
tou pel�th (client) C, en¸ o S perimènei ait seic exuphrèthshc apì �llouc pel�tec. Tìte lème
ìti o S eÐnai tautìqronoc exuphretht c (concurrent server). Se �llec peript¸seic, ulopoioÔme
ton S ètsi ¸ste o Ðdioc na anal�bei na exuphret sei ton C, kai afoÔ telei¸sei h exuphrèthsh,
perimènei ait seic apì �llouc pel�tec. Tìte lème ìti èqoume seiriakì exuphretht  (sequential
server). Pìte akoloujoÔme thn pr¸th prosèggish kai pìte th deÔterh; D¸ste dÔo paradeÐgmata
sugkekrimènwn “qr simwn” uphresi¸n, èna gia k�je perÐptwsh. SqetÐzetai, gia teqnikoÔc  
�llouc lìgouc, to eÐdoc twn upodoq¸n pou ja qrhsimopoi soume (TCP   UDP) me thn epilog 
mac gia to an ja akolouj soume thn ekdoq  tou tautìqronou   tou seiriakoÔ exuphretht ;

2. Gr�yte èna prìgramma gia to kèlufoc Bourne (èstw ìti onom�zetai “elections”) to opoÐo na lei-
tourgeÐ san èna aplì sÔsthma diaqeÐrishc kai parousÐashc eklogik¸n apotelesm�twn. To prìgramma
autì na kaleÐtai me dÔo trìpouc. O pr¸toc na qrhsimopoieÐtai gia thn perÐptwsh kataq¸rishc e-
nìc merikoÔ apotelèsmatoc, gia par�deigma apì k�poio eklogikì tm ma, me thn entol  “elections
〈party〉1 〈votes〉1 〈party〉2 〈votes〉2 . . . 〈party〉n 〈votes〉n”, ìpou gia k�je i, 〈party〉i eÐnai to ìnoma
enìc kìmmatoc kai 〈votes〉i eÐnai o arijmìc twn y fwn pou p re to kìmma autì sto sugkekrimèno
eklogikì tm ma. Fusik�, h seir� me thn opoÐa dÐnontai ta zeug�ria onom�twn komm�twn kai arijm¸n
y fwn sth gramm  entol c den eÐnai aparaÐthto na eÐnai p�nta h Ðdia, oÔte eÐnai aparaÐthto na èqoume
to Ðdio pl joc zeug¸n se diaforetikèc ektelèseic tou progr�mmatoc, giatÐ mporeÐ k�poio kìmma na
mhn èqei p�rei kamÐa y fo se k�poio eklogikì tm ma. Wc proc to poÔ kai p¸c ja kataqwroÔntai
ta apotelèsmata aut�, èqete apìluth eleujerÐa kin sewn. Bèbaia, h profan c idèa gia to “poÔ”



eÐnai h deutereÔousa mn mh. O deÔteroc trìpoc ektèleshc tou “elections” na eÐnai me to monadi-
kì ìrisma “-results”, opìte na mac dÐnei mÐa eikìna twn mèqri stigm c sunolik¸n apotelesm�twn,
sumperilambanomènwn kai posost¸n. DeÐte ta akìlouja paradeÐgmata:

$ ./elections "To komma mas" 187 "Oi alloi" 225 "Oi kakoi" 247
$ ./elections "Oi kaloi" 150 "Oi kakoi" 10 "Oi asxhmoi" 304 "To komma mas" 57
$ ./elections "Oi alloi" 404 "To komma mas" 192
$ ./elections -results
Oi alloi: votes 629, i.e. 35%
Oi asxhmoi: votes 304, i.e. 17%
Oi kakoi: votes 257, i.e. 14%
Oi kaloi: votes 150, i.e. 8%
To komma mas: votes 436, i.e. 24%

3. D¸ste mÐa pijan  ektÔpwsh tou ektelèsimou progr�mmatoc pou proèrqetai apì to akìloujo prì-
gramma C. Sqedi�ste to dèntro twn diergasi¸n pou ja dhmiourghjoÔn, perilamb�nontac sto sq ma
sac kai th diergasÐa tou kelÔfouc k�tw apì to opoÐo ektelèsthke to prìgramma. EnnoeÐtai, ìti ja
upojèsete ìti ìlec oi “fork()” ja leitourg soun qwrÐc prìblhma. Shmei¸netai ìti o kwdikìc exìdou
mÐac diergasÐac eÐnai p�nta èna byte, to ligìtero shmantikì tou akeraÐou pou epistrèfei kat� ton
termatismì thc. EpÐshc, jewr ste ìti ìtan h “int wait(int *p)” epistrèfei -1, to perieqìmeno thc
dieÔjunshc p den all�zei.

#include <stdio.h>
main()
{ int q, r, s, t;
s = 0;
q = !fork(); t = wait(&s); r = !fork(); t = wait(&s);
printf("%d %d q = %d r = %d s = %d t = %d\n",

getpid(), getppid(), q, r, s, t);
exit(getpid()); }

4. Gr�yte èna prìgramma C (upojèste ìti onom�zetai “mqf”) to opoÐo na kaleÐtai me ènan arijmì 〈N〉
sth gramm  entol c. H arqik  diergasÐa (epipèdou 0) na orÐzei mÐa our� mhnum�twn kai sth sunèqeia
na dhmiourgeÐ mÐa diergasÐa-paidÐ (epipèdou 1), h opoÐa, me th seir� thc, na dhmiourgeÐ mÐa diergasÐa-
paidÐ (epipèdou 2) kai oÔtw kajex c, èwc ìtou dhmiourghjeÐ kai h diergasÐa epipèdou 〈N〉 san paidÐ thc
diergasÐac epipèdou 〈N〉 � 1. K�je diergasÐa na ektup¸nei to b�joc thc (depth), thn tautìtht� thc
(pid), thn tautìthta tou gonèa thc (ppid) kai thn tautìthta thc diergasÐac-eggonoÔ thc (gcpid).
Gia thn plhrofìrhsh sqetik� me to gcpid, na qrhsimopoihjeÐ h our� mhnum�twn pou ìrise h arqik 
diergasÐa. To gcpid gia tic dÔo teleutaÐec diergasÐec na eÐnai 0. K�je diergasÐa, met� thn ektÔpwsh
twn plhrofori¸n pou zht jhkan, na perimènei na termatÐsei to paidÐ thc kai met� na termatÐzei kai
aut . Tèloc, h our� mhnum�twn na apeleujer¸netai apì thn arqik  diergasÐa pou thn ìrise. 'Ena
par�deigma ektèleshc eÐnai to ex c:

$ ./mqf 5
Process with pid=2268 created message queue with qid=98304
I am process at depth 0 with pid=2268 ppid=2113 gcpid=2270
I am process at depth 2 with pid=2270 ppid=2269 gcpid=2272
I am process at depth 5 with pid=2273 ppid=2272 gcpid=0
I am process at depth 1 with pid=2269 ppid=2268 gcpid=2271
I am process at depth 4 with pid=2272 ppid=2271 gcpid=0
I am process at depth 3 with pid=2271 ppid=2270 gcpid=2273
Process with pid=2268 destroyed message queue with qid=98304



PROGRAMMATISMOS SUSTHMATOS
Exet�seic A' Periìdou 2002

1. (aþ) Poia eÐnai diafor� sthn eswterik  leitourgÐa enìc kelÔfouc ìtan ekteloÔme k�tw ap' autì mÐa
entol  sto parask nio (p.q. “ls -l &”) se sqèsh me thn ektèlesh mÐac entol c sto prosk nio
(p.q. “ls -l”);

(bþ) GnwrÐzete ìti mÐa apì tic diaforèc metaxÔ twn upodoq¸n ro c (stream sockets) kai twn thlegrafi-
k¸n upodoq¸n (datagram sockets) eÐnai ìti en¸ stic deÔterec to prwtìkollo (UDP) uposthrÐzei
ìria metaxÔ twn apostellìmenwn mhnum�twn, stic pr¸tec to antÐstoiqo prwtìkollo (TCP) den
parèqei k�ti tètoio. Poia eÐnai akrib¸c h praktik  epÐptwsh aut c thc diafor�c; An qreiazì-
mastan se k�poia efarmog  na qrhsimopoi soume, gia k�poio shmantikì lìgo, upodoqèc ro c,
all� tautìqrona mac endièfere na èqoume kai ìria metaxÔ twn mhnum�twn, p¸c ja mporoÔsame
na lÔsoume to prìblhma;

2. Gr�yte èna prìgramma gia to kèlufoc Bourne (èstw ìti onom�zetai “myrm”) to opoÐo na upokajist�
thn entol  “rm” tou Unix wc ex c: To “myrm”, antÐ na diagr�fei arqeÐa, na ta metafèrei ston
kat�logo “.waste” pou brÐsketai ston kat�logo afethrÐac tou qr sth. An den up�rqei o kat�logoc
“.waste”, na ton dhmiourgeÐ. Gia par�deigma, autì na gÐnetai me thn entol  “myrm 〈file〉1 〈file〉2 . . .
〈file〉n”, ìpou n ≥ 1. H “myrm” na uposthrÐzei epÐshc kai tic epilogèc “-l”, “-p” kai “-u” (apì ta
list, purge kai undelete, antÐstoiqa), pou shmaÐnoun ta ex c: To “myrm -l” na ektup¸nei ta onìmata
twn arqeÐwn pou èqoun metaferjeÐ ston kat�logo “.waste” mazÐ me ìlec tic plhroforÐec pou dÐnei h
“ls -l”. To “myrm -p” na diagr�fei oristik� ìla ta arqeÐa tou katalìgou “.waste”. To “myrm
-u 〈file〉” na epanafèrei to arqeÐo 〈file〉 apì ton kat�logo “.waste” ston trèqonta kat�logo.
Up�rqoun peript¸seic pou den ja leitourg sei swst� to prìgramma pou gr�yate, efìson bèbaia
klhjeÐ sÔmfwna me tic prodiagrafèc, kai poiec eÐnai autèc; 'H m pwc eÐnai, kat� th gn¸mh sac, tèleio;

3. Gr�yte èna prìgramma C (upojèste ìti onom�zetai “nch”) to opoÐo na kaleÐtai me ènan arijmì 〈N〉
sth gramm  entol c. H arqik  diergasÐa-gonèac na dhmiourgeÐ 〈N〉 diergasÐec-paidi�, ektup¸nontac
sqetikì m numa met� apì k�je dhmiourgÐa, en¸ k�je diergasÐa-paidÐ na ektup¸nei m numa pou na
perilamb�nei thn “t�xh” thc (1o paidÐ, 2o paidÐ, klp.), thn tautìtht� thc, kaj¸c kai thn tautìthta thc
prohgoÔmenhc diergasÐac-paidioÔ (to 1o paidÐ den èqei prohgoÔmenh diergasÐa-paidÐ). 'Ena par�deigma
ektèleshc eÐnai to ex c:

$ ./nch 3
I am parent and I created child 1 with pid=3224
I am child 1 with pid=3224, prev=0
I am parent and I created child 2 with pid=3225
I am child 2 with pid=3225, prev=3224
I am child 3 with pid=3226, prev=3225
I am parent and I created child 3 with pid=3226
$

Pìso eÔkola pisteÔete ìti ja mporoÔsate na tropopoi sete to prìgramma pou gr�yate ètsi ¸ste k�je
diergasÐa-paidÐ na ektup¸nei ektìc apì thn tautìthta tou prohgoÔmenou paidioÔ kai aut n tou epìme-
nou; AntÐstoiqa me ì,ti isqÔei gia to pr¸to paidÐ, to teleutaÐo paidÐ den èqei epìmenh diergasÐa-paidÐ.
An eÐnai apl  h tropopoÐhsh epishm�netè thn ep�nw sto prìgramma pou  dh gr�yate me kat�llhlec
parapompèc kai, p�ntwc, me euan�gnwsto trìpo. An pisteÔete ìti qrei�zontai rizikèc prosj kec  
tropopopoi seic, apl¸c perigr�yte tic, qwrÐc na tic ulopoi sete. 'Ena upojetikì par�deigma ektèle-
shc apì to epektetamèno prìgramma “nch” (èstw ìti onom�zetai “newnch”) eÐnai autì pou faÐnetai
sth sunèqeia:



$ ./newnch 3
I am parent and I created child 1 with pid=3228
I am parent and I created child 2 with pid=3229
I am child 1 with pid=3228, prev=0, next=3229
I am parent and I created child 3 with pid=3230
I am child 3 with pid=3230, prev=3229, next=0
I am child 2 with pid=3229, prev=3228, next=3230
$

4. An to ektelèsimo prìgramma pou prokÔptei apì to parak�tw C prìgramma onom�zetai “smch”, d¸-
ste èna pijanì apotèlesma thc entol c “smch 4”, upojètontac ìti ìlec oi kl seic sust matoc ja
leitourg soun kanonik�. Exhg ste epÐshc stoiqeiwd¸c (to polÔ se 10 grammèc) th leitourgÐa tou
progr�mmatoc.

#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/shm.h>
#include <sys/sem.h>
#include <stdio.h>

main(int argc, char *argv[])
{ int i, j, n, mid, sid, pid, st, is = 0;
char *reg;
struct sembuf op[2] = {0, 0, 0, 0, 1, 0};
n = atoi(argv[1]);
op[0].sem_op = -n;
mid = shmget((key_t) 12345, 256, 0600 | IPC_CREAT);
sid = semget((key_t) 23456, 1, 0600 | IPC_CREAT);
semctl(sid, 0, SETVAL, &is);
for (i=0 ; i<n ; i++) {

pid = fork();
if (pid) {
printf("%d %d\n", getpid(), getppid());
if (!i) {
reg = shmat(mid, (char *) 0, 0);
semop(sid, &op[0], 1);
for (j=0 ; j<n ; j++)
printf("%d ", *((int *) reg + j));

printf("\n");
shmctl(mid, IPC_RMID, (struct shmid_ds *) 0);
semctl(sid, 0, IPC_RMID, 0);

}
printf("%d\n", wait(&st));
exit(0);

}
reg = shmat(mid, (char *) 0, 0);
*((int *) reg + (n-i-1)) = getpid();
semop(sid, &op[1], 1);
shmdt(reg);

}
}



PROGRAMMATISMOS SUSTHMATOS
Exet�seic B' Periìdou 2001

1. (aþ) GnwrÐzoume ìti oi diaqeiristèc s matoc eÐnai sun jwc void sunart seic qwrÐc orÐsmata. Se
arket� Unix sust mata ìmwc, mporoÔme na èqoume èna akrib¸c ìrisma, ton arijmì s matoc pou
energopoÐhse to diaqeirist . Pìte pisteÔete ìti ja  tan qr simo k�ti tètoio; P�ntwc, se kamÐa
perÐptwsh, den up�rqei h dunatìthta na èqoume �lla orÐsmata s' èna diaqeirist  s matoc, plhn
tou arijmoÔ s matoc pou ton energopoÐhse, me skopì thn antallag  dedomènwn me to upìloipo
prìgramma. PisteÔete ìti mac qrei�zetai k�poia antallag  autoÔ tou eÐdouc; An nai, p¸c lÔnoume
to prìblhm� mac;

(bþ) S' èna kèlufoc dÐnoume mÐa entol  me anakateÔjunsh thc prokajorismènhc exìdou se arqeÐo.
To kèlufoc anoÐgei to arqeÐo me thn “open”, h opoÐa epistrèfei èna perigrafèa arqeÐou, b�zei
me thn “dup2” ton perigrafèa autì na deÐxei sto 1, k�nei “fork” kai h diergasÐa-paidÐ pou
dhmiourgeÐtai antikajist� me k�poia “execXX” ton k¸dik� thc me ton k¸dika thc entol c pou
dìjhke sto kèlufoc. EÐnai swst  h prohgoÔmenh diadikasÐa; An ìqi, poÔ eÐnai to l�joc kai giatÐ;

2. Jewr ste ìti sto Unix èna arqeÐo mhnum�twn hlektronikoÔ taqudromeÐou eÐnai èna aplì arqeÐo
keimènou, sto opoÐo ta di�fora mhnÔmata eÐnai qwrismèna metaxÔ touc me mÐa ken  gramm  kai h
pr¸th gramm  k�je mhnÔmatoc èqei san pr¸th lèxh thn “From” kai san deÔterh lèxh th dieÔjunsh
〈address〉 tou apostolèa tou mhnÔmatoc. Fusik�, sto s¸ma k�je mhnÔmatoc mporoÔn na up�rqoun
kenèc grammèc. 'Ena apìspasma apì k�poio arqeÐo mhnum�twn hlektronikoÔ taqusdromeÐou ja mo-
roÔse na  tan to akìloujo:

% cat a_mail_folder
From costas@di.uoa.gr ..........
...................
...................
Bye

From nick@acm.org ..............
...................
...................
See you

................................

................................

................................

From costas@di.uoa.gr ..........
...................
Costas

%

Gr�yte èna prìgramma gia to kèlufoc Bourne (èstw ìti onom�zetai “sliptmf”) to opoÐo na dèqetai
san monadikì ìrisma èna ìnoma katalìgou 〈dir〉 (uparktoÔ   ìqi � an den up�rqei, na dhmiourgeÐtai).
To prìgramma autì na diab�zei apì thn prokajorismènh eÐsodo èna arqeÐo mhnum�twn hlektronikoÔ
taqudromeÐou kai na diaqwrÐzei ta mhnÔmata tou arqeÐou autoÔ se diaforetik� arqeÐa mhnum�twn,
pou na ta dhmiourgeÐ ston kat�logo 〈dir〉, an�loga me ton apostolèa touc. Sugkekrimèna, ìla ta
mhnÔmata pou proèrqontai apì th dieÔjunsh 〈address〉, na kataqwroÔntai sto arqeÐo mhnum�twn
〈dir〉/〈address〉. Gia par�deigma:



% splitmf my_dir < a_mail_folder
Creating my_dir
Creating my_dir/costas@di.uoa.gr
Creating my_dir/nick@acm.org
................................
%

3. 'Estw ìti ta ektelèsima progr�mmata pou antistoiqoÔn sta parak�tw progr�mmata C, arister� kai
dexi�, eÐnai ta “whfork1” kai “whfork2”, antÐstoiqa.

#include <stdio.h>
main(int argc, char *argv[])
{ int n, st;

n = atoi(argv[1]);
while(n*fork()) {
printf("%d %d\n",

getpid(), getppid());
n--;
printf("%d\n", wait(&st)); }

}

#include <stdio.h>
main(int argc, char *argv[])
{ int n, st;

n = atoi(argv[1]);
while(n*!fork()) {
printf("%d %d\n",

getpid(), getppid());
n--; }

printf("%d\n", wait(&st));
}

D¸ste mÐa pijan  ektÔpwsh thc entol c “whfork1 3 ; whfork2 3”. Sqedi�ste to dèntro twn dier-
gasi¸n pou ja dhmiourghjoÔn apì thn ektèlesh thc entol c aut c, perilamb�nontac sto sq ma sac
kai th diergasÐa tou kelÔfouc k�tw apì to opoÐo ektelèsthke h entol . EnnoeÐtai, ìti ja upojèsete
ìti ìlec oi kl seic sust matoc ja leitourg soun qwrÐc prìblhma.

4. 'Enac trìpoc na gnwrÐzoume sto Unix an èqoume kainoÔrgia mhnÔmata hlektronikoÔ taqudromeÐou,
qwrÐc na anoÐxoume to grammatokib¸tiì mac, eÐnai na sugkrÐnoume thn ¸ra teleutaÐac tropopoÐhshc
tou grammatokibwtÐou me aut n thc teleutaÐac prospèlashc s' autì. An h pr¸th eÐnai metagenèsterh
thc deÔterhc, tìte èqoume kainoÔrgia mhnÔmata. Gr�yte èna prìgramma C (èstw ìti onom�zetai
“chkmail”) to opoÐo na qrhsimopoieÐ to parap�nw truk kai na ektup¸nei kat�llhlo m numa, an�loga
an èqoume   ìqi kainoÔrgia mhnÔmata hlektronikoÔ taqudromeÐou. Jewr ste ìti to ìnoma tou arqeÐou
pou paÐzei to rìlo tou grammatokibwtÐou enìc qr sth s' èna Unix sÔsthma eÐnai h tim  thc metablht c
perib�llontoc MAIL kai ìti mporoÔme mèsa apì èna prìgramma C na p�roume thn tim  mÐac metablht c
perib�llontoc me th sun�rthsh biblioj khc char *getenv(const char *), dÐnont�c thc san ìrisma
to ìnoma thc metablht c kai paÐrnontac sto ìnoma thc sun�rthshc thn tim  thc metablht c. MÐa
pijan  ektèlesh tou progr�mmatoc “chkmail” ja mporoÔse na  tan h ex c:

% chkmail
You have new mail
% pine
....................
....................
% chkmail
You don’t have new mail
% ..................
....................
% ..................
....................
% chkmail
You have new mail
%
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1. (aþ) Ston kat�logo afethrÐac mac, pou èqei dikai¸mata prostasÐac rwxr-xr-x, èqoume èna arqeÐo
me dikai¸mata prostasÐac rw-------. K�poioc dhmiourgeÐ sto dikì tou kat�logo afethrÐac èna
sklhrì sÔndesmo sto arqeÐo mac, all�zei ta dikai¸mata tou sklhroÔ sundèsmou kai mac “klèbei”
ta dedomèna mac. “P�sqei” k�pou to prohgoÔmeno sen�rio; An nai, poÔ kai giatÐ;

(bþ) Se k�poio tm ma enìc progr�mmatoc, epijumoÔme na k�noume apokleistik  qr sh enìc pìrou (p.q.
koin c mn mhc) kai gia to skopì autì ton “kleid¸noume” prin th qr sh kai ton “xekleid¸noume”
met�. GnwrÐzete ìti mÐa mèjodoc gia “kleÐdwma” kai “xekleÐdwma” eÐnai mèsw shmatofìrwn.
MporeÐte na proteÐnete ènan �llo trìpo gia na gÐnoun autèc oi enèrgeiec, gia par�deigma me th
bo jeia tou sust matoc arqeÐwn; An nai, me poiec entolèc s' èna prìgramma C ja to katorj¸nate;

2. Gr�yte èna prìgramma gia to kèlufoc Bourne (èstw ìti onom�zetai “runexps”) to opoÐo na dèqetai
san pr¸to ìrisma ènan arijmì 〈N〉 kai ta upìloipa orÐsmat� tou na eÐnai to ìnoma enìc progr�mmatoc
〈prog〉 kai ta orÐsmata tou progr�mmatoc 〈arg1〉, 〈arg2〉, . . . Upojèste ìti to prìgramma 〈prog〉 k�nei
k�poia leitourgÐa kai par�gei di�fora apotelèsmata sthn prokajorismènh èxodo, metaxÔ twn opoÐwn
kai mÐa akrib¸c gramm  thc morf c ***Total time***: 〈S〉 seconds, ìpou 〈S〉 eÐnai o qrìnoc
ektèleshc tou progr�mmatoc. To “runexps” pou ja gr�yete na ekteleÐ 〈N〉 forèc to prìgramma
〈prog〉 (me ta orÐsmat� tou) kai na mac plhroforeÐ sqetik� me ìlouc touc qrìnouc ektèleshc, ton
el�qisto ap' autoÔc, to mègisto kai th mèsh tim  touc. Gia par�deigma:

% experim ls -Rl /usr
...............................
***Total time***: 48 seconds
...............................
% runexps 3 experim ls -Rl /usr
Experiment 1: 49 seconds
Experiment 2: 42 seconds
Experiment 3: 46 seconds

Minimum time: 42 seconds
Maximum time: 49 seconds
Average time: 45 seconds

3. Gr�yte èna prìgramma C (upojèste ìti onom�zetai “succs”) to opoÐo na kaleÐtai me ènan arijmì
〈N〉 sth gramm  entol c. H arqik  diergasÐa-gonèac na dhmiourgeÐ mÐa diergasÐa-paidÐ, h opoÐa na
dhmiourgeÐ, me th seir� thc, mÐa dik  thc diergasÐa-paidÐ, k.o.k. mèqri na dhmiourghjoÔn 〈N〉 apìgonoi
thc arqik c diergasÐac. Tìso oi diergasÐec apìgonoi, ìso kai h arqik  diergasÐa na ektup¸noun
mhnÔmata, ìpwc faÐnetai sthn parak�tw ektèlesh:

% succs 3
I am process with PID = 20125 and PPID = 20124
I am process with PID = 20126 and PPID = 20125
I am process with PID = 20127 and PPID = 20126
I am original process (PID = 20124) and I have 3 successors

with PIDS = 20125 20126 20127

Prosèxte ìti oi grammèc “I am process ...” ektup¸nontai apì tic diergasÐec apogìnouc, en¸ oi
grammèc “I am original process ... with PIDS = ...” apì thn arqik  diergasÐa. Gia na epi-
teuqjeÐ autì pijan¸c na qreiasteÐ na programmatÐsete kai k�ti perissìtero ap' aut� pou lègontai
rht� sthn ekf¸nhsh.



4. An to ektelèsimo prìgramma pou prokÔptei apì to C prìgramma parak�tw onom�zetai “mfo”, d¸ste
èna pijanì apotèlesma thc entol c “mfo 3 < test.dat”, upojètontac ìti ìlec oi kl seic sust -
matoc ja leitourg soun kanonik�. Ta perieqìmena tou arqeÐou “test.dat” faÐnontai dÐpla apì to
prìgramma. Exhg ste epÐshc stoiqeiwd¸c (to polÔ se 10 grammèc) th leitourgÐa tou progr�mmatoc.

#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/msg.h>
#include <stdio.h>
#define MSGSIZE 1024

void trnsf(char, char, char, char *);
struct message {

long mtype;
char mtext[MSGSIZE]; };

main(int argc, char *argv[])
{ int i, k, n, qid, st, pid[100]; struct message mess;

qid = msgget((key_t) 13562, 0600 | IPC_CREAT);
n = atoi(argv[1]);
for (i=0 ; i<n ; i++) {
pid[i] = fork();
if (!pid[i]) {

printf("%d: %d\n", i+1, getpid());
msgrcv(qid, &mess, MSGSIZE, (long) getpid(), 0);
while (strcmp(mess.mtext, "END")) {

printf("%d: %ld: %s\n", i+1, mess.mtype, mess.mtext);
if (getpid()%2)

trnsf(’A’, ’Z’, ’a’, mess.mtext);
else

trnsf(’a’, ’z’, ’A’, mess.mtext);
mess.mtype = (long) getppid();
msgsnd(qid, &mess, strlen(mess.mtext)+1, 0);
msgrcv(qid, &mess, MSGSIZE, (long) getpid(), 0); }

exit(0); } }
i = 0; k = 0;
while (gets(mess.mtext) != NULL) {
mess.mtype = (long) pid[i];
msgsnd(qid, &mess, strlen(mess.mtext)+1, 0);
i = (i+1)%n;
k++; }

strcpy(mess.mtext, "END");
for (i=0 ; i<n ; i++) {
mess.mtype = (long) pid[i];
msgsnd(qid, &mess, 4, 0); }

for (i=0 ; i<n ; i++)
wait(&st);

for (i=0 ; i<k ; i++) {
msgrcv(qid, &mess, MSGSIZE, (long) getpid(), 0);
printf("%s\n", mess.mtext); }

msgctl(qid, IPC_RMID, (struct msqid_ds *) 0); }

void trnsf(char c1, char c2, char c3, char *s)
{ while (*s != 0) {

if (*s>=c1 && *s<=c2)
*s = *s+c3-c1;

s++; } }

% cat test.dat
This is a FILE
for testing the
program of the
Syspro Exams on
Friday June 15th.
% mfo 3 < test.dat
..................
..................
..................
..................
..................
..................
..................
..................
..................
..................
..................
..................
..................


