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PROGRAMMATISMOS SUSTHMATOS

Perieqìmeno tou maj matoc

• To leitourgikì sÔsthma Unix apì thn pleur� tou qr sth

• Bohjhtik� progr�mmata tou Unix

• Programmatismìc se kelÔfh

• Programmatismìc leitourgi¸n sust matoc se C gia

– qeirismì laj¸n

– dhmiourgÐa kai termatismì diergasi¸n

– apostol /paralab  shm�twn

– eÐsodo/èxodo qamhloÔ epipèdou

– epikoinwnÐa metaxÔ diergasi¸n mèsw swl nwn,
upodoq¸n, our¸n mhnum�twn, koin c mn mhc kai
shmatofìrwn

– dhmiourgÐa, termatismì kai sugqronismì nhm�twn

– diaqeÐrish sust matoc arqeÐwn
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Leitourgikì sÔsthma

• Endi�meso prìgramma metaxÔ tou qr sth kai tou ulikoÔ
enìc upologist 

• Stìqoi

– Dieukìlunsh thc qr shc tou upologist 

– Apodotik  qr sh tou upologist 

• DiaqeÐrish pìrwn

– Kentrik  mon�da epexergasÐac

– KÔria mn mh

– DeutereÔousa mn mh

– Suskeuèc eisìdou/exìdou
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Unix

• Sthn prwtarqik  tou morf  kataskeu�sthke apì ton Ken
Thompson to 1969 se gl¸ssa assembly gia èna PDP-7
sta Bell Laboratories thc AT&T

• Metafèrjhke se èna PDP-11 to 1971 apì ton Ken
Thompson kai ton Dennis Ritchie

• To 1973 ulopoi jhke ex arq c sto megalÔtero mèroc tou
sth gl¸ssa C, h opoÐa anaptÔqjhke apì ton Brian
Kernighan kai ton Dennis Ritchie

• Pollèc belti¸seic èginan apì to University of California,
Berkeley (UCB)

• En¸ gia polÔ meg�lo di�sthma, perÐpou mÐa 25etÐa, to Unix
 tan periorismèno se akadhmaðk� kai ereunhtik�
perib�llonta mìno, s mera, wc Linux, èqei “katal�bei”
touc proswpikoÔc upologistèc poll¸n qrhst¸n

• Ed¸ kai merik� qrìnia eÐnai se exèlixh mÐa diark c
prosp�jeia tupopoÐhs c tou (IEEE POSIX, Open Group)

BiblÐo “anafor�c”

Gia th sunèqeia, to [§x.y�KP] ja anafèretai sthn par�grafo
x.y tou biblÐou:

Brian W. Kernighan, Rob Pike, “To Perib�llon
ProgrammatismoÔ UNIX”, Kleid�rijmoc, 1989.
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Genik� qarakthristik�

• Leitourgikì sÔsthma poll¸n qrhst¸n

• Upost rixh pollapl¸n diergasi¸n me diamèrish qrìnou

• Paroq  asf�leiac

• Upost rixh diktÔwn

• Dom  tou Unix

– Pur nac

– Bohjhtik� progr�mmata

– Kèlufoc (C, Bourne, Korn, . . .)

• Programmatismìc se C mèsw kl sewn sust matoc

• Dialogik  epikoinwnÐa me to qr sth mèsw tou kelÔfouc

• Programmatismìc tou kelÔfouc

• Di�krish metaxÔ kefalaÐwn kai pez¸n
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Ierarqikì sÔsthma arqeÐwn

• Kat�logoc-rÐza (/)

• Trèqwn kat�logoc (.)

• Gonikìc kat�logoc (..)

• Onìmata-monop�tia

– Apìluta

– Sqetik�

• ArqeÐa

• SÔndesmoi

• Suskeuèc
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Logariasmìc qr sth

• Onoma qr sth

• Sunjhmatikì

• Kèlufoc arqik c sÔndeshc

• Arqik  om�da

• Kat�logoc afethrÐac

Arqik  sÔndesh

Red Hat Linux release 7.2 (Enigma)
Kernel 2.4.7-10 on an i586
login: spro
Password:
Last login: Sun Jan 27 12:31:00 from kronos.di.uoa.gr
$
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Suqnìtera qrhsimopoioÔmenec entolèc

man : Emf�nish odhgi¸n qr shc entol¸n
ls : Emf�nish perieqomènwn katalìgou
pwd : Emf�nish trèqontoc katalìgou
cd : Allag  trèqontoc katalìgou
mkdir : DhmiourgÐa katalìgwn
rmdir : Diagraf  katalìgwn
cp : Antigraf  arqeÐwn
mv : MetakÐnhsh   metonomasÐa arqeÐwn
rm : Diagraf  arqeÐwn
cat : Emf�nish arqeÐwn
lpr : EktÔpwsh arqeÐwn
vi : Keimenogr�foc ojìnhc
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Entol  man (epilog  -k)

$ man pwd
PWD(1) FSF PWD(1)

NAME
pwd - print name of current/working directory

SYNOPSIS
pwd [OPTION]

DESCRIPTION
Print the full filename of the current working directory.

--help display this help and exit

--version
output version information and exit

AUTHOR
Written by Jim Meyering.

REPORTING BUGS
Report bugs to <bug-sh-utils@gnu.org>.

COPYRIGHT
$ man -k manual
man (1) - format and display the on-line manual

pages
man [manpath] (1) - format and display the on-line manual

pages
man2html (1) - format a manual page in html
perlxs (1) - XS language reference manual
wget (1) - GNU Wget Manual
whereis (1) - locate the binary, source, and manual page

files for a command
xman (1x) - Manual page display program for the X

Window System
$
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Entol  ls (epilogèc -a, -l, -r)

$ ls
bin
$ ls -a
. .bash_history .bash_profile bin .screenrc
.. .bash_logout .bashrc .emacs
$ ls -al
total 40
drwx------ 4 spro users 4096 Jan 27 13:13 .
drwxr-xr-x 7 root root 4096 Jan 27 12:10 ..
-rw------- 1 spro users 358 Jan 27 12:33 .bash_history
-rw-r--r-- 1 spro users 24 Jan 27 12:10 .bash_logout
-rw-r--r-- 1 spro users 191 Jan 27 12:10 .bash_profile
-rw-r--r-- 1 spro users 134 Jan 27 12:24 .bashrc
drwxr-xr-x 2 spro users 4096 Jan 27 12:56 bin
-rw-r--r-- 1 spro users 820 Jan 27 12:10 .emacs
-rw-r--r-- 1 spro users 3511 Jan 27 12:10 .screenrc
$ ls -al .bashrc
-rw-r--r-- 1 spro users 134 Jan 27 12:24 .bashrc
$ ls -alr
total 40
-rw-r--r-- 1 spro users 3511 Jan 27 12:10 .screenrc
-rw-r--r-- 1 spro users 820 Jan 27 12:10 .emacs
drwxr-xr-x 2 spro users 4096 Jan 27 12:56 bin
-rw-r--r-- 1 spro users 134 Jan 27 12:24 .bashrc
-rw-r--r-- 1 spro users 191 Jan 27 12:10 .bash_profile
-rw-r--r-- 1 spro users 24 Jan 27 12:10 .bash_logout
-rw------- 1 spro users 358 Jan 27 12:33 .bash_history
drwxr-xr-x 7 root root 4096 Jan 27 12:10 ..
drwx------ 4 spro users 4096 Jan 27 13:13 .
$

• Dikai¸mata prostasÐac (exousiodot seic) [§2.4�KP]

– Dikai¸mata idiokt th (st lec 2-4)

– Dikai¸mata om�dac (st lec 5-7)

– Dikai¸mata �llwn (st lec 8-10)
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Entol  ls (epilogèc -d, -F, -R, -t)

$ ls -al
total 40
drwx------ 4 spro users 4096 Jan 27 13:20 .
drwxr-xr-x 7 root root 4096 Jan 27 12:10 ..
-rw------- 1 spro users 2232 Jan 27 17:40 .bash_history
-rw-r--r-- 1 spro users 24 Jan 27 12:10 .bash_logout
-rw-r--r-- 1 spro users 191 Jan 27 12:10 .bash_profile
-rw-r--r-- 1 spro users 134 Jan 27 12:24 .bashrc
drwxr-xr-x 2 spro users 4096 Jan 27 12:56 bin
-rw-r--r-- 1 spro users 820 Jan 27 12:10 .emacs
-rw-r--r-- 1 spro users 3511 Jan 27 12:10 .screenrc
$ ls -al bin
total 8
drwxr-xr-x 2 spro users 4096 Jan 27 12:56 .
drwx------ 4 spro users 4096 Jan 27 13:20 ..
$ ls -ald bin
drwxr-xr-x 2 spro users 4096 Jan 27 12:56 bin
$ ls -aFl
total 40
drwx------ 4 spro users 4096 Jan 27 13:20 ./
drwxr-xr-x 7 root root 4096 Jan 27 12:10 ../
-rw------- 1 spro users 2232 Jan 27 17:40 .bash_history
-rw-r--r-- 1 spro users 24 Jan 27 12:10 .bash_logout
-rw-r--r-- 1 spro users 191 Jan 27 12:10 .bash_profile
-rw-r--r-- 1 spro users 134 Jan 27 12:24 .bashrc
drwxr-xr-x 2 spro users 4096 Jan 27 12:56 bin/
-rw-r--r-- 1 spro users 820 Jan 27 12:10 .emacs
-rw-r--r-- 1 spro users 3511 Jan 27 12:10 .screenrc
$ ls -aR .
.:
. .bash_history .bash_profile bin .screenrc
.. .bash_logout .bashrc .emacs

./bin:

. ..
$ ls -alt
total 40
-rw------- 1 spro users 2232 Jan 27 17:40 .bash_history
drwx------ 4 spro users 4096 Jan 27 13:20 .
drwxr-xr-x 2 spro users 4096 Jan 27 12:56 bin
-rw-r--r-- 1 spro users 134 Jan 27 12:24 .bashrc
drwxr-xr-x 7 root root 4096 Jan 27 12:10 ..
-rw-r--r-- 1 spro users 24 Jan 27 12:10 .bash_logout
-rw-r--r-- 1 spro users 191 Jan 27 12:10 .bash_profile
-rw-r--r-- 1 spro users 820 Jan 27 12:10 .emacs
-rw-r--r-- 1 spro users 3511 Jan 27 12:10 .screenrc
$
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Entolèc pwd, cd, mkdir, rmdir

$ pwd
/home/spro
$ ls -a
. .bash_history .bash_profile bin .screenrc
.. .bash_logout .bashrc .emacs
$ mkdir subdir
$ ls -lF
total 8
drwxr-xr-x 2 spro users 4096 Jan 27 12:56 bin/
drwxr-xr-x 2 spro users 4096 Jan 27 22:14 subdir/
$ cd subdir
$ ls -al
total 8
drwxr-xr-x 2 spro users 4096 Jan 27 22:14 .
drwx------ 5 spro users 4096 Jan 27 22:14 ..
$ pwd
/home/spro/subdir
$ cd ..
$ ls -aR
.:
. .bash_history .bash_profile bin .screenrc
.. .bash_logout .bashrc .emacs subdir

./bin:

. ..

./subdir:

. ..
$ rmdir subdir
$ ls subdir
ls: subdir: No such file or directory
$
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Entolèc cp (epilogèc -i, -r),
mv (epilog  -i),
rm (epilogèc -i, -r)

$ ls -a
. .bash_history .bash_profile bin .screenrc
.. .bash_logout .bashrc .emacs
$ cp .bash_profile newfile
$ ls -a
. .bash_history .bash_profile bin newfile
.. .bash_logout .bashrc .emacs .screenrc
$ mv newfile anotherfile
$ ls -a
. anotherfile .bash_logout .bashrc .emacs
.. .bash_history .bash_profile bin .screenrc
$ cp -i .bashrc anotherfile
cp: overwrite ‘anotherfile’? n
$ cp /bin/true .
$ mkdir direct
$ cp /bin/false direct
$ mv -i true direct/false
mv: overwrite ‘direct/false’? y
$ cp -r direct directory
$ mv anotherfile directory
$ ls -aR
.:
. .bash_history .bash_profile bin directory .screenrc
.. .bash_logout .bashrc direct .emacs

./bin:

. ..

./direct:

. .. false

./directory:

. .. anotherfile false
$ rm directory/anotherfile
$ rm -r direct
$ rm -ri directory
rm: descend into directory ‘directory’? y
rm: remove ‘directory/false’? y
rm: remove directory ‘directory’? y
$ ls -a
. .bash_history .bash_profile bin .screenrc
.. .bash_logout .bashrc .emacs
$
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Entolèc cat (epilog  -n),
lpr (epilogèc -h, -P)

$ cat .bashrc
# .bashrc

# User specific aliases and functions

# Source global definitions
if [ -f /etc/bashrc ]; then

. /etc/bashrc
fi

PS1=’$ ’
$ cat -n .bashrc

1 # .bashrc
2
3 # User specific aliases and functions
4
5 # Source global definitions
6 if [ -f /etc/bashrc ]; then
7 . /etc/bashrc
8 fi
9

10 PS1=’$ ’
$ lpr /etc/passwd
$ lpr -h -Plexmark ../../etc/group
$
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Keimenogr�foc ojìnhc vi

• SÔntaxh: vi 〈filename〉
• 'Elegqoc ojìnhc kai dromèa
← | ↓ | ↑ | → : MetakÐnhsh arister� | k�tw | ep�nw |

dexi� kat� èna qarakt ra
[Back Space] | [Return] | - | [Space] : 'Opwc

prohgoumènwc
h | j | k | l : 'Opwc prohgoumènwc
0 | $ : MetakÐnhsh sthn arq  | tèloc thc trèqousac

gramm c
H | L | M : MetakÐnhsh sthn pr¸th | teleutaÐa | mesaÐa

gramm  thc ojìnhc
G | 〈n〉G : MetakÐnhsh sthn teleutaÐa | 〈n〉-ost  gramm 

tou arqeÐou
^F | ^B : MetakÐnhsh k�tw | ep�nw mÐa ojình
^D | ^U : MetakÐnhsh k�tw | ep�nw mis  ojình
^E | ^Y : Emf�nish mÐac epiplèon gramm c sto tèloc | arq 

thc ojìnhc
^G : Emf�nish tou arijmoÔ thc trèqousac gramm c
^L : EpanasqedÐash thc ojìnhc

• Entolèc diìrjwshc
i〈t〉[Esc] | a〈t〉[Esc] : Eisagwg  tou keimènou 〈t〉 prin

| met� to dromèa
I〈t〉[Esc] | A〈t〉[Esc] : Eisagwg  tou keimènou 〈t〉 sthn

arq  | tèloc thc trèqousac gramm c
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o〈t〉[Esc] | O〈t〉[Esc] : DhmiourgÐa mÐac ken c gramm c met�
| prin thn trèqousa gramm  kai eisagwg  tou keimènou 〈t〉

x | 〈n〉x : Diagraf  enìc | 〈n〉 qarakt rwn apì th jèsh tou
dromèa kai met�

Y | 〈n〉Y : FÔlaxh mÐac | 〈n〉 gramm¸n apì thn trèqousa gramm 
kai met�

dd | 〈n〉dd : Diagraf  mÐac | 〈n〉 gramm¸n apì thn trèqousa
gramm  kai met�

p | P : Eisagwg  twn gramm¸n pou ful�qjhkan   diagr�fhkan
pio prìsfata met� | prin thn trèqousa gramm 

cw〈t〉[Esc] : Antikat�stash twn qarakt rwn mèqri kai to
tèloc thc trèqousac lèxhc me to keÐmeno 〈t〉

dw : Diagraf  qarakt rwn mèqri kai to tèloc thc trèqousac
lèxhc

C〈t〉[Esc] : Antikat�stash twn qarakt rwn mèqri kai to
tèloc thc trèqousac gramm c me to keÐmeno 〈t〉

D : Diagraf  twn qarakt rwn mèqri kai to tèloc thc trèqousac
gramm c

r〈c〉 : Antikat�stash tou trèqonta qarakt ra me to qarakt ra
〈c〉

R〈t〉[Esc] : Antikat�stash twn qarakt rwn pl jouc ìso to
m koc tou keimènou 〈t〉 me to 〈t〉

~ : Allag  apì mikrì se kefalaÐo kai antÐstrofa tou trèqonta
qarakt ra

J : Sunènwsh thc trèqousac kai thc epìmenhc gramm c
. : Epan�lhyh thc pio prìsfathc diìrjwshc
u : AkÔrwsh thc pio prìsfathc diìrjwshc
ZZ : FÔlaxh twn allag¸n sto arqeÐo kai èxodoc
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• Entolèc anaz thshc
/〈s〉[Return] | ?〈s〉[Return] : Anaz thsh proc ta emprìc

| pÐsw thc sumboloseir�c 〈s〉 (h . sto 〈s〉 ermhneÔetai
san “opoiosd pote qarakt rac”, to .* tairi�zei me
mhdèn   perissìterouc qarakt rec, to ^ kai to $

upodhl¸noun thn arq  kai to tèloc mÐac gramm c,
antÐstoiqa)

n | N : Epan�lhyh thc anaz thshc proc thn Ðdia | antÐjeth
kateÔjunsh

• Entolèc tou keimenogr�fou gramm c ed

:〈n〉1,〈n〉2d[Return] : Diagraf  twn gramm¸n apì th 〈n〉1
mèqri kai th 〈n〉2 (ektìc apì arijmoÐ, ta 〈n〉i mporeÐ na
eÐnai ., pou dhl¸nei thn trèqousa gramm ,   $, pou
dhl¸nei thn teleutaÐa gramm 

:〈n〉1,〈n〉2s/〈s〉1/〈s〉2/g[Return] : Antikat�stash thc
sumboloseir�c 〈s〉1 me th sumboloseir� 〈s〉2 apì th
gramm  〈n〉1 mèqri kai th 〈n〉2 (gia tic sumboloseirèc
〈s〉i, isqÔei h Ðdia sÔmbash ìpwc kai stic entolèc
anaz thshc)

:r 〈f〉[Return] : Eisagwg  tou arqeÐou 〈f〉 met� thn
trèqousa gramm 

:w[Return] : FÔlaxh twn allag¸n sto arqeÐo
:q![Return] : 'Exodoc qwrÐc fÔlaxh twn allag¸n sto

arqeÐo
:wq[Return] | :x[Return] : FÔlaxh twn allag¸n sto

arqeÐo kai èxodoc (ìpwc kai h entol  ZZ)
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Allec entolèc tou Unix

chmod : Allag  dikaiwm�twn prostasÐac arqeÐwn kai
katalìgwn

more : Emf�nish arqeÐwn selÐda-selÐda
grep : Anaz thsh sumboloseir¸n se arqeÐa
wc : Emf�nish arijmoÔ gramm¸n, lèxewn kai qarakt rwn

se arqeÐa
sort : Taxinìmhsh arqeÐwn
touch : DhmiourgÐa kenoÔ arqeÐou
ln : DhmiourgÐa sklhr¸n   sumbolik¸n sundèsmwn

(perÐ inodes, deÐte [§2.5�KP])
echo : Emf�nish mhnum�twn
date : Emf�nish hmeromhnÐac kai ¸rac
passwd : Allag  sunjhmatikoÔ
hostname : Emf�nish onìmatoc mhqan matoc
whoami : Emf�nish onìmatoc qr sth
lpq : Emf�nish our�c ektupwt 
lprm : AkÔrwsh ektÔpwshc apì our� ektupwt 
cmp : SÔgkrish dÔo arqeÐwn
diff : Emf�nish diafor¸n dÔo arqeÐwn keimènou
head : Emf�nish arqik¸n gramm¸n arqeÐwn
tail : Emf�nish telik¸n gramm¸n arqeÐwn
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Entol  chmod (epilog  -R)

$ cp .bash_profile tmpfile
$ ls -l
total 8
drwxr-xr-x 2 spro users 4096 Jan 27 12:56 bin
-rw-r--r-- 1 spro users 191 Feb 2 20:08 tmpfile
$ chmod 744 tmpfile
$ ls -l
total 8
drwxr-xr-x 2 spro users 4096 Jan 27 12:56 bin
-rwxr--r-- 1 spro users 191 Feb 2 20:08 tmpfile
$ chmod o-r tmpfile
$ chmod g+wx tmpfile
$ ls -l
total 8
drwxr-xr-x 2 spro users 4096 Jan 27 12:56 bin
-rwxrwx--- 1 spro users 191 Feb 2 20:08 tmpfile
$ chmod u-wx,g=rx,o+r tmpfile
$ ls -l
total 8
drwxr-xr-x 2 spro users 4096 Jan 27 12:56 bin
-r--r-xr-- 1 spro users 191 Feb 2 20:08 tmpfile
$ rm tmpfile
rm: remove write-protected file ‘tmpfile’? y
$ cp -r /etc/cipe .
$ ls -l cipe
total 8
-rwxr-xr-x 1 spro users 620 Feb 2 20:10 ip-down
-rwxr-xr-x 1 spro users 1632 Feb 2 20:10 ip-up
$ chmod -R 750 cipe
$ ls -lRF cipe
cipe:
total 8
-rwxr-x--- 1 spro users 620 Feb 2 20:10 ip-down*
-rwxr-x--- 1 spro users 1632 Feb 2 20:10 ip-up*
$ rm -r cipe
$
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Entol  more

$ more /etc/passwd
root:x:0:0:root:/root:/bin/bash
bin:x:1:1:bin:/bin:/sbin/nologin
daemon:x:2:2:daemon:/sbin:/sbin/nologin
adm:x:3:4:adm:/var/adm:/sbin/nologin
lp:x:4:7:lp:/var/spool/lpd:/sbin/nologin
sync:x:5:0:sync:/sbin:/bin/sync
shutdown:x:6:0:shutdown:/sbin:/sbin/shutdown
halt:x:7:0:halt:/sbin:/sbin/halt
mail:x:8:12:mail:/var/spool/mail:/sbin/nologin
news:x:9:13:news:/var/spool/news:
uucp:x:10:14:uucp:/var/spool/uucp:/sbin/nologin
operator:x:11:0:operator:/root:/sbin/nologin
games:x:12:100:games:/usr/games:/sbin/nologin
gopher:x:13:30:gopher:/var/gopher:/sbin/nologin
ftp:x:14:50:FTP User:/var/ftp:/sbin/nologin
nobody:x:99:99:Nobody:/:/sbin/nologin
mailnull:x:47:47::/var/spool/mqueue:/dev/null
rpm:x:37:37::/var/lib/rpm:/bin/bash
xfs:x:43:43:X Font Server:/etc/X11/fs:/bin/false
ntp:x:38:38::/etc/ntp:/sbin/nologin
rpc:x:32:32:Portmapper RPC user:/:/bin/false
rpcuser:x:29:29:RPC Service User:/var/lib/nfs:/sbin/nologin
--More--(74%)

• Dunatìthtec
[Return] : Emf�nish mÐac epiplèon gramm c
[Space] : Emf�nish mÐac epiplèon selÐdac
b : Emf�nish prohgoÔmenhc selÐdac
/〈s〉[Return] : Anaz thsh proc ta emprìc thc

sumboloseir�c 〈s〉
!〈c〉[Return] : Ektèlesh thc entol c 〈c〉
v : Kl sh tou keimenogr�fou vi

. : Epan�lhyh thc prohgoÔmenhc entol c
h : Perigraf  twn dunatot twn thc more

q : 'Exodoc apì th more
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Entolèc grep (epilogèc -n, -i, -v),
wc (epilogèc -l, -w, -c)

$ grep 6000 /etc/login.defs
UID_MAX 60000
GID_MAX 60000
$ grep -n rc .bashrc
1:# .bashrc
5:# Source global definitions
6:if [ -f /etc/bashrc ]; then
7: . /etc/bashrc
$ grep -i RoOt /etc/passwd
root:x:0:0:root:/root:/bin/bash
operator:x:11:0:operator:/root:/sbin/nologin
$ grep -v ’#’ /etc/hosts.allow
ALL: 195.134.65.
ALL: 195.134.66.
ALL: 195.134.67.
ALL: 195.134.68.
ALL: 195.134.69.
$ wc .bash_profile

13 29 191 .bash_profile
$ wc -l .bash_profile

13 .bash_profile
$ wc -w .bash_profile

29 .bash_profile
$ wc -c .bash_profile

191 .bash_profile
$ wc -cl .bash_profile

13 191 .bash_profile
$ ls -al .bash_profile
-rw-r--r-- 1 spro users 191 Jan 27 12:10 .bash_profile
$
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Entol  sort (epilogèc +〈n〉, -r, -n)

$ cat example.txt
john 32 london
jean 7 paris
marco 21 rome
anna 18 athens
antonio 58 madrid
peter 5 chicago
ahmet 27 ankara
luis 1 geneva
ji 41 peking
filip 18 brussels
$ sort example.txt
ahmet 27 ankara
anna 18 athens
antonio 58 madrid
filip 18 brussels
jean 7 paris
ji 41 peking
john 32 london
luis 1 geneva
marco 21 rome
peter 5 chicago
$ sort +1 example.txt
anna 18 athens
filip 18 brussels
luis 1 geneva
marco 21 rome
ahmet 27 ankara
john 32 london
ji 41 peking
antonio 58 madrid
peter 5 chicago
jean 7 paris
$ sort -r -n +1 example.txt
antonio 58 madrid
ji 41 peking
john 32 london
ahmet 27 ankara
marco 21 rome
filip 18 brussels
anna 18 athens
jean 7 paris
peter 5 chicago
luis 1 geneva
$
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Entolèc touch,
ln (epilog  -s)

$ touch empty
$ ls -al
total 40
drwx------ 3 spro users 4096 Feb 2 21:51 .
drwxr-xr-x 8 root root 4096 Feb 2 09:15 ..
-rw------- 1 spro users 5013 Feb 2 20:11 .bash_history
-rw-r--r-- 1 spro users 24 Jan 27 12:10 .bash_logout
-rw-r--r-- 1 spro users 191 Jan 27 12:10 .bash_profile
-rw-r--r-- 1 spro users 134 Jan 27 12:24 .bashrc
drwxr-xr-x 2 spro users 4096 Jan 27 12:56 bin
-rw-r--r-- 1 spro users 820 Jan 27 12:10 .emacs
-rw-r--r-- 1 spro users 0 Feb 2 21:51 empty
-rw-r--r-- 1 spro users 3511 Jan 27 12:10 .screenrc
$ rm empty
$ ln .bashrc hard-link
$ ls -al
total 44
drwx------ 3 spro users 4096 Feb 2 21:52 .
drwxr-xr-x 8 root root 4096 Feb 2 09:15 ..
-rw------- 1 spro users 5013 Feb 2 20:11 .bash_history
-rw-r--r-- 1 spro users 24 Jan 27 12:10 .bash_logout
-rw-r--r-- 1 spro users 191 Jan 27 12:10 .bash_profile
-rw-r--r-- 2 spro users 134 Jan 27 12:24 .bashrc
drwxr-xr-x 2 spro users 4096 Jan 27 12:56 bin
-rw-r--r-- 1 spro users 820 Jan 27 12:10 .emacs
-rw-r--r-- 2 spro users 134 Jan 27 12:24 hard-link
-rw-r--r-- 1 spro users 3511 Jan 27 12:10 .screenrc
$ ln -s /etc/group symb-link
$ ls -al
total 44
drwx------ 3 spro users 4096 Feb 2 21:52 .
drwxr-xr-x 8 root root 4096 Feb 2 09:15 ..
-rw------- 1 spro users 5013 Feb 2 20:11 .bash_history
-rw-r--r-- 1 spro users 24 Jan 27 12:10 .bash_logout
-rw-r--r-- 1 spro users 191 Jan 27 12:10 .bash_profile
-rw-r--r-- 2 spro users 134 Jan 27 12:24 .bashrc
drwxr-xr-x 2 spro users 4096 Jan 27 12:56 bin
-rw-r--r-- 1 spro users 820 Jan 27 12:10 .emacs
-rw-r--r-- 2 spro users 134 Jan 27 12:24 hard-link
-rw-r--r-- 1 spro users 3511 Jan 27 12:10 .screenrc
lrwxrwxrwx 1 spro users 10 Feb 2 21:52 symb-link ->

/etc/group
$ ls -F
bin/ hard-link symb-link@
$ rm hard-link symb-link
$
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Entolèc echo (epilog  -n),
date, passwd, hostname, whoami,
lpq (epilog  -P),
lprm (epilog  -P)

$ echo This is a message produced by echo
This is a message produced by echo
$ echo -n This is a message produced by echo
This is a message produced by echo$
$ date
Sat Feb 2 21:58:13 EET 2002
$ passwd
Changing password for spro
(current) UNIX password:
New password:
Retype new password:
passwd: all authentication tokens updated successfully
$ hostname
galini
$ whoami
spro
$ lpr /etc/sendmail.cf
$ lpq
lp is ready and printing
Rank Owner Job Files Total Size
active spro 143 /etc/sendmail.cf 46365 bytes
$ lprm 143
dfA143galini dequeued
cfA143galini dequeued
$ lpr -Plp2 /etc/termcap
$ lpr -Plp2 /usr/share/magic
$ lpq -Plp2
lp2 is ready and printing
Rank Owner Job Files Total Size
active spro 144 /etc/termcap 737535 bytes
1st spro 145 /usr/share/magic 226045 bytes
$ lprm -Plp2 spro
dfA144galini dequeued
cfA144galini dequeued
dfA145galini dequeued
cfA145galini dequeued
$
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Entolèc cmp, diff,
head (epilog  -〈n〉),
tail (epilog  -〈n〉)

$ cp .bashrc .bashrc.dupl
$ cmp .bashrc .bashrc.dupl
$ rm .bashrc.dupl
$ cmp example1.txt example2.txt
example1.txt example2.txt differ: char 140, line 5
$ diff example1.txt example2.txt
5c5
< antonio 58 madrid
---
> antonio 68 madrid
$ head /etc/group
root:x:0:root
bin:x:1:root,bin,daemon
daemon:x:2:root,bin,daemon
sys:x:3:root,bin,adm
adm:x:4:root,adm,daemon
tty:x:5:
disk:x:6:root
lp:x:7:daemon,lp
mem:x:8:
kmem:x:9:
$ head -2 /etc/group
root:x:0:root
bin:x:1:root,bin,daemon
$ tail /etc/group
mailnull:x:47:
rpm:x:37:
xfs:x:43:
ntp:x:38:
rpc:x:32:
rpcuser:x:29:
nfsnobody:x:65534:
nscd:x:28:
ident:x:98:
radvd:x:75:
$ tail -1 /etc/group
radvd:x:75:
$
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Kèlufoc C (csh   tcsh)

• EÐnai merikèc forèc to kèlufoc arqik c sÔndeshc (ektìc
apì sust mata Linux, ìpou sun jwc eÐnai to bash)

• H entol  logout diakìptei thn arqik  sÔndesh

• H entol  csh (  tcsh) dhmiourgeÐ èna nèo kèlufoc C

• H entol  exit termatÐzei èna kèlufoc C

• To ~ sumbolÐzei ton kat�logo afethrÐac

• To arqeÐo ~/.cshrc perièqei entolèc pou ekteloÔntai kat�
thn energopoÐhsh enìc kelÔfouc C

• To arqeÐo ~/.login perièqei entolèc pou ekteloÔntai kat�
thn arqik  sÔndesh

• To arqeÐo ~/.logout perièqei entolèc pou ekteloÔntai
ìtan diakìptetai h arqik  sÔndesh
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• Prokajorismènh eÐsodoc stdin (plhktrolìgio)

• Prokajorismènh èxodoc stdout (ojình)

• Prokajorismènh èxodoc gia diagnwstik� mhnÔmata stderr
(ojình)

• Gia orismènec entolèc tou Unix (p.q. cat, lpr, grep, wc,
sort, head, tail k.l.p.) ta orÐsmata pou eÐnai onìmata
arqeÐwn eÐnai proairetik�, upì thn ènnoia ìti, an
paraleÐpontai, qrhsimopoieÐtai h prokajorismènh eÐsodoc
(to tèloc tou stdin dÐnetai apì to plhktrolìgio me to
qarakt ra ^D)

% wc
This is an example where the command "wc"
is used without filename argument. So, it
counts the lines, words and characters of
the standard input.
^D

4 25 146
%
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• AnakateÔjunsh tou stdin (<)

% grep reg < .screenrc
# Prepend/append register [/] to the paste if ^a^] is pressed.
register [ "\033:se noai\015a"
register ] "\033:se ai\015a"
%

• AnakateÔjunsh twn stdout kai stderr (>, >!, >&, >&!)

% date > a_file
% cat < a_file
Sun Feb 3 13:54:48 EET 2002
% ls -a > a_file
a_file: File exists.
% echo A test line >! a_file
% cat < a_file
A test line
% cp
cp: missing file arguments
Try ‘cp --help’ for more information.
% cp >& b_file
% cat < b_file
cp: missing file arguments
Try ‘cp --help’ for more information.
% cat c_file >& b_file
b_file: File exists.
% cat c_file >&! b_file
% cat b_file
cat: c_file: No such file or directory
%
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• AnakateÔjunsh twn stdout kai stderr me pros�rthsh
(>>, >>!, >>&, >>&!)

% cat a_file
A test line
% cat b_file
cat: c_file: No such file or directory
% date >> c_file
c_file: No such file or directory.
% date >> a_file
% cat a_file
A test line
Sun Feb 3 13:59:33 EET 2002
% wc < .bashrc >>! c_file
% cat c_file

8 21 124
% lls >>& b_file
% cat b_file
cat: c_file: No such file or directory
lls: Command not found.
% cat b_file c_file e_file >>&! d_file
% cat d_file
cat: c_file: No such file or directory
lls: Command not found.

8 21 124
cat: e_file: No such file or directory
% rm a_file b_file c_file d_file
%

• FÐltra kai swlhn¸seic (|)

% ls -al | grep 6
total 36
drwx------ 3 sprocsh users 4096 Feb 3 14:01 .
drwxr-xr-x 8 root root 4096 Feb 2 09:15 ..
drwxr-xr-x 3 sprocsh users 4096 Feb 2 09:15 .kde
% cat .bashrc | tail -5 | sort | lpr -h -Plp2
%
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• AkoloujÐec kai om�dec entol¸n (;)

% pwd
/home/sprocsh
% mkdir mydir ; cd mydir ; ls -al
total 8
drwxr-xr-x 2 sprocsh users 4096 Feb 3 14:04 .
drwx------ 4 sprocsh users 4096 Feb 3 14:04 ..
% pwd
/home/sprocsh/mydir
% cd ..
% rmdir mydir
% (mkdir mydir ; cd mydir ; ls -al)
total 8
drwxr-xr-x 2 sprocsh users 4096 Feb 3 14:05 .
drwx------ 4 sprocsh users 4096 Feb 3 14:05 ..
% pwd
/home/sprocsh
% rmdir mydir
%

• Dikai¸mata prostasÐac arqeÐwn kai katalìgwn kat� th
dhmiourgÐa touc (umask)

% umask
22
% touch file1
% mkdir dir1
% ls -ld file1 dir1
drwxr-xr-x 2 sprocsh users 4096 Feb 3 14:06 dir1
-rw-r--r-- 1 sprocsh users 0 Feb 3 14:06 file1
% umask 077
% touch file2
% mkdir dir2
% ls -ld file2 dir2
drwx------ 2 sprocsh users 4096 Feb 3 14:07 dir2
-rw------- 1 sprocsh users 0 Feb 3 14:07 file2
% umask 022
% rm file1 file2
% rmdir dir1 dir2
%
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• StoÐbec katalìgwn (pushd, popd)

% pwd
/home/sprocsh
% pushd /etc
/etc ~
% pwd
/etc
% ls -l passwd
-rw-r--r-- 1 root root 1229 Feb 2 22:02 passwd
% pushd /usr/local
/usr/local /etc ~
% pwd
/usr/local
% ls
bin doc etc games include lib libexec sbin share src
% pushd /usr/bin
/usr/bin /usr/local /etc ~
% pwd
/usr/bin
% ls -l | wc -l

1402
% popd
/usr/local /etc ~
% pwd
/usr/local
% popd
/etc ~
% pwd
/etc
% ls -l group
-rw-r--r-- 1 root root 483 Dec 27 13:09 group
% popd
~
% pwd
/home/sprocsh
% popd
popd: Directory stack empty.
%
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• Metaqarakt rec gia onìmata arqeÐwn
* : Tairi�zei me kanèna   perissìterouc qarakt rec
? : Tairi�zei me ènan akrib¸c qarakt ra
[〈c〉1〈c〉2 . . . 〈c〉n] : Tairi�zei me ènan akrib¸c qarakt ra

apì touc 〈c〉1, 〈c〉2, . . . , 〈c〉n
[〈c〉1 − 〈c〉2] : Tairi�zei me ènan akrib¸c qarakt ra metaxÔ

twn 〈c〉1 kai 〈c〉2 sumperilambanomènwn

% pushd /etc
/etc ~
% ls -dF ???
gtk/ kde/ nmh/ ntp/ opt/ ppp/ rmt@ rpc rpm/ ssh/ X11/
% cp *tab* ~
% ls -dF [bmpwz][acjp]*
bashrc mail.rc pam.d/ passwd warnquota.conf
mail/ makedev.d/ pam_smb.conf passwd-
mailcap man.config paper.config ppp/
% ls -ldF *[a-e][f-i][k-q][r-z]*
drwxr-xr-x 2 root root 4096 Dec 27 14:35 cron.daily/
% popd
~
% ls
anacrontab crontab fstab fstab.REVOKE inittab mtab
% rm -i *tab*
rm: remove ‘anacrontab’? y
rm: remove ‘crontab’? y
rm: remove ‘fstab’? y
rm: remove ‘fstab.REVOKE’? y
rm: remove ‘inittab’? y
rm: remove ‘mtab’? y
%
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• Metablhtèc perib�llontoc (setenv, unsetenv)

% setenv | tail -5
SSH_ASKPASS=/usr/libexec/openssh/gnome-ssh-askpass
KDEDIR=/usr
LANG=en_US
SUPPORTED=en_US:en:el_GR:el
LESSOPEN=|/usr/bin/lesspipe.sh %s
% setenv MYVAR value_of_myvar
% setenv | tail -6
SSH_ASKPASS=/usr/libexec/openssh/gnome-ssh-askpass
KDEDIR=/usr
LANG=en_US
SUPPORTED=en_US:en:el_GR:el
LESSOPEN=|/usr/bin/lesspipe.sh %s
MYVAR=value_of_myvar
% echo $MYVAR
value_of_myvar
% unsetenv MYVAR
% setenv | tail -5
SSH_ASKPASS=/usr/libexec/openssh/gnome-ssh-askpass
KDEDIR=/usr
LANG=en_US
SUPPORTED=en_US:en:el_GR:el
LESSOPEN=|/usr/bin/lesspipe.sh %s
% echo $MYVAR
MYVAR: Undefined variable.
%
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• Topikèc metablhtèc kelÔfouc C (set, unset)
term : OrÐzei ton tÔpo tou termatikoÔ
path : OrÐzei touc katalìgouc stouc opoÐouc to sÔsthma

y�qnei gia ektelèsima arqeÐa
prompt : OrÐzei th sumboloseir� pou ektup¸nei to kèlufoc

C ìtan perimènei eÐsodo apì to qr sth
noclobber : 'Elegqoc anakateujÔnsewn se up�rqonta

arqeÐa
ignoreeof : 'Elegqoc qr shc ^D gia termatismì kelÔfouc

% set | grep ’^[i-t]’
loginsh
noclobber
owd /etc
path (/usr/local/bin /bin /usr/bin /usr/X11R6/bin)
prompt %
prompt2 %R?
prompt3 CORRECT>%R (y|n|e|a)?
shell /bin/tcsh
shlvl 1
sourced 1
status 0
tcsh 6.10.00
term xterm
tty pts/0
% set term=vt100
% set path=($path /etc)
% set prompt="‘hostname‘/‘whoami‘ --> "
galini/sprocsh --> set prompt="% "
% touch afile
% ls -a > afile
afile: File exists.
% unset noclobber
% ls -a > afile
% rm afile
% set ignoreeof
% ^D
Use "logout" to logout.
%
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• Mhqanismìc istorÐac

– Topik  metablht  history kelÔfouc C

– Entol  history

% set history=5
% ls -a .*bash*
.bash_logout .bash_profile .bashrc
% date
Sun Feb 3 23:00:00 EET 2002
% wc .bashrc

8 21 124 .bashrc
% echo testing...
testing...
% history

2 22:59 ls -a .*bash*
3 23:00 date
4 23:00 wc .bashrc
5 23:00 echo testing...
6 23:00 history

% !5
echo testing...
testing...
% !da
date
Sun Feb 3 23:00:35 EET 2002
% hostname
galini
% !!
hostname
galini
% whroami
whroami: Command not found.
% ^hr^h
whoami
sprocsh
%
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• Prosarmog  entol¸n (alias, unalias)

% alias dir ls
% alias rm ’rm -i’
% cp .bash_logout logout_file
% dir
logout_file
% rm logout_file
rm: remove ‘logout_file’? y
% alias llf ’ls -alF’
% llf
total 36
drwx------ 3 sprocsh users 4096 Feb 3 23:03 ./
drwxr-xr-x 8 root root 4096 Feb 2 09:15 ../
-rw-r--r-- 1 sprocsh users 24 Feb 2 09:15 .bash_logout
-rw-r--r-- 1 sprocsh users 191 Feb 2 09:15 .bash_profile
-rw-r--r-- 1 sprocsh users 124 Feb 2 09:15 .bashrc
-rw-r--r-- 1 sprocsh users 30 Feb 3 13:54 .cshrc
-rw-r--r-- 1 sprocsh users 820 Feb 2 09:15 .emacs
drwxr-xr-x 3 sprocsh users 4096 Feb 2 09:15 .kde/
-rw-r--r-- 1 sprocsh users 3511 Feb 2 09:15 .screenrc
% alias pp ’lpr -h -Plp2’
% pp .bash_profile
% alias cd ’cd \!* ; echo $cwd’
% cd /usr/lib
/usr/lib
% cd
/home/sprocsh
% alias
cd cd !* ; echo $cwd
dir ls
l. ls -d .[a-zA-Z]* --color=tty
ll ls -l --color=tty
llf ls -alF
ls ls --color=tty
pp lpr -h -Plp2
rm rm -i
% unalias rm
% unalias cd
%
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'Elegqoc diergasi¸n kai ergasi¸n

ps : Emf�nish kat�stashc treqous¸n diergasi¸n
jobs : Emf�nish energ¸n ergasi¸n
kill : Termatismìc diergasi¸n kai ergasi¸n
bg : Metafor� ergasi¸n sto parask nio
fg : Metafor� ergasi¸n sto prosk nio
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Entolèc ps (epilog  -u),
jobs,
kill (epilog  -9)

$ ps
PID TTY TIME CMD
1052 pts/0 00:00:00 bash
1093 pts/0 00:00:00 ps
$ ps -u
USER PID %CPU %MEM VSZ RSS TTY STAT START TIME COMMAND
spro 1052 0.7 2.1 2488 1344 pts/0 S 21:08 0:00 -bash
spro 1094 0.0 1.1 2600 716 pts/0 R 21:09 0:00 ps -u
$ cp -r /usr/share/icons .
^Z
[1]+ Stopped cp -r /usr/share/icons .
$ ps -u
USER PID %CPU %MEM VSZ RSS TTY STAT START TIME COMMAND
spro 1052 0.4 2.1 2488 1348 pts/0 S 21:08 0:00 -bash
spro 1095 1.8 0.9 1696 604 pts/0 T 21:09 0:00 cp -r

/usr/share/
spro 1096 0.0 1.1 2600 716 pts/0 R 21:09 0:00 ps -u
$ jobs
[1]+ Stopped cp -r /usr/share/icons .
$ kill %1

[1]+ Stopped cp -r /usr/share/icons .
$
[1]+ Terminated cp -r /usr/share/icons .
$ cp -r /usr/lib . &
[1] 1097
$ ps
PID TTY TIME CMD
1052 pts/0 00:00:00 bash
1097 pts/0 00:00:00 cp
1098 pts/0 00:00:00 ps
$ kill -9 1097
$
[1]+ Killed cp -r /usr/lib .
$ ps
PID TTY TIME CMD
1052 pts/0 00:00:00 bash
1099 pts/0 00:00:00 ps
$ rm -r icons lib
$
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Entolèc bg, fg

$ cp -r /usr/share .
^Z
[1]+ Stopped cp -r /usr/share .
$ bg
[1]+ cp -r /usr/share . &
$ jobs
[1]+ Running cp -r /usr/share . &
$ ps
PID TTY TIME CMD
1052 pts/0 00:00:00 bash
1102 pts/0 00:00:01 cp
1103 pts/0 00:00:00 ps
$ fg
cp -r /usr/share .
^Z
[1]+ Stopped cp -r /usr/share .
$ bg
[1]+ cp -r /usr/share . &
$ ps
PID TTY TIME CMD
1052 pts/0 00:00:00 bash
1102 pts/0 00:00:01 cp
1104 pts/0 00:00:00 ps
$ kill 1102
$
[1]+ Terminated cp -r /usr/share .
$ ps
PID TTY TIME CMD
1052 pts/0 00:00:00 bash
1105 pts/0 00:00:00 ps
$ chmod -R 755 share
$ rm -r share
$
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Efedrik�, sumpiesmèna, kwdikopoihmèna arqeÐa

tar : Qeirismìc efedrik¸n arqeÐwn
gzip : SumpÐesh arqeÐwn
gunzip : AposumpÐesh arqeÐwn
zcat : Emf�nish perieqomènwn sumpiesmènwn arqeÐwn
uuencode : KwdikopoÐhsh arqeÐwn
uudecode : ApokwdikopoÐhsh arqeÐwn
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Entol  tar (epilogèc f, c, t, x, v)

$ pushd /
/ ~
$ tar cvf ~/file.tar var/yp
var/yp/
var/yp/binding/
var/yp/binding/di.uoa.gr.1
var/yp/binding/di.uoa.gr.2
var/yp/nicknames
$ popd
~
$ tar tf file.tar
var/yp/
var/yp/binding/
var/yp/binding/di.uoa.gr.1
var/yp/binding/di.uoa.gr.2
var/yp/nicknames
$ tar xvf file.tar
var/yp/
var/yp/binding/
var/yp/binding/di.uoa.gr.1
var/yp/binding/di.uoa.gr.2
var/yp/nicknames
$ ls -R
.:
bin file.tar var

./bin:

./var:
yp

./var/yp:
binding nicknames

./var/yp/binding:
di.uoa.gr.1 di.uoa.gr.2
$ rm -r file.tar var
$
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Entolèc gzip (epilog  -v),
gunzip, zcat

$ cp /etc/termcap .
$ ls -l
total 732
drwxr-xr-x 2 spro users 4096 Jan 27 12:56 bin
-rw-r--r-- 1 spro users 737535 Feb 5 21:29 termcap
$ gzip termcap
$ ls -l
total 244
drwxr-xr-x 2 spro users 4096 Jan 27 12:56 bin
-rw-r--r-- 1 spro users 238036 Feb 5 21:29 termcap.gz
$ zcat termcap.gz | head -700 | tail -8

:ue=\E[24m:up=\E[A:us=\E[4m:vb=200\E[?5h\E[?5l:\
:ve=\E[?25h\E[?0c:vi=\E[?25l\E[?1c:vs=\E[?25h\E[?8c:\
:tc=klone+sgr:tc=ecma+color:

linux-m|Linux console no color:\
:Co@:pa@:\
:AB@:AF@:Sb@:Sf@:tc=linux:

linux-c-nc|linux console 1.3.x hack for ncurses only:\
:cc:\

$ gunzip *.gz
$ ls -l
total 732
drwxr-xr-x 2 spro users 4096 Jan 27 12:56 bin
-rw-r--r-- 1 spro users 737535 Feb 5 21:29 termcap
$ gzip -v termcap
termcap: 67.7% -- replaced with termcap.gz
$ rm termcap.gz
$
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Entolèc uuencode, uudecode

$ cp /bin/tcsh .
$ uuencode tcsh tcsh.dupl > tcsh.uue
$ ls -l
total 688
drwxr-xr-x 2 spro users 4096 Jan 27 12:56 bin
-rwxr-xr-x 1 spro users 288604 Feb 5 21:33 tcsh
-rw-r--r-- 1 spro users 397662 Feb 5 21:33 tcsh.uue
$ head -3 tcsh.uue
begin 755 tcsh.dupl
M?T5,1@$!‘0‘‘‘‘‘‘‘‘‘‘‘‘(‘‘P‘!‘‘‘‘\*$$"#0‘‘‘!T8P0‘‘‘‘‘‘#0‘(‘‘&
M‘"@‘&0‘8‘‘8‘‘‘‘T‘‘‘‘-(‘$"#2‘!‘C‘‘‘‘‘P‘‘‘‘‘4‘‘‘‘$‘‘‘‘‘P‘‘‘/0‘
$ tail -4 tcsh.uue
MH&($‘"!!‘P‘‘‘‘‘‘‘‘‘‘‘"‘‘‘‘‘‘‘‘‘‘$0‘‘‘‘,‘‘‘‘‘‘‘‘‘‘‘‘‘‘*!B!‘#4
3‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘!‘‘‘‘‘‘‘‘‘‘‘‘
‘
end
$ uudecode tcsh.uue
$ ls
bin tcsh tcsh.dupl tcsh.uue
$ cmp tcsh tcsh.dupl
$ rm tcsh*
$ pushd /usr/share
/usr/share ~
$ tar cf ~/man.tar man
$ popd
~
$ ls -l man*
-rw-r--r-- 1 spro users 9881600 Feb 5 21:55 man.tar
$ gzip man.tar
$ ls -l man*
-rw-r--r-- 1 spro users 7766170 Feb 5 21:55 man.tar.gz
$ uuencode man.tar.gz mandpl.tar.gz > man.tar.gz.uue
$ ls -l man*
-rw-r--r-- 1 spro users 7766170 Feb 5 21:55 man.tar.gz
-rw-r--r-- 1 spro users 10700090 Feb 5 21:57 man.tar.gz.uue
$ uudecode man.tar.gz.uue
$ ls -l man*
-rw-r--r-- 1 spro users 7766170 Feb 5 21:57 mandpl.tar.gz
-rw-r--r-- 1 spro users 7766170 Feb 5 21:55 man.tar.gz
-rw-r--r-- 1 spro users 10700090 Feb 5 21:57 man.tar.gz.uue
$ gunzip mandpl.tar.gz
$ tar tvf mandpl.tar | grep du.1.gz
-rw-r--r-- root/root 1234 2001-08-09 16:01:17 man/man1/du.1.gz
-rw-r--r-- root/root 1112 2001-06-24 23:11:51 man/man1/mdu.1.gz
$ rm man*
$
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Merikèc akìma entolèc tou Unix

du : Emf�nish qr shc tou dÐskou
find : AneÔresh arqeÐwn   katalìgwn
file : Prosdiorismìc eÐdouc arqeÐwn
od : Emf�nish perieqomènwn arqeÐwn me di�forouc

trìpouc
tr : Metatrop  qarakt rwn se arqeÐa
colrm : Diagraf  sthl¸n apì arqeÐa
last : Emf�nish pio prìsfatwn sundèsewn apì qr stec
script : Katagraf  thc trèqousac allhlepÐdrashc me to

kèlufoc
sleep : Anamon  gia prokajorismèno qrìno
clear : Kaj�risma thc ojìnhc
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Entolèc du (epilogèc -s, -a),
find (epilogèc -name, -exec, -print),
file

$ du /boot
72 /boot/grub
1384 /boot
$ du -s .
40 .
$ du -a /etc/midi
112 /etc/midi/GU11-ROM.SF2
8 /etc/midi/drums.o3
8 /etc/midi/drums.sb
8 /etc/midi/std.o3
8 /etc/midi/std.sb
148 /etc/midi
$ find /usr -name passwd -print
/usr/bin/passwd
/usr/share/doc/nss_ldap-172/pam.d/passwd
/usr/share/doc/pam_krb5-1.46/krb5afs-pam.d/passwd
/usr/share/doc/pam_krb5-1.46/pam.d/passwd
$ find /usr/share -name ’*jk[a-z]*’ -print -exec cp {} . \;
/usr/share/doc/4Suite-0.11/docs/text/howto/cjkv
/usr/share/doc/4Suite-0.11/docs/xml/howto/cjkv.doc
/usr/share/emacs/20.7/lisp/jka-compr.elc
$ ls
bin cjkv cjkv.doc jka-compr.elc
$ find ~ -name ’*k*’ -print -exec rm {} \;
/home/spro/cjkv
/home/spro/cjkv.doc
/home/spro/jka-compr.elc
$ ls
bin
$ pushd /usr/share/ssl
/usr/share/ssl ~
$ file *s*
certs: directory
misc: directory
openssl.cnf: ASCII English text
$ find . -name ’*s*’ -exec file {} \;
./misc: directory
./misc/c_hash: Bourne shell script text executable
./misc/c_issuer: Bourne shell script text executable
./certs: directory
./openssl.cnf: ASCII English text
$ popd
~
$
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Entol  od (epilogèc -d, -h, -c)

$ cat /etc/filesystems
ext3
ext2
nodev proc
nodev devpts
iso9660
vfat
hfs
$ od /etc/filesystems
0000000 074145 031564 062412 072170 005062 067556 062544 020166
0000020 071160 061557 067012 062157 073145 062040 073145 072160
0000040 005163 071551 034557 033066 005060 063166 072141 064012
0000060 071546 000012
0000063
$ od -d /etc/filesystems
0000000 30821 13172 25866 29816 2610 28526 25956 8310
0000020 29296 25455 28170 25711 30309 25632 30309 29808
0000040 2675 29545 14703 13878 2608 26230 29793 26634
0000060 29542 10
0000063
$ od -h /etc/filesystems
0000000 7865 3374 650a 7478 0a32 6f6e 6564 2076
0000020 7270 636f 6e0a 646f 7665 6420 7665 7470
0000040 0a73 7369 396f 3636 0a30 6676 7461 680a
0000060 7366 000a
0000063
$ od -c /etc/filesystems
0000000 e x t 3 \n e x t 2 \n n o d e v
0000020 p r o c \n n o d e v d e v p t
0000040 s \n i s o 9 6 6 0 \n v f a t \n h
0000060 f s \n
0000063
$ od -hc /etc/filesystems
0000000 7865 3374 650a 7478 0a32 6f6e 6564 2076

e x t 3 \n e x t 2 \n n o d e v
0000020 7270 636f 6e0a 646f 7665 6420 7665 7470

p r o c \n n o d e v d e v p t
0000040 0a73 7369 396f 3636 0a30 6676 7461 680a

s \n i s o 9 6 6 0 \n v f a t \n h
0000060 7366 000a

f s \n \0
0000063
$
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Entolèc tr (epilog  -d),
colrm

$ cat /etc/resolv.conf
nameserver 195.134.65.119
search di.uoa.gr
domain di.uoa.gr
$ tr 56789abc 012345xyz < /etc/resolv.conf
n5meserver 140.134.10.114
se5ryh di.uo5.gr
dom5in di.uo5.gr
$ tr abcdefghijklm +-@ < /etc/resolv.conf
n+7/s/rv/r 195.134.65.119
s/+r-2 .3.uo+.1r
.o7+3n .3.uo+.1r
$ tr -d ’[0-9]uoa’ < /etc/resolv.conf
nmeserver ...
serch di..gr
dmin di..gr
$ colrm 8 14 < /etc/resolv.conf
nameser.134.65.119
search gr
domain gr
$ colrm 15 < /etc/resolv.conf
nameserver 195
search di.uoa.
domain di.uoa.
$ ls -ald bin
drwxr-xr-x 2 spro users 4096 Jan 27 12:56 bin
$ ls -ald bin | colrm 11 55
drwxr-xr-x bin
$
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Entolèc last (epilog  -n),
script, sleep, clear

$ last -n 8
spro pts/0 ppp-116.dialup.u Wed Feb 6 21:28 still logged in
reboot system boot 2.4.7-10 Wed Feb 6 16:19 (05:33)
spro pts/0 knossos.di.uoa.g Wed Feb 6 12:24-12:27 (00:03)
spro pts/0 ppp-117.dialup.u Wed Feb 6 10:48-11:03 (00:14)
spro pts/0 ppp-100.dialup.u Wed Feb 6 09:21-10:20 (00:59)
spro pts/0 ppp-50.dialup.uo Tue Feb 5 21:08-22:00 (00:52)
reboot system boot 2.4.7-10 Tue Feb 5 16:29 (22:19)
sprocsh pts/1 ppp-146.dialup.u Mon Feb 4 22:33-22:49 (00:16)

wtmp begins Fri Feb 1 12:27:24 2002
$ script my_session
Script started, file is my_session
$ date
Wed Feb 6 21:56:29 EET 2002
$ whoami
spro
$ exit
exit
Script done, file is my_session
$ cat my_session
Script started on Wed Feb 6 21:56:25 2002
$ date
Wed Feb 6 21:56:29 EET 2002
$ whoami
spro
$ exit
exit

Script done on Wed Feb 6 21:56:37 2002
$ rm my_session
$ date ; sleep 20 ; date
Wed Feb 6 21:57:24 EET 2002
Wed Feb 6 21:57:44 EET 2002
$ clear
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Qr sima progr�mmata tou Unix

mail : Hlektronikì taqudromeÐo
cc : Metaglwttist c thc C
................
sed : Mazikìc diorjwt c [§4.3�KP]
awk : Epexergast c sumboloseir¸n [§4.4�KP]
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Hlektronikì taqudromeÐo mail (epilog  -s)

% mail
Mail version 8.1 6/6/93. Type ? for help.
"/var/mail/syspro": 1 message 1 new
>N 1 takis@di.uoa.gr Wed Feb 6 22:24 24/1000 "Testing"
& 1
Message 1:
From takis@di.uoa.gr Wed Feb 6 22:24:56 2002
From: Takis Stamatopoulos <takis@di.uoa.gr>
Subject: Testing
To: syspro@di.uoa.gr
Date: Wed, 6 Feb 2002 22:24:44 +0200 (EET)
X-Mailer: ELM [version 2.4ME+ PL66 (25)]
MIME-Version: 1.0
Content-Type: text/plain; charset=US-ASCII
Content-Transfer-Encoding: 7bit
X-MailScanner: Found to be clean

This is a test message to demonstrate the
use of ’mail’.

& s 1 mess
"mess" [New file]
& d 1
& q
% mail takis@di.uoa.gr
Subject: Thanks
OK, I received it.
Cc:
% mail -s ’My login’ takis@di.uoa.gr < .login
% ls -l mess
-rw------- 1 syspro users 1010 Feb 6 2002 mess
% rm mess
% mail
No mail for syspro
%
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Metaglwttist c thc C cc   gcc (epilogèc -o, -c)

$ ls
bin main.c syntax.c syntax.h tokens.c tokens.h world.c
$ cat world.c
# include <stdio.h>

main()
{
printf("Hello world!\n");

}
$ cc -o world world.c
$ ls
bin main.c syntax.c syntax.h tokens.c tokens.h world world.c
$ ./world
Hello world!
$ cc -c main.c
$ cc -c syntax.c
$ cc -c tokens.c
$ ls
bin main.o syntax.h tokens.c tokens.o world.c
main.c syntax.c syntax.o tokens.h world
$ cc -o parser main.o syntax.o tokens.o
$
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Programmatismìc kelÔfouc Bourne

• Ektelèsima progr�mmata/sen�ria

• AkoloujÐa apì entolèc

• To # dhl¸nei thn arq  sqolÐou pou ekteÐnetai mèqri to
tèloc thc gramm c

• Pr¸th gramm : #! /bin/sh

• Sumboloseirèc pou perikleÐontai metaxÔ "   ’ mporeÐ na
perièqoun eidikoÔc qarakt rec gia to kèlufoc, p.q. ken�,
metaqarakt rec k.l.p.

• MÐa entol  mporeÐ na epektajeÐ se epìmenh gramm , ef'
ìson diakopeÐ me \

• Dunatìthta anakateujÔnsewn me en mèrei diaforetikì
trìpo ap' ìti sto kèlufoc C [§3.7�KP]

• OrÐsmata progr�mmatoc

• Metablhtèc

• Sunj kec

• Domèc elègqou

• Upologismìc ekfr�sewn
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OrÐsmata progr�mmatoc

• H èkfrash $0 antiproswpeÔei to ìnoma tou progr�mmatoc

• Oi ekfr�seic $1, $2, . . . , $9 antiproswpeÔoun to 1o, 2o,
. . . , 9o ìrisma pou dìjhke kat� thn ektèlesh tou
progr�mmatoc

• H entol  shift mporeÐ na qrhsimopoihjeÐ se perÐptwsh
perissìterwn apì 9 orÐsmata

• H èkfrash $# antiproswpeÔei to pl joc twn orism�twn
pou dìjhkan kat� thn ektèlesh tou progr�mmatoc

• H èkfrash $* antiproswpeÔei ìla ta orÐsmata pou
dìjhkan, qwrismèna metaxÔ touc me ènan kenì qarakt ra
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Metablhtèc

• H entol  〈metablht 〉=〈tim 〉 anajètei thn 〈tim 〉 sth
〈metablht 〉

• H èkfrash $〈metablht 〉 antiproswpeÔei thn tim  pou èqei
h 〈metablht 〉

• H entol  read 〈metablht 〉 anajètei thn tim  pou dÐnetai
gia di�basma apì thn prokajorismènh eÐsodo sth
〈metablht 〉

• Up�rqoun prokajorismènec metablhtèc perib�llontoc,
ìpwc oi PATH, HOME k.l.p.

• H èkfrash ‘〈entol 〉‘ antiproswpeÔei to apotèlesma pou
èqei h 〈entol 〉 ìtan ektelesjeÐ, san mÐa lÐsta apì lèxeic
qwrismènec me kenoÔc qarakt rec

• 'Otan mÐa 〈metablht 〉 èqei san tim  mÐa lÐsta apì lèxeic
qwrismènec me kenoÔc qarakt rec, h entol 
set - $〈metablht 〉 anajètei tic lèxeic autèc san timèc
stic metablhtèc $1, $2, . . . kat� seir�
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Sunj kec

• SÔntaxh: [ 〈èlegqoc〉 ]  
test 〈èlegqoc〉

• EÐdh

– Se arqeÐa (-r, -w, -x, -f, -d, -s)
p.q. test -x my file

– Se sumboloseirèc (-z, -n, =, !=)
p.q. [ "$var" != stri ]

– Se akeraÐouc (-eq, -ne, -gt, -lt, -le, -ge)
p.q. test $1 -ge 0

– SÔnjetec (!, -a, -o)
p.q. [ "$bla" = f -a $foo -eq 2 ]

• OmadopoÐhsh me \( kai \)
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Domèc elègqou

• Dom  if

– SÔntaxh: if 〈sunj kh〉1
then

〈entolèc〉1
elif 〈sunj kh〉2
then

〈entolèc〉2
...
elif 〈sunj kh〉n-1
then

〈entolèc〉n-1
else

〈entolèc〉n
fi

– Ta tm mata elif kai/  else mporeÐ kai na mhn
up�rqoun
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• Dom  case

– SÔntaxh: case 〈èkfrash〉 in

〈perÐptwsh〉1) 〈entolèc〉1 ;;

〈perÐptwsh〉2) 〈entolèc〉2 ;;
...
〈perÐptwsh〉n) 〈entolèc〉n ;;

esac

– K�je 〈perÐptwsh〉i eÐnai prìtupo gia taÐriasma to opoÐo
mporeÐ na perilamb�nei kai metaqarakt rec

– To | dhl¸nei di�zeuxh
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• Domèc anakukl¸sewn

– SÔntaxh: 〈dom  anakukl¸sewn〉
do

〈entolèc〉
done

– Dunatìthtec gia th 〈dom  anakukl¸sewn〉
∗ for 〈metablht 〉
∗ for 〈metablht 〉 in 〈lÐsta〉
∗ while 〈sunj kh〉
∗ until 〈sunj kh〉

– H entol  break diakìptei tic anakukl¸seic

– H entol  continue metafèrei ton èlegqo sto tèloc thc
trèqousac anakÔklwshc

• H entol  exit termatÐzei thn ektèlesh enìc progr�mmatoc
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Upologismìc ekfr�sewn

• Bohjhtikì prìgramma expr

• ArijmhtikoÐ telestèc +, -, *, /, %

– ParadeÐgmata
∗ expr 8 - 3 \* 2 2

∗ expr \( 8 - 3 \) \* 2 10

∗ expr 10 / 3 + 4 7

∗ expr 20 % \( 7 + 2 \) 2

• Telestèc sumboloseir¸n substr, index, length

– ParadeÐgmata
∗ expr substr transputer 4 5 nsput

∗ expr index smalltalk btr 6

∗ expr length systems 7
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Di�fora probl mata

• Na grafeÐ èna prìgramma gia to kèlufoc Bourne pou na
emfanÐzei touc katalìgouc pou brÐskontai k�tw apì
dedomèno kat�logo, se opoiod pote b�joc, kaj¸c epÐshc kai
thn hmeromhnÐa kai ¸ra teleutaÐac tropopoÐhs c touc ( 
dhmiourgÐac touc).

#! /bin/sh

#

# Usage: lsdir directory

#

if [ $# -eq 0 ]

then

echo "Exactly one argument is required"

elif [ $# -ge 2 ]

then

echo "Too many arguments"

else

ls -Rl $1 | grep ’^d’ | colrm 1 43

fi
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• Na grafeÐ èna prìgramma gia to kèlufoc Bourne pou na
ekteleÐ aplèc arijmhtikèc pr�xeic (prìsjesh, afaÐresh,
pollaplasiasmì, diaÐresh kai upìloipo) metaxÔ dÔo
akeraÐwn.

#! /bin/sh

#

# Usage: math n1 op n2

#

case $2 in

+) echo "Addition requested."

echo "$1 + $3 = ‘expr $1 + $3‘" ;;

-) echo "Substraction requested."

echo "$1 - $3 = ‘expr $1 - $3‘" ;;

\*) echo "Multiplication requested."

echo "$1 * $3 = ‘expr $1 \* $3‘" ;;

/) echo "Division requested."

echo "$1 / $3 = ‘expr $1 / $3‘" ;;

%) echo "Modulo arithmetic requested."

echo "$1 % $3 = ‘expr $1 % $3‘" ;;

*) echo "Unknown operation specified." ;;

esac
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• Na grafeÐ èna prìgramma gia to kèlufoc Bourne pou na
ektup¸nei sthn ojình k�poio m numa mìno thn pr¸th for�
pou ekteleÐtai kat� th di�rkeia mÐac hmèrac.

#! /bin/sh

#

# Usage: once

#

cur_date=‘date +%d%m%y‘

last_date=""

if [ -s $HOME/.date ]

then

last_date=‘cat $HOME/.date‘

fi

echo "$cur_date" > $HOME/.date

if [ "$last_date" != "$cur_date" ]

then

echo "Hello!! How are you today?"

fi
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• Na grafeÐ èna prìgramma gia to kèlufoc Bourne pou na
upologÐzei to paragontikì enìc akeraÐou arijmoÔ.

#! /bin/sh

#

# Usage: factorial

#

echo -n "Give input number: "

read n

fact=1

until [ $n -eq 0 ]

do

fact=‘expr $fact \* $n‘

n=‘expr $n - 1‘

done

echo $fact
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• Na grafeÐ èna prìgramma gia to kèlufoc Bourne pou na
antistrèfei dedomènec sumboloseirèc, kaj¸c epÐshc na
upologÐzei kai ta m kh touc.

#! /bin/sh

#

# Usage: revstrs [string1 [string2 ...]]

#

for str

do

strlen=‘expr length "$str"‘

chind=$strlen

while test $chind -gt 0

do

echo -n "‘expr substr \"$str\" $chind 1‘"

chind=‘expr $chind - 1‘

done

echo -n " --> "

echo -n "$strlen"

echo " character(s)."

done



64

• Na grafeÐ èna prìgramma gia to kèlufoc Bourne pou na
upologÐzei to mègisto q¸ro pou katalamb�noun ta
perieqìmena dedomènwn katalìgwn.

#! /bin/sh

#

# Usage: maxsize

#

echo -n "Please specify the directory names: "

read dirs ; set - $dirs ; ndirs=$#

max=0

while [ $ndirs -ne 0 ]

do

dir=$1 ; shift ; dirs=$*

if [ ! -d $dir ]

then

echo "$0 : There is no directory $dir"

else

duout=‘du -s $dir‘ ; set - $duout ; size=$1

if [ $size -gt $max ]

then

max=$size ; maxdir=$dir

fi

fi

set - $dirs

ndirs=‘expr $ndirs - 1‘

done

echo "$maxdir $max"
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Programmatismìc leitourgi¸n tou Unix se C

• Sunart seic biblioj khc

• Kl seic sust matoc

• KathgorÐec leitourgi¸n

– Qeirismìc laj¸n

– DhmiourgÐa kai termatismìc diergasi¸n

– Apostol /paralab  shm�twn

– EÐsodoc/èxodoc qamhloÔ epipèdou

– EpikoinwnÐa metaxÔ diergasi¸n mèsw
∗ swl nwn
∗ upodoq¸n
∗ our¸n mhnum�twn
∗ koin c mn mhc
∗ shmatofìrwn

– DhmiourgÐa, termatismìc kai sugqronismìc nhm�twn

– DiaqeÐrish sust matoc arqeÐwn
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Qeirismìc laj¸n

• Nìmoc tou Murphy

– If anything can go wrong, it will

• O swstìc programmatismìc apaiteÐ èlegqo twn
peript¸sewn l�jouc pou mporeÐ na sumboÔn kai an�logh
dr�sh

• Sun�rthsh biblioj khc perror

– void perror(char *str)

– Ektup¸nei th sumboloseir� str kai mÐa perigraf  tou
pio prìsfatou l�jouc pou èqei sumbeÐ

• Exwterik  metablht  errno

– Eqei san tim  ènan akèraio pou antistoiqeÐ sto pio
prìsfato l�joc pou èqei sumbeÐ

– ApaÐthsh: #include <errno.h>
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• Qr sh thc sun�rthshc perror kai thc exwterik c
metablht c errno

/* File: errors_demo.c */

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

#include <stdlib.h> /* For malloc */

#include <errno.h> /* For errno variable */

main()

{ FILE *fp; char *p; int stat;

fp = fopen("non_existent_file", "r");

if (fp == NULL) { /* Check for error */

printf("errno = %d\n", errno);

perror("fopen"); }

p = malloc(4000000000U);

if (p == NULL) { /* Check for error */

printf("errno = %d\n", errno);

perror("malloc"); }

/***** BE CAREFUL: unlink tries to remove a file */

stat = unlink("/etc/motd");

if (stat == -1) { /* Check for error */

printf("errno = %d\n", errno);

perror("unlink"); } }

$ ./errors_demo
errno = 2
fopen: No such file or directory
errno = 12
malloc: Cannot allocate memory
errno = 13
unlink: Permission denied
$
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DiaqeÐrish diergasi¸n

• K�je diergasÐa sto Unix èqei ènan arijmì tautìthtac
(PID), ton k¸dik� thc, ta dedomèna thc, mÐa stoÐba kaj¸c
kai k�poia �lla qarakthristik�

• H arqik  diergasÐa eÐnai h init (PID=1)

• O mìnoc trìpoc na dhmiourghjeÐ mÐa diergasÐa eÐnai k�poia
�llh na anaparag�gei ton eautì thc, dhlad  mÐa
diergasÐa-gonèac na genn sei mÐa diergasÐa-paidÐ

• 'Olec oi diergasÐec eÐnai apìgonoi thc init

• O k¸dikac, ta dedomèna kai h stoÐba thc diergasÐac-paidioÔ
eÐnai antÐgrafa aut¸n thc diergasÐac-gonèa

• H tautìthta thc diergasÐac-paidioÔ eÐnai diaforetik  apì
thn tautìthta thc diergasÐac-gonèa

• MÐa diergasÐa-paidÐ mporeÐ na antikatast sei ton k¸dika,
ta dedomèna kai th stoÐba thc me aut� enìc ektelèsimou
arqeÐou, diaforopoi¸ntac ètsi ton eautì thc apì to gonèa
thc
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• Kl sh sust matoc exit

– void exit(int status)

– TermatÐzei thn ektèlesh mÐac diergasÐac

– O akèraioc status onom�zetai kwdikìc exìdou kai eÐnai
diajèsimoc sth diergasÐa-gonèa

– Kat� sÔmbash, h tim  0 gia to status deÐqnei epituq 
termatismì

– Prìsbash me to $status sto kèlufoc C kai me to $?

sto kèlufoc Bourne

– ApaÐthsh: #include <stdlib.h>

• Qr sh thc kl shc exit

/* File: exit_code.c */

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

#include <stdlib.h> /* For exit */

main()

{ printf("I am going to terminate with exit code 23\n");

exit(23); }

$ ./exit_code
I am going to terminate with exit code 23
$ echo $?
23
$
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• Kl sh sust matoc fork

– int fork()

– Anapar�gei mÐa diergasÐa, dhmiourg¸ntac mÐa �llh
panomoiìtuph

– Sth diergasÐa-gonèa epistrèfei thn tautìthta thc
diergasÐac-paidioÔ kai sth diergasÐa-paidÐ epistrèfei 0

– Epistrèfei l�joc (-1) sth diergasÐa-gonèa an den eÐnai
dunatìn na dhmiourghjeÐ h nèa diergasÐa-paidÐ

• Kl seic sust matoc getpid kai getppid

– int getpid()

– int getppid()

– Epistrèfoun tic tautìthtec mÐac diergasÐac kai tou
gonèa thc antÐstoiqa

• Oi kl seic sust matoc fork, getpid kai getppid (all�
kai h wait pou ja akolouj sei) tupik� epistrèfoun pid t

(qrei�zetai kai #include <sys/types.h>), all� to pid t

eÐnai typedef’ed se int sta perissìtera sust mata
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• Qr sh twn kl sewn fork, getpid kai getppid

/* File: fork_a_process.c */

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

#include <stdlib.h> /* For exit */

main()

{ int pid;

printf("Original process: PID = %d, PPID = %d\n",

getpid(), getppid());

pid = fork();

if (pid == -1) { /* Check for error */

perror("fork");

exit(1); }

if (pid != 0) { /* The parent process */

printf("Parent process: PID = %d, PPID = %d, CPID = %d\n",

getpid(), getppid(), pid); }

else { /* The child process */

printf("Child process: PID = %d, PPID = %d\n",

getpid(), getppid()); }

printf("Process with PID = %d terminates\n",

getpid()); } /* Executed by both processes */

$ ./fork_a_process
Original process: PID = 1585, PPID = 1541
Parent process: PID = 1585, PPID = 1541, CPID = 1586
Child process: PID = 1586, PPID = 1585
Process with PID = 1586 terminates
Process with PID = 1585 terminates
$
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• An mÐa diergasÐa termatÐsei prÐn apì k�poio paidÐ thc, tìte
to teleutaÐo, san orfan  (orphan) diergasÐa, uiojeteÐtai
apì thn init

/* File: orphan_process.c */

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

#include <stdlib.h> /* For exit */

main()

{ int pid;

printf("Original process: PID = %d, PPID = %d\n",

getpid(), getppid());

pid = fork();

if (pid == -1) { /* Check for error */

perror("fork");

exit(1); }

if (pid != 0) { /* The parent process */

printf("Parent process: PID = %d, PPID = %d, CPID = %d\n",

getpid(), getppid(), pid); }

else { /* The child process */

sleep(2); /* Delay child in order to ensure

that the parent terminates first */

printf("Child process: PID = %d, PPID = %d\n",

getpid(), getppid()); }

printf("Process with PID = %d terminates\n",

getpid()); } /* Executed by both processes */

$ ./orphan_process
Original process: PID = 1587, PPID = 1541
Parent process: PID = 1587, PPID = 1541, CPID = 1588
Process with PID = 1587 terminates
$ Child process: PID = 1588, PPID = 1
Process with PID = 1588 terminates
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• Kl sh sust matoc wait

– int wait(int *status)

– ProkaleÐ thn anamon  mÐac diergasÐac mèqric ìtou
k�poio paidÐ thc termatÐsei

– Apodèqetai ton kwdikì exìdou tou paidioÔ, dhlad  ton
akèraio thc kl shc exit, sto aristerì byte tou
status, en¸ to dexiì byte eÐnai 0

– An to paidÐ termatÐsei ex aitÐac k�poiou s matoc, tìte
ta 7 teleutaÐa bits tou status antiproswpeÔoun to
qarakthristikì arijmì autoÔ tou s matoc

– Epistrèfei thn tautìthta tou paidioÔ pou term�tise  
l�joc (-1) an h diergasÐa den èqei paidi�
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• Qr sh thc kl shc wait

/* File: wait_usage.c */

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

#include <stdlib.h> /* For exit */

main()

{ int pid, status;

printf("Original process: PID = %d\n", getpid());

pid = fork();

if (pid == -1) { /* Check for error */

perror("fork");

exit(1); }

if (pid != 0) { /* The parent process */

printf("Parent process: PID = %d\n", getpid());

if (wait(&status) != pid) { /* Wait for child to exit */

perror("wait");

exit(1); }

printf("Child terminated: PID = %d, exit code = %d\n",

pid, status >> 8); }

else { /* The child process */

printf("Child process: PID = %d, PPID = %d\n",

getpid(), getppid());

exit(72); } /* Exit with a silly number */

printf("Process with PID = %d terminates\n",

getpid()); } /* Executed by parent only */

$ ./wait_usage
Original process: PID = 1591
Child process: PID = 1592, PPID = 1591
Parent process: PID = 1591
Child terminated: PID = 1592, exit code = 72
Process with PID = 1591 terminates
$
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• MÐa diergasÐa pou termatÐzei den egkataleÐpei to sÔsthma
mèqric ìtou o gonèac thc apodeqjeÐ ton kwdikì exìdou thc
kai eÐnai ìlo autì to qronikì di�sthma mÐa zwntan -nekr 
(zombie) diergasÐa

/* File: zombie_process.c */

#include <stdlib.h> /* For exit */

main()

{ int pid;

pid = fork();

if (pid == -1) { /* Check for error */

perror("fork");

exit(1); }

if (pid != 0) { /* The parent process */

while (1) /* Never terminate */

sleep(1000); }

else { /* The child process */

exit(37); } } /* Exit with a silly number */

$ ./zombie_process &
[1] 1593
$ ps -a
PID TTY TIME CMD
1593 pts/0 00:00:00 zombie_process
1594 pts/0 00:00:00 zombie_process <defunct>
1597 pts/0 00:00:00 ps
$ kill 1593
$
[1]+ Terminated ./zombie_process
$ ps -a
PID TTY TIME CMD
1600 pts/0 00:00:00 ps
$
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• Kl seic sust matoc thc om�dac exec

– int execl(char *path, char *arg0, char *arg1,

. . . , char *argn, NULL)

– int execv(char *path, char *argv[])

– int execlp(char *path, char *arg0, char *arg1,

. . . , char *argn, NULL)

– int execvp(char *path, char *argv[])

– AntikajistoÔn mÐa diergasÐa (k¸dika, dedomèna, stoÐba)
me aut� tou ektelèsimou arqeÐou pou dÐnetai sto path

– Oi execl kai execv apaitoÔn apìluta   sqetik�
onìmata-monop�tia sto path

– Oi execlp kai execvp qrhsimopoioÔn th metablht 
perib�llontoc PATH gia na broun to ektelèsimo arqeÐo

– Oi execl kai execlp jèloun sto arg0 to ìnoma tou
ektelèsimou arqeÐou, sta arg1, . . . , argn ta orÐsmat�
tou kai to teleutaÐo ìrism� touc NULL

– Oi execv kai execvp jèloun to ìnoma tou ektelèsimou
arqeÐou kai ta orÐsmat� tou sta argv[0], argv[1],
. . . , argv[n] kai NULL sto argv[n+1]

– 'Olec oi kl seic thc om�dac exec epistrèfoun l�joc
(-1) an den brejeÐ to ektelèsimo arqeÐo, en¸ se epituqÐa
potè den epistrèfoun

– ApaÐthsh: #include <unistd.h>
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• Qr sh thc kl shc execl

/* File: execl_demo.c */

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

#include <unistd.h> /* For execl */

main()

{ int ret;

printf("I am process %d and I will execute an ’ls -l ..’\n",

getpid());

ret = execl("/bin/ls", "ls", "-l", "..", NULL);

if (ret == -1) { /* Always true because of failure

to execute /bin/ls -l .. */

perror("execl"); } }

$ ./execl_demo
I am process 1614 and I will execute an ’ls -l ..’
total 12
drwxr-xr-x 2 spro users 4096 Jan 27 12:56 bin
drwxr-xr-x 2 spro users 4096 Feb 15 22:24 c_progs
drwxr-xr-x 2 spro users 4096 Feb 12 15:12 sh_scripts
$
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• Qr sh thc kl shc execvp

/* File: execvp_demo.c */

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

#include <stdlib.h> /* For exit */

#include <unistd.h> /* For execvp */

main()

{ int pid, status; char *argv[2];

if ((pid = fork()) == -1) { /* Check for error */

perror("fork");

exit(1); }

if (pid != 0) { /* Parent process */

printf("I am parent process %d\n", getpid());

if (wait(&status) != pid) { /* Wait for child */

perror("wait");

exit(1); }

printf("Child terminated with exit code %d\n",

status >> 8); }

else { /* Child process */

argv[0] = "date";

argv[1] = NULL;

printf("I am child process %d", getpid());

printf(" and I will replace myself by ’date’\n");

execvp("date", argv); /* Execute date */

perror("execvp");

exit(1); } }

$ ./execvp_demo
I am parent process 1615
I am child process 1616 and I will replace myself by ’date’
Fri Feb 15 22:26:26 EET 2002
Child terminated with exit code 0
$
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• Na grafeÐ èna prìgramma C pou na leitourgeÐ san èna aplì
kèlufoc. Na dèqetai apì to plhktrolìgio entolèc, tic
opoÐec na analamb�nei na ektelèsei mÐa diergasÐa-paidÐ pou
ja dhmiourgeÐ.

/* File: kind_of_shell.c */

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

#include <stdlib.h> /* For exit */

#include <unistd.h> /* For execvp */

void parse(char *buf, char **args); /* Forward declaration */

void execute(char **args); /* Forward declaration */

main()

{ char buf[1024]; char *args[64];

for (;;) {

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

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

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

parse(buf, args); /* Split input into arguments */

execute(args); } } /* Execute the command */

void parse(char *buf, char **args)

{ while (*buf != ’\0’) {

while ((*buf == ’ ’) || (*buf == ’\t’) || (*buf == ’\n’))

*buf++ = ’\0’; /* Strip whitespace, write null */

*args++ = buf; /* Save the argument */

while ((*buf != ’\0’) && (*buf != ’ ’) &&

(*buf != ’\t’) && (*buf != ’\n’))

buf++; } /* Skip over the argument */

*--args = NULL; } /* End of arguments */

void execute(char **args)

{ int pid, status;

if ((pid = fork()) < 0) { /* Create a child */

perror("fork"); exit(1); }

if (pid == 0) { /* Child process */

execvp(*args, args); perror(*args); exit(1); }

if (wait(&status) != pid) { /* Parent process */

perror("wait"); exit(1); } }
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$ ./kind_of_shell
Command: date
Sat Feb 16 21:22:53 EET 2002
Command: ls /
bin dev home lib misc opt root tmp var
boot etc initrd lost+found mnt proc sbin usr
Command: whoami
spro
Command: ps
PID TTY TIME CMD
2133 pts/0 00:00:00 bash
7596 pts/0 00:00:00 kind_of_shell
7600 pts/0 00:00:00 ps
Command: ls -l ..
total 12
drwxr-xr-x 2 spro users 4096 Jan 27 12:56 bin
drwxr-xr-x 2 spro users 4096 Feb 15 22:27 c_progs
drwxr-xr-x 2 spro users 4096 Feb 12 15:12 sh_scripts
Command: pwd
/home/spro/c_progs
Command: echo "This is a test line"
"This is a test line"
Command: touch tempfile
Command: ls -l tempfile
-rw-r--r-- 1 spro users 0 Feb 16 21:24 tempfile
Command: rm tempfile
Command: rm *.*
rm: cannot remove ‘*.*’: No such file or directory
Command: ^D
$
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• Na grafeÐ èna prìgramma C pou na dhmiourgeÐ èna duadikì
dèntro apì diergasÐec to opoÐo na èqei dedomèno b�joc N.
K�je diergasÐa pou den eÐnai fÔllo tou dèntrou na
ektup¸nei thn tautìtht� thc, thn tautìthta tou gonèa thc
kaj¸c kai ènan aÔxonta arijmì sÔmfwna me mÐa pr¸ta kat�
pl�toc di�sqish tou dèntrou.

/* File: process_tree.c */

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

#include <stdlib.h> /* For exit */

main(int argc, char *argv[])

{ int i, depth, numb, pid1, pid2, status;

if (argc > 1) depth = atoi(argv[1]); /* Make integer */

else exit(0);

if (depth > 5) { /* Avoid deep trees */

printf("Depth should be up to 5\n"); exit(0); }

numb = 1; /* Holds the number of each process */

for(i=1 ; i<=depth ; i++) {

printf("I am process no %2d with PID %5d and PPID %5d\n",

numb, getpid(), getppid());

switch (pid1 = fork()) {

case 0: /* Left child code */

numb = 2*numb; break;

case -1: /* Error creating left child */

perror("fork"); exit(1);

default: /* Parent code */

switch (pid2 = fork()) {

case 0: /* Right child code */

numb = 2*numb+1; break;

case -1: /* Error creating right child */

perror("fork"); exit(1);

default: /* Parent code */

wait(&status); wait(&status);

exit(0); } } } }
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$ ./process_tree 1
I am process no 1 with PID 7608 and PPID 2133
$ ./process_tree 2
I am process no 1 with PID 7611 and PPID 2133
I am process no 2 with PID 7612 and PPID 7611
I am process no 3 with PID 7613 and PPID 7611
$ ./process_tree 3
I am process no 1 with PID 7618 and PPID 2133
I am process no 2 with PID 7619 and PPID 7618
I am process no 3 with PID 7620 and PPID 7618
I am process no 6 with PID 7623 and PPID 7620
I am process no 4 with PID 7621 and PPID 7619
I am process no 7 with PID 7624 and PPID 7620
I am process no 5 with PID 7622 and PPID 7619
$ ./process_tree 4
I am process no 1 with PID 7633 and PPID 2133
I am process no 2 with PID 7634 and PPID 7633
I am process no 4 with PID 7636 and PPID 7634
I am process no 8 with PID 7638 and PPID 7636
I am process no 3 with PID 7635 and PPID 7633
I am process no 7 with PID 7643 and PPID 7635
I am process no 14 with PID 7644 and PPID 7643
I am process no 6 with PID 7642 and PPID 7635
I am process no 12 with PID 7646 and PPID 7642
I am process no 9 with PID 7639 and PPID 7636
I am process no 5 with PID 7637 and PPID 7634
I am process no 10 with PID 7649 and PPID 7637
I am process no 11 with PID 7657 and PPID 7637
I am process no 13 with PID 7655 and PPID 7642
I am process no 15 with PID 7654 and PPID 7643
$
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Apostol /paralab  shm�twn

• Apì ton pur na tou Unix se mÐa diergasÐa, se perÐptwsh
exairetikoÔ gegonìtoc (l�joc kinht c upodiastol c,
antikanonik  entol  k.l.p.)

• Apì to plhktrolìgio se mÐa diergasÐa gia oristik 
(Control-C)   proswrin  (Control-Z) diakop  k.l.p.

• Apì mÐa diergasÐa se mÐa �llh diergasÐa

• H diergasÐa pou paralamb�nei èna s ma mporeÐ eÐte na to
agno sei eÐte na diakìyei proswrin� th leitourgÐa thc gia
na ektelèsei èna tm ma eidikoÔ k¸dika pou onom�zetai
diaqeirist c tou s matoc
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• Sto Unix up�rqoun di�fora s mata, k�je èna apì ta opoÐa
qarakthrÐzetai apì ènan arijmì,   apì èna isodÔnamo
sumbolikì ìnoma, kai èqei ènan prokajorismèno diaqeirist 
s matoc, o opoÐoc stic perissìterec peript¸seic mporeÐ na
all�xei

• Se progr�mmata pou qrhsimopoioÔn sumbolik� onìmata
shm�twn apaiteÐtai: #include <signal.h>

• Merik� s mata

SIGINT (2) interrupt
SIGKILL (9) kill
SIGUSR1 (10) user-defined signal 1
SIGUSR2 (12) user-defined signal 2
SIGALRM (14) alarm clock
SIGTERM (15) software termination signal
SIGCONT (18) continue after stop
SIGSTOP (19) stop
SIGTSTP (20) stop signal from keyboard
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• Sun�rthsh biblioj khc alarm

– unsigned int alarm(unsigned int count)

– DÐnei entol  ston pur na na steÐlei met� apì count

deuterìlepta to s ma SIGALRM sthn kaloÔsa diergasÐa

– O prokajorismènoc diaqeirist c s matoc ektup¸nei èna
m numa kai termatÐzei th diergasÐa

– An h sun�rthsh klhjeÐ me count Ðso me 0, akur¸netai
opoiosd pote prohgoÔmenoc programmatismìc, an
up�rqei

– Epistrèfei ton qrìno pou apèmene mèqri na èljei to
s ma pou eÐqe programmatisjeÐ prohgoumènwc,   0 an
den up rqe programmatismìc

• Qr sh thc sun�rthshc alarm

/* File: alarm_demo.c */

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

main()

{ alarm(3); /* Schedule an alarm signal

in three seconds */

printf("Looping forever...\n");

while (1);

printf("This line should never be executed\n"); }

$ date ; ./alarm_demo ; date
Sat Feb 16 21:40:32 EET 2002
Looping forever...
Alarm clock
Sat Feb 16 21:40:35 EET 2002
$
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• Kl sh sust matoc signal

– void (*signal(int sigCode,

void (*func)(int)))(int)

– OrÐzei thn antÐdrash thc kaloÔsac diergasÐac gia to
s ma sigCode

– To deÔtero ìrisma mporeÐ na eÐnai SIG IGN, opìte to
s ma agnoeÐtai, SIG DFL, pou shmaÐnei ìti o
prokajorismènoc apì to Unix diaqeirist c s matoc
prèpei na qrhsimopoihjeÐ,   h dieÔjunsh mÐac
sun�rthshc pou orÐzetai apì ton programmatist  kai
paÐzei to rìlo tou diaqeirist  s matoc

– 'Otan kaleÐtai o diaqeirist c s matoc, to ìrism� tou
eÐnai o arijmìc tou s matoc pou ton energopoÐhse

– Ta s mata SIGKILL kai SIGSTOP den eÐnai dunatìn na
agnohjoÔn oÔte mporeÐ na all�xei gi' aut� o
diaqeirist c touc

– 'O,ti isqÔei se sqèsh me ta s mata gia mÐa diergasÐa
klhronomeÐtai stic diergasÐec-paidi� pou dhmiourgeÐ
mèsw fork

– H signal epistrèfei ton prohgoÔmeno diaqeirist 
s matoc se epituqÐa   -1 se apotuqÐa
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• Qr sh thc kl shc signal

/* File: critical.c */

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

#include <signal.h> /* For SIGINT, SIG_IGN */

main()

{ void (*oldHandler)(int); /* To hold old handler value */

printf("I can be Control-C’ed\n");

sleep(3);

oldHandler = signal(SIGINT, SIG_IGN); /* Ignore ^C */

printf("I am protected from Control-C now\n");

sleep(3);

signal(SIGINT, oldHandler); /* Restore old handler */

printf("I can be Control-C’ed again\n");

sleep(3);

printf("Bye!\n"); }

$ ./critical
I can be Control-C’ed
^C
$ ./critical
I can be Control-C’ed
I am protected from Control-C now
^CI can be Control-C’ed again
Bye!
$



88

• Kl sh sust matoc pause

– int pause()

– Jètei thn kaloÔsa diergasÐa se anamon  mèqric ìtou
lhfjeÐ k�poio s ma

• Qr sh thc kl shc pause

/* File: new_handler.c */

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

#include <signal.h> /* For SIGALRM */

int alarmFlag = 0; /* Global alarm flag */

void alarmHandler(int); /* Forward declaration */

main()

{ signal(SIGALRM, alarmHandler); /* Install signal handler */

alarm(3); /* Schedule an alarm signal in three seconds */

printf("Looping...\n");

while (!alarmFlag) /* Loop until flag set */

pause(); /* Wait for a signal */

printf("Loop ends due to alarm signal\n"); }

void alarmHandler(int sig)

{ printf("An alarm clock signal (= %d) was received\n", sig);

alarmFlag = 1; } /* Set flag to stop looping */

$ date ; ./new_handler ; date
Sat Feb 16 21:54:30 EET 2002
Looping...
An alarm clock signal (= 14) was received
Loop ends due to alarm signal
Sat Feb 16 21:54:33 EET 2002
$
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• Kl sh sust matoc kill

– int kill(int pid, int sigCode)

– Stèlnei to s ma sigCode sth diergasÐa me tautìthta
pid

– EÐnai epituq c ìtan h apostèllousa diergasÐa kai h
paralamb�nousa diergasÐa èqoun ton Ðdio idiokt th  
ìtan h apostèllousa diergasÐa an kei sto diaqeirist 
tou sust matoc

– Epistrèfei 0 se epituqÐa   -1 se apotuqÐa
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• Qr sh thc kl shc kill

/* File: pulse.c */

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

#include <signal.h> /* For SIGTERM, SIGSTOP, SIGCONT */

#include <stdlib.h> /* For exit */

main()

{ int pid1, pid2;

if ((pid1 = fork()) == -1) { /* Check for error */

perror("fork"); exit(1); }

if (pid1 == 0) /* First child */

while (1) { /* Infinite loop */

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

if ((pid2 = fork()) == -1) { /* Check for error */

perror("fork"); exit(1); }

if (pid2 == 0) /* Second child */

while (1) { /* Infinite loop */

printf("Process 2 is alive\n"); sleep(1); }

sleep(2); kill(pid1, SIGSTOP); /* Suspend first child */

sleep(2); kill(pid1, SIGCONT); /* Resume first child */

sleep(2);

kill(pid1, SIGTERM); /* Terminate first child */

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

$ ./pulse
Process 1 is alive
Process 2 is alive
Process 1 is alive
Process 2 is alive
Process 2 is alive
Process 2 is alive
Process 1 is alive
Process 2 is alive
Process 1 is alive
Process 2 is alive
$
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• Na grafeÐ èna prìgramma C to opoÐo na b�zei èna qronikì
ìrio sthn ektèlesh entol¸n.

/* File: timeout.c */

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

#include <stdlib.h> /* For exit */

#include <unistd.h> /* For execvp */

#include <signal.h> /* For SIGALRM, SIGKILL */

int pid; /* Global child pid */

void onalarm(int); /* Forward declaration */

main(int argc, char *argv[])

{ int sec = 10, status; char *progname;

progname = argv[0];

if (argc > 1 && *argv[1] == ’-’) { /* Optional timeout */

sec = atoi(argv[1]+1); /* Convert to integer */

argc--;

argv++; }

if (argc < 2) { /* No command given */

printf("Usage: %s [-10] command\n", progname);

exit(1); }

if ((pid = fork()) < 0) { /* Check for error */

perror("fork"); exit(1); }

if (pid == 0) { /* Child process */

execvp(argv[1], &argv[1]); /* Execute command */

perror("execvp"); exit(1); }

signal(SIGALRM, onalarm); /* Install signal handler */

alarm(sec); /* Schedule an alarm */

wait(&status); /* Wait for child to terminate */

if ((status & 0377) == 0) {

printf("Command execution finished");

printf(" with exit code %d\n", status >> 8); }

else

printf("Command was killed by signal %d\n",

status & 0177); }

void onalarm(int sig)

{ kill(pid, SIGKILL); } /* Timeout for child - Kill it */
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$ ./timeout
Usage: ./timeout [-10] command
$ ./timeout -30
Usage: ./timeout [-10] command
$ ./timeout blabla
execvp: No such file or directory
Command execution finished with exit code 1
$ ./timeout -20 ps
PID TTY TIME CMD

12947 pts/0 00:00:00 bash
13026 pts/0 00:00:00 timeout
13027 pts/0 00:00:00 ps
Command execution finished with exit code 0
$ date ; ./timeout -12 sleep 15 ; date
Mon Feb 18 18:43:20 EET 2002
Command was killed by signal 9
Mon Feb 18 18:43:32 EET 2002
$ date ; ./timeout sleep 7 ; date
Mon Feb 18 18:43:49 EET 2002
Command execution finished with exit code 0
Mon Feb 18 18:43:56 EET 2002
$
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• Na grafeÐ èna prìgramma C to opoÐo, san diergasÐa, ìtan
dèqetai èna s ma (gia par�deigma to SIGUSR1) na
dhmiourgeÐ èna antÐgrafo tou eautoÔ tou (diergasÐa-paidÐ)
kai met� na termatÐzei.

/* File: persistent.c */

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

#include <stdlib.h> /* For exit */

#include <signal.h> /* For SIGUSR1 */

int loop;

void sigusr1_handler(int); /* Forward declaration */

main()

{ int pid;

signal(SIGUSR1, sigusr1_handler); /* Install handler */

while(1) { /* Loop forever */

printf("I am process %d and I am going to loop\n",

getpid());

loop = 1;

while(loop) { /* Loop until loop=0 */

sleep(1); }

if ((pid = fork()) == -1) { /* Check for error */

perror("fork"); exit(1); }

if (pid == 0)

continue; /* Child process */

else

exit(0); } } /* Parent process */

void sigusr1_handler(int sig)

{ printf("SIGUSR1 (= %d) received\n", sig);

loop = 0; }
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$ ./persistent &
[1] 13059
I am process 13059 and I am going to loop
$ kill -USR1 13059
SIGUSR1 (= 10) received
I am process 13060 and I am going to loop
[1]+ Done ./persistent
$ kill -USR1 13060
$ SIGUSR1 (= 10) received
I am process 13061 and I am going to loop
kill -USR1 13061
SIGUSR1 (= 10) received
$ I am process 13062 and I am going to loop
kill -USR1 13062
$ SIGUSR1 (= 10) received
I am process 13063 and I am going to loop
kill -KILL 13063
$
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EÐsodoc/èxodoc qamhloÔ epipèdou

• Gia aplèc diadikasÐec eisìdou/exìdou qrhsimopoieÐtai h
prokajorismènh biblioj kh stdio, h opoÐa parèqei
shmantikèc eukolÐec, ìpwc endi�mesh mn mh kai metatrop 
dedomènwn

• H stdio eÐnai èna filikì ergaleÐo gia ton programmatist 
kai èqei kataskeuasjeÐ mèsw enìc sunìlou apì kl seic
sust matoc pou uposthrÐzoun eÐsodo/èxodo qamhloÔ
epipèdou

• Oi kl seic sust matoc gia eÐsodo/èxodo qamhloÔ epipèdou
eÐnai anagkaÐec mìno ìtan oi eukolÐec pou parèqei h stdio

gia prospèlash arqeÐwn   suskeu¸n den eÐnai epijumhtèc  
ìtan programmatÐzetai epikoinwnÐa metaxÔ diergasi¸n mèsw
swl nwn kai upodoq¸n
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• O prosdiorismìc arqeÐwn, suskeu¸n, �krwn swl nwn kai
upodoq¸n gÐnetai stic kl seic sust matoc gia
eÐsodo/èxodo qamhloÔ epipèdou apì perigrafeÐc arqeÐwn
pou eÐnai akèraioi arijmoÐ, se antÐjesh me thn stdio ìpou
qrhsimopoioÔntai, gia arqeÐa kai suskeuèc, deÐktec se
arqeÐa

• Prokajorismènoi perigrafeÐc arqeÐwn

0 : Prokajorismènh eÐsodoc

1 : Prokajorismènh èxodoc

2 : Prokajorismènh èxodoc gia diagnwstik� mhnÔmata

• Oi prokajorismènoi perigrafeÐc arqeÐwn 0, 1 kai 2
antistoiqoÔn stouc prokajorismènouc deÐktec se arqeÐa
stdin, stdout kai stderr thc stdio

• Oi perigrafeÐc arqeÐwn klhronomoÔntai apì mÐa
diergasÐa-gonèa stic diergasÐec-paidi� pou dhmiourgeÐ
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• Kl sh sust matoc open

– int open(char *fileName, int mode

[, int permissions])

– AnoÐgei   dhmiourgeÐ to arqeÐo me apìluto   sqetikì
ìnoma fileName gia di�basma kai/  gr�yimo

– To mode eÐnai ènac akèraioc pou parist�nei ton trìpo
prospèlashc tou arqeÐou kai dÐnetai san di�zeuxh
sumbolik¸n onom�twn, ìpwc:
O RDONLY: Anoigma gia di�basma mìno
O WRONLY: Anoigma gia gr�yimo mìno
O RDWR: Anoigma gia di�basma kai gr�yimo
O APPEND: Gr�yimo sto tèloc tou arqeÐou
O CREAT: DhmiourgÐa arqeÐou, ef' ìson den up�rqei
O TRUNC: Diagraf  perieqomènwn arqeÐou, ef' ìson

up�rqei
ApaÐthsh: #include <fcntl.h>

– To proairetikì ìrisma permissions eÐnai ènac akèraioc
tou opoÐou h tim  prèpei na antistoiqeÐ sta epijumht�
dikai¸mata prostasÐac enìc arqeÐou kat� th dhmiourgÐa
tou (dikai¸mata pou apokleÐontai apì thn trèqousa
tim  tou umask den dÐnontai sto arqeÐo)

– H open epistrèfei ènan perigrafèa arqeÐou se epituqÐa
  -1 se apotuqÐa
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• Kl sh sust matoc read

– int read(int fd, char *buf, int count)

– Diab�zei to polÔ count bytes apì thn ontìthta (arqeÐo,
suskeu , �kro swl na   upodoq ) pou antistoiqeÐ ston
perigrafèa fd kai ta topojeteÐ sto buf

– Epistrèfei ton arijmì twn bytes pou diab�sthkan, 0 an
ègine apìpeira diab�smatoc afoÔ èqei diabasteÐ kai to
teleutaÐo byte   -1 se apotuqÐa

• Kl sh sust matoc write

– int write(int fd, char *buf, int count)

– Gr�fei to polÔ count bytes apì to buf sthn ontìthta
pou antistoiqeÐ ston perigrafèa fd

– Epistrèfei ton arijmì twn bytes pou gr�fthkan   -1 se
apotuqÐa

• Kl sh sust matoc close

– int close(int fd)

– Eleujer¸nei ton perigrafèa fd

– Epistrèfei 0 se epituqÐa   -1 se apotuqÐa
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• Qr sh twn kl sewn open, read, write kai close

/* File: io_demo.c */

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

#include <stdlib.h> /* For exit */

#include <fcntl.h> /* For O_RDONLY, O_WRONLY,

O_CREAT, O_APPEND */

main()

{ int fd, bytes;

char buf[50];

if ((fd = open("t", O_WRONLY | O_CREAT, 0600)) == -1) {

perror("open"); exit(1); }

bytes = write(fd, "First write. ", 13); /* Data out */

printf("%d bytes were written\n", bytes);

close(fd);

if ((fd = open("t", O_WRONLY | O_APPEND)) == -1) {

perror("open"); exit(1); }

bytes = write(fd, "Second write.\n", 14); /* Data out */

printf("%d bytes were written\n", bytes);

close(fd);

if ((fd = open("t", O_RDONLY)) == -1) {

perror("open"); exit(1); }

bytes = read(fd, buf, sizeof(buf)); /* Data in */

printf("%d bytes were read\n", bytes);

close(fd);

buf[bytes] = ’\0’;

printf("%s", buf); }

$ ./io_demo
13 bytes were written
14 bytes were written
27 bytes were read
First write. Second write.
$ ls -l t
-rw------- 1 spro users 27 Feb 18 19:28 t
$ rm t
$
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• Kl seic sust matoc dup kai dup2

– int dup(int oldFd)

– int dup2(int oldFd, int newFd)

– H dup brÐskei to mikrìtero eleÔjero perigrafèa
arqeÐou kai ton antistoiqeÐ sthn Ðdia ontìthta me ton
perigrafèa oldFd

– H dup2 eleujer¸nei ton perigrafèa newFd, ef' ìson
eÐnai desmeumènoc, kai ton antistoiqeÐ sthn Ðdia
ontìthta me ton perigrafèa oldFd

– Se epituqÐa epistrèfoun to nèo perigrafèa, dhlad  h
dup2 to newFd,   -1 se apotuqÐa
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• Qr sh twn kl sewn dup kai dup2

/* File: duplicate_fd.c */

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

#include <stdlib.h> /* For exit */

#include <fcntl.h> /* For O_RDWR, O_CREAT, O_TRUNC */

main()

{ int fd1, fd2, fd3;

if ((fd1 = open("r", O_RDWR | O_CREAT | O_TRUNC,

0644)) == -1) {

perror("open");

exit(1); }

printf("fd1 = %d\n", fd1);

write(fd1, "What ", 5); /* Write data to fd1 */

fd2 = dup(fd1); /* Make a copy of fd1 */

printf("fd2 = %d\n", fd2);

write(fd2, "time", 4); /* Write data to fd2 */

close(0); /* Close standard input */

fd3 = dup(fd1); /* Another copy of fd1 */

printf("fd3 = %d\n", fd3);

write(fd3, " is it", 6); /* Write data to fd3 */

dup2(fd1, 2); /* Duplicate fd1 to 2 */

write(2, "?\n", 2); /* Write data to 2 */

close(fd1);

close(fd2);

close(fd3); }

$ ./duplicate_fd
fd1 = 3
fd2 = 4
fd3 = 0
$ ls -l r
-rw-r--r-- 1 spro users 17 Feb 18 19:45 r
$ cat r
What time is it?
$ rm r
$
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• Na grafeÐ èna prìgramma C pou na antigr�fei èna arqeÐo
sto tèloc enìc �llou.

/* File: append_file.c */

#include <string.h> /* For strlen */

#include <stdlib.h> /* For exit */

#include <fcntl.h> /* For O_RDONLY, O_WRONLY,

O_CREAT, O_APPEND */

main(int argc, char *argv[])

{ int n, from, to;

char buf[1024];

if (argc != 3) { /* Check for proper usage */

write(2, "Usage: ", 7);

write(2, *argv, strlen(*argv));

write(2, " from-file to-file\n", 19);

exit(1); }

if ((from = open(argv[1], O_RDONLY)) < 0) {

/* Open from-file */

perror("open");

exit(1); }

if ((to = open(argv[2], O_WRONLY | O_CREAT | O_APPEND,

0660)) < 0) { /* Open to-file */

perror("open");

exit(1); }

while ((n = read(from, buf, sizeof(buf))) > 0)

write(to, buf, n); /* Copy data */

close(from); /* Close from-file */

close(to); } /* Close to-file */



103

$ ./append_file
Usage: ./append_file from-file to-file
$ ls -l file*
-rw-r--r-- 1 spro users 39 Feb 18 19:51 file1
-rw-r--r-- 1 spro users 26 Feb 18 19:52 file2
$ cat file1
file1 line 1
file1 line 2
file1 line 3
$ cat file2
file2 line 1
file2 line 2
$ ./append_file file2 file1
$ cat file1
file1 line 1
file1 line 2
file1 line 3
file2 line 1
file2 line 2
$ ./append_file file2 file3
$ cat file3
file2 line 1
file2 line 2
$ rm file1 file2 file3
$
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EpikoinwnÐa metaxÔ diergasi¸n

• Mèsw swl nwn

– Gia diergasÐec pou èqoun koinì prìgono o opoÐoc èqei
dhmiourg sei to swl na

– EpikoinwnÐa proc mÐa kateÔjunsh mìno

– MÐa diergasÐa gr�fei sto �kro grayÐmatoc tou swl na
kai h �llh diab�zei apì to �kro diab�smatoc

• Mèsw upodoq¸n

– MetaxÔ diergasi¸n pou oi Ðdiec dhmiourgoÔn tic
upodoqèc

– EpikoinwnÐa kai proc tic dÔo kateujÔnseic

– Oi diergasÐec mporeÐ na ekteloÔntai ston Ðdio
upologist    akìma kai se diaforetikoÔc upologistèc
pou eÐnai sundedemènoi mèsw enìc diktÔou
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• Kl sh sust matoc pipe

– int pipe(int fd[])

– DhmiourgeÐ èna swl na me �kro diab�smatoc pou
antistoiqeÐ ston perigrafèa fd[0] kai �kro grayÐmatoc
pou antistoiqeÐ ston perigrafèa fd[1]

– Apìgonoi thc diergasÐac pou dhmioÔrghse to swl na,
sumperilambanomènhc kai thc Ðdiac thc
diergasÐac-dhmiourgoÔ, mporoÔn na epikoinwn soun
mèsw tou swl na, pou apoteleÐ ousiastik� èna eÐdoc
endi�meshc mn mhc, grafontac me th write kai
diab�zontac me th read apì to kat�llhlo �kro

– Ta mh qrhsimopoioÔmena �kra prèpei na eleujer¸nontai
me thn close

– H pipe epistrèfei 0 se epituqÐa   -1 se apotuqÐa
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• Qr sh thc kl shc pipe

/* File: pipe_demo.c */

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

#include <string.h> /* For strlen */

#include <stdlib.h> /* For exit */

#define READ 0 /* Read end of pipe */

#define WRITE 1 /* Write end of pipe */

char *phrase = "This is a test phrase.";

main()

{ int pid, fd[2], bytes;

char message[100];

if (pipe(fd) == -1) { /* Create a pipe */

perror("pipe");

exit(1); }

if ((pid = fork()) == -1) { /* Fork a child */

perror("fork");

exit(1); }

if (pid == 0) { /* Child, writer */

close(fd[READ]); /* Close unused end */

write(fd[WRITE], phrase, strlen(phrase)+1);

close(fd[WRITE]); } /* Close used end */

else { /* Parent, reader */

close(fd[WRITE]); /* Close unused end */

bytes = read(fd[READ], message, sizeof(message));

printf("Read %d bytes: %s\n", bytes, message);

close(fd[READ]); } } /* Close used end */

$ ./pipe_demo
Read 23 bytes: This is a test phrase.
$
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• Na grafeÐ èna prìgramma C pou na sundèei mèsw enìc
swl na thn prokajorismènh èxodo mÐac entol c me thn
prokajorismènh eÐsodo mÐac �llhc, na ulopoihjeÐ dhlad 
mÐa swl nwsh.

/* File: connect.c */

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

#include <stdlib.h> /* For exit */

#include <unistd.h> /* For execlp */

#define READ 0 /* Read end of pipe */

#define WRITE 1 /* Write end of pipe */

main(int argc, char *argv[])

{ int fd[2], pid;

if (pipe(fd) == -1) { /* Create a pipe */

perror("pipe");

exit(1); }

if ((pid = fork()) == -1) { /* Fork a child */

perror("fork");

exit(1); }

if (pid != 0) { /* Parent, writer */

close(fd[READ]); /* Close unused end */

dup2(fd[WRITE], 1); /* Duplicate write end to stdout */

close(fd[WRITE]); /* Close write end */

execlp(argv[1], argv[1], NULL); /* Execute argv[1] */

perror("execlp"); }

else { /* Child, reader */

close(fd[WRITE]); /* Close unused end */

dup2(fd[READ], 0); /* Duplicate read end to stdin */

close(fd[READ]); /* Close read end */

execlp(argv[2], argv[2], NULL); /* Execute argv[2] */

perror("execlp"); } }
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$ ./connect who wc
1 6 51

$ ./connect ls wc
55 55 715

$ ./connect ls head
alarm_demo
alarm_demo.c
append_file
append_file.c
connect
connect.c
critical
critical.c
duplicate_fd
duplicate_fd.c
$ ./connect ps sort
$ 12947 pts/0 00:00:00 bash
13236 pts/0 00:00:00 ps
13237 pts/0 00:00:00 sort
PID TTY TIME CMD

$
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• PedÐa upodoq¸n

– PF INET

∗ PedÐo Internet
∗ EpikoinwnÐa kai se diaforetikoÔc upologistèc
∗ DieÔjunsh: Internet dieÔjunsh kai arijmìc jÔrac

– PF UNIX

∗ PedÐo Unix
∗ EpikoinwnÐa ston Ðdio upologist 
∗ DieÔjunsh: Kìmboc sto sÔsthma arqeÐwn

• EÐdh upodoq¸n

– SOCK STREAM

∗ Upodoqèc ro c (TCP)

– SOCK DGRAM

∗ Thlegrafikèc upodoqèc (UDP)

TCP UDP

ApaÐthsh sÔndeshc NAI OQI

AxiopistÐa NAI OQI

'Oria mhnum�twn OQI NAI

Diadoqikìthta mhnum�twn NAI OQI
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• Sunart seic biblioj khc htons, htonl, ntohs kai ntohl

– unsigned short htons(unsigned short hostshort)

– unsigned long htonl(unsigned long hostlong)

– unsigned short ntohs(unsigned short netshort)

– unsigned long ntohl(unsigned long netlong)

– Metatrop  akoloujÐac bytes apì di�taxh “mhqan c” se
di�taxh “diktÔou” kai antÐstrofa gia short kai long
akeraÐouc

– Apait seic
∗ #include <sys/types.h>

∗ #include <netinet/in.h>

• Sunart seic biblioj khc gethostbyname kai
gethostbyaddr

– struct hostent *gethostbyname(char *name)

– struct hostent *gethostbyaddr(char *addr,

int len, int type)

– Epistrof  enìc deÐkth se dom  struct hostent gia
ènan upologist  eÐte dedomènou tou onìmatìc tou name,
ìpou sto pedÐo h addr thc dom c brÐsketai h Internet
dieÔjuns  tou kai sto pedÐo h length to mègejìc thc,
eÐte dedomènhc thc dieÔjuns c tou addr, tou megèjouc
thc len kai tou eÐdouc thc type (p�nta PF INET), ìpou
sto pedÐo h name thc epistrefìmenhc dom c brÐsketai to
ìnoma tou upologist 

– ApaÐthsh: #include <netdb.h>
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• 'Olec oi kl seic sust matoc pou akoloujoÔn kai
qrhsimopoioÔntai gia diaqeÐrish upodoq¸n apaitoÔn

– #include <sys/types.h>

– #include <sys/socket.h>

kai epistrefoun -1 se perÐptwsh apotuqÐac

• Kl sh sust matoc socket

– int socket(int domain, int type, int protocol)

– DhmiourgeÐ mÐa upodoq  kai epistrèfei ton perigrafèa
arqeÐou pou antistoiqeÐ s' aut n

– To domain prèpei na eÐnai PF INET   PF UNIX

– To type prèpei na eÐnai SOCK STREAM   SOCK DGRAM

– San protocol, p�nta dÐnoume to default (0)
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• Kl sh sust matoc bind

– int bind(int fd, struct sockaddr *address,

unsigned int addresslen)

– Sundèei thn upodoq  pou antistoiqeÐ ston perigrafèa
arqeÐou fd me èna ìnoma/dieÔjunsh *address

– PedÐo Internet

∗ OrÐzetai èna struct sockaddr in name kai dÐnontai
ta PF INET sto pedÐo name.sin family,
htonl(INADDR ANY) sto pedÐo
name.sin addr.s addr kai htons(port) sto pedÐo
name.sin port, ìpou port eÐnai o arijmìc jÔrac pou
qrhsimopoieÐtai kai afoÔ h dieÔjunsh tou name

prosarmosjeÐ se (struct sockaddr *) dÐnetai sto
address

∗ ApaÐthsh: #include <netinet/in.h>

– PedÐo Unix

∗ OrÐzetai èna struct sockaddr un name kai dÐnontai
ta PF UNIX sto pedÐo name.sun family kai path sto
pedÐo name.sun path, ìpou path eÐnai to
ìnoma-monop�ti tou kìmbou pou qrhsimopoieÐtai sto
sÔsthma arqeÐwn kai afoÔ h dieÔjunsh tou name

prosarmosjeÐ se (struct sockaddr *) dÐnetai sto
address

∗ ApaÐthsh: #include <sys/un.h>

– To mègejoc tou name dÐnetai sto addresslen
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• Kl sh sust matoc listen

– int listen(int fd, int queuelength)

– OrÐzei mÐa our� m kouc queuelength se ènan server
sthn opoÐa mporoÔn na susswreÔontai ait seic apì
clients gia sÔndesh sthn upodoq  pou antistoiqeÐ ston
perigrafèa arqeÐou fd

• Kl sh sust matoc accept

– int accept(int fd, struct sockaddr *address,

unsigned int *addresslen)

– Apodèqetai mÐa aÐthsh sÔndeshc pou èqei upoblhjeÐ se
ènan server sthn upodoq  me perigrafèa arqeÐou fd

– PlhroforÐec gia th dieÔjunsh tou client pou sundèjhke
epistrèfontai mèsw thc dom c *address to mègejoc thc
opoÐac epistrèfetai sto *addresslen

– Epistrèfei èna nèo perigrafèa arqeÐou o opoÐoc prèpei
na qrhsimopoihjeÐ apì ton server gia epikoinwnÐa me ton
client

• Kl sh sust matoc connect

– int connect(int fd, struct sockaddr *address,

unsigned int addresslen)

– Upobol  aÐthshc sÔndeshc apì ènan client mèsw
upodoq c pou antistoiqeÐ ston perigrafèa arqeÐou fd me
ton server tou opoÐou h dieÔjunsh èqei kataskeuasjeÐ
sth dom  *address to mègejoc thc opoÐac èqei tejeÐ
sto addresslen
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• Kl seic sust matoc recvfrom kai sendto

– int recvfrom(int fd, char *buf, int count,

int flags, struct sockaddr *address,

unsigned int *addresslen)

– int sendto(int fd, char *buf, int count,

int flags, struct sockaddr *address,

unsigned int addresslen)

– QrhsimopoioÔntai antÐ twn read kai write gia thn
paralab  kai thn apostol  mhnum�twn mèsw
thlegrafik¸n upodoq¸n

– Ta fd, buf kai count èqoun thn Ðdia shmasÐa ìpwc stic
read kai write

– Sto flags sun jwc dÐnetai h tim  0, ektìc an prìkeitai
na gÐnei qeirismìc k�poiwn eidik¸n peript¸sewn

– Sth dom  *address epistrèfetai h dieÔjunsh thc
thlegrafik c upodoq c pou qrhsimopoieÐ o apostolèac
(gia th recvfrom)   tÐjetai h dieÔjunsh thc
thlegrafik c upodoq c pou qrhsimopoieÐ o paral pthc
(gia th sendto)

– Sto *addresslen epistrèfetai to mègejoc thc
dieÔjunshc thc upodoq c tou apostolèa (gia th
recvfrom), en¸ sto addresslen tÐjetai h dieÔjunsh
thc upodoq c tou paral pth (gia th sendto)
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• Kl sh sust matoc getsockname

– int getsockname(int fd,

struct sockaddr *address,

unsigned int *addresslen)

– Epistrèfei sth dom  *address th dieÔjunsh me thn
opoÐa èqei sundejeÐ h upodoq  pou antistoiqeÐ ston
perigrafèa arqeÐou fd kai sto *addresslen to mègejoc
thc dieÔjunshc aut c

– EÐnai qr simh sthn perÐptwsh pou den prokajorÐzetai
sugkekrimènoc arijmìc jÔrac kat� th sÔndesh mèsw thc
bind mÐac upodoq c me mÐa dieÔjunsh (me apìdosh tou 0

sto name.sin port) gia na brejeÐ o arijmìc thc
pragmatik c jÔrac pou diatèjhke apì to sÔsthma gia
th sÔndesh

• Sunart seic biblioj khc bzero kai bcopy

– void bzero(char *buf, int count)

∗ Jètei 0 se count bytes arqÐzontac apì th dieÔjunsh
buf

– void bcopy(char *buf1, char *buf2, int count)

∗ Antigr�fei count bytes arqÐzontac apì th dieÔjunsh
buf1 sth dieÔjunsh buf2

– ApaÐthsh: #include <string.h>

• Gia metagl¸ttish sto Solaris programm�twn C me kl seic
sust matoc gia upodoqèc, prèpei na prostÐjetai sthn
entol  metagl¸ttishc kai to “-lsocket -lnsl”
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• TCP epikoinwnÐa client/server

socket()

bind()

listen()

accept()

write()

socket()

connect()

write()

Server

Client

read()

read()

αναµονη συνδεσης

επεξεργασια αιτησης

αποκατασταση συνδεσης

αιτηση

απαντηση
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• UDP epikoinwnÐa client/server

socket()

bind()

Server

socket()

Client

επεξεργασια αιτησης

απαντηση

recvfrom()

recvfrom()

sendto()

bind()

αιτηση

αναµονη αιτησης

sendto()
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• Na grafoÔn client kai server progr�mmata C pou na
epideiknÔoun thn epikoinwnÐa mèsw upodoq¸n ro c sto pedÐo
Internet.

/* File: int_str_server.c */

#include <sys/types.h> /* For sockets */

#include <sys/socket.h> /* For sockets */

#include <netinet/in.h> /* For Internet sockets */

#include <netdb.h> /* For gethostbyaddr */

#include <stdio.h> /* For I/O */

#include <stdlib.h> /* For exit */

#include <string.h> /* For strlen, bzero */

void reverse(char *);

main(int argc, char *argv[]) /* Server with Internet stream sockets */

{ int port, sock, newsock; char buf[256];

unsigned int serverlen, clientlen;

struct sockaddr_in server, client;

struct sockaddr *serverptr, *clientptr;

struct hostent *rem;

if (argc < 2) { /* Check if server’s port number is given */

printf("Please give the port number\n");

exit(1); }

if ((sock = socket(PF_INET, SOCK_STREAM, 0)) < 0) { /* Create socket */

perror("socket"); exit(1); }

port = atoi(argv[1]); /* Convert port number to integer */

server.sin_family = PF_INET; /* Internet domain */

server.sin_addr.s_addr = htonl(INADDR_ANY); /* My Internet address */

server.sin_port = htons(port); /* The given port */

serverptr = (struct sockaddr *) &server;

serverlen = sizeof server;

if (bind(sock, serverptr, serverlen) < 0) {/* Bind socket to address */

perror("bind"); exit(1); }

if (listen(sock, 5) < 0) { /* Listen for connections */

perror("listen"); exit(1); }

printf("Listening for connections to port %d\n", port);



119

while(1) {

clientptr = (struct sockaddr *) &client;

clientlen = sizeof client;

if ((newsock = accept(sock, clientptr, &clientlen)) < 0) {

perror("accept"); exit(1); } /* Accept connection */

if ((rem = gethostbyaddr((char *) &client.sin_addr.s_addr,

sizeof client.sin_addr.s_addr, /* Find client’s address */

client.sin_family)) == NULL) {

perror("gethostbyaddr"); exit(1); }

printf("Accepted connection from %s\n", rem -> h_name);

switch (fork()) { /* Create child for serving the client */

case -1:

perror("fork"); exit(1);

case 0: /* Child process */

do {

bzero(buf, sizeof buf); /* Initialize buffer */

if (read(newsock, buf, sizeof buf) < 0) { /* Get message */

perror("read"); exit(1); }

printf("Read string: %s\n", buf);

reverse(buf); /* Reverse message */

if (write(newsock, buf, sizeof buf) < 0){/* Send message */

perror("write"); exit(1); }

} while (strcmp(buf, "dne") != 0); /* Finish on "end" */

close(newsock); /* Close socket */

exit(0); } } }

void reverse(char *s) /* Function for reversing a string */

{ int c, i, j;

for (i = 0, j = strlen(s) - 1 ; i < j ; i++, j--) {

c = s[i];

s[i] = s[j];

s[j] = c; } }
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/* File: int_str_client.c */

#include <sys/types.h> /* For sockets */

#include <sys/socket.h> /* For sockets */

#include <netinet/in.h> /* For Internet sockets */

#include <netdb.h> /* For gethostbyname */

#include <stdio.h> /* For I/O */

#include <stdlib.h> /* For exit */

#include <string.h> /* For strlen, bzero, bcopy */

main(int argc, char *argv[]) /* Client with Internet stream sockets */

{ int port, sock; char buf[256]; unsigned int serverlen;

struct sockaddr_in server;

struct sockaddr *serverptr;

struct hostent *rem;

if (argc < 3) { /* Are server’s host name and port number given? */

printf("Please give host name and port number\n"); exit(1); }

if ((sock = socket(PF_INET, SOCK_STREAM, 0)) < 0) { /* Create socket */

perror("socket"); exit(1); }

if ((rem = gethostbyname(argv[1])) == NULL) { /* Find server address */

perror("gethostbyname"); exit(1); }

port = atoi(argv[2]); /* Convert port number to integer */

server.sin_family = PF_INET; /* Internet domain */

bcopy((char *) rem -> h_addr, (char *) &server.sin_addr,

rem -> h_length);

server.sin_port = htons(port); /* Server’s Internet address and port */

serverptr = (struct sockaddr *) &server;

serverlen = sizeof server;

if (connect(sock, serverptr, serverlen) < 0) { /* Request connection */

perror("connect"); exit(1); }

printf("Requested connection to host %s port %d\n", argv[1], port);

do {

bzero(buf, sizeof buf); /* Initialize buffer */

printf("Give input string: ");

fgets(buf, sizeof buf, stdin); /* Read message from stdin */

buf[strlen(buf)-1] = ’\0’; /* Remove newline character */

if (write(sock, buf, sizeof buf) < 0) { /* Send message */

perror("write"); exit(1); }

bzero(buf, sizeof buf); /* Initialize buffer */

if (read(sock, buf, sizeof buf) < 0) { /* Receive message */

perror("read"); exit(1); }

printf("Read string: %s\n", buf);

} while (strcmp(buf, "dne") != 0); /* Finish on "end" */

close(sock); exit(0); } /* Close socket and exit */
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$ ./int_str_server 30000
Listening for connections to port 30000
Accepted connection from knossos.di.uoa.gr
Read string: test
Read string: A string
Read string: niconanomimatamimonanocin
Read string: This is a test line
Read string: Teleiosame
Read string: end
^C
$

$ ./int_str_client galini.di.uoa.gr 30000
Requested connection to host galini.di.uoa.gr port 30000
Give input string: test
Read string: tset
Give input string: A string
Read string: gnirts A
Give input string: niconanomimatamimonanocin
Read string: niconanomimatamimonanocin
Give input string: This is a test line
Read string: enil tset a si sihT
Give input string: Teleiosame
Read string: emasoieleT
Give input string: end
Read string: dne
$
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• Na grafoÔn client kai server progr�mmata C pou na
epideiknÔoun thn epikoinwnÐa mèsw upodoq¸n ro c sto pedÐo
Unix.

/* File: un_str_server.c */

#include <sys/types.h> /* For sockets */

#include <sys/socket.h> /* For sockets */

#include <sys/un.h> /* For Unix sockets */

#include <stdio.h> /* For I/O */

#include <stdlib.h> /* For exit */

#include <string.h> /* For strlen, bzero */

#include <signal.h> /* For signals */

void reverse(char *);

void sigchld_handler(int);

main(int argc, char *argv[]) /* Server with Unix stream sockets */

{ int sock, newsock; char buf[256];

unsigned int serverlen, clientlen;

struct sockaddr_un server, client;

struct sockaddr *serverptr, *clientptr;

if (argc < 2) { /* Check if socket filename is given */

printf("Please give the socket filename\n");

exit(1); }

signal(SIGCHLD, sigchld_handler); /* To be informed when child exits */

if ((sock = socket(PF_UNIX, SOCK_STREAM, 0)) < 0) { /* Create socket */

perror("socket"); exit(1); }

server.sun_family = PF_UNIX; /* Unix domain */

strcpy(server.sun_path, argv[1]); /* My Unix address */

unlink(argv[1]); /* Remove socket filename if it exists */

serverptr = (struct sockaddr *) &server;

serverlen = sizeof server;

if (bind(sock, serverptr, serverlen) < 0) {/* Bind socket to address */

perror("bind"); exit(1); }

if (listen(sock, 1) < 0) { /* Listen for connections */

perror("listen"); exit(1); }

printf("Listening for connections to socket %s\n", argv[1]);
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while(1) {

clientptr = (struct sockaddr *) &client;

clientlen = sizeof client;

while ((newsock = accept(sock, clientptr, &clientlen)) < 0);

printf("Accepted connection\n"); /* Accept connection */

switch (fork()) { /* Create child for serving the client */

case -1:

perror("fork"); exit(1);

case 0: /* Child process */

do {

bzero(buf, sizeof buf); /* Initialize buffer */

if (read(newsock, buf, sizeof buf) < 0) { /* Get message */

perror("read"); exit(1); }

printf("Read string: %s\n", buf);

reverse(buf); /* Reverse message */

if (write(newsock, buf, sizeof buf) < 0){/* Send message */

perror("write"); exit(1); }

} while (strcmp(buf, "dne") != 0); /* Finish on "end" */

close(newsock); /* Close socket */

exit(0); } } }

void reverse(char *s) /* Function for reversing a string */

{ int c, i, j;

for (i = 0, j = strlen(s) - 1 ; i < j ; i++, j--) {

c = s[i];

s[i] = s[j];

s[j] = c; } }

void sigchld_handler(sig) /* Handler for SIGCHLD */

{ int status;

wait(&status); }
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/* File: un_str_client.c */

#include <sys/types.h> /* For sockets */

#include <sys/socket.h> /* For sockets */

#include <sys/un.h> /* For Unix sockets */

#include <stdio.h> /* For I/O */

#include <stdlib.h> /* For exit */

#include <string.h> /* For strlen, bzero */

main(int argc, char *argv[]) /* Client with Unix stream sockets */

{ int sock; char buf[256]; unsigned int serverlen;

struct sockaddr_un server;

struct sockaddr *serverptr;

if (argc < 2) { /* Check if socket filename is given */

printf("Please give the socket filename\n"); exit(1); }

if ((sock = socket(PF_UNIX, SOCK_STREAM, 0)) < 0) { /* Create socket */

perror("socket"); exit(1); }

server.sun_family = PF_UNIX; /* Unix domain */

strcpy(server.sun_path, argv[1]); /* Server’s Unix address */

serverptr = (struct sockaddr *) &server;

serverlen = sizeof server;

if (connect(sock, serverptr, serverlen) < 0) { /* Request connection */

perror("connect"); exit(1); }

printf("Requested connection to socket %s\n", argv[1]);

do {

bzero(buf, sizeof buf); /* Initialize buffer */

printf("Give input string: ");

fgets(buf, sizeof buf, stdin); /* Read message from stdin */

buf[strlen(buf)-1] = ’\0’; /* Remove newline character */

if (write(sock, buf, sizeof buf) < 0) { /* Send message */

perror("write"); exit(1); }

bzero(buf, sizeof buf); /* Initialize buffer */

if (read(sock, buf, sizeof buf) < 0) { /* Receive message */

perror("read"); exit(1); }

printf("Read string: %s\n", buf);

} while (strcmp(buf, "dne") != 0); /* Finish on "end" */

close(sock); /* Close socket */

exit(0); }
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$ ./un_str_server str_socket
Listening for connections to socket str_socket
Accepted connection
Read string: Testing stream sockets in the Unix domain...
Read string: abcdefghijklmnopqrstuvwxyz
Read string: >>>>>><<<<<<
Read string: Is it OK?
Read string: Fine!
Read string: end
^C
$ rm str_socket
$

$ ./un_str_client str_socket
Requested connection to socket str_socket
Give input string: Testing stream sockets in the Unix domain...
Read string: ...niamod xinU eht ni stekcos maerts gnitseT
Give input string: abcdefghijklmnopqrstuvwxyz
Read string: zyxwvutsrqponmlkjihgfedcba
Give input string: >>>>>><<<<<<
Read string: <<<<<<>>>>>>
Give input string: Is it OK?
Read string: ?KO ti sI
Give input string: Fine!
Read string: !eniF
Give input string: end
Read string: dne
$
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• Na grafoÔn client kai server progr�mmata C pou na
epideiknÔoun thn epikoinwnÐa mèsw thlegrafik¸n upodoq¸n
sto pedÐo Internet.

/* File: int_dgr_server.c */

#include <sys/types.h> /* For sockets */

#include <sys/socket.h> /* For sockets */

#include <netinet/in.h> /* For Internet sockets */

#include <netdb.h> /* For gethostbyaddr */

#include <stdio.h> /* For I/O */

#include <stdlib.h> /* For exit */

#include <string.h> /* For bzero */

main(int argc, char *argv[]) /* Server with Internet datagram sockets */

{ int n, port, sock; char buf[256]; unsigned int serverlen, clientlen;

struct sockaddr_in server, client;

struct sockaddr *serverptr, *clientptr; struct hostent *rem;

if ((sock = socket(PF_INET, SOCK_DGRAM, 0)) < 0) { /* Create socket */

perror("socket"); exit(1); }

server.sin_family = PF_INET; /* Internet domain */

server.sin_addr.s_addr = htonl(INADDR_ANY); /* My Internet address */

server.sin_port = htons(0); /* Select any port */

serverptr = (struct sockaddr *) &server;

serverlen = sizeof server;

if (bind(sock, serverptr, serverlen) < 0) {/* Bind socket to address */

perror("bind"); exit(1); }

if (getsockname(sock, serverptr, &serverlen) < 0) { /* Selected port */

perror("getsockname"); exit(1); }

printf("Socket port: %d\n", ntohs(server.sin_port));

clientptr = (struct sockaddr *) &client;

clientlen = sizeof client;

while(1) {

bzero(buf, sizeof buf); /* Initialize buffer */

if ((n = recvfrom(sock, buf, sizeof buf, 0, clientptr,

&clientlen)) < 0) {

perror("recvfrom"); exit(1); } /* Receive message */

if ((rem = gethostbyaddr((char *) &client.sin_addr.s_addr,

sizeof client.sin_addr.s_addr, client.sin_family)) == NULL) {

perror("gethostbyaddr"); exit(1); } /* Find client’s address */

printf("Received from %s: %s\n", rem -> h_name, buf);

if (sendto(sock, buf, n, 0, clientptr, clientlen) < 0) {

perror("sendto"); exit(1); } } } /* Send message */
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/* File: int_dgr_client.c */

#include <sys/types.h> /* For sockets */

#include <sys/socket.h> /* For sockets */

#include <netinet/in.h> /* For Internet sockets */

#include <netdb.h> /* For gethostbyname */

#include <stdio.h> /* For I/O */

#include <stdlib.h> /* For exit */

#include <string.h> /* For strlen, bzero, bcopy */

main(int argc, char *argv[]) /* Client with Internet datagram sockets */

{ int port, sock; char buf[256];

unsigned int serverlen, clientlen;

struct sockaddr_in server, client;

struct sockaddr *serverptr, *clientptr; struct hostent *rem;

if (argc < 3) { /* Are server’s host name and port number given? */

printf("Please give host name and port number\n"); exit(1); }

if ((sock = socket(PF_INET, SOCK_DGRAM, 0)) < 0) { /* Create socket */

perror("socket"); exit(1); }

if ((rem = gethostbyname(argv[1])) == NULL) { /* Find server address */

perror("gethostbyname"); exit(1); }

port = atoi(argv[2]); /* Convert port number to integer */

server.sin_family = PF_INET; /* Internet domain */

bcopy((char *) rem -> h_addr, (char *) &server.sin_addr,

rem -> h_length);

server.sin_port = htons(port); /* Server’s Internet address and port */

serverptr = (struct sockaddr *) &server;

serverlen = sizeof server;

client.sin_family = PF_INET; /* Internet domain */

client.sin_addr.s_addr = htonl(INADDR_ANY); /* My Internet address */

client.sin_port = htons(0); /* Select any port */

clientptr = (struct sockaddr *) &client;

clientlen = sizeof client;

if (bind(sock, clientptr, clientlen) < 0) {/* Bind socket to address */

perror("bind"); exit(1); }

while (fgets(buf, sizeof buf, stdin) != NULL) { /* Read continuously

messages from stdin */

buf[strlen(buf)-1] = ’\0’; /* Remove newline character */

if (sendto(sock, buf, strlen(buf)+1, 0, serverptr, serverlen) < 0) {

perror("sendto"); exit(1); } /* Send message */

bzero(buf, sizeof buf); /* Initialize buffer */

if (recvfrom(sock, buf, sizeof buf, 0, serverptr, &serverlen) < 0) {

perror("recvfrom"); exit(1); } /* Receive message */

printf("%s\n", buf); } }
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$ ./int_dgr_server
Socket port: 32772
Received from galini.di.uoa.gr: prompt
Received from galini.di.uoa.gr: timeout=50
Received from galini.di.uoa.gr: default=linux
Received from galini.di.uoa.gr: boot=/dev/hda
Received from galini.di.uoa.gr: map=/boot/map
Received from galini.di.uoa.gr: install=/boot/boot.b
Received from galini.di.uoa.gr: message=/boot/message
Received from galini.di.uoa.gr: linear
Received from galini.di.uoa.gr:
Received from galini.di.uoa.gr: image=/boot/vmlinuz-2.4.7-10
Received from galini.di.uoa.gr: label=linux
Received from galini.di.uoa.gr: read-only
Received from galini.di.uoa.gr: root=/dev/hda5
Received from galini.di.uoa.gr:
Received from galini.di.uoa.gr: other=/dev/hda1
Received from galini.di.uoa.gr: optional
Received from galini.di.uoa.gr: label=DOS
^C
$

$ ./int_dgr_client knossos.di.uoa.gr 32772 < /etc/lilo.conf
prompt
timeout=50
default=linux
boot=/dev/hda
map=/boot/map
install=/boot/boot.b
message=/boot/message
linear

image=/boot/vmlinuz-2.4.7-10
label=linux
read-only
root=/dev/hda5

other=/dev/hda1
optional
label=DOS

$
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• Na grafoÔn client kai server progr�mmata C pou na
epideiknÔoun thn epikoinwnÐa mèsw thlegrafik¸n upodoq¸n
sto pedÐo Unix.

/* File: un_dgr_server.c */

#include <sys/types.h> /* For sockets */

#include <sys/socket.h> /* For sockets */

#include <sys/un.h> /* For Unix sockets */

#include <stdio.h> /* For I/O */

#include <stdlib.h> /* For exit */

#include <string.h> /* For bzero */

main(int argc, char *argv[]) /* Server with Unix datagram sockets */

{ int n, sock; char buf[256];

unsigned int serverlen, clientlen;

struct sockaddr_un server, client;

struct sockaddr *serverptr, *clientptr;

if (argc < 2) { /* Check if socket filename is given */

printf("Please give the socket filename\n"); exit(1); }

if ((sock = socket(PF_UNIX, SOCK_DGRAM, 0)) < 0) { /* Create socket */

perror("socket"); exit(1); }

server.sun_family = PF_UNIX; /* Unix domain */

strcpy(server.sun_path, argv[1]); /* My Unix address */

unlink(argv[1]); /* Remove socket filename if it exists */

serverptr = (struct sockaddr *) &server;

serverlen = sizeof server;

if (bind(sock, serverptr, serverlen) < 0) {/* Bind socket to address */

perror("bind"); exit(1); }

printf("Waiting for data to ping\n");

clientptr = (struct sockaddr *) &client;

clientlen = sizeof client;

while(1) {

bzero(buf, sizeof buf); /* Initialize buffer */

if ((n = recvfrom(sock, buf, sizeof buf, 0, clientptr,

&clientlen)) < 0) {

perror("recvfrom"); exit(1); } /* Receive message */

printf("Received from %s: %s\n", client.sun_path, buf);

if (sendto(sock, buf, n, 0, clientptr, clientlen) < 0) {

perror("sendto"); exit(1); } } } /* Send message */
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/* File: un_dgr_client.c */

#include <sys/types.h> /* For sockets */

#include <sys/socket.h> /* For sockets */

#include <sys/un.h> /* For Unix sockets */

#include <stdio.h> /* For I/O */

#include <stdlib.h> /* For exit */

#include <string.h> /* For strlen, bzero */

main(int argc, char *argv[]) /* Client with Unix datagram sockets */

{ int sock; char buf[256], sname[20];

unsigned int serverlen, clientlen;

struct sockaddr_un server, client;

struct sockaddr *serverptr, *clientptr;

if (argc < 2) { /* Check if socket filename is given */

printf("Please give the socket filename\n"); exit(1); }

if ((sock = socket(PF_UNIX, SOCK_DGRAM, 0)) < 0) { /* Create socket */

perror("socket"); exit(1); }

server.sun_family = PF_UNIX; /* Unix domain */

strcpy(server.sun_path, argv[1]); /* Server’s Unix address */

serverptr = (struct sockaddr *) &server;

serverlen = sizeof server;

sprintf(sname, "s%d", getpid()); /* Create my socket filename (=PID) */

client.sun_family = PF_UNIX; /* Unix domain */

strcpy(client.sun_path, sname); /* My Unix address */

clientptr = (struct sockaddr *) &client;

clientlen = sizeof client;

if (bind(sock, clientptr, clientlen) < 0) {/* Bind socket to address */

perror("bind"); exit(1); }

while (fgets(buf, sizeof buf, stdin) != NULL) { /* Read continuously

messages from stdin */

buf[strlen(buf)-1] = ’\0’; /* Remove newline character */

if (sendto(sock, buf, strlen(buf)+1, 0, serverptr, serverlen) < 0) {

perror("sendto"); exit(1); } /* Send message */

bzero(buf, sizeof buf); /* Initialize buffer */

if (recvfrom(sock, buf, sizeof buf, 0, serverptr, &serverlen) < 0) {

perror("recvfrom"); exit(1); } /* Receive message */

printf("%s\n", buf); }

unlink(sname); } /* Remove my socket filename */
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$ ./un_dgr_server dgr_socket
Waiting for data to ping
Received from s15386: root:x:0:root
Received from s15386: bin:x:1:root,bin,daemon
Received from s15386: daemon:x:2:root,bin,daemon
Received from s15386: sys:x:3:root,bin,adm
Received from s15386: adm:x:4:root,adm,daemon
Received from s15386: tty:x:5:
Received from s15386: disk:x:6:root
Received from s15386: lp:x:7:daemon,lp
Received from s15386: mem:x:8:
Received from s15386: kmem:x:9:
^C
$ rm dgr_socket
$

$ head /etc/group | ./un_dgr_client dgr_socket
root:x:0:root
bin:x:1:root,bin,daemon
daemon:x:2:root,bin,daemon
sys:x:3:root,bin,adm
adm:x:4:root,adm,daemon
tty:x:5:
disk:x:6:root
lp:x:7:daemon,lp
mem:x:8:
kmem:x:9:
$
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EpikoinwnÐa metaxÔ diergasi¸n a la System V

• Pragmatik� asÔgqronh epikoinwnÐa ston Ðdio upologist 

• Kajolik� prospel�simoi pìroi mèsw tou pur na tou Unix

– Ourèc mhnum�twn

– Koin  mn mh

– Shmatofìroi

• TautopoÐhsh pìrwn mèsw kleidi¸n (tÔpou key t) kai
prìsbash stic eswterikèc domèc touc (struct msqid ds,
struct shmid ds kai struct semid ds) mèsw
prosdiorist¸n pou epistrèfontai kai qrhsimopoioÔntai apì
kat�llhlec kl seic sust matoc (oi opoÐec, wc sun jwc,
epistrèfoun -1 se perÐptwsh l�jouc)

• Dikai¸mata prostasÐac pìrwn (read/write) pou
kataqwroÔntai se domèc struct ipc perm

• Monadik� kleidi� (tÔpou key t) mporoÔn na paraqjoÔn
kal¸ntac th sun�rthsh

key t ftok(const char *pathname, int proj id)

dÐnont�c thc èna ìnoma-monop�ti pathname kai ènan
akèraio proj id

• Apait seic

– #include <sys/types.h>

– #include <sys/ipc.h>
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Ourèc mhnum�twn

• QrhsimeÔoun sthn antallag  mhnum�twn metaxÔ diergasi¸n

• H apostèllousa diergasÐa episun�ptei ènan tÔpo sto
m numa pou stèlnei kai h paralamb�nousa diergasÐa mporeÐ
na zht sei thn paralab  mhnÔmatoc sugkekrimènou tÔpou

• Prin to s¸ma enìc mhnÔmatoc prèpei na prohgeÐtai o tÔpoc
tou (long) se bytes, dhlad  stic kl seic sust matoc gia
apostol  kai paralab  mhnum�twn qrei�zetai na dÐnetai
ènac deÐkthc se dom  san thn

struct message {

long mtype;

char mtext[MSGSIZE]; };

• ApaÐthsh: #include <sys/msg.h>
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• Kl sh sust matoc msgget

– int msgget(key t key, int msgflag)

– Epistrèfei ènan prosdiorist  gia thn our� mhnum�twn
pou antistoiqeÐ sto kleidÐ key

– To msgflag eÐnai ènac akèraioc ìpou tÐjentai ta
epijumht� dikai¸mata prostasÐac thc our�c mhnum�twn,
kaj¸c epÐshc kai prìsjetec apait seic (upì th morf 
di�zeuxhc sumbolik¸n onom�twn) sqetikèc me th
dhmiourgÐa thc our�c mhnum�twn, ìpwc:
IPC CREAT: An den up�rqei pìroc (our� mhnum�twn) pou

antistoiqeÐ sto key na dhmiourghjeÐ
nèoc (antÐ na epistrafeÐ l�joc), en¸ an
up�rqei pìroc, na prospelasjeÐ autìc

IPC EXCL: Se sunduasmì me to prohgoÔmeno, an den
up�rqei pìroc na dhmiourghjeÐ, all� an
up�rqei na epistrafeÐ l�joc

– PeriptwsiologÐa gia to msgflag

PERMS PERMS|IPC CREAT PERMS|IPC CREAT|IPC EXCL

qr sh qr sh
up�rqei tou tou l�joc
pìroc pìrou pìrou

den dhmiourgÐa kai dhmiourgÐa kai
up�rqei l�joc qr sh qr sh
pìroc nèou pìrou nèou pìrou



135

• Kl seic sust matoc msgrcv kai msgsnd

– int msgrcv(int msqid, void *ptr, int len,

long type, int flag)

– int msgsnd(int msqid, void *ptr, int len,

int flag)

– Me thn msgrcv paralamb�netai èna m numa tÔpou type,
epistrèfontac to mègejoc tou mhnÔmatoc, apì thn our�
mhnum�twn me prosdiorist  msqid (an to type eÐnai 0,
paralamb�netai to pr¸to m numa, anexart twc tÔpou)
kai me thn msgsnd apostèlletai èna m numa sthn our�

– O tÔpoc kai to s¸ma tou mhnÔmatoc brÐskontai se mÐa
dom  sthn opoÐa deÐqnei to ptr kai to len eÐnai to
mègejoc tou s¸matoc tou mhnÔmatoc gia thn msgsnd  
to mègisto tou megèjouc autoÔ gia thn msgrcv

– Sto flag tÐjetai to 0, ektìc eidik¸n peript¸sewn

• Kl sh sust matoc msgctl

– int msgctl(int msqid, int cmd,

struct msqid ds *buff)

– EkteleÐ thn enèrgeia cmd ep�nw sthn our� mhnum�twn
pou antistoiqeÐ ston prosdiorist  msqid

– MÐa enèrgeia eÐnai h IPC STAT me thn opoÐa
sumplhr¸nontai ta pedÐa thc dom c *buff me ta
qarakthristik� thc our�c mhnum�twn pou endiafèrei

– H sunhjèsterh enèrgeia eÐnai h IPC RMID pou
katastrèfei thn our� mhnum�twn (sto buff arkeÐ na
tejeÐ 0 afoÔ prosarmosjeÐ se (struct msqid ds *))
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• Na grafoÔn client kai server progr�mmata C pou na
epideiknÔoun thn epikoinwnÐa metaxÔ touc mèsw our¸n
mhnum�twn.

/* File: msgq_server.c */

#include <sys/types.h> /* For System V IPC */

#include <sys/ipc.h> /* For System V IPC */

#include <sys/msg.h> /* For message queues */

#include <stdio.h> /* For I/O */

#include <stdlib.h> /* For exit */

#include <string.h> /* For strcpy, strlen */

#define MSGSIZE 256 /* Maximum size of message to communicate */

#define KEY (key_t)5678 /* Key value of message queue */

#define PERMS 0666 /* Permissions of message queue */

#define SERVER_MTYPE 27L /* Type of message sent by server */

#define CLIENT_MTYPE 42L /* Type of message sent by client */

struct message { /* Message structure */

long mtype;

char mtext[MSGSIZE]; };

main()

{ int qid;

struct message sbuf, rbuf;

if ((qid = msgget(KEY, PERMS | IPC_CREAT)) < 0) {

perror("msgget"); exit(1); } /* Create message queue */

printf("Created message queue with identifier %d\n", qid);

sbuf.mtype = SERVER_MTYPE; /* Server’s message type */

strcpy(sbuf.mtext, "A message from server"); /* Server’s message */

if (msgsnd(qid, &sbuf, strlen(sbuf.mtext)+1, 0) < 0) {

perror("msgsnd"); exit(1); } /* Send message */

printf("Sent message: %s\n", sbuf.mtext);

if (msgrcv(qid, &rbuf, MSGSIZE, CLIENT_MTYPE, 0) < 0) {

perror("msgrcv"); exit(1); } /* Receive message */

printf("Received message: %s\n", rbuf.mtext);

if (msgctl(qid, IPC_RMID, (struct msqid_ds *) 0) < 0) {

perror("msgctl"); exit(1); } /* Destroy message queue */

printf("Removed message queue with identifier %d\n", qid); }
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/* File: msgq_client.c */

#include <sys/types.h> /* For System V IPC */

#include <sys/ipc.h> /* For System V IPC */

#include <sys/msg.h> /* For message queues */

#include <stdio.h> /* For I/O */

#include <stdlib.h> /* For exit */

#include <string.h> /* For strcpy, strlen */

#define MSGSIZE 256 /* Maximum size of message to communicate */

#define KEY (key_t)5678 /* Key value of message queue */

#define PERMS 0666 /* Permissions of message queue */

#define SERVER_MTYPE 27L /* Type of message sent by server */

#define CLIENT_MTYPE 42L /* Type of message sent by client */

struct message { /* Message structure */

long mtype;

char mtext[MSGSIZE]; };

main()

{ int qid;

struct message sbuf, rbuf;

if ((qid = msgget(KEY, PERMS)) < 0) {

perror("msgget"); exit(1); } /* Access message queue */

printf("Accessing message queue with identifier %d\n", qid);

if (msgrcv(qid, &rbuf, MSGSIZE, SERVER_MTYPE, 0) < 0) {

perror("msgrcv"); exit(1); } /* Receive message */

printf("Received message: %s\n", rbuf.mtext);

sbuf.mtype = CLIENT_MTYPE; /* Client’s message type */

strcpy(sbuf.mtext, "A message from client"); /* Client’s message */

if (msgsnd(qid, &sbuf, strlen(sbuf.mtext)+1, 0) < 0) {

perror("msgsnd"); exit(1); } /* Send message */

printf("Sent message: %s\n", sbuf.mtext); }
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$ ./msgq_server
Created message queue with identifier 98304
Sent message: A message from server
Received message: A message from client
Removed message queue with identifier 98304
$

$ ./msgq_client
Accessing message queue with identifier 98304
Received message: A message from server
Sent message: A message from client
$
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Koin  mn mh

• Dunatìthta epikoinwnÐac metaxÔ diergasi¸n mèsw
kataq¸rhshc kai an�gnwshc plhrofori¸n se perioq 
mn mhc pou eÐnai prospel�simh apì ìlec tic diergasÐec

• An�gkh sugqronismoÔ twn diergasi¸n, sun jwc mèsw
shmatofìrwn

• ApaÐthsh: #include <sys/shm.h>

• Kl sh sust matoc shmget

– int shmget(key t key, int size, int shmflag)

– Epistrèfei ènan prosdiorist  gia thn koin  mn mh
megèjouc size pou antistoiqeÐ sto kleidÐ key

– Sto shmflag tÐjentai ta epijumht� dikai¸mata
prostasÐac kaj¸c kai prìsjetec apait seic (IPC CREAT

kai IPC EXCL, me thn Ðdia shmasÐa pou èqoun kai stic
ourèc mhnum�twn) sqetikèc me th dhmiourgÐa thc koin c
mn mhc
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• Kl sh sust matoc shmat

– char *shmat(int shmid, char *addr, int flag)

– Prosart� thn koin  mn mh pou antistoiqeÐ ston
prosdiorist  shmid sthn perioq  mn mhc pou èqei
prìsbash h kaloÔsa diergasÐa kai epistrèfei thn
kat�llhlh dieÔjunsh

– Mèsw twn addr kai flag mporeÐ na zhthjeÐ h
pros�rthsh se sugkekrimènh perioq  mn mhc, all� h
sunhjismènh qr sh thc shmat eÐnai na afejeÐ h epilog 
aut  ston pur na jètontac 0 sta addr kai flag (to
pr¸to prosarmosmèno se (char *))

• Kl sh sust matoc shmdt

– int shmdt(char *addr)

– Aposp� thn prosarthmènh sto addr koin  mn mh

• Kl sh sust matoc shmctl

– int shmctl(int shmid, int cmd,

struct shmid ds *buff)

– EkteleÐ thn enèrgeia cmd sthn koin  mn mh pou
antistoiqeÐ ston prosdiorist  shmid

– AntÐstoiqa me tic dunatìthtec pou up�rqoun gia tic
ourèc mhnum�twn (mèsw thc msgctl), me thn enèrgeia
IPC STAT sumplhr¸nontai ta pedÐa thc dom c *buff me
ta qarakthristik� thc koin c mn mhc, en¸ h
sunhjèsterh enèrgeia eÐnai h IPC RMID pou katastrèfei
thn koin  mn mh (sto buff arkeÐ na tejeÐ 0 afoÔ
prosarmosjeÐ se (struct shmid ds *))
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Shmatofìroi

• Mhqanismìc sugqronismoÔ diergasi¸n gia thn apokleistik 
diaqeÐrish koin¸n pìrwn (p.q. koin c mn mhc)

• Prin thn eÐsodo se krÐsimo tm ma tou progr�mmatìc thc,
mÐa diergasÐa zht� thn apaitoÔmenh �deia apì ènan elegkt 
shmatofìro (anamènontac, an qrei�zetai, mèqri na thc
dojeÐ, opìte desmeÔei to apaitoÔmeno mèroc tou pìrou pou
elègqei o shmatofìroc) kai met� thn èxodo apì to krÐsimo
tm ma apodesmeÔei to desmeumèno mèroc tou pìrou

• H dèsmeush gÐnetai me kat�llhlh meÐwsh (DOWN   P
leitourgÐa kat� Dijkstra) thc tim c tou shmatofìrou, ef'
ìson met� th meÐwsh h nèa tim  ja eÐnai ≥ 0, kai h
apodèsmeush me kat�llhlh aÔxhsh (UP   V leitourgÐa
kat� Dijkstra) thc tim c tou shmatofìrou
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• Me tic kl seic sust matoc pou ja akolouj soun
dhmiourgoÔntai kai qrhsimopoioÔntai sÔnola apì
shmatofìrouc kai o pur nac eggu�tai ìti èna sÔnolo
leitourgi¸n ep�nw se èna tètoio sÔnolo shmatofìrwn eÐnai
atomik  diadikasÐa

• ApaÐthsh: #include <sys/sem.h>

• Kl sh sust matoc semget

– int semget(key t key, int nsems, int semflag)

– Epistrèfei ènan prosdiorist  gia èna sÔnolo apì nsems

shmatofìrouc pou antistoiqeÐ sto kleidÐ key

– Sto semflag tÐjentai ta epijumht� dikai¸mata
prostasÐac kaj¸c kai prìsjetec apait seic (IPC CREAT

kai IPC EXCL, me thn Ðdia shmasÐa pou èqoun stic ourèc
mhnum�twn kai sthn koin  mn mh) sqetikèc me th
dhmiourgÐa tou sunìlou shmatofìrwn
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• Kl sh sust matoc semop

– int semop(int semid, struct sembuf *opstr,

int nops)

– EkteleÐ sto sÔnolo shmatofìrwn pou prosdiorÐzontai
apì to semid tic leitourgÐec pou kajorÐzontai se èna
pÐnaka megèjouc nops apì domèc struct sembuf to
pr¸to stoiqeÐo tou opoÐou deÐqnei to opstr

– H dom  struct sembuf orÐzetai san
struct sembuf {

short sem_num;

short sem_op;

short sem_flg; };

kai perigr�fei th leitourgÐa metabol c thc tim c tou up'
arijmìn sem num shmatofìrou tou sunìlou (apì 0 èwc
nsems-1) kat� sem op (<0 gia dèsmeush kai >0 gia
apodèsmeush), en¸ to sem flg tÐjetai sun jwc 0, ektìc
eidik¸n peript¸sewn
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• Kl sh sust matoc semctl

– int semctl(int semid, int semnum, int cmd,

union semun arg)

– EkteleÐ thn enèrgeia cmd ston semnum shmatofìro tou
sunìlou shmatofìrwn ( , an�loga me thn enèrgeia, se
olìklhro to sÔnolo) pou antistoiqeÐ ston prosdiorist 
semid

– H ènwsh union semun eÐnai orismènh san
union semun {

int val;

struct semid_ds *buff;

unsigned short *array; };

kai qrhsimeÔei gia na kalÔyei ìlec tic dunatìthtec pou
up�rqoun gia èlegqo sunìlwn shmatofìrwn

– Me thn enèrgeia IPC STAT sumplhr¸nontai ta pedÐa thc
dom c *(arg.buff) me ta qarakthristik� tou sunìlou
shmatofìrwn

– Me thn enèrgeia SETVAL tÐjetai san tim  enìc
shmatofìrou to arg.val kai me thn enèrgeia GETVAL

epistrèfei h semctl thn tim  tou shmatofìrou

– Me tic enèrgeiec SETALL kai GETALL tÐjentai timèc
stouc shmatofìrouc tou sunìlou (apì ton pÐnaka sthn
arq  tou opoÐou deÐqnei to arg.array)   epistrèfontai
oi timèc twn shmatofìrwn (ston pÐnaka arg.array)

– Me thn enèrgeia IPC RMID katastrèfetai to sÔnolo twn
shmatofìrwn
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• Na grafoÔn client kai server progr�mmata C pou na
epideiknÔoun thn epikoinwnÐa metaxÔ touc mèsw koin c
mn mhc kai to sugqronismì touc mèsw shmatofìrwn.

/* File: shm_sem_server.c */

#include <sys/types.h> /* For System V IPC */

#include <sys/ipc.h> /* For System V IPC */

#include <sys/shm.h> /* For shared memory */

#include <sys/sem.h> /* For semaphores */

#include <stdio.h> /* For I/O */

#include <stdlib.h> /* For exit */

#include <string.h> /* For strcpy, strlen */

#define SHMKEY (key_t)4321 /* Key value of shared memory */

#define SEMKEY (key_t)9876 /* Key value of semaphore set */

#define SHMSIZ 256 /* Size of shared memory */

#define PERMS 0600 /* Permissions of shared memory and semaphore set */

union semun { /* Union for semaphores */

int val; struct semid_ds *buff; unsigned short *array; };

main()

{ int shmid, semid; char line[128], *shmem;

struct sembuf oper[1] = {0, 1, 0}; union semun arg;

if ((shmid = shmget(SHMKEY, SHMSIZ, PERMS | IPC_CREAT)) < 0) {

perror("shmget"); exit(1); } /* Create shared memory */

printf("Created shared memory region with identifier %d\n", shmid);

if ((semid = semget(SEMKEY, 1, PERMS | IPC_CREAT)) < 0) {

perror("semget"); exit(1); } /* Create semaphore set with 1 item */

printf("Created semaphore with identifier %d\n", semid);

arg.val=0;

if (semctl(semid, 0, SETVAL, arg) < 0) {

perror("semctl"); exit(1); } /* Initialize semaphore for locking */

printf("Initialized semaphore to lock shared memory region\n");

if ((shmem = shmat(shmid, (char *) 0, 0)) == (char *) -1) {

perror("shmat"); exit(1); }/* Attach shared memory region locally */

printf("Attached shared memory region\nGive input line: ");

fgets(line, sizeof line, stdin); line[strlen(line)-1] = ’\0’;

strcpy(shmem, line); /* Write message to shared memory */

printf("Wrote to shared memory region: %s\n", line);

if (semop(semid, &oper[0], 1) < 0) {

perror("semop"); exit(1); } /* Make shared memory available */

shmdt(shmem); /* Detach shared memory region */

printf("Released shared memory region\n"); }
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/* File: shm_sem_client.c */

#include <sys/types.h> /* For System V IPC */

#include <sys/ipc.h> /* For System V IPC */

#include <sys/shm.h> /* For shared memory */

#include <sys/sem.h> /* For semaphores */

#include <stdio.h> /* For I/O */

#include <stdlib.h> /* For exit */

#define SHMKEY (key_t)4321 /* Key value of shared memory */

#define SEMKEY (key_t)9876 /* Key value of semaphore set */

#define SHMSIZ 256 /* Size of shared memory */

#define PERMS 0600 /* Permissions of shared memory and semaphore set */

main()

{ int shmid, semid;

char *shmem;

struct sembuf oper[1] = {0, -1, 0};

if ((shmid = shmget(SHMKEY, SHMSIZ, PERMS)) < 0) {

perror("shmget"); exit(1); } /* Access shared memory */

printf("Accessing shared memory region with identifier %d\n", shmid);

if ((semid = semget(SEMKEY, 1, PERMS)) < 0) {

perror("semget"); exit(1); } /* Access semaphore set */

printf("Accessing semaphore with identifier %d\n", semid);

if ((shmem = shmat(shmid, (char *) 0, 0)) == (char *) -1) {

perror("shmat"); exit(1); }/* Attach shared memory region locally */

printf("Attached shared memory region\n");

printf("Asking for access to shared memory region\n");

if (semop(semid, &oper[0], 1) < 0) {

perror("semop"); exit(1); }/* Ask if you may access shared memory */

printf("Read from shared memory region: %s\n", shmem); /* Accessing */

shmdt(shmem); /* Detach shared memory region */

if (shmctl(shmid, IPC_RMID, (struct shmid_ds *) 0) < 0) {

perror("shmctl"); exit(1); } /* Destroy shared memory */

printf("Removed shared memory region with identifier %d\n", shmid);

if (semctl(semid, 0, IPC_RMID, 0) < 0) {

perror("semctl"); exit(1); } /* Destroy semaphore set */

printf("Removed semaphore with identifier %d\n", semid); }



147

$ ./shm_sem_server
Created shared memory region with identifier 163840
Created semaphore with identifier 131072
Initialized semaphore to lock shared memory region
Attached shared memory region
Give input line: To be saved in shared memory
Wrote to shared memory region: To be saved in shared memory
Released shared memory region
$

$ ./shm_sem_client
Accessing shared memory region with identifier 163840
Accessing semaphore with identifier 131072
Attached shared memory region
Asking for access to shared memory region
Read from shared memory region: To be saved in shared memory
Removed shared memory region with identifier 163840
Removed semaphore with identifier 131072
$
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N mata

• 'Ena   perissìtera n mata mporoÔn na ekteloÔntai sto
plaÐsio mÐac diergasÐac

• H basik  mon�da pou qronodromologeÐtai apì to
leitourgikì sÔsthma eÐnai to n ma kai ìqi h diergasÐa

• Ta n mata twn diergasi¸n ekteloÔntai yeudo-par�llhla,
all� mporoÔn na ektelesjoÔn kai pragmatik� par�llhla
se sust mata me polloÔc epexergastèc

• Opoiod pote n ma mÐac diergasÐac mporeÐ na dhmiourg sei
�lla n mata

• 'Ola ta n mata mÐac diergasÐac moir�zontai ton Ðdio q¸ro
dieujÔnsewn, kaj¸c kai �lla qarakthristik� thc
diergasÐac (p.q. k¸dikac, perigrafeÐc arqeÐwn k.l.p.) all�
to kajèna èqei th dik  tou stoÐba ektèleshc kai deÐkth
progr�mmatoc

• To leitourgikì sÔsthma mporeÐ na ektelèsei polÔ
grhgorìtera thn enallag  nhm�twn se sqèsh me thn
enallag  diergasi¸n

• ANSI/IEEE POSIX 1003.1c – 1995 standard
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• 'Olec oi sunart seic biblioj khc pou akoloujoÔn kai
qrhsimopoioÔntai gia diaqeÐrish nhm�twn apaitoÔn

#include <pthread.h>

Ta progr�mmata sta opoÐa qrhsimopoioÔntai oi sunart seic
autèc prèpei na metaglwttÐzontai me thn entol 

cc -o <filename> <filename>.c -lpthread

ètsi ¸ste sto dhmiourgoÔmeno ektelèsimo na “fort¸netai”
kai h biblioj kh gia ta n mata

• Oi sunart seic biblioj khc gia diaqeÐrish nhm�twn den
jètoun tim , se perÐptwsh l�jouc, sthn exwterik 
metablht  errno, sunep¸c den mporeÐ na qrhsimopoihjeÐ h
sun�rthsh biblioj khc perror gia thn ektÔpwsh
kat�llhlou diagnwstikoÔ mhnÔmatoc

• Se perÐptwsh l�jouc kat� thn kl sh k�poiac sun�rthshc
diaqeÐrishc nhm�twn, mporeÐ na qrhsimopoihjeÐ h sun�rthsh
biblioj khc strerror, gia thn ektÔpwsh kat�llhlou
diagnwstikoÔ mhnÔmatoc pou antistoiqeÐ ston kwdikì tou
l�jouc pou epèstreye h sun�rthsh gia to n ma

• Sun�rthsh biblioj khc strerror

– char *strerror(int errnum)

– Epistrèfei mÐa sumboloseir� pou perigr�fei to l�joc
to opoÐo antistoiqeÐ ston kwdikì l�jouc errnum

– ApaÐthsh: #include <string.h>
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DhmiourgÐa kai termatismìc nhm�twn

• Sun�rthsh biblioj khc pthread create

– int pthread create(pthread t *thread,

pthread attr t *attr,

void *(*start)(void *), void *arg)

– DhmiourgeÐ èna kainoÔrgio n ma to opoÐo ekteleÐ th
sun�rthsh me dieÔjunsh start kai par�metro to arg

– H tautìthta tou n matoc epistrèfetai sto *thread

– Mèsw tou attr mporoÔme na orÐsoume k�poia
qarakthristik� gia to n ma, all� sun jwc af noume ta
default, dÐnont�c tou thn tim  NULL

– Epistrèfei 0 se epituqÐa

• Sun�rthsh biblioj khc pthread exit

– void pthread exit(void *retval)

– TermatÐzei to n ma pou thn kaleÐ

– Ef' ìson to n ma eÐnai sunen¸simo, pou eÐnai h default
perÐptwsh, o kwdikìc exìdou retval eÐnai diajèsimoc se
opoiod pote �llo n ma thc diergasÐac pou perimènei,
mèsw thc sun�rthshc pthread join h opoÐa ja
perigrafeÐ sth sunèqeia, ton termatismì tou
sugkekrimènou n matoc
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• Sun�rthsh biblioj khc pthread join

– int pthread join(pthread t thread,

void **retaddr)

– Perimènei ton termatismì tou sunen¸simou n matoc me
tautìthta thread

– O kwdikìc exìdou tou n matoc pou term�tise, ìpwc
dìjhke me thn pthread exit, epistrèfetai sto
*retaddr

– Epistrèfei 0 se epituqÐa

• Sun�rthsh biblioj khc pthread self

– pthread t pthread self()

– Epistrèfei thn tautìthta tou n matoc pou thn kaleÐ

• Sun�rthsh biblioj khc pthread detach

– int pthread detach(pthread t thread)

– Metatrèpei to n ma me tautìthta thread apì
sunen¸simo se apospasmèno

– Epistrèfei 0 se epituqÐa

– 'Ena apospasmèno n ma eleujer¸nei amèswc touc
pìrouc pou èqei desmeÔsei mìlic termatÐsei, en¸ èna
sunen¸simo to k�nei autì mìno ìtan k�poio �llo n ma
zht sei na sunenwjeÐ mazÐ tou, mèsw thc pthread join

– H kl sh thc pthread join gia èna apospasmèno n ma
apotugq�nei
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• Qr sh twn sunart sewn pthread create, pthread exit,
pthread join kai pthread self

/* File: create_a_thread.c */

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

#include <string.h> /* For strerror */

#include <stdlib.h> /* For exit */

#include <pthread.h> /* For threads */

#define perror2(s, e) fprintf(stderr, "%s: %s\n", s, strerror(e))

/* Error message printing function */

void *thread_f(void *); /* Forward declaration */

main()

{ pthread_t thr;

int err, status;

if (err = pthread_create(&thr, NULL, thread_f, NULL)) {

/* New thread */

perror2("pthread_create", err);

exit(1); }

printf("I am original thread %d and I created thread %d\n",

pthread_self(), thr);

if (err = pthread_join(thr, (void **) &status)) {

/* Wait for thread */

perror2("pthread_join", err); /* termination */

exit(1); }

printf("Thread %d exited with code %d\n", thr, status);

pthread_exit(NULL); }

void *thread_f(void *argp) /* Thread function */

{ printf("I am the newly created thread %d\n", pthread_self());

pthread_exit((void *) 47);

/* Not correct, according to Stefanos */

/* See message http://www.di.uoa.gr/~syspro/getmsg.cgi?1404 */

}

$ ./create_a_thread
I am the newly created thread 1026
I am original thread 1024 and I created thread 1026
Thread 1026 exited with code 47
$
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• Qr sh thc sun�rthshc pthread detach

/* File: detached_thread.c */

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

#include <string.h> /* For strerror */

#include <stdlib.h> /* For exit */

#include <pthread.h> /* For threads */

#define perror2(s, e) fprintf(stderr, "%s: %s\n", s, strerror(e))

/* Error message printing function */

void *thread_f(void *); /* Forward declaration */

main()

{ pthread_t thr;

int err, arg = 29;

if (err = pthread_create(&thr, NULL, thread_f, (void *) &arg)) {

/* New thread */

perror2("pthread_create", err);

exit(1); }

printf("I am original thread %d and I created thread %d\n",

pthread_self(), thr);

pthread_exit(NULL); }

void *thread_f(void *argp) /* Thread function */

{ int err;

if (err = pthread_detach(pthread_self())) {/* Detach thread */

perror2("pthread_detach", err);

exit(1); }

printf("I am thread %d and I was called with argument %d\n",

pthread_self(), *(int *) argp);

pthread_exit(NULL); }

$ ./detached_thread
I am original thread 1024 and I created thread 1026
I am thread 1026 and I was called with argument 29
$
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• Na grafeÐ èna prìgramma C pou na dhmiourgeÐ èna arijmì
apì n mata, kajèna apì ta opoÐa na kajustereÐ na
termatÐsei gia èna tuqaÐo arijmì deuterolèptwn.

/* File: random_sleeps.c */

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

#include <string.h> /* For strerror */

#include <stdlib.h> /* For srandom, random, exit */

#include <pthread.h> /* For threads */

#define MAX_SLEEP 10 /* Maximum sleeping time in seconds */

#define perror2(s, e) fprintf(stderr, "%s: %s\n", s, strerror(e))

/* Error message printing function */

void *sleeping(void *); /* Forward declaration */

main(int argc, char *argv[])

{ int n, i, sl, err;

pthread_t *tids;

if (argc > 1) n = atoi(argv[1]); /* Make integer */

else exit(0);

if (n > 50) { /* Avoid too many threads */

printf("Number of threads should be up to 50\n"); exit(0); }

if ((tids = malloc(n * sizeof(pthread_t))) == NULL) {

perror("malloc"); exit(1); }

srandom((unsigned int) time(NULL)); /* Initialize generator */

for (i=0 ; i<n ; i++) {

sl = random() % MAX_SLEEP + 1; /* Sleeping time 1..MAX_SLEEP */

if (err = pthread_create(tids+i, NULL, sleeping, (void *) sl)) {

/* Create a thread */

perror2("pthread_create", err); exit(1); } }

for (i=0 ; i<n ; i++)

if (err = pthread_join(*(tids+i), NULL)) {

/* Wait for thread termination */

perror2("pthread_join", err); exit(1); }

printf("all %d threads have terminated\n", n); }

void *sleeping(void *arg)

{ int sl = (int) arg;

printf("thread %d sleeping %d seconds ...\n", pthread_self(), sl);

sleep(sl); /* Sleep a number of seconds */

printf("thread %d awakening\n", pthread_self());

pthread_exit(NULL); }
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$ ./random_sleeps 10
thread 1026 sleeping 8 seconds ...
thread 2051 sleeping 5 seconds ...
thread 3076 sleeping 1 seconds ...
thread 4101 sleeping 9 seconds ...
thread 5126 sleeping 6 seconds ...
thread 6151 sleeping 9 seconds ...
thread 7176 sleeping 2 seconds ...
thread 8201 sleeping 3 seconds ...
thread 9226 sleeping 3 seconds ...
thread 10251 sleeping 1 seconds ...
thread 3076 awakening
thread 10251 awakening
thread 7176 awakening
thread 8201 awakening
thread 9226 awakening
thread 2051 awakening
thread 5126 awakening
thread 1026 awakening
thread 6151 awakening
thread 4101 awakening
all 10 threads have terminated
$
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Sugqronismìc nhm�twn me duadikoÔc shmatofìrouc

• Gia to sugqronismì metaxÔ nhm�twn pou protÐjentai na
prospel�soun koinoÔc pìrouc, h biblioj kh twn POSIX
nhm�twn parèqei mÐa aplopoihmènh ekdoq  shmatofìrwn,
touc duadikoÔc shmatofìrouc (mutexes)

• 'Enac duadikìc shmatofìroc mporeÐ na brÐsketai se mÐa apì
dÔo pijanèc katast�seic, na eÐnai kleidwmènoc  
xekleÐdwtoc

• Sun�rthsh biblioj khc pthread mutex init

– int pthread mutex init(pthread mutex t *mutex,

pthread mutexattr t *attr)

– ArqikopoieÐ dunamik� to shmatofìro *mutex

– Mèsw tou attr mporoÔme na orÐsoume k�poia
qarakthristik� gia to shmatofìro, all� sun jwc
af noume ta default, dÐnont�c tou thn tim  NULL

– 'Enac shmatofìroc mporeÐ na arqikopoihjeÐ kai statik�
dÐnont�c tou san tim  th stajer�
PTHREAD MUTEX INITIALIZER

– Epistrèfei p�ntote 0
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• Sun�rthsh biblioj khc pthread mutex lock

– int pthread mutex lock(pthread mutex t *mutex)

– Kleid¸nei to shmatofìro *mutex ef' ìson eÐnai
xekleÐdwtoc

– An o shmatofìroc eÐnai kleidwmènoc apì �llo n ma,
tìte to kaloÔn n ma tÐjetai se anastol  kai h
sun�rthsh epistrèfei ìtan katorj¸sei na kleid¸sei to
shmatofìro, afoÔ ton xekleid¸sei to n ma pou ton
kleÐdwse

– Epistrèfei 0 se epituqÐa

• Sun�rthsh biblioj khc pthread mutex unlock

– int pthread mutex unlock(pthread mutex t

*mutex)

– Xekleid¸nei to shmatofìro *mutex ef' ìson èqei
kleidwjeÐ prohgoumènwc apì to Ðdio n ma

– Epistrèfei 0 se epituqÐa

• Sun�rthsh biblioj khc pthread mutex destroy

– int pthread mutex destroy(pthread mutex t

*mutex)

– Katastrèfei to shmatofìro *mutex ef' ìson eÐnai
xekleÐdwtoc

– Den eÐnai anagkaÐo na katastrèfontai oi shmatofìroi
pou èqoun arqikopoihjeÐ statik�

– Epistrèfei 0 se epituqÐa
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• Qr sh twn sunart sewn pthread mutex init,
pthread mutex lock, pthread mutex unlock kai
pthread mutex destroy

/* File: sync_by_mutex.c */

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

#include <string.h> /* For strcpy, strerror */

#include <stdlib.h> /* For exit */

#include <pthread.h> /* For threads */

#define perror2(s, e) fprintf(stderr, "%s: %s\n", s, strerror(e))

/* Error message printing function */

pthread_mutex_t mtx; /* Mutex for synchronization */

char buf[25]; /* Message to communicate */

void *thread_f(void *); /* Forward declaration */

main()

{ pthread_t thr;

int err;

pthread_mutex_init(&mtx, NULL);

if (err = pthread_mutex_lock(&mtx)) { /* Lock mutex */

perror2("pthread_mutex_lock", err); exit(1); }

printf("Thread %d: Locked the mutex\n", pthread_self());

if (err = pthread_create(&thr, NULL, thread_f, NULL)) {

/* New thread */

perror2("pthread_create", err); exit(1); }

printf("Thread %d: Created thread %d\n", pthread_self(), thr);

strcpy(buf, "This is a test message");

printf("Thread %d: Wrote message \"%s\" for thread %d\n",

pthread_self(), buf, thr);

if (err = pthread_mutex_unlock(&mtx)) { /* Unlock mutex */

perror2("pthread_mutex_unlock", err); exit(1); }

printf("Thread %d: Unlocked the mutex\n", pthread_self());

if (err = pthread_join(thr, NULL)) { /* Wait for thread */

perror2("pthread_join", err); exit(1); } /* termination */

printf("Thread %d: Thread %d exited\n", pthread_self(), thr);

if (err = pthread_mutex_destroy(&mtx)) { /* Destroy mutex */

perror2("pthread_mutex_destroy", err); exit(1); }

pthread_exit(NULL); }
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void *thread_f(void *argp) /* Thread function */

{ int err;

printf("Thread %d: Just started\n", pthread_self());

printf("Thread %d: Trying to lock the mutex\n", pthread_self());

if (err = pthread_mutex_lock(&mtx)) { /* Lock mutex */

perror2("pthread_mutex_lock", err); exit(1); }

printf("Thread %d: Locked the mutex\n", pthread_self());

printf("Thread %d: Read message \"%s\"\n", pthread_self(), buf);

if (err = pthread_mutex_unlock(&mtx)) { /* Unlock mutex */

perror2("pthread_mutex_unlock", err); exit(1); }

printf("Thread %d: Unlocked the mutex\n", pthread_self());

pthread_exit(NULL); }

$ ./sync_by_mutex
Thread 1024: Locked the mutex
Thread 1026: Just started
Thread 1026: Trying to lock the mutex
Thread 1024: Created thread 1026
Thread 1024: Wrote message "This is a test message" for thread 1026
Thread 1024: Unlocked the mutex
Thread 1026: Locked the mutex
Thread 1026: Read message "This is a test message"
Thread 1026: Unlocked the mutex
Thread 1024: Thread 1026 exited
$
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• Na grafeÐ èna prìgramma C pou na dhmiourgeÐ èna
dedomèno arijmì nhm�twn, ta opoÐa na analamb�noun na
upologÐsoun, gia dedomèno n, to

∑n
i=1 i2, èqontac kajèna

apì ta n mata thn eujÔnh gia ton upologismì perÐpou Ðsou
pl jouc ìrwn tou ajroÐsmatoc.

/* File: sum_of_squares.c */

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

#include <string.h> /* For strerror */

#include <stdlib.h> /* For exit */

#include <pthread.h> /* For threads */

#define perror2(s, e) fprintf(stderr, "%s: %s\n", s, strerror(e))

/* Error message printing function */

pthread_mutex_t mtx; /* Mutex for synchronization */

int n, nthr, mtxfl; /* Variables visible by thread function */

double sqsum; /* Sum of squares */

void *square_f(void *); /* Forward declaration */

main(int argc, char *argv[])

{ int i, err;

pthread_t *tids;

if (argc > 3) {

n = atoi(argv[1]); /* Last integer to be squared */

nthr = atoi(argv[2]); /* Number of threads */

mtxfl = atoi(argv[3]); } /* Are we going to lock? */

else exit(0);

if (nthr > 50) { /* Avoid too many threads */

printf("Number of threads should be up to 50\n"); exit(0); }

if ((tids = malloc(nthr * sizeof(pthread_t))) == NULL) {

perror("malloc"); exit(1); }

sqsum = (double) 0.0; /* Initialize sum */

pthread_mutex_init(&mtx, NULL); /* Initialize mutex */

for (i=0 ; i<nthr ; i++) {

if (err = pthread_create(tids+i, NULL, square_f, (void *) i)) {

/* Create a thread */

perror2("pthread_create", err); exit(1); } }

for (i=0 ; i<nthr ; i++)

if (err = pthread_join(*(tids+i), NULL)) {

/* Wait for thread termination */

perror2("pthread_join", err); exit(1); }
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if (err = pthread_mutex_destroy(&mtx)) { /* Destroy mutex */

perror2("pthread_mutex_destroy", err); exit(1); }

if (!mtxfl)

printf("Without mutex\n");

else

printf("With mutex\n");

printf("%2d threads: sum of squares up to %d is %12.9e\n",

nthr, n, sqsum);

sqsum = (double) 0.0; /* Compute sum with a single thread */

for (i=0 ; i<n ; i++)

sqsum += (double) (i+1) * (double) (i+1);

printf("Single thread: sum of squares up to %d is %12.9e\n", n, sqsum);

printf("Formula based: sum of squares up to %d is %12.9e\n",

n, ((double) n)*(((double) n)+1)*(2*((double) n)+1)/6);

pthread_exit(NULL); }

void *square_f(void *argp) /* Thread function */

{ int i, thri, err;

thri = (int) argp;

for (i=thri ; i<n ; i+=nthr) {

if (mtxfl) /* Is mutex used? */

if (err = pthread_mutex_lock(&mtx)) { /* Lock mutex */

perror2("pthread_mutex_lock", err); exit(1); }

sqsum += (double) (i+1) * (double) (i+1);

if (mtxfl) /* Is mutex used? */

if (err = pthread_mutex_unlock(&mtx)) { /* Unlock mutex */

perror2("pthread_mutex_unlock", err); exit(1); } }

pthread_exit(NULL); }

$ ./sum_of_squares 123456 23 1
With mutex
23 threads: sum of squares up to 123456 is 6.272210524e+14
Single thread: sum of squares up to 123456 is 6.272210524e+14
Formula based: sum of squares up to 123456 is 6.272210524e+14
$ ./sum_of_squares 123456 23 0
Without mutex
23 threads: sum of squares up to 123456 is 5.740972751e+14
Single thread: sum of squares up to 123456 is 6.272210524e+14
Formula based: sum of squares up to 123456 is 6.272210524e+14
$
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Shmatofìroi kai metablhtèc sunj khc

• Ektìc apì touc duadikoÔc shmatofìrouc, h biblioj kh twn
POSIX nhm�twn parèqei kai èna deÔtero mèso
sugqronismoÔ nhm�twn, tic metablhtèc sunj khc

• 'Ena n ma eÐnai dunatìn, mèsw mÐac metablht c sunj khc,
na anasteÐlei thn ektèles  tou mèqric ìtou ikanopoihjeÐ
k�poia sunj kh

• H ikanopoÐhsh thc sunj khc gÐnetai gnwst  sto n ma pou
èqei anasteÐlei thn ektèles  tou apì �llo n ma mèsw
kat�llhlou mhqanismoÔ enhmèrwshc

• MÐa metablht  sunj khc eÐnai p�ntote sunufasmènh me èna
duadikì shmatofìro

• Sun�rthsh biblioj khc pthread cond init

– int pthread cond init(pthread cond t *cond,

pthread condattr t *cond attr)

– ArqikopoieÐ dunamik� th metablht  sunj khc *cond

– Mèsw tou cond attr mporoÔme na orÐsoume k�poia
qarakthristik� gia th metablht  sunj khc, all�
sun jwc af noume ta default, dÐnont�c tou thn tim 
NULL

– MÐa metablht  sunj khc mporeÐ na arqikopoihjeÐ kai
statik� dÐnont�c thc san tim  th stajer�
PTHREAD COND INITIALIZER

– Epistrèfei p�ntote 0
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• Sun�rthsh biblioj khc pthread cond wait

– int pthread cond wait(pthread cond t *cond,

pthread mutex t *mutex)

– Xekleid¸nei to shmatofìro *mutex kai anastèllei thn
ektèlesh tou kaloÔntoc n matoc mèqri na energopoihjeÐ
kai p�li apì k�poio �llo n ma, mèsw thc sun�rthshc
pthread cond signal   thc pthread cond broadcast,
twn opoÐwn h perigraf  ja akolouj sei, me b�sh th
metablht  sunj khc *cond

– To kaloÔn n ma prèpei prin thn kl sh thc
pthread cond wait na èqei kleid¸sei to shmatofìro
*mutex

– Prin epistrèyei h pthread cond wait, kleid¸nei kai
p�li to shmatofìro *mutex

– To n ma pou ja energopoi sei to kaloÔn n ma prèpei
prin thn kl sh thc sun�rthshc energopoÐhshc, p.q. thc
pthread cond signal, na kleid¸sei to shmatofìro
*mutex kai met� thn kl sh na ton xekleid¸sei

– Epistrèfei p�ntote 0
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• Sun�rthsh biblioj khc pthread cond signal

– int pthread cond signal(pthread cond t *cond)

– EnergopoieÐ k�poio n ma pou èqei anasteÐlei thn
ektèles  tou me b�sh th metablht  sunj khc *cond

– Epistrèfei p�ntote 0

• Sun�rthsh biblioj khc pthread cond broadcast

– int pthread cond broadcast(pthread cond t

*cond)

– EnergopoieÐ ìla ta n mata pou èqoun anasteÐlei thn
ektèles  touc me b�sh th metablht  sunj khc *cond

– Epistrèfei p�ntote 0

• Sun�rthsh biblioj khc pthread cond destroy

– int pthread cond destroy(pthread cond t *cond)

– Katastrèfei th metablht  sunj khc *cond, ef' ìson
kanèna n ma den èqei anasteÐlei thn ektèles  tou me
b�sh aut n

– Den eÐnai anagkaÐo na katastrèfontai oi metablhtèc
sunj khc pou èqoun arqikopoihjeÐ statik�

– Epistrèfei 0 se epituqÐa
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• Qr sh twn sunart sewn pthread cond init,
pthread cond wait, pthread cond signal kai
pthread cond destroy

/* File: mutex_condvar.c */

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

#include <string.h> /* For strcpy, strerror */

#include <stdlib.h> /* For exit */

#include <pthread.h> /* For threads */

#define perror2(s, e) fprintf(stderr, "%s: %s\n", s, strerror(e))

/* Error message printing function */

pthread_mutex_t mtx = PTHREAD_MUTEX_INITIALIZER;

/* Mutex for synchronization */

pthread_cond_t cvar; /* Condition variable */

char buf[25]; /* Message to communicate */

void *thread_f(void *); /* Forward declaration */

main()

{ pthread_t thr; int err;

pthread_cond_init(&cvar, NULL); /* Initialize condition variable */

if (err = pthread_mutex_lock(&mtx)) { /* Lock mutex */

perror2("pthread_mutex_lock", err); exit(1); }

printf("Thread %d: Locked the mutex\n", pthread_self());

if (err = pthread_create(&thr, NULL, thread_f, NULL)) {

/* New thread */

perror2("pthread_create", err); exit(1); }

printf("Thread %d: Created thread %d\n", pthread_self(), thr);

printf("Thread %d: Waiting for signal\n", pthread_self());

pthread_cond_wait(&cvar, &mtx); /* Wait for signal */

printf("Thread %d: Woke up\n", pthread_self());

printf("Thread %d: Read message \"%s\"\n", pthread_self(), buf);

if (err = pthread_mutex_unlock(&mtx)) { /* Unlock mutex */

perror2("pthread_mutex_unlock", err); exit(1); }

printf("Thread %d: Unlocked the mutex\n", pthread_self());

if (err = pthread_join(thr, NULL)) { /* Wait for thread */

perror2("pthread_join", err); exit(1); } /* termination */

printf("Thread %d: Thread %d exited\n", pthread_self(), thr);

if (err = pthread_cond_destroy(&cvar)) {

/* Destroy condition variable */

perror2("pthread_cond_destroy", err); exit(1); }

pthread_exit(NULL); }
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void *thread_f(void *argp) /* Thread function */

{ int err;

printf("Thread %d: Just started\n", pthread_self());

printf("Thread %d: Trying to lock the mutex\n", pthread_self());

if (err = pthread_mutex_lock(&mtx)) { /* Lock mutex */

perror2("pthread_mutex_lock", err); exit(1); }

printf("Thread %d: Locked the mutex\n", pthread_self());

strcpy(buf, "This is a test message");

printf("Thread %d: Wrote message \"%s\"\n", pthread_self(), buf);

pthread_cond_signal(&cvar); /* Awake other thread */

printf("Thread %d: Sent signal\n", pthread_self());

if (err = pthread_mutex_unlock(&mtx)) { /* Unlock mutex */

perror2("pthread_mutex_unlock", err); exit(1); }

printf("Thread %d: Unlocked the mutex\n", pthread_self());

pthread_exit(NULL); }

$ ./mutex_condvar
Thread 1024: Locked the mutex
Thread 1026: Just started
Thread 1026: Trying to lock the mutex
Thread 1024: Created thread 1026
Thread 1024: Waiting for signal
Thread 1026: Locked the mutex
Thread 1026: Wrote message "This is a test message"
Thread 1026: Sent signal
Thread 1026: Unlocked the mutex
Thread 1024: Woke up
Thread 1024: Read message "This is a test message"
Thread 1024: Unlocked the mutex
Thread 1024: Thread 1026 exited
$
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• Na grafeÐ èna prìgramma C pou na dhmiourgeÐ tèssera
n mata, ta trÐa apì ta opoÐa na aux�noun èna kajolikì
metrht , en¸ to tètarto na anastèllei thn ektèles  tou
mèqri o metrht c na ft�sei sugkekrimènh tim .

/* File: counter.c */

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

#include <stdlib.h> /* For exit */

#include <pthread.h> /* For threads */

#define perror2(s, e) fprintf(stderr, "%s: %s\n", s, strerror(e))

/* Error message printing function */

#define COUNT_PER_THREAD 8 /* Count increments by each thread */

#define THRESHOLD 19 /* Count value to wake up thread */

int count = 0; /* The counter */

int thread_ids[4] = {0, 1, 2, 3}; /* My thread ids */

pthread_mutex_t mtx; /* My mutex */

pthread_cond_t cv; /* My condition variable */

void *incr(void *argp)

{ int i, j, err, *id = argp;

for (i=0 ; i<COUNT_PER_THREAD ; i++) {

if (err = pthread_mutex_lock(&mtx)) { /* Lock mutex */

perror2("pthread_mutex_lock", err); exit(1); }

count++; /* Increment counter */

if (count == THRESHOLD) { /* Check for threshold */

pthread_cond_signal(&cv); /* Signal suspended thread */

printf("incr: thread %d, count = %d, threshold reached\n",

*id, count); }

printf("incr: thread %d, count = %d\n", *id, count);

if (err = pthread_mutex_unlock(&mtx)) { /* Unlock mutex */

perror2("pthread_mutex_unlock", err); exit(1); }

for (j=0 ; j < 1000000 ; j++); } /* For threads to alternate */

/* on mutex lock */

pthread_exit(NULL); }
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void *susp(void *argp)

{ int err, *id = argp;

printf("susp: thread %d started\n", *id);

if (err = pthread_mutex_lock(&mtx)) { /* Lock mutex */

perror2("pthread_mutex_lock", err); exit(1); }

while (count < THRESHOLD) { /* If threshold not reached */

pthread_cond_wait(&cv, &mtx); /* suspend */

printf("susp: thread %d, signal received\n", *id); }

if (err = pthread_mutex_unlock(&mtx)) { /* Unlock mutex */

perror2("pthread_mutex_unlock", err); exit(1); }

pthread_exit(NULL); }

main()

{ int i, err;

pthread_t threads[4];

pthread_mutex_init(&mtx, NULL); /* Initialize mutex */

pthread_cond_init(&cv, NULL); /* and condition variable */

for (i=0 ; i<3 ; i++)

if (err = pthread_create(&threads[i], NULL, incr,

(void *) &thread_ids[i])) { /* Create threads 0, 1, 2 */

perror2("pthread_create", err); exit(1); }

if (err = pthread_create(&threads[3], NULL, susp,

(void *) &thread_ids[3])) { /* Create thread 3 */

perror2("pthread_create", err); exit(1); }

for (i=0 ; i<4 ; i++)

if (err = pthread_join(threads[i], NULL)) {

perror2("pthread_join", err); exit(1); };

/* Wait for threads termination */

printf("main: all threads terminated\n");

/* Destroy mutex and condition variable */

if (err = pthread_mutex_destroy(&mtx)) {

perror2("pthread_mutex_destroy", err); exit(1); }

if (err = pthread_cond_destroy(&cv)) {

perror2("pthread_cond_destroy", err); exit(1); }

pthread_exit(NULL); }
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$ ./counter
incr: thread 0, count = 1
incr: thread 1, count = 2
incr: thread 0, count = 3
incr: thread 2, count = 4
incr: thread 0, count = 5
incr: thread 1, count = 6
susp: thread 3 started
incr: thread 2, count = 7
incr: thread 1, count = 8
incr: thread 2, count = 9
incr: thread 1, count = 10
incr: thread 2, count = 11
incr: thread 1, count = 12
incr: thread 2, count = 13
incr: thread 0, count = 14
incr: thread 2, count = 15
incr: thread 0, count = 16
incr: thread 2, count = 17
incr: thread 0, count = 18
incr: thread 1, count = 19, threshold reached
incr: thread 1, count = 19
susp: thread 3, signal received
incr: thread 0, count = 20
incr: thread 1, count = 21
incr: thread 0, count = 22
incr: thread 2, count = 23
incr: thread 1, count = 24
main: all threads terminated
$
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'Allec endiafèrousec sunart seic gia ta n mata

• pthread equal

• pthread attr init

• pthread attr destroy

• pthread attr getdetachstate

• pthread attr setdetachstate

• pthread mutex trylock

• pthread mutexattr init

• pthread mutexattr destroy

• pthread cond timedwait

• pthread condattr init

• pthread condattr destroy

• pthread key create

• pthread key delete

• pthread setspecific

• pthread getspecific

• pthread cancel

• pthread setcancelstate

• pthread setcanceltype

• pthread testcancel

• . . .
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DiaqeÐrish sust matoc arqeÐwn

• Ierarqik  org�nwsh tou sust matoc arqeÐwn se
deutereÔousa mn mh (dÐskoc) mèsw enìc dèntrou pou
perilamb�nei

– koin� arqeÐa

– katalìgouc

– sumbolikoÔc sundèsmouc

– upodoqèc pedÐou Unix

– suskeuèc

– . . .

• Oi kat�logoi eÐnai endi�mesoi (ìqi fÔlla) kìmboi tou
dèntrou

• Gia k�je kìmbo tou dèntrou, èna sÔnolo apì aparaÐthtec
plhroforÐec (tÔpoc, dikai¸mata prostasÐac, idiokt thc,
om�da, ¸ra teleutaÐac tropopoÐhshc, dieujÔnseic blocks
pou brÐskontai ta perieqìmena k.l.p.) eÐnai kataqwrhmènec
se mÐa perioq  tou dÐskou pou lègetai inode tou kìmbou

• Oi inodes ìlwn twn kìmbwn tou sust matoc arqeÐwn eÐnai
kataqwrhmènoi sta pr¸ta blocks tou dÐskou

• Ta koin� arqeÐa perièqoun mh domhmèna dedomèna
(akoloujÐec apì bytes), en¸ oi kat�logoi perièqoun me
sugkekrimènh dom  onìmata twn kìmbwn-paidi¸n touc kai
arijmoÔc twn antistoÐqwn inodes
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• PoÔ brÐskontai ta perieqìmena tou arqeÐou /usr/test.c;

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

Οµαδα
Πληθος συνδεσµων

δευτερο

πρωτο

εκτελεσιµο

εκτελεσιµο

∆ικαιωµατα

Αριθµος

Ωρα τροποποιησης
Ωρα προσπελασης

Ιδιοκτητης

Αριθµος

1

4

6

2
3

5

7
8

200

206

202

203

204

205

200
201
202
203
204, 206
205

2

4

2
5

2

3

2

3

7
4

6

dr-xr-xr-x

dr-xr-xr-x

dr-xr-xr-x

-r-xr-xr-x

-rwxr-xr-x

-r-xr-xr-x

.

/  inode

ls

test.c

cp

..

bin

usr

.

ls

..

cp

.

..

test.c

block

bin

/

usr

test.cls cp

test.c block

block

201

inode
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Prìsbash se inodes

• Kl sh sust matoc stat

– int stat(char *path, struct stat *buf)

– Sumplhr¸nei ta pedÐa thc dom c *buf me tic
plhroforÐec pou eÐnai kataqwrhmènec ston inode tou
kìmbou me ìnoma path

– K�poia pedÐa sth dom  struct stat *buf eÐnai ta
∗ buf->st ino: Arijmìc inode tou kìmbou
∗ buf->st mode: Ta 9 teleutaÐa bits kwdikopoioÔn ta

dikai¸mata prostasÐac tou idiokt th, thc om�dac kai
twn �llwn, kat� ta gnwst�, en¸ ta 4 pr¸ta bits
kwdikopoioÔn ton tÔpo tou kìmbou (met� apì logikì
KAI me th stajer� S IFMT, an to apotèlesma eÐnai
S IFDIR, o kìmboc eÐnai kat�logoc, an eÐnai S IFREG,
eÐnai koinì arqeÐo, k.l.p.)

∗ buf->st nlink: Pl joc sklhr¸n sundèsmwn proc
ton kìmbo

∗ buf->st uid: Tautìthta idiokt th
∗ buf->st gid: Tautìthta om�dac
∗ buf->st size: Mègejoc se bytes
∗ buf->st atime: 'Wra teleutaÐac prospèlashc twn

perieqomènwn tou kìmbou
∗ buf->st mtime: 'Wra teleutaÐac tropopoÐhshc twn

perieqomènwn tou kìmbou
∗ buf->st ctime: 'Wra teleutaÐac tropopoÐhshc tou

inode tou kìmbou
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– Sta pedÐa st atime, st mtime kai st ctime, oi ¸rec
kataqwroÔntai san pl joc deuterolèptwn pou èqoun
parèljei apì thn 1/1/1970

– H stat epistrèfei 0 se epituqÐa kai -1 se perÐptwsh
l�jouc

– Apait seic
∗ #include <sys/types.h>

∗ #include <sys/stat.h>

• H sun�rthsh biblioj khc ctime mporeÐ na qrhsimopoihjeÐ
gia thn metatrop  twn tim¸n twn pedÐwn st atime,
st mtime kai st ctime thc dom c struct stat se mÐa
perissìtero eÔlhpth morf , paÐrnontac san ìrisma èna
deÐkth se pl joc deuterolèptwn pou èqoun parèljei apì
thn 1/1/1970 kai epistrèfontac ènan char * pou deÐqnei se
mÐa sumboloseir� h opoÐa perigr�fei thn antÐstoiqh
hmeromhnÐa kai ¸ra me th morf  pou mac th dÐnei kai h
entol  date

• Up�rqei kai antÐstoiqh me th stat kl sh sust matoc
fstat, h opoÐa antÐ gia path perimènei ènan perigrafèa
arqeÐou int fd
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Prìsbash se perieqìmena katalìgwn

• Ta perieqìmena katalìgwn (zeÔgh arijm¸n inodes kai
onom�twn kìmbwn) eÐnai dunatìn na prospelasjoÔn mèsw
twn sunart sewn biblioj khc opendir, readdir kai
closedir

• H prìsbash se ènan kat�logo gÐnetai mèsw enìc deÐkth
DIR * (an�logou me ton FILE * pou qrhsimopoieÐtai stic
sunart seic diaqeÐrishc arqeÐwn thc biblioj khc stdio)

• K�je stoiqeÐo sta perieqìmena enìc katalìgou eÐnai mÐa
dom  struct dirent, thc opoÐac ta pedÐa d ino kai d name

dÐnoun ton arijmì inode kai to ìnoma, antÐstoiqa, enìc
kìmbou pou perièqetai ston kat�logo

• Den up�rqei dunatìthta, oÔte programmatistik�, na
tropopoi sei ènac aplìc qr sthc ta perieqìmena enìc
katalìgou epembaÐnontac sthn eswterik  dom  tou

• Apait seic twn sunart sewn biblioj khc gia prìsbash
sta perieqìmena katalìgwn

– #include <sys/types.h>

– #include <sys/dirent.h>
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• Sun�rthsh biblioj khc opendir

– DIR *opendir(char *path)

– AnoÐgei ton kat�logo me ìnoma path kai epistrèfei
ènan deÐkth se DIR gia thn prìsbash ston kat�logo

– Epistrèfei NULL se perÐptwsh l�jouc

• Sun�rthsh biblioj khc readdir

– struct dirent *readdir(DIR *dp)

– Epistrèfei ènan deÐkth se dom  struct dirent pou
antistoiqeÐ sto trèqon stoiqeÐo twn perieqomènwn tou
katalìgou pou h prìsbash tou gÐnetai me to dp

– An, gia to trèqon stoiqeÐo, to pedÐo d ino thc dom c
eÐnai 0, o antÐstoiqoc kìmboc èqei diagrafeÐ

– Epistrèfei NULL ìtan den up�rqoun �lla stoiqeÐa gia
di�basma

• Sun�rthsh biblioj khc closedir

– int closedir(DIR *dp)

– KleÐnei ton kat�logo pou h prìsbash tou gÐnetai me to
dp

– Epistrèfei 0 se epituqÐa kai -1 se perÐptwsh l�jouc
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• Na grafeÐ èna prìgramma C pou na sumperifèretai
parìmoia me thn entol  ls -al.

/* File: myls.c */

#include <sys/types.h> /* For stat, opendir, readdir, closedir */

#include <sys/stat.h> /* For stat */

#include <dirent.h> /* For opendir, readdir, closedir */

#include <stdio.h> /* For I/O */

#include <stdlib.h> /* For malloc, exit */

#include <string.h> /* For strlen, strcpy, strcat */

char *modes[] = {"---", "--x", "-w-", "-wx", "r--", "r-x", "rw-", "rwx"};

/* Translate modes 0, 1, 2, 3, 4, 5, 6, 7 */

void list(char *);

void printout(char *);

main(int argc, char *argv[])

{ struct stat sbuf;

if (argc < 2) { /* If no arguments, list contents of "." */

list("."); exit(0); }

while (--argc) { /* For each argument */

if (stat(*++argv, &sbuf) < 0) { /* Find inode information */

perror(*argv); continue; }

if ((sbuf.st_mode & S_IFMT) == S_IFDIR)

list(*argv); /* If directory, list its contents */

else

printout(*argv); } } /* If regular file, print "ls -al" info */
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void list(char *name) /* Lists contents of directory "name" */

{ DIR *dp;

struct dirent *dir;

char *newname;

if ((dp = opendir(name)) == NULL) { /* Open directory */

perror("opendir"); return; }

while ((dir = readdir(dp)) != NULL) { /* Read contents till end */

if (dir->d_ino == 0) /* Ignore removed entries */

continue;

newname = malloc(strlen(name)+strlen(dir->d_name)+2);

strcpy(newname, name); /* Compose pathname as "name/dir->d_name" */

strcat(newname, "/");

strcat(newname, dir->d_name);

printout(newname); /* Print "ls -al" info of entry */

free(newname); }

closedir(dp); } /* Close directory */

void printout(char *name) /* Prints "ls -al" info of "name" */

{ struct stat sbuf;

char type, perms[10];

int i, j;

stat(name, &sbuf); /* Find inode information */

switch (sbuf.st_mode & S_IFMT) {

case S_IFREG: type = ’-’; break; /* Regular file */

case S_IFDIR: type = ’d’; break; /* Directory */

default: type = ’?’; break; } /* Everything else */

*perms = ’\0’;

for (i=2 ; i >= 0 ; i--) { /* Owner, group and other permissions */

j = (sbuf.st_mode >> (i*3)) & 07;

strcat(perms, modes[j]); }

printf("%c%s%3d %5d/%-5d %7d %.12s %s\n", type, perms,

sbuf.st_nlink, sbuf.st_uid, sbuf.st_gid, sbuf.st_size,

ctime(&sbuf.st_mtime)+4, name); } /* Print everything */
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$ ./myls .. ../sh_scripts i*.c /usr/share/man
drwx------ 6 32479/100 4096 Feb 21 11:43 ../.
drwxr-xr-x 8 0/0 4096 Feb 2 09:15 ../..
drwx------ 2 32479/100 4096 Feb 19 11:46 ../.ssh
-rw-r--r-- 1 32479/100 820 Jan 27 12:10 ../.emacs
-rw-r--r-- 1 32479/100 24 Jan 27 12:10 ../.bash_logout
-rw-r--r-- 1 32479/100 191 Jan 27 12:10 ../.bash_profile
-rw-r--r-- 1 32479/100 134 Jan 27 12:24 ../.bashrc
-rw-r--r-- 1 32479/100 3511 Jan 27 12:10 ../.screenrc
-rw------- 1 32479/100 15845 Feb 20 15:38 ../.bash_history
drwxr-xr-x 2 32479/100 4096 Jan 27 12:56 ../bin
drwxr-xr-x 2 32479/100 4096 Feb 12 15:12 ../sh_scripts
drwxr-xr-x 2 32479/100 4096 Feb 20 15:26 ../c_progs
drwxr-xr-x 2 32479/100 4096 Feb 12 15:12 ../sh_scripts/.
drwx------ 6 32479/100 4096 Feb 21 11:43 ../sh_scripts/..
-rwxr-xr-x 1 32479/100 162 Feb 12 15:05 ../sh_scripts/factorial
-rwxr-xr-x 1 32479/100 202 Feb 10 22:37 ../sh_scripts/lsdir
-rwxr-xr-x 1 32479/100 500 Feb 7 21:04 ../sh_scripts/math
-rwxr-xr-x 1 32479/100 459 Feb 12 15:12 ../sh_scripts/maxsize
-rwxr-xr-x 1 32479/100 238 Feb 12 15:02 ../sh_scripts/once
-rwxr-xr-x 1 32479/100 304 Feb 12 15:08 ../sh_scripts/revstrs
-rw-r--r-- 1 32479/100 2431 Feb 19 14:34 int_dgr_client.c
-rw-r--r-- 1 32479/100 2086 Feb 19 14:25 int_dgr_server.c
-rw-r--r-- 1 32479/100 2325 Feb 19 14:35 int_str_client.c
-rw-r--r-- 1 32479/100 3138 Feb 19 14:36 int_str_server.c
-rw-r--r-- 1 32479/100 862 Feb 19 12:08 io_demo.c
drwxr-xr-x 15 0/0 4096 Dec 27 14:37 /usr/share/man/.
drwxr-xr-x 74 0/0 4096 Dec 27 14:55 /usr/share/man/..
drwxr-xr-x 2 0/0 4096 Feb 16 15:16 /usr/share/man/man4
drwxr-xr-x 2 0/0 24576 Feb 16 15:16 /usr/share/man/man1
drwxr-xr-x 2 0/0 8192 Feb 16 15:16 /usr/share/man/man2
drwxr-xr-x 2 0/0 53248 Feb 16 15:16 /usr/share/man/man3
drwxr-xr-x 2 0/0 8192 Feb 16 15:16 /usr/share/man/man5
drwxr-xr-x 2 0/0 4096 Feb 16 15:16 /usr/share/man/man6
drwxr-xr-x 2 0/0 4096 Feb 16 15:16 /usr/share/man/man7
drwxr-xr-x 2 0/0 8192 Feb 16 15:16 /usr/share/man/man8
drwxr-xr-x 2 0/0 4096 May 15 22:38 /usr/share/man/man9
drwxr-xr-x 2 0/0 8192 Dec 27 14:30 /usr/share/man/mann
drwxr-xr-x 3 0/0 4096 Dec 27 14:21 /usr/share/man/pt_BR
drwxr-xr-x 4 0/0 4096 Dec 27 14:30 /usr/share/man/ja
drwxr-xr-x 3 0/0 4096 Dec 27 14:34 /usr/share/man/man
-rw-r--r-- 1 0/0 1315 Jun 25 16:02 /usr/share/man/tmac.h
$
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'Allec leitourgÐec sto sÔsthma arqeÐwn

• Kl seic sust matoc unlink kai link

– int unlink(char *path)

– int link(char *oldpath, char *newpath)

– H unlink aposundèei ta perieqìmena tou kìmbou me
ìnoma path (dhlad  ton arijmì inode pou antistoiqeÐ s'
autìn) apì to ìnoma autì

– H link sundèei ton arijmì inode pou antistoiqeÐ sto
ìnoma oldpath kai me to ìnoma newpath

• Kl seic sust matoc mkdir kai rmdir

– int mkdir(char *path, int mode)

– int rmdir(char *path)

– H mkdir dhmiourgeÐ èna nèo kat�logo me ìnoma path

kai dikai¸mata prostasÐac mode (dikai¸mata pou den
epitrèpontai apì thn trèqousa tim  tou umask den
dÐnontai ston kat�logo)

– H rmdir diagr�fei ton kat�logo me ìnoma path, ef'
ìson eÐnai kenìc
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• Kl sh sust matoc rename

– int rename(char *oldpath, char *newpath)

– Metonom�zei ton kìmbo me ìnoma oldpath ¸ste na èqei
ìnoma newpath

• Kl sh sust matoc chmod

– int chmod(char *path, int mode)

– All�zei ta dikai¸mata prostasÐac tou kìmbou me ìnoma
path se aut� pou perigr�fontai apì to mode (kat� ta
gnwst�)

– Up�rqei kai antÐstoiqh kl sh sust matoc fchmod, h
opoÐa antÐ gia path perimènei ènan perigrafèa arqeÐou
int fd

• Kl seic sust matoc symlink kai readlink

– int symlink(char *oldpath, char *newpath)

– int readlink(char *path, char *buf, int size)

– H symlink dhmiourgeÐ ènan nèo kìmbo me ìnoma
newpath pou eÐnai sumbolikìc sÔndesmoc kai deÐqnei sto
ìnoma oldpath

– H readlink epistrèfei sto buf, pou eÐnai megèjouc
size bytes, to ìnoma sto opoÐo deÐqnei o sumbolikìc
sÔndesmoc me ìnoma path, en¸ sto ìnom� thc epistrèfei
to pl joc twn bytes pou kataqwr jhkan sto buf

• 'Olec oi prohgoÔmenec kl seic sust matoc gia tic
leitourgÐec sto sÔsthma arqeÐwn epistrèfoun -1 se
perÐptwsh l�jouc
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