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ITIPO'PAMMATIXMOXY XYY THMATOX

Ilepieybpevo tTou podnfuatog
e To Aettovpywrd clotnua Unix and tnv mAevpd Tou Yot
e Bonintxd mpoypduuata tou Unix
o Ilpoypouuatioudc oe xehbon

o Ilpoypapuatioudc Aettoupyloy cucthuatoc o C yio

— XELPOoUO Aadwy

— ONULoLEYLa Yo TEQUATIOUO OLEQYACLWY

— AmOGTONY/Tapahaf3h) onuUdTwy

— ¢loodo/¢€od0 yaunhol emtnédou

— emuxovwvio YETAEY BLERYACLDY UECKW COANVWY,
UTIODOY WV, OUPMY UNVUUATWY, XOWVAC UVAUNS XU
CTUATOPOPWY

— Onuoupyla, TEPUATIONO XAl CUYYPOVIOUO VTUATODY

— Owyelpton cucTAuaToC apyelwy



Aegitovpyind cvoTNLA

o Evdidpeco mpdypoaupo HETAED TOU YPHOTN XAl TOU UALXOU
EVOC UTTOAOYLOTH
o Y TdyoL
— AteuxdAuvon Tng XeHoNC TOU UTOAOYLOTY
— Amodotny| xphon ToU UTOANOYLGTH
o Auwyelpion nopwv
— Kevtpwn povdda eneepyaotoc
— Koo pviun
— Aeutepelouoa YUvAuN

— Yuoxeuég elebdou /e£bdou



Unix

TNV TEWTARYLXY| TOU HOPYT XATACKEVACTNXE Ao Tov Ken
Thompson 1o 1969 ot yAwooa assembly yia €va PDP-7
ota Bell Laboratories tng AT&T

Metagépinxe oe éva PDP-11 1o 1971 and tov Ken
Thompson xot tov Dennis Ritchie

To 1973 vionotdnxe €€ apyric 610 YUeYahUTEPO UEPOC TOU
ot YAwooa C, n omola avantOyUnxe and tov Brian
Kernighan xat tov Dennis Ritchie

ITohAéc BeAtidoeic €yvay and to University of California,
Berkeley (UCB)

Eve yia moh0 yeyaho owdotnua, nepirou plo 25etia, to Unix
YTV TIEQLOPLOUEVO GE AXAOTNUOIHS ol EQELYTTLXS
TepBariovTa uévo, ofuepa, we Linux, €yel “xotardfel”

TOUC TPOCWTUXOUS UTTIOAOYLIOTEC TOAWY YENOTWV

Eo® xou yepixd ypovia elvan og e€EAEn wlo dtapxic
Tpoondveta tunonoinorc tou (IEEE POSIX, Open Group)

BiBAio “avapopdc”

[t ouvéyela, to [§2.y—KP] da avagépetor otny nopdypapo

x.y Tou BiBAlou:

Brian W. Kernighan, Rob Pike, “To Ilep3dAlov
Ieoypapuatiopol UNIX” | Kietddprduoc, 1989.



I'evixd yopaxtneloTind

Aettoupynd oloTnUA TOAWY YENOTOY

T ootApLEN TOAATAWY BLEPYAUCLOY UE DLOUEPLTT) YEOVOU
Hopoy " acpdietag

Troothplén dxTLwY

Aoypr| Tou Unix

— IMuprvac

— Bonintxd npoypdupata

— Kéhugoc (C, Bourne, Korn, .. .)

Hpoypapuatiopdc oe C yéow XAAOEWY CUOTAUATOC
Arahoynr) emxovwvia Ue To yeRoTn UECW TOU XEAVPOUC
HpoypauuaTtiondc ToU XEAVYOULC

Audxplon uetad xegoraiwy xat nelwv



Iepapyixd cOotnua apyeiwy

Katdhoyoc-plla (/)
Teéywv xatdhoyoc (.)
Tovixéde xatdroyoc (. .)

Ovéuata-povondTia
— Anéiuta

— XYETIXA
Apyela
2 0v0EcUOL

Y UOHEVEC



Aoyapracuog xefot
e Ovopa yphot
o uvUnuaTix
o Kelugog apyinric cUVOEDTC
o Aoy oudda
o Katdhoyoc agetnplog

Apywxn ocbvdeon

Red Hat Linux release 7.2 (Enigma)

Kernel 2.4.7-10 on an 1586

login: spro

Password:

Last login: Sun Jan 27 12:31:00 from kronos.di.uoa.gr
$




YUY VOTERPA YPNOLLOTOLOVUEVEG EVIOAEG

man
1s
pwd
cd
mkdir
rmdir
cp

mv

rm

cat

vi

: BEugdvion odnytov yenone evioAwy
: Bugdviorn mepleyouevoy xatahdyou
: Bugdvion tp€yovtoc xatahdyou

1 ANy h) TeEYOVTOC XATAAGYOU

: Anuiovpyla XaTaAdYwY
 Aworypagy| XaTahdYwy

: Avtypagy| apyelowy

: Metoaxivnon 1 petovouacia apyelwy
: Aorypapr| apyeiwy

: Bugdvion apyelwy

: Extinwon apyelwv

: Kewevoypdgoc 096vrg



EvtoAf man (emioyr -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
$




Evtoly 1s (emthoyéc -a, -1, -r)

.bash_history .bash_profile

users
root

users
users
users
users
users
users
users

users

users
users
users
users
users
users
users
root

users

$ 1s

bin

$ 1s -a

.. .bash_logout .bashrc
$ 1s -al

total 40

drwx-—----- 4 spro
drwxr-xr-x 7 root
“rw-—----- 1 spro
-rw-r--r-—- 1 spro
“rw-r--r-- 1 spro
“rw-r--r-- 1 spro
drwxr-xr-x 2 spro
“rw-r--r-- 1 spro
“rw-r--r-- 1 spro
$ 1s -al .bashrc
“rw-r--r-- 1 spro
$ 1s -alr

total 40

“rw-r--r-- 1 spro
“rw-r--r-- 1 spro
drwxr-xr-x 2 spro
-“rw-r--r-- 1 spro
—“rw-r--r-- 1 spro
-rw-r--r-- 1 spro
“rW-—-—---- 1 spro
drwxr-xr-x 7 root
drwx-—----- 4 spro
$

bin
.emacs

4096
4096
358
24
191
134
4096
820
3511

134

3511
820
4096
134
191
24
358
4096
4096

Jan
Jan
Jan
Jan
Jan
Jan
Jan
Jan
Jan

Jan

Jan
Jan
Jan
Jan
Jan
Jan
Jan
Jan
Jan

27
27
27
27
27
27
27
27
27

27

27
27
27
27
27
27
27
27
27

.8creenrc

13:
12:
12:
12:
12:
12:
12:
12:
12:

12:

12:
12:
12:
12:
:10
12:
12:
12:
13:

12

13 .

10 .

33
10
10
24
56
10
10

24

10
10
56
24

10
33

.bash_history
.bash_logout
.bash_profile
.bashrc

bin
.emacs
.screenrc

.bashrc

.screenrc
.emacs

bin

.bashrc
.bash_profile
.bash_logout
.bash_history

10 ..
13 .

o Auwauopata npootacioc (e€ouotodotrioeic) [§2.4-KP]

— Awonopato Woxthtn (othiec 2-4)

— Awandpata ouddac (othiec 5-7)

— Aworopota dhAwy (othiec 8-10)




Evtolv 1s (emhoyéc -d, -F, -R, -t)

$ 1s -al
total 40
drwx-—----- 4 spro users 4096
drwxr-xr-x 7 root root 4096
-rw---—---- 1 spro users 2232
-rw-r--r-- 1 spro users 24
-rw-r—-r-- 1 spro users 191
-rw-r--r-- 1 spro users 134
drwxr-xr-x 2 spro users 4096
-rw-r--r-- 1 spro users 820
-rw-r—-r-- 1 spro users 3511
$ 1s -al bin
total 8
drwxr-xr-x 2 spro users 4096
drwx——----—- 4 spro users 4096
$ 1s -ald bin
drwxr-xr-x 2 spro users 4096
$ 1s -aFl
total 40
drwx-——---—- 4 spro users 4096
drwxr-xr-x 7 root root 4096
-rw-—-—--—--- 1 spro users 2232
“rw-r--r-- 1 spro users 24
-rw-r—-r-- 1 spro users 191
-“rw-r--r-- 1 spro users 134
drwxr-xr-x 2 spro users 4096
-“rw-r--r-- 1 spro users 820
“IW-r--r-- 1 spro users 3511
$ 1s -aR .
.bash_history .bash_profile bin
.bash_logout .bashrc .emacs
./bin:
$ 1s -alt
total 40
-rw---—---- 1 spro users 2232
drwx------ 4 spro users 4096
drwxr-xr-x 2 spro users 4096
-rw-r--r-- 1 spro users 134
drwxr-xr-x 7 root root 4096
-rw-r--r—- 1 spro users 24
-rw-r—-r--— 1 spro users 191
-rw-r--r-- 1 spro users 820
-rw-r—-r-- 1 spro users 3511

$

Jan 27 13:
Jan 27 12:
Jan 27 17:
Jan 27 12:
Jan 27 12:
Jan 27 12:
Jan 27 12:
Jan 27 12:
Jan 27 12:

Jan 27 12:
Jan 27 13:

Jan 27 12:

Jan 27 13:
Jan 27 12:
Jan 27 17:
Jan 27 12:
Jan 27 12:
Jan 27 12:
Jan 27 12:
Jan 27 12:
Jan 27 12:

.8Ccreenrc

Jan 27 17:
Jan 27 13:
Jan 27 12:
Jan 27 12:
Jan 27 12:
Jan 27 12:
Jan 27 12:
Jan 27 12:
Jan 27 12:

20 .
10 .

40
10
10
24
56
10
10

.bash_history
.bash_logout
.bash_profile
.bashrc

bin

.emacs
.Screenrc

56 .
20 ..

56

20
10
40
10
10
24
56
10
10

40

bin

v

./
.bash_history
.bash_logout
.bash_profile
.bashrc

bin/

.emacs
.Screenrc

.bash_history

20 .

56
24

bin

.bashrc

10 .

10
10
10
10

.bash_logout
.bash_profile
.emacs
.screenrc

10



Evtolécg pwd, cd, mkdir, rmdir

$ pwd
/home/spro
$ 1s -a
.bash_history .bash_profile bin .screenrc
.bash_logout .bashrc .emacs
$ mkdir subdir
$ 1s -1F
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
$ 1s -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
$ cad ..
$ 1s -aR
.bash_history .bash_profile bin .screenrc
.bash_logout .bashrc .emacs subdir
./bin:
./subdir:

$ rmdir subdir
$ 1s subdir
1s: subdir: No such file or directory

$

11



Evtoléc cp (emhoyéc -1, -r),

mv (emAoyr —-1i),
rm (emthoyéc -1, -r)

$ 1s -a
.bash_history .bash_profile
.bash_logout .bashrc

$ cp .bash_profile newfile

$ 1s -a
.bash_history .bash_profile
.bash_logout .bashrc

$ mv newfile anotherfile

$ 1s -a
anotherfile .bash_logout
.bash_history .bash_profile

$ 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

$ 1s -aR

.bash_history .bash_profile
.bash_logout .bashrc

./bin:

./direct:
false

./directory:

. anotherfile false
$ rm directory/anotherfile
$ rm -r direct

$ rm -ri directory

bin .screenrc
.emacs
bin newfile

.emacs .SCcreenrc

.bashrc .emacs
bin .screenrc

bin directory
direct .emacs

rm: descend into directory ‘directory’? y

rm: remove ‘directory/false’? y

rm: remove directory ‘directory’? y

$ 1s -a
.bash_history .bash_profile
.bash_logout .bashrc

bin .screenrc
.emacs

.Screenrc

12



Evtolécg cat (emhoyt —n),
1pr (emhoyéc —h, -P)

$ cat .bashrc
# .bashrc

# User specific aliases and functions

# Source global definitiomns
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 PSi1="$ °

$ 1lpr /etc/passwd
$ 1lpr -h -Plexmark ../../etc/group
$

13
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Kewevoypagpog odovng vi
o YOvtwln: vi (filename)

o 'Eieyyoc o06vne xau dpouga

— 11171 —: Metaxivnon aptotepd | xdtw | endve |
0elLd XaTA Eval Yopax T

[Back Space] | [Return] | - | [Space] : 'Onwc
TEOTNY OLUUEVWC

hljlkI|1l:Onowenponyouvuévece

0 | $: Metaxivnon otny apyn | t€hoc tng TpeyovoC
Yeauune

H|LI|M:Metxivnon otny npwtn | tedevtalo | pyeoalo
Yeaupn Tne odovng

G | (n)G : Metaxivnon oty tehevtalo | (n)-0o0th yeouuh
TOL aEYEloU

“F | "B : Metoxivnon x4t | endve ylo odovr

"D | U : Metaxivnon xdtw | endvew pior odévn

“E | 7Y : Bugpdvion plac emtnAéov ypouune oto t€hoc | apy
e odovne

“G : Eygdviorn tou aptdpol tne tpéyoucoc Yeouunc

"L : Enavaoyedlaon tng oddvne

o Evtohéc dtoplwonc
i(t) [Esc] | a(t) [Esc] : Ewaywy? tou xewévou (t) npwv
| uetd to dpouea
I(t)[Esc] | A(t)[Esc] : Ewaywy? tou xewévou (t) otnv
apy”) | Téhoc tne TpEYoLcaC YRUUUNC
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o(t) [Esc] | 0(t) [Esc] : Anutovpylo plac xevhc yeouunc LETE
| ety TV TREYOUC YPAUUUR XL ELOAYWYT) TOU XEWEVOU (t)

x | (n)x : Awypagn evoc | (n) yopaxthpwy arnd tn Yéorn tou
OPOMEN XOUL UETA

Y | (n)Y : ®OhoEn ploc | (n) Ypoup®dy and Ty TpéYouoa Yeauuh
XOlL UETAL

dd | (n)dd : Awypagh ulac | (n) ypouudy and tny tpéyovoa
YOUUUY XOU UETA

p | P : Ewcaywyn TV Yeapu®y Tou QUALYUnXay 1| dtaryedpnpoy
TLO TEOCYATO HETA | ey TNV TEEYoLCA YEOUUT

cw(t) [Esc] : Avtixatdotoon twv yopoxthpwy uéypl xol To
TéNOC TNE TpE€YoUoUC AEENC e To XEelyevo (t)

dw : Aloypa@r) YoeaxThewy HUEYREL Xdl TO TEAOC TNC TEEYOVUCOC
AEENC

C(t) [Esc] : Aviixatdotaon Ty yopaxthpwy HEYEL XL TO
TENOC TNC TPEYOVOUC YPUUUNAS HE TO Xelpevo (1)

D : Alypa®r| TOV YAQAXTARWY UEYPL XAl TO TENOC TNC TEEYOVCUC
YOG

r(c) : AvTixatdoTaon Tou TEEYOVTO YaUpUXTHPL UE TO YapAXTHP
(€)

R(t) [Esc] : Avtxatdotoon wwv yopoxthpwy thidouc 660 to
urxoc Tou xewévou (t) ue to (1)

“ o ANy and uixpd oe xe@ahalo xal avtioTpopa TOU TEEYOVTA
YOEOX TP

J 1 YUVEVWOT) TNS TREYOVCUC XAl TNG EMOUEVNG YRUUUNC

.+ Emavaindn tnc mo mpdogpatne dtopiwonc

u : AxOpwon e mo tpdoaTne dLopUlwonc

ZZ : ®ONaln TV ahhaydy oTo apyelo xat €€odoc
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o Evtoréc avalhtnorng

/(s)[Return] | ?(s)[Return] : Avalhtnon npoc ta eunpdc
| tlow tne ouuPorooelpdc (s) (n . oto (s) epunvedetar
ooV “OTOLOCONTOTE YoUEaxXTAPAC”, TO . * Tatptdlel Ye
UNOEV 1] TEPLOCOTEPOUC YAQAXTARES, TO ~ 1oL TO $
UTIOONAWYOLY TNV APy Y| XAl TO TEAOC Ulac YeouUnc,
avtloToLya)

n | N : EnavdAndn tnc avalAtnone npoc tny Bt | avtiletn

xoteduvon

e Evtoléc tou xeluevoypdgou yeouunc ed

:(n)1,(n)2d [Return] : Ataypaph) TV YeoUU®V and Tt (n)1
uéypt xar T (n)2 (extdc and aprduol, ta (n); uropel va
elval ., TOL BNAGVEL TNV TEEYoVoa Yeouur, f $, Tou
ONAWVEL TNV TEAEUTAlO YEOUUT

:(n)1,(n)es/(s)1/(s)2/g[Return] : Avuxatdotoon tng
ouufBorooelpdc (s)1 ye N ouvuBolooelpd (s)2 and
Yoapun (n)1 wéyet xou tn (n)e (Yo Tic cLUBOAOCELREC
(8)i, oy leL 1 (Bro cLPPAOT OTIWC XA OTIC EVTONES
avaliTnone)

:r (f)[Return] : Ewaywyn tou apyelou (f) petd tny
TEEYOUCA YROUUT

:w[Return] : @O aén TwV alhay®y oto apyelo

:q! [Return] : 'E€odoc ywplc @OAAEN TV ahAaydV GTO
apyelo

:wq [Return] | :x[Return] : ®0Aaln Twv alhaywy oto
apyelo xow €€0doc (6mwe Xt 1 EVIOAN ZZ)
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AAAhec evtoréc Ttouv Unix

chmod

more

grep
WC

sort
touch
1n

echo
date

passwd

hostname :

whoami
1pq
lprm
cmp
diff
head
tail

ANy ?) Suonwudtwy Tpootacioc apyelny xat

XATANOY WV

: BEugdvion apyelwy ocehlda-celloa
: Avalrtnon ougfBolocelpwv o apyeto
: Epgdvion aptduod yeauuov, AEEwY xat YopaxThpwY

oe apyelo

: Tagwounon apyelwy
: Anuovpyia xevol apyeiou
: Anutovpyia oxXANEdY ¥ CUUBOAX®Y CUVOECUWY

(meptl inodes, dette [§2.5-KP))

: Bugdvion unvuudtwy
: BEugdvion nuepounviag xou opag
: ANy cuvinuaTtixol

Euodvion ovouatog unyaviuato

: Bugdvion ovouatog yphot

: BEugdvion oupdc extunwT

: AxOpwor extiTwoNe and ovpd EXTUTWTY
: L0yxplor 000 apyelwv

: Bugdviorn dapopdy 000 apyelwy XEWWEVOL
: Bugdvion apyxov ypouuov apyelwy

: Bugdvion teAxadv yeapuoy apyelony



Evtolf chmod (emAoy?| -R)

$ cp .bash_profile tmpfile
$1s -1

total 8

drwxr-xr-x 2 spro users
“rw-r--r-- 1 spro users
$ chmod 744 tmpfile

$1s -1

total 8

drwxr-xr-x 2 spro users
“IWXr—-r-- 1 spro users

$ chmod o-r tmpfile
$ chmod g+wx tmpfile

$1s -1
total 8
drwxr-xr-x 2 spro users
“TWXTWX~——— 1 spro users

$ chmod u-wx,g=rx,o+r tmpfile
$ 1s -1

total 8
drwxr-xr-x 2 spro users
-r—--r—-xXr-- 1 spro users

$ rm tmpfile

4096
191

4096
191

4096
191

4096
191

rm: remove write-protected file ‘tmpfile’?

$ cp -r /etc/cipe .
$ 1s -1 cipe

total 8
-rwXr-xXr-x 1 spro users
—TWXr—-Xr—-X 1 spro users

$ chmod -R 750 cipe
$ 1s -1RF cipe

cipe:

total 8

“TWXr—X--- 1 spro users
“IrWXr-x--- 1 spro users

$ rm -r cipe

$

620
1632

620
1632

Jan
Feb

Jan
Feb

Jan
Feb

Jan
Feb

Feb
Feb

Feb
Feb

NN

N N

12:
20:

12:
20:

12:
20:

12:
20:

20:
20:

20:
20:

56
08

56
08

56
08

56
08

10
10

10
10

bin
tmpfile

bin
tmpfile

bin
tmpfile

bin
tmpfile

ip-down
ip-up

ip-downx*
ip-up*

18



Evtol" 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:4:7:1p:/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%)

o AuvotoTtnreg
[Return] : Eugdvion plac emtnAcov ypouunc
[Spacel : Eugdvion plac eminAéov oceAldog
b : Eugpdvion npornyoduevne ceAldac
/(s) [Return] : AvalAhtnomn mpoc ta eunpdc g
cuufBorooelpdc (s)
I (c) [Return] : Extékeon tnec eviohnic (c)
v : KAfjon tou xewevoypdgou vi
: Enavdindn tne mponyoluevne evioirc
h : Ileprypo@y) TV OUVATOTATWY TNC more
q : 'E€odoc and tn more

19



Evtoléc grep (emhoyéc —n, -1, -v),

wc (emAoyéc -1, —w, —c)

UID_MAX
GID_MAX

7:

13
$ we -1
13
$ we -w
29
$ wc -c
191
$ wec -cl
13
$ 1s -al

$

“rw-r--r-- 1 spro users

$ grep 6000 /etc/login.defs

60000
60000

$ grep -n rc .bashrc

1:# .bashrc

5:# Source global definitions
6:if [ -f /etc/bashrc ]; then
. /etc/bashrc

$ grep -i RoOt /etc/passwd
root:x:0:
operator:
$ grep -v ’#’ /etc/hosts.allow
ALL: 195.
ALL: 195.
ALL: 195.
ALL: 195.
ALL: 195.
$ wc .bash_profile

O0:root:/root:/bin/bash
x:11:0:o0perator:/root:/sbin/nologin

134.65.
134.66.
134.67.
134.68.
134.69.

29 191 .bash_profile

.bash_profile
.bash_profile
.bash_profile
.bash_profile
.bash_profile
.bash_profile

.bash_profile
191 .bash_profile
.bash_profile

191 Jan 27 12:10

.bash_profile
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Evtoly sort (emhoyéc +(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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EvtoAécg touch,
1n (emAoy") -s)

$ touch empty

$ 1s -al

total 40

drwx-—----- 3 spro users
drwxr-xr-x 8 root root

-rw---—---- 1 spro users
“IW-r—-r-- 1 spro users
“rw-r--r-- 1 spro users
“IW-r—-r-- 1 spro users
drwxr-xr-x 2 spro users
“IW-r—-r-- 1 spro users
-rw-r—-r-- 1 spro users
“IW-r—-r-- 1 spro users
$ rm empty

$ 1n .bashrc hard-link

$ 1s -al

total 44

drwx-—----- 3 spro users
drwxr-xr-x 8 root root

“rw-—----- 1 spro users
-rW-r—-r-- 1 spro users
“IW-r--r-- 1 spro users
“rw-r--r-- 2 spro users
drwxr-xr-x 2 spro users
“rw-r--r-- 1 spro users
“IW-r—-r-- 2 spro users
“rw-r--r-- 1 spro users
$ 1n -s /etc/group symb-link

$ 1s -al

total 44

drwx------ 3 spro users
drwxr-xr-x 8 root root

-rw--—----— 1 spro users
“IW-r—-r-- 1 spro users
“rw-r--r-- 1 spro users
“IW-r—-r-- 2 spro users
drwxr-xr-x 2 spro users
“IW-r—-r-- 1 spro users
-rw-r—-r-- 2 spro users
“IW-r—-r-- 1 spro users
lruxrwxrwx 1 spro users
$ 1s -F

bin/ hard-link symb-1ink®@

$ rm hard-link symb-link

$

4096
4096
5013
24
191
134
4096
820

3511

4096
4096
5013
24
191
134
4096
820
134
3511

4096
4096
5013
24
191
134
4096
820
134
3511
10

Feb
Feb
Feb
Jan
Jan
Jan
Jan
Jan
Feb
Jan

Feb
Feb
Feb
Jan
Jan
Jan
Jan
Jan
Jan
Jan

Feb
Feb
Feb
Jan
Jan
Jan
Jan
Jan
Jan
Jan
Feb

27
27
27
27
27

27

27
27
27
27
27
27
27

27
27
27
27
27
27
27
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21

21:
09:
20:
12:
12:
12:
12:
12:
12:
12:

21:
09:
20:
12:
12:
12:
12:
12:
12:
12:
21:

:561
09:
20:
12:
12:
12:
12:
12:
:61
12:

15
11
10
10
24
56
10

10

.bash_history
.bash_logout
.bash_profile
.bashrc

bin

.emacs

empty
.screenrc

52 .

15
11
10
10
24
56
10
24
10

.bash_history
.bash_logout
.bash_profile
.bashrc
bin
.emacs
hard-link
.screenrc

52 .

15
11
10
10
24
56
10
24
10
52

.bash_history
.bash_logout
.bash_profile
.bashrc

bin

.emacs

hard-link

.screenrc

symb-link ->
/etc/group
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Evtolég echo (emhoyn —n),
date, passwd, hostname, whoami,

1pq (emAoyr| -P),
lprm (emthoy?, —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

$ 1lpr /etc/sendmail.cf

$ 1pq

lp is ready and printing

Rank Owner Job Files

active spro 143 /etc/sendmail.cf
$ lprm 143

dfA143galini dequeued
cfAl43galini dequeued

$ 1lpr -Plp2 /etc/termcap

$ 1lpr -P1lp2 /usr/share/magic

$ 1pq -Plp2

1p2 is ready and printing

Rank  Owner Job Files

active spro 144 /etc/termcap

1st spro 145 /usr/share/magic

$ lprm -Plp2 spro
dfAl44galini dequeued
cfAl44galini dequeued
dfA145galini dequeued
cfAl45galini dequeued
$

Total Size
46365 bytes

Total Size
737535 bytes
226045 bytes
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Evtohég cmp, diff,
head (emhoy? —(n)),
tail (emhoyn —(n))

cp .bashrc .bashrc.dupl

cmp .bashrc .bashrc.dupl

rm .bashrc.dupl

cmp examplel.txt example2.txt

examplel.txt example2.txt differ: char 140, line 5
$ diff examplel.txt example2.txt

#H hH H P

5cb
< 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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Kélvgog C (csh % tcsh)

Elvar yepinéc popéc 10 x€hugoc apyixnic obvdeone (extoc
and cuothuata Linux, énov cuvidncg elvor to bash)

H evtolr) logout owaxomTel Tnv apyixy) cLVOEOT

H evtor} csh () tcsh) dnuovpyel éva véo xéhugog C
H evtoAr} exit teppatilel éva xéhugoc C

To ~ ocuufBohilel Tov xatdroyo agetnplog

To apyelo 7/ .cshrc neplEyel EVIOAEC TTOU EXTEAOUVTOL XOTA,
TNV evepyomoinon evog xehbgpoug C

To apyelo 7/ .1login mepleyel EVIOAEC TOU EXTEAOUVTAL XAUTY
TNV AEYIXY) GUVOEDT

To apyclo 7/ .logout meEPLEYEL EVTOAEC TTOU EXTEAOUVTAL
OTAY OLOXOTITETAL 1) AEY(IXY) CUVOEDT)
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o Ilpoxatopiopévn eicodoc stdin (TAnxtpordyL0)
o Ilpoxatopiouévn €€odoc stdout (00évn)

o Ilpoxadopiouévn €€odoc yia Sy vewotixd unvopata stderr
(006vn)

o [l opopévec evtoréc tou Unix (n.y. cat, lpr, grep, wc,
sort, head, tail x.A.m.) T opiopata mouv elval ovouaTo
apyelwy elval TpoatpeTind, UTO TNV Evvola OTL, AV
Tapaie(tovTaL, yenotdornoleltal 1 tpoxadoplouEvn elcodoc
(to téhoc Tou stdin Blvetar amd T0 TANUTEOAOYLO UE TO

Yapoxthipo ~D)

h 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
h




o Avaxateliuvorn tou stdin (<)

% grep reg < .screenrc

# Prepend/append register [/] to the paste if "a”] is pressed.
register [ "\033:se noai\015a"

register ] "\033:se ail\015a"

YA

o AvoxateOuvon twy stdout xou stderr (>, >, >&, >&!)

% date > a_file

% cat < a_file

Sun Feb 3 13:54:48 EET 2002

% 1s -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

h
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o AvoxateOiuvor twv stdout xau stderr pye npocdptnon
(>>, >>1, >>&, >>&!)

% 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
% 1lls >>& b_file
% cat b_file
cat: c_file: No such file or directory
11s: Command not found.
% cat b_file c_file e_file >>&! d_file
% cat d_file
cat: c_file: No such file or directory
11s: Command not found.
8 21 124
cat: e_file: No such file or directory
% rm a_file b_file c_file d_file
h

o dihtpa xou cwhnvooec (1)

% ls -al | grep 6

total 36

drwx——----- 3 sprocsh wusers 4096 Feb 3 14:01
drwxr-xr-x 8 root root 4096 Feb 2 09:15
drwxr-xr-x 3 sprocsh wusers 4096 Feb 2 09:15 .kde

% cat .bashrc | tail -5 | sort | lpr -h -Plp2
b
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o Axoloudiec xat ouddec eviohdv (;)

% pwd

/home/sprocsh

% mkdir mydir ; cd mydir ; 1ls -al
total 8

drwxr-xr-x 2 sprocsh users

drwx------ 4 sprocsh users
% pwd

/home/sprocsh/mydir

% ocd ..

% rmdir mydir

% (mkdir mydir ; cd mydir ; 1ls -al)
total 8
drwxr-xr-x 2 sprocsh wusers
4 sprocsh users
% pwd

/home/sprocsh

% rmdir mydir

h

4096 Feb
4096 Feb

4096 Feb
4096 Feb

3 14:04 .
3 14:04 ..

3 14:05 .
3 14:05 ..

o AAOUATA TEOCTAGIUC APYEIWY XAl XATAAOYWY HATE TT)

onuovpyia Toug (umask)

% umask

22

% touch filel

% mkdir diril

% 1s -1d filel dirl
drwxr-xr-x 2 sprocsh users
“rw-r--r-- 1 sprocsh users
% umask 077

% touch file2

% mkdir dir2

% 1s -1d file2 dir2

2 sprocsh wusers
1 sprocsh users
% umask 022

% rm filel file2

% rmdir dirl dir2

h

4096 Feb
0 Feb

4096 Feb
0 Feb

3 14:06 dir1l
3 14:06 filel

3 14:07 dir2
3 14:07 file2
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e Y70(fec xatahdywv (pushd, popd)

% pwd

/home/sprocsh

% pushd /etc

/etc ~

% pwd

/etc

% ls -1 passwd

“rw-r--r-- 1 root root

% pushd /usr/local

/usr/local /etc ~

% pwd

/usr/local

% 1s

bin doc etc games include

% pushd /usr/bin

/usr/bin /usr/local /etc

% pwd

/usr/bin

% 1ls -1 | wc -1
1402

% popd

/usr/local /etc

% pwd

/usr/local

% popd

/etc ~

% pwd

/etc

% 1ls -1 group

“rw-r--r-- 1 root root

% popd

% pwd

/home/sprocsh

% popd

popd: Directory stack empty.
h

1229 Feb 2 22:02 passwd

1lib 1libexec sbin share src

483 Dec 27 13:09 group
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o Metayapaxthipec Yo ovouaTa apyEiwY
* 1 Touptdlet e xavéva 1| TEPLOGOTEPOUC YARAUXTHPES
? @ Taptalet pe €vay axplBme yopaxtripo
[(c)i1(c)2-..(c)n] : Towpidler ye évayv axpiBoe yapaxtheo!
and touc (¢)1, (€)2, ..., (C)n
[(c)1 — (c)2] : Tanptdler pe évay axptBoe yapoxthpa LeTtalld
TV ()1 %ot (€)2 CUUTEPLAAUBOVOUEVWY

% pushd /etc

/etc ~

% 1ls -dF 777

gtk/ kde/ nmh/ ntp/ opt/ ppp/ rmt@ rpc rpm/ ssh/ X11/
% cp xtabx ~

% ls -dF [bmpwz] [acjpl*

bashrc mail.rc pam.d/ passwd  warnquota.conf
mail/ makedev.d/ pam_smb.conf passwd-

mailcap man.config paper.config ppp/

% ls -1dF *[a-e] [f-i] [k-q] [r-z]=*

drwxr-xr-x 2 root root 4096 Dec 27 14:35 cron.daily/
% popd

% 1s

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

h

31



o Metaf3Antéc nepBdihovtoc (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.

b
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o Tomxéc yetafantéc xehbgouc C (set, unset)

term : OpiCet Tov TONO TOU TEPUATIXOU

path : Opilel Toug xATAAGYOUC GTOUC OTOIOUC TO GUOTNUA
pdyver yia exterEotua apyela

prompt : Opilet 1 cuPBOAOCELEE TOU EXTUTIVEL TO XEAVPOC
C 6tav mepluével elcodo and To Yenot

noclobber : 'Eieyyoc avoxatevdivoewy Ge UTAEYOVTA
apyela

ignoreeof : '‘EAeyyoc yprionc "D yio TEQUATIOUO XEAVYOUC

% set | grep ’~[i-t]’

loginsh

noclobber

owd /etc

path (/usr/local/bin /bin /usr/bin /usr/X11R6/bin)
prompt %

prompt2 %R?

prompt3 CORRECT>%R (ylnlela)?

shell /bin/tcsh

shlvl 1

sourced 1

status O

tcsh 6.10.00

term xterm

tty pts/0

% set term=vt100

% set path=($path /etc)

% set prompt="‘hostname‘/‘whoami‘ --> "
galini/sprocsh --> set prompt="7 "

% touch afile

% 1ls -a > afile

afile: File exists.

% unset noclobber

% 1s -a > afile

% rm afile

% set ignoreeof

% °D

Use "logout" to logout.

b
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o Mnyaviouodc wotoplag
— Tomwy| yetofSAnth history xeAdgouc C
— EvtoAy history

% set history=5
% ls -a .*bashx
.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 1s -a .*bashx*
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

% 1!

hostname

galini

% whroami

whroami: Command not found.
% “hr~h

whoami

sprocsh

h
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o Ilpocopuoyy eviohwy (alias, unalias)

% alias dir 1s

% alias rm ’rm -i’

% cp .bash_logout logout_file
% dir

logout_£file

% rm logout_file

rm: remove ‘logout_file’? y
% alias 11f ’1ls -alF’

% 11f

total 36

drwx-—----- 3 sprocsh wusers
drwxr-xr-x 8 root root
-rw-r—-r-- 1 sprocsh users
-rw-r--r-—- 1 sprocsh users
“IW-r—--r-- 1 sprocsh wusers
-rw-r--r-- 1 sprocsh users
“rw-r--r-- 1 sprocsh wusers
drwxr-xr-x 3 sprocsh wusers
“rw-r--r-- 1 sprocsh users

% alias pp ’lpr -h -P1lp2’

% pp .bash_profile

% alias cd ’cd \'!* ; echo $cwd’
% cd /usr/lib

/usr/1lib

% cd

/home/sprocsh

% alias

cd cd !'* ; echo $cwd
dir 1s

1. 1s -d .[a-zA-Z]* --color=tty
11 1s -1 --color=tty
11f 1s -alF

1s 1s --color=tty

PP lpr -h -P1p2

rm rm -i

% unalias rm
% unalias cd

h

4096
4096
24
191
124
30
820
4096
3511

Feb
Feb
Feb
Feb
Feb
Feb
Feb
Feb
Feb

NNNDNWNDNNDDNDW

23:
09:
09:
09:
09:
13:
09:
09:
09:

03
15
15
15
15
54
15
15
15

i

./
.bash_logout
.bash_profile
.bashrc
.cshrc

.emacs

.kde/
.screenrc
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‘EAey)0¢ Dlepyaolwdy %ol EQYACLWY

ps
jobs
kill
bg
tg

: Bugdvion xatdotaong Tpe)ouomy OLEQYACLDY
: Bugdvion evepyodv gpyaciov

: TepuaTiouoc BLEPYUCLLY XAl EQYACLOV

: Metagopd epyactedv GTO TUPACHAVIO

: MeTagopd €pyaot®y 6T0 TEOOKUAVLO
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Evtoléc ps (emhoyr —u),
jobs,
kill (emhoyn -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 1062 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 1lib

$

37



Evtolég bg, fg

$ cp -r /usr/share .

A

[1]1+ Stopped

$ bg

[1]+ cp -r /usr/share .

$ jobs

[1]+ Running

$ ps
PID TTY TIME
1052 pts/0 00:00:00
1102 pts/0 00:00:01
1103 pts/0 00:00:00

$ fg

cp -r /usr/share .

~Z

[1]1+ Stopped

$ bg

[1]+ cp -r /usr/share .

$ ps
PID TTY TIME
1052 pts/0 00:00:00
1102 pts/0 00:00:01
1104 pts/0  00:00:00

$ kill 1102

$

[1]+ Terminated

$ ps
PID TTY TIME
1052 pts/0 00:00:00
1105 pts/0 00:00:00

$ chmod -R 755 share

$ rm -r share

$

cp -r /usr/share .

&

cp -r /usr/share .

CMD
bash
cp
ps

cp -r /usr/share .

CMD
bash
cp
ps

cp -r /usr/share .

CMD
bash

Ps
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Egpedpixd, CURTUECUEVA, XWOLXOTONUEVE Y ElX

tar

gzip
gunzip
zcat
uuencode

uudecode

: XELPIOUOC EPEDPLUDY APYEIWY

: LuurleoT apyelwy

: Anoouvunieon apyeiwv

: BEugdviorn mepleyouevemy GUUTLECUEVLDY aEYELWY
: Kwowonoinor apyelwv

: Amoxwdixonoinon apyelwy
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Evtoly tar (emhovéc £, c, t, x, v)

$ pushd /

P

$ tar cvf “/file.tar var/yp
var/yp/

var/yp/binding/

[N

var/yp/binding/di.uoa.gr.
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.
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.
var/yp/binding/di.uoa.gr.2
var/yp/nicknames

$ 1s -R

[N

[N

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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Evtoléc gzip (emhoyy -v),
gunzip, zcat

$ cp /etc/termcap .
$ 1s -1
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
$ 1s -1
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[751:\
:ve=\E[?25h\E[?0c:vi=\E[?251\E[?1c:vs=\E[?25h\E[78c:\
:tc=klone+sgr:tc=ecma+color:
linux-m|Linux console no color:\
:Co@:pa@:\
:ABQ:AFQ:Sb@:Sf@:tc=1inux:
linux-c-nc|linux console 1.3.x hack for ncurses only:\
tcc:\
$ gunzip *.gz
$ 1s -1
total 732
drwxr-xr-x 2 spro users 4096 Jan 27 12:56 bin
“IW-r—--r-- 1 spro users 737535 Feb 5 21:29 termcap
$ gzip -v termcap
termcap: 67.7% —-— replaced with termcap.gz
$ rm termcap.gz

$




EvTtoAéc uuencode, uudecode

$ cp /bin/tcsh .
$ uuencode tcsh tcsh.dupl > tcsh.uue

$ 1s -1

total 688

drwxr-xr-x 2 spro users 4096 Jan 27 12:56 bin
“TWXr-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@$!{o({(({(({(({((ttpt!({((\*$$II#O((¢!T8PO¢((¢((#O((((&
M(u@(&o¢8(¢8(¢((T((¢(_(($|l#2(!tc(t((lPt((t(4t((t$(t((tp(t(/o(
$ tail -4 tcsh.uue

MH&($(II!!(P((‘((((((((II(((((((((($O‘(("(‘((‘((‘((‘((‘*!B!(#4
3(({(({(({(({(({!(l((l((l((l(

4

end

$ uudecode tcsh.uue

$ 1s

bin tcsh tcsh.dupl tcsh.uue
$ cmp tcsh tcsh.dupl

$ rm tcsh*

$ pushd /usr/share

/usr/share ~

$ tar cf “/man.tar man

$ popd

$ 1s -1 manx*

-rw-r—-r-- 1 spro users 9881600 Feb 5 21:55 man.tar

$ gzip man.tar

$ 1s -1 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

$ 1s -1 manx*

-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

$ 1s -1 manx*

-rw-r—-r-- 1 spro users 7766170 Feb 5 21:57 mandpl.tar.gz
“IW-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.l.gz

-rw-r--r-- root/root 1234 2001-08-09 16:01:17 man/mani/du.l.gz
-rw-r--r-- root/root 1112 2001-06-24 23:11:51 man/manl/mdu.l.gz
$ rm manx

$
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Mepwxég axopa evitorég tov Unix

du
find
file
od

tr
colrm
last

script

sleep

clear

: BEugdvion yeriong tou dloxou

: Avelpeon apyelwy N xatahdywy

: Ilpooodlopioude eldouc apyelwy

: Bugdvion nepleyouévwy apyelwy Ue dtapopouc

TEOTOUC

: Metatpony| yopaxthpwy oe apyeta

: Awypagy) oTNAGY and apyeto

: Bugdvion o npdopatwy cuvoEcEWY and YpeHoTES
: Kataypagn tne tpeyovcac ahAnAenidpaocnc ue to

XENLQOG

: Avapovy yio tpoxadoplouévo ypdvo
: Koddplopa tne o06vrnc



Evtoléc du (emhoyéc -s, -a),
find (emA\oyéc —-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/krbbafs-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/20.7/1lisp/jka-compr.elc

$ 1s

bin cjkv cjkv.doc jka-compr.elc

$ find ~ -name ’xk*’ -print -exec rm {} \;
/home/spro/cjkv

/home/spro/cjkv.doc
/home/spro/jka-compr.elc

$ 1s

bin

$ pushd /usr/share/ssl
/usr/share/ssl ~

$ file *sx

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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Evtol? od (emhoyéc -d, -h, -c)

$ cat /etc/filesystems

ext3

ext2

nodev proc

nodev devpts

1509660

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 vV
0000020 p r o c\n n o d e vV 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 0O\n v f a t\n h
0000060 7366 000a

f s \n \O
0000063
$




Evtoléc tr (emhoyr| —-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
nbmeserver 140.134.10.114

sebryh di.uob.gr

dombin di.uo5.gr

$ tr abcdefghijklm +-@ < /etc/resolv.conf
n+7/s/rv/r 195.134.65.119

s/+r-2 .3.uo+.1r

.07+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.

$ 1s -ald bin

drwxr-xr-x 2 spro users 4096 Jan 27 12:56 bin
$ 1s -ald bin | colrm 11 55
drwxr-xr-x bin

$
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Evtoléc last (emhoy? -n),
script, sleep, clear

$ last -n 8
spro pts/0 ppp-116.dialup.u Wed
reboot system boot 2.4.7-10 Wed

spro pts/0 knossos.di.uoa.g Wed
spro pts/0 ppp-117.dialup.u Wed
spro pts/0 ppp-100.dialup.u Wed
spro pts/0 ppp-50.dialup.uo Tue

reboot system boot 2.4.7-10 Tue
sprocsh pts/1 ppp-146.dialup.u Mon

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

Feb
Feb
Feb
Feb
Feb
Feb
Feb
Feb

OO oo

21
16
12

22

:28 still logged in
:19 (05:33)

:24-12:27 (00:03)

10:
09:
21:
16:
:33-22:49 (00:16)

48-11:03 (00:14)
21-10:20 (00:59)
08-22:00 (00:52)
29 (22:19)
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Xenowa npoyedppote Tov Unix

mail : Hhextpovind Tayudpopueio
cc : Metaylwttiotic tne C
sed : Malixoe Sropdwtic [§4.3—KP]

awk : Ene€epyaoctic ouploroceipnyv [§4.4-KP]
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HAextpovixd tayudpopeio mail (enthoyy| -s)

% mail

Mail version 8.1 6/6/93. Type 7 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]

& d1

& q

% mail takis@di.uoa.gr

Subject: Thanks

OK, I received it.

Cc:

% mail -s My login’ takis@di.uoa.gr < .login
% 1ls -1 mess

“rw-—-—----- 1 syspro users 1010 Feb 6 2002 mess
% rm mess

% mail

No mail for syspro

h
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MetayAwttiotic tne C cc 1) gec (emhoyéc —o, —c)

$ 1s

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
$ 1s
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
$ 1s
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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Ipoypappatiopds xeAbpouvg Bourne

Exteléowa npoypdupota/cevdpto
Axoloudia and evioréc

To # dnhwvel v apyr) oyohlou Tou extelveTal UEYEL TO
TEANOC TN YPUUUNC

oot ypopur: #! /bin/sh

Y uuBoloocelpéc mou meptehelovton YeTall " ¥ 2 umopel vo

TEPLEYOLY EWOXOUC YOPUXTHPES YLO TO XEAUPOC, T.Y. XEVA,
UETOYUEAXTAPES H.A.T.

Mia evtoAr| umopel vo emextavel oe eNOUEVY] YooY, €9’

6c0ov dloxomel Ye \

AuvoatotrnTo avaxaTeVIOVOEWY UE €V UEPEL DLAPOPETIXO
TpéTo an’ 6Tt 6To x€Aupoc C [§3.7-KP]

Oployata TpoyEAPUATOC
MetafBAnTeg

L uvUnxec

Aopéc ehéyyou

TToAOYIOUOC EXPEACEWY



Oplopata TpoYeAUULATOC
o H exgpaom $0 aviinpocwneVel T0 dvoud TOU TEOYEAUUATOC

o O exgpdoec $1, $2, ..., $9 avtirpoocwnevouy to lo, 2o,
..., 90 Optoua oL BOUNUE XATE TNV EXTEAEST, TOU

TEOYPOUUUATOC
o I evtohy shift ynopel va yerowonomiel oe tepintwon

TEPLOCOTEPWY and 9 oplopata

o H éxgppaon $# avtuimpoownedel 10 TARYOC TV OPLOUATWY

TIOL 0OUNXAY HATE TNV EXTEAECT) TOU TPOYPAUUATOC

o H exgpaor $* avtinpoownelel dho To 0ploPATO TOU
0OUMHay, ywelouéva YeTAg) TOUC UE EVAY XEVO YAQAUXTH O
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MetafAnteg

e H evtoln} (uetalBAnth)=(tiun) avaldéter tnv (tiur) ot
(weTafhnTs)

o H éxppaon $(uetoffAntn) avitnpoownelel TNy T Tou EXEL
n (uetoBinTi)

e H evtolf read (petafBintn) avaldétel tnv Ty mou dlvetan
yioo OWdBocua and TNV TpoxadoploUévn elcodo ot
(peTaPAni)

o Yrdpyouy TEoxaoploUEVES UETABANTES TEpBAAAOVTOC,
OTwe ot PATH, HOME x.A.T.

o H éxgppoon ¢ (eVIOMH) ¢ AVTLTPOCWTEVEL TO ATOTEAEGUN TOU
éyeL 1 (evtohn)) otav extereoVel, cav pia Moto and AéEeic
YWPELOUEVES UE HEVOUC YAULAXTAPES

o Otav plo (uetafinth) éxel ooy Twh wla AMota and Aéelc
YWPELOUEVES UE HEVOUC YUPAXTNPES, 1) EVIOAY
set - $(uetafAnTyh) avadétel Tic AEEEC AUTEC CUY TUIEC
oTic uetafBAntéc $1, $2, ... xatd oepd



Yuvinxeg

o YOvtaln: [ (éheyyoc) 1 A
test (éheyyocq)
o Liom
— Ye apyelo (-r, -w, -x, -, -d, -s)
T.X. test -x my_file

— Y oupfBolooelpéc (-2, —n, =, !=)

.. [ "$var" != stri ]

— Ye axepaioug (-eq, —ne, -gt, -1t, -le, —ge)
m.X. test $1 -ge O

— YOwdetec (!, -a, -o)
.. [ "$bla" = £ -a $foo -eq 2 ]

o Quadonoinorn pe \( xou \)
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Aopéc eAéyyou
o Aouy if
— YOvtadn: if (cuvdiun):
then
(EVTONEQ) 1
elif (ocuvdhxn)e
then
(EVTONEC) 2

elif (cuvdiun)y.1
then
(evTOhéQ)y,_1
else
(EVTONEQ)y
fi
— To tufuoto elif xou/7| else ynopel xor vo unv

UTLAE Y OVY



o Aoy, case
— YUvtaén: case (éxgpoon) in
(neplntwon)1)  (eviorég): ;;
(mepintwon)e)  (eviokéc)s ;3

(neplmtwon)y)  (evioréq)y ;;

esac
— Kdle (nepintwon), eivar mpdtuno yio tadplaoye to onolo
uropel vor TEPLAAUBAVEL XOUL UETUY A TAPECS

— To | dnAcdver draleuin
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o AOUEC AVAXUXADOEWY
— YOvtagn: (Boun avaxUUAOOELY)
do
(eVTONEQ)

done
— Auvatotntec yior T (Bour avaxUXAOGCERY)
for (uetofAnth)
for (uetofBAnt) in (Aota)
while (cuvdrhxn)

* Xk X K

until (cuvdixn)
— H evtoAr] break OLaXOTTEL TIC AVAXUXAWOELS
— H evtoAr} continue UYeTaPEREL TOV EAEYYO OTO TEAOC NG

TEEYOVCUC AVAXUXAWOTNC

o H evtorr} exit tepuatilel TNV eXTEAEOT) EVOC TEOYPAUUATOC
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Y toAoYIOROG EXPEACEWY
e Borintixd mpdypauua expr
o Apwjuntixol tehectéc +, -, *, /, %
— Iopadetyyata
x expr 8 — 3 \x 2
x expr \( 8 = 3 \) \*x 2

x expr 10 / 3 + 4
* expr 20 % \(C 7 + 2 \)

o Teleotéc ouplBolooelpwy substr, index, length

— Ioapaoelypata
* expr substr transputer 4 5
* expr index smalltalk btr

* expr length systems

10

nsput
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Awagpopa mpoBArpata

o Na ypagel éva mpdypaupa yia to kéAvpos Bourne mov va
epupavilel tovg katadoyovs mov Ppiokovtal kdtw and
deodouévo katdAoyo, o€ onoodnrote Bdog, kaln§ emions kai
TV nuepounria kair dpa teAevtaiag tpomonoinons tovs (N
onpuovpyiag tous).

#! /bin/sh

#

# Usage: lsdir directory
#

if [ $# -eq O ]

then

echo "Exactly one argument is required"
elif [ $# -ge 2 ]
then
echo "Too many arguments"
else
1ls -R1 $1 | grep ’~d’ | colrm 1 43
fi



o Na ypagel éva mpdypappa yia to kéAvpos Bourne mov va
extelel anAég apriuntikés npdées (npdaleon, apaipeon,

ToAAamAaoiaoud, owaipeon Kai vroAoiTo) uetaéd 6o
)

akepaioy.
#! /bin/sh
#
# Usage: math nl 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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o Na ypagetl éva mpodypauua yia to kéAvpos Bourne mov va
exTunver otny olévn kdmolo punvvuae pévo tny mpwtn gopd
mov ekTeAeltal katd tn oidpkela uiag nuépag.

#! /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

61



o Na ypagetl éva mpdypauua yia to kéAvpog Bourne mov va
urodoyiler to mapayovtiké €vos akepaiov apiuo.

#! /bin/sh

#

# Usage: factorial

#

echo -n "Give input number: "

read n

fact=1

until [ $n -eq O ]

do
fact=‘expr $fact \x $n°‘
n=‘expr $n - 1°¢

done

echo $fact
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o Na ypagetl éva mpdypauua yia to kéAvpog Bourne mov va
avTIoTPEPEL 0€D0EVES oUUPBoA0o€eIpéES, Kkals enions va
urodoyiler kar ta UK TOLS.

#! /bin/sh

#

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

for str

do

n e

strlen=‘expr length "$str
chind=$strlen
while test $chind -gt O
do
echo -n "‘expr substr \"$str\" $chind 1"
chind=‘expr $chind - 1°
done
echo -n " —-—> "
echo -n "$strlen"
echo " character(s)."

done



o Na ypagel éva mpdypappa yia to kéAvpos Bourne mov va
urmodoyiler To uéyioto Ywpo mov katadaupdrvovy ta

TEPIEXOEVA OEOOUEVWY KATAAO YWY .

#! /bin/sh

#

# Usage: maxsize
#

echo -n "Please specify the directory names: "
read dirs ; set - $dirs ; ndirs=%#
max=0
while [ $ndirs -ne O ]
do
dir=$1 ; shift ; dirs=$x*
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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Ilpoypapuatiopos Asttovpyiwy tov Unix oe C

o Yuvapthoelc BBA0URXNC

o KA\foelc cuotiuatog

o Katnyopiec Acttoupytwy

Xelptopoe Aoy

Anuovpylo xou TEPUATIOUOC DLEQYACLLY
Arnoctolf/noparafY) onudTwy
Elcodoc/eé€oboc younhol emtnédou
Enxowvovio yetald dlepyaotoy UEow
CWANVWV

UTLODOY WV

OLPY UNVLUATWY

XOWTC UVAUNG
OTUATOPOPWY

O S

Anutovpyla, TEPUATIOUOS XL CUYYPOVIOUOC VIUATWY

Avayelplon cuotiuatoc apyelwy
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Xelplopog Aadwy
e Noéuoc Tou Murphy
— If anything can go wrong, it will
o O 0WOTOC TPOYPUUUATIONOC ATAUTEL EAEYYO TWV
TEQITTWOEWY AdUYOUC TIOU UTOREL Vo GUUBOLY Xo avahoy
opdiom
e Yuvdptnon BiBAodxnec perror
— void perror(char *str)
— Extunavel tn oupBolocelpd str xal wlo mepltypapy|, Tou
TLo TE6GPATOL Adlouc Tou €yel cUUPE!
o Ewtepuny| uetoSANTY) errno
— Eyel cav Tiur €vav axepato mou avtloTtolyel 6To o
TeOCPaTo ANdoc Tou £xel cuUSEL

— Arnaltnon: #include <errno.h>
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o XpHon TNC OLVAPTNONC Perror Xl Tne eEWTEPIXAC
UETUBANTYC 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"); }

/***xxx 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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Alayeipton diepyaoiwy

Kdve diepyacto oto Unix €yel €vay aptiud tautdTnTog
(PID), tov x®dwxd tne, to 0edopéva tng, uio otolfa xodang

XOUL HATTOLL AAAAL Y AEAXTNELOTIXG,
H apynn depyaotia elvon v init (PID=1)

O uovoc tpomoc va dnuovpynlel pla diepyaotia elval xdroLa
GAAT) VOL OLVOTIOEOY ALY EL TOV EAUTO TS, ONADY) wlat
olepyacio-yoveac va YevvnoeL plo Olepyaoto-mondt

‘Olec ot depyaotieg elvar amdyovol tng init

O %x®duxac, To dedopeva xou 1 otoifa Tne diepyaotiag-rotdiol

elvar avtlypaga autoy Tne Otepyactiac-yovea

H Tavtétnta tne oepyactiag-tatdol elval OLopopeTIny Ao

TNV TOLVTOTNTA TN Olepyaoiac-yovea

Mio Olepyaocto-mondl unopel va avTIXATAGTACEL TOV XWOLXA,
ToL OEdOUEV XAl TN OTOBA TNC UE AUTA EVOC EXTEAECLUOU
apYElOV, DLUPOPOTIOLWVTIC ETCL TOV EAUTO TN ATO TO YOVE

TN



o KM\on cuoctruatoc exit

— void exit(int status)

— Tepuatilel Tnv extéheon ulac depyaotioc

— O axépatoc status ovoudletar xwdxog e£6d0ou xat lval
OLdEoLOC OTN OLEPYAGLo-YOVEN

— Kotd oOuBacn, n tur 0 yio to status Oelyvel emtuy
TEQUATILONO

— IpboBaon ye to $status oto x€Augoc C xou ye 1o $7
oto xehugog Bourne

— Analtnon: #include <stdlib.h>

o Xpnom e xAonc exit

/* File: exit_code.c */

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

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

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 $7

23

$
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70

o K\on cucthuatoc fork
— int fork()
— Avanopdyet plo diepyaoio, dNUOLVEYWOVTAC Ul GAAN
TIOLVOULOLOTUTIN
— Y11 Oepyaocio-yYoveéa ETMGTEEPEL TNV TAVTOTNTA TNC
olepyacioc-mondlol xow otn dlepyacio-ntondl emotpepel 0
— Emotpéper Aadoc (-1) ot Sepyacio-yoveéa av Sev elvau
duVaTOY va dnuovpyndel 1 véa dlepyaoio-mandt
o KM\joewc ouothuatog getpid xou getppid
— int getpid()
— int getppid()
— Emotpegouy Tic TautdTnTES Plog Olepyaoiog xal Tou

YOVEQ TNC avtioToLyd

o Ot x\roeic ovothuatoc fork, getpid xot getppid (aAAd
xot 1) wait mou Yo axohoudricet) tunixd emtoTpE@ouy pid_t
(ypewdleton xou #include <sys/types.h>), aAld to pid-t

elvon typedef’ed oe int ota mMEPIOGOTEPAU CLUOTHUATA



o Xpnom twv xArcewy fork, getpid xau 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
getpid(), getppid(), pid); }
else { /* The child process */
printf ("Child process: PID = %d, PPID = Jd\n",
getpid(), getppid()); }
printf ("Process with PID = %d terminates\n",
getpid()); } /* Executed by both processes */

%d\n" R

$ ./fork_a_process

Original process: PID = 1585, PPID = 1541

Parent process: PID = 15685, PPID = 1541, CPID = 1586
Child process: PID = 1586, PPID = 1585

Process with PID = 1586 terminates

Process with PID = 1585 terminates

$
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o Av ula depyactia tepuatiost mplv and xdnolo mawdl tne, ToTE

T0 teleutalo, cav opgavy) (orphan) Siepyaoto, vlodeteita

amo TNV 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 = Jd\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 = Jd\n",
getpid(), getppid()); 2}
printf ("Process with PID = %d terminates\n",
getpid()); } /* Executed by both processes */

72

$ ./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




e K\fon cuctruatog wait

int wait(int *status)

IpoxaAel tnv avopovy ulac depyaotac UEyeLc 6Tou
xdmoto Tondl TNe teppatioe

Amodéyetar Tov xwdind £600u Tou TALdLOL, dNAADY| TOV
axépato NS xhfone exit, oto aplotepd byte tou
status, eve 1o 0eild byte elvor 0

Av 1o noudl tepuatiost €€ attloc xdmOLOL CHUATOC, TOTE

T 7 tehevtaia bits Tou status avitnpoownedouy To

YoeaxXTNELoTIXG aptdud auTtol Tou GHUATOC

Emotpegel Ty TouTOTNTO TOL TodLOU TOU TEPUATLOE 1)

Aadoc (-1) av 1 Sepyaota 6ev €yel mondid,
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o Xpnom Tne xAfong 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

$

74



o Mia depyaoto mou tepuatilel OEV EYXATAAEITEL TO CUOTNUL
u€ypelc 6Tou o0 Yovéac TN anodey el Tov xwoxd e£600L TNC
xa etval 6A0 auTO TO YPoVixd ddotrnua uior Cwvtavh-vexpn

(zombie) Siepyaocio

/* 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
$




o KA\foelc cuotAuatog TNg oudoac exec

int execl(char *path, char *arg0O, char *argl,
, char *argn, NULL)

int execv(char *path, char *argv[])

int execlp(char *path, char *argO, char *argl,
, char *argn, NULL)

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

Avtiatiotody pla diepyactio (xddixa, dedopéva, oTolfa)

UE QUTA TOL exTEAECLUOL apyelou Tou dlvetal cTo path

Ot execl xot execv amowtolV AMOAUTA 1| OYETLXY

OVOUUTO-UOVOTIATIO 6T0 path

Ot execlp xot execvp yENOWOTOOLY T1) UETABANTTA
nepLBdArovtoc PATH yia va Bpouv To exteheciuo apyelo

Ot execl xat execlp U€louv oTo argl to 6voua Tou
exXTEAECLUOL dpyElov, oTta argl, ... , argn to oployatd

TOU X TO TeEAELTAlo Oploud Touc NULL

Ot execv xat execvp YEAOLY TO OVOUA TOU EXTEAEGUUOU
apyetov xat ta oployatd Tov ota argv [0], argv[1],

., argv[n] xo NULL oto argv[n+1]
‘OAec oL x\oELC TNC oUddaC exec ETOTEEPOLY AdVOoC
(-1) av dev Bpeldel To exteléolo apyelo, eved oe emtuyia

TOTE OEV ETMUOTREPOUV

— Anaitnon: #include <unistd.h>
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e Xpnomn tne xAjonc 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 -1 ..’\n",

getpid());
ret = execl("/bin/1ls", "1s", "-1", "..", NULL);
if (ret == -1) { /* Always true because of failure
to execute /bin/ls -1 .. */

perror ("execl"); } }

$ ./execl_demo
I am process 1614 and I will execute an ’ls -1 ..’
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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o Xp1on Tne xAoNC execvp

/* File: execvp_demo.c */

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

$

78



e Na ypaget éva mpdypappa C mov va Aeitovpyel oav éva amAo
kéAvpos. Na 0éyetal and to TANKTPOAGYI0 €VTOAES, TIS
omoleS va avadapfdvel va extedéoer uia diepyaocia-naidi Tov

Ja dnpuovpyet.

/* 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 (5;) {
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 (xbuf != ’\0’) {

while ((xbuf == > ?) || (xbuf == ’\t’) || (¥buf == ’\n’))
*pbuf++ = ’\0’; /* Strip whitespace, write null */
*xargs++ = buf; /* Save the argument */
while ((xbuf != ’\0’) && (xbuf !'= ’> ’) &&
(xbuf !'= ’\t’) && (*¥buf != ’\n’))
buf++; } /* Skip over the argument */
x--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(xargs); exit(1); }
if (wait(&status) != pid) { /* Parent process */
perror("wait"); exit(1); } }



$ ./kind_of_shell
Command: date
Sat Feb 16 21:22:53 EET 2002
Command: 1s /
bin dev home 1ib misc opt
boot etc 1initrd lost+found mnt proc
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: 1s -1 ..

root tmp var
sbin wusr

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: 1s -1 tempfile

“IW-r—-r-- 1 spro users
Command: rm tempfile

Command: rm *.*

O Feb 16 21:24 tempfile

rm: cannot remove ‘*.%*’: No such file or directory

Command: D

$
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o Na ypagel éva mpéypaupa C mov va dnuiovpyetl éva ovadiko
0évTpo amd O1epyacties to omolo va éxel oedopévo pdlog N.
KdOe diepyaocia mov dev eilvar pUALo Tov dévTpou rva
EKTUTOVEL TNY TAUTOTNTA TNS, TNY TAVTOTNTA TOU YOVéa TNS
kaUws ka1 évay avéovta apidudé olupwra ue uia mpwta katd
mAdTtog 01doX101) TOU OEVTPOU.

/* File: process_tree.c */
#include <stdio.h> /* For printf */
#include <stdlib.h> /* For exit */
main(int argc, char *argvl[])
{ int i, depth, numb, pidl, 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 (pidl = fork()) {
case O: /* Left child code */
numb = 2*xnumb; break;

case -1: /* Error creating left child */
perror("fork"); exit(1);
default: /* Parent code */
switch (pid2 = fork()) {
case O: /* 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); Y ¥ } }
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Anooctol/napalafr onuATLwY

e Arn tov nuphva Tou Unix o plo diepyaotia, o nepintwon
e€atpeTixol yeyovotoc (Addog XWVNTHC UTOOLOOTOAYG,
OV TIXOLVOVIXT) EVTONY) X.A.T.)

o And 1o MANMTEOAOYLO O pla diepyaocia yia oploTixX
(Control-C) ) mpoowpetv) (Control-Z) dtaxomny| x.A.T.

o And pla depyacio oe pla dGAAN diepyaota

o I diepyaoio mou naparauBdver €va orjua urnopel elte va to
ayvorioel lte Vo Blaxdel Tpocwpetvd T Aettoupyio TNg YL
VO EXTEAECEL €VOL TUAUOL ELOLXOU XWOIXA TOU OVOUACETOUL

OLOLYELPLOTAS TOU CHUOTOC
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: 7 / 4 4 4 4 /
e Y70 Unix urndpyouv didgopa orjpata, xdle €va and to onola

YopaxtnelCetat amd évay aptdud, A and Eva LloodLVUUOo

CGUUBOAXO OVoUd, XAl EYEL EVAY TEOXAVOPLOUEVO OLUYELPLOTN

CAUATOC, O OTOLOC OTIC TEPLOCOTEPEC TEPLTTOOELS UTOPEL vt

AAAGEEL

e Y& TPOYPQUUATO TOU YENCLULOTOL00Y GUUBOALXS ovouaTo

onudtwy anoutelton: #include <signal.h>

o Mepwd orjuata

SIGINT

SIGKILL
SIGUSR1
SIGUSR2
SIGALRM
SIGTERM
SIGCONT
SIGSTOP
SIGTSTP

(2

TN TN TN N TN N N N
— _= = O
ot N O
e e e e e N N

—_
M~

N = =
(anIENIING o

interrupt

kill

user-defined signal 1
user-defined signal 2

alarm clock

software termination signal
continue after stop

stop

stop signal from keyboard
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e Yuvdptnon BiBAoixne alarm
— unsigned int alarm(unsigned int count)

— Alvel evToAr} oTOV TUPHVaL Vo GTElAEL HETE a6 count
oeutepOAeT T TO oNpa SIGALRM otnyv xaholoa diepyaactio

— O mpoxadoployévoc dLayelploTAC OHUATOC EXTUTILVEL €V
urivupo xou teppatiCet tn diepyaota

— Av n ouvdptnon xAndel ye count (co pe 0, axvpOvVeETAL
OTIOLOGONTOTE TEOTYOVUEVOC TEOYPOUUMATIOUOC, OV
uTdEYEL

— Enotpggel Tov Ypdvo Tou ATEPEVE PEYPL Vo EAUEL TO
G Tou elye TEOYPOUMATICUEL TPOTYOLUUEVWCS, 1) 0 av

OEV UTPYE TEOYPOUUUATIOUOC

e Xpron tng ocuvdptnone 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
$

35



e KA\¥on cucthuatoc signal

void (*signal(int sigCode,
void (*func) (int))) (int)

Optlel Tnv avtidpaoT e xahovoag dtepyactiac Lo To
cfua sigCode

To 0ebtepo Oplopa uropel va elvor SIG_IGN, onote T0
cfua ayvoeltar, SIG_DFL, tou onualvel 6Tt 0
Tpoxaoployévoc and to Unix SlayelpltoThc oHUaToC
TpETEL Vo YerowonotnUel, 1| 7 dtevduvorn ulog
cUVAETNONC oL Op(LETAL AT TOV TEOYPAUUATIOTY| XL
naleL T0 POAO TOU BLAYELPLOTY OHUATOC

‘Otay xohelton 0 Bl eELPLOTAC CHUATOC, TO OPLOUd TOU
elva 0 aptdudc ToV CHUATOC TIOLU TOV EVERYOTOLNOE
To oApoata SIGKILL xotr SIGSTOP 0ev elval duvatov va
ayvondoly olte unopel var ahAd&eL yU' autd o
OLOLYELPLOTHC TOUC

‘0,7t toyVel oe oyéorn pe o ouaTta ylo o dlepyaotio
XATPOVOUE(ITAL OTIC OLEPYACIEC-TIOLOLAL TTOU OTULOVEYEL
uéow fork

H signal emiotpegel ToV ToNYoOUEVO BLOYELRLOTY

cnuatog ot emtuyia 1) -1 o anotuyla
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e Xpnom tne xAronc signal

/* File: critical.c */

#include <stdio.h> /* For printf
#include <signal.h> /* For SIGINT, SIG_IGN
main()

{ void (*0ldHandler) (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!

$
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o K\¥on cuoctruatoc pause

— int pause()

— O¢teL TNy xahoVoa dlepyootia o AVAUUOVY UEYPLSC GTOU

AngUel xdnoo orjua
o Xpnom tnc xAonc pause

/* File: new_handler.c */

#include <stdio.h> /* For printf
#include <signal.h> /* For SIGALRM
int alarmFlag = O; /* 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 signall\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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e K\von cuotruatoc kill

int kill(int pid, int sigCode)

2 t€AveL To ofjua sigCode ot Olepyacio UE TAVTOTNTA
pid

Elvou emituyrc otay 1 anocteAhouca Oepyactio xoL 1
TapaiouBavovca dlepyactio €youv Tov (BLo LOOXTATN 7

OTAY 1] ATOCTEANOUGA OLERYATIO AVAXEL OTO OLAYELPLOTY

TOU GUOTHATOC

Emoteegel 0 oe emtuyla ¥ -1 og anotuyla
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o Xpnom tne xAonc kill

/* File: pulse.c */

#include <stdio.h> /* For printf
#include <signal.h> /* For SIGTERM, SIGSTOP, SIGCONT
#include <stdlib.h> /* For exit
main()

{ int pidl, pid2;

if ((pidl = fork()) == -1) { /* Check for error
perror("fork"); exit(1); }
if (pidl == 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(pidl, SIGSTOP); /* Suspend first child
sleep(2); kill(pidl, SIGCONT); /* Resume first child
sleep(2);

/* Terminate first child

/* Terminate second child

kill(pidl, SIGTERM);
kill(pid2, SIGTERM); }

$ ./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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o Nu

vpael éva mpdypauua C o omoio va Bdlel éva xpoviko

0p10 OTNY €KTENEOT) €VTOADY.

/* File:
#include
#include
#include
#include
int pid;
void omnal

main(int
{ int se

timeout.c */

<stdio.h> /* For printf */
<stdlib.h> /* For exit */
<unistd.h> /* For execvp */
<signal.h> /* For SIGALRM, SIGKILL */

/* Global child pid */

arm(int) ; /* Forward declaration */

argc, char *argv[])
c = 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 (argec < 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([1l], &argv[1i]); /* Execute command */
perror ("execvp"); exit(1l); }

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

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

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

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

pri

pri
else

pri

void omnal

ntf ("Command execution finished");
ntf (" with exit code %d\n", status >> 8); }

ntf ("Command was killed by signal %d\n",
status & 0177); }

arm(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 O
$ 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 O
Mon Feb 18 18:43:56 EET 2002
$
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e Na ypagetl éva npdypappa C to omoio, oav Oiepyacia, dtav
0éxetar éva onua (ywa mapdoeryua to SIGUSR1) va
onpovpyel éva avtiypagpo tou eavtol tou (diepyacia-raidi)

ka1 petd va tepuatiler

/* File: persistent.c */

#include <stdio.h> /* For printf =/
#include <stdlib.h> /* For exit */
#include <signal.h> /* For SIGUSR1 */
int loop;
void sigusrl_handler(int); /* Forward declaration */
main()
{ int pid;
signal (SIGUSR1, sigusrl_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 sigusril_handler(int sig)
{ printf("SIGUSR1 (= %d) received\n", sig);
loop = 0; }



$ ./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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Eicodog/€€0d0¢ youniol emnédou

o [ amiéc Sabixaociec elo6dou/e&bdou Yenoonote(Tal 1
TpoxatoploUevn BBAoUxrn stdio, n onolo mopeyEL
CTUAVTIXES EUXOAES, OTIWC EVOLIUEDT) UVAUY] XOL UETATEOTT
OE0OUEVWY

o H stdio elvar Eva puAxd gpyadeio yia TOV TEOYEAUUATIOTY
XL EYEL XATAOKEVAOVEL UEGL EVOC GUVOAOU ATO XANOELS
cLCTAATOC TIoL UTooTtNellouy elcodo/E€0bo younhov

ETULTTEOOU

o Ot x\roelg ouotAaToc Yo €lcodo/¢€0d0 younhol entnédou
elvar avayxalec ubvo 6tav oL euxollec Tou TopeyeL 1 stdio
Yo TpooTehaoT apyelwy 1) cuoHeELWY BV elval ETYLUNTES 1)
otay mpoypaupatiletar emxovmwvio LeTald OLEpYACLDY HEOW

CWA VWY %L UTIOO0Y WV



e O mpocdloploudc apyElwY, CUOKELU®Y, AXPWY CWATIVWY Xl
UTIODOY WV YIVETOL OTIC XANOELC CUCTHUATOC YL

elc0ob0 /€000 yaunhol eminédou and TEpLYpaelc apyelwy
Tou elval axgponol aprduol, oe avtideon ye tnyv stdio émou
XOTNOLOTOLOUVTAL, YO APYELOL Xl CUCXEVES, OEIXTEC OF
apyelo

Hpoxadopiopevol meptypageic apyelwy

0 : Ilpoxaopiouevn elcodog

1 : Hpoxatoptouévr é€odoc

2 : Ilpoxadopiouévn €€0d0c Yyia SLay vwoTixd unvouaTa
O mtpoxajoplouevol teptypagelc apyelwy 0, 1 xo 2

AVTLOTOLYOUY 0TOUC Tpoxaoplouévouc delixtec oe apyela
stdin, stdout xoat stderr trg stdio

O meprypagelc apyelwy xhnpovoyodvtal and uio
olepyacio-yovea oTig Olepyaoiec-toudld mou onuovpyel
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o K\¥on cucthuatoc open

— int open(char *fileName, int mode
[, int permissions])

— Avolyel ¥ dnutovpyel to apyelo pe andhuto A oYeTINO
6vopa fileName yio SdfBoaouo o/ yeddiuo

— To mode elval £voC axEPOLOC TTOU TOPLOTAVEL TOV TPOTO
TPOOTEAACTC TOL apyelou xau divetal oav dtaleuin
GUUBOAXDY OVOUATLY, OTWC:
O_RDONLY:  Avouypa yta otdBacuo uévo
O_WRONLY:  Avouyya yia ypddiuo uévo
O_RDWR: Avouvyua yia dSwdfaouo xor yedduo
0_APPEND: I'pdipo oto téhoc Tou apyeiou
O_CREAT:  Anuouvpyla apyelou, €@’ 6cov Bev UTdpEYEL
O_TRUNC:  Auaypogt) Tepleyopévwy apyeiov, €@’ 6coV

UTGLPYEL

Araltnon: #include <fcntl.h>

— To npoatpeTind dploua permissions elval Evag axépaloc
TOL OToloVL 1) TWWY TEETEL VoL aVTIoTOLYEL oTar eTtduuTTd
OLXOUDUATO TPOCTACIUC EVOC apYElOL XaTd Tn ONuLlovpyia
TOU (BtxondUATe TTOU ATOXAEOVTAL ATd TNV TREYOUOU
TIur Tou umask Oev divovtal oTo apyEelo)

— H open emotpéget Evav neptypagea apyelov oe emtuyia

7 -1 oe anotuyla
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e KA\form cuothuatog read
— int read(int fd, char *buf, int count)

— Awf3alel to mohl count bytes and tnv oviétnta (opyeio,
GUGXEVY), dXp0 CWATVAL 1} UTOB0YY)) TIOU AVTICTOLYEl OTOV

neptypagéa £d xot o torovetel oto buf
— Emotpggel Tov aptiud twv bytes mou dwBdotnxay, 0 av
€YLVE amomeLpa dloSdouatoc agol £yel dlaaoTel xol To
teleuTato byte ¥ -1 og anotuyla
o K\jon cuotruatog write
— int write(int fd, char *buf, int count)

— I'pdyel To ToA0 count bytes anéd to buf otny ovidTnTOL

Tou avTioTolyel otov Teptypagea £d
— Emotpégel Tov aptiud twv bytes mou ypdgtnxay 1y -1 og
amotuyia
o KM\jon ocuotfuatog close
— int close(int fd)
— Eleuvlepwdvel tov meptypagea £d

— Emotpegel 0 og emtuyla 1) -1 o anotuyla
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o Xpron Twv xAY\cewv open, read, write xou close

/* File: io_demo.c */

#include <stdio.h> /* For printf x/
#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", 0_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.

$1s -1 ¢t

-rw--—---- 1 spro users 27 Feb 18 19:28 t
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o KM\oewc cuothuatoc dup xat dup?2

int dup(int oldFd)

int dup2(int oldFd, int newFd)

H dup Pploxel 1o uxpdtepo ehedliepo meptypapea
apyElov XL TOV AVTIOTOLYEL OTNV (Ol OVTOTNTA UE TOV
nepLypagea oldFd

H dup2 eicudepwvel Tov meptypagea newkd, €@’ 6cov
elvor 0eoueLPEVOC, xat ToV avTioTolyel otny (Ol
OVTOTTTaL UE TOV TEpLypapea oldFd

Ye emtuylo EMOTEEPOUV TO VEO TEPLYPAYEX, ONADY N
dup2 to newFd, 7| -1 oc anotuyla



o Xp1on Twv xAficewv dup xot dup2

/* File: duplicate_fd.c */
#include <stdio.h>
#include <stdlib.h>
#include <fcntl.h>
main()
{ int fd1, fd2, fd3;
if ((fd1 = open("r", O_RDWR |
0644)) == -1)
perror ("open") ;
exit(1); }
printf("fdl = %d\n", fd1);
write(fdl, "What ", 5);
£fd2 = dup(£dl);
printf("fd2 = %d\n", £d42);
write(fd2, "time", 4);
close(0);
fd3 = dup(£fdl);
printf("fd3 = %d\n", £d3);
write(£fd3, " is it", 6);
dup2(£dl, 2);
write(2, "?\n", 2);
close(fdl);
close(fd2);
close(£fd3); }

/* For O

/* For printf */
/* For exit */
_RDWR, O_CREAT, O_TRUNC */

O_CREAT | O_TRUNC,
{

/* Write data to fdl */
/* Make a copy of fdl */

/* Write data to fd2 */
/* Close standard input */
/* Another copy of fdl */

/* Write data to fd3 x*/
/* Duplicate fdl to 2 */
/* Write data to 2 */
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$ ./duplicate_fd

fdl1 = 3

fd2 = 4

fd3 = 0

$1s -1 r

-rw-r--r-- 1 spro users
$ cat r

What time is it?

$rmr

$

17 Feb 18 19:45 r
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o Na ypagel éva mpoypauua C mov va avtiypdeel éva apyeio
0T0 TéAOS €vdS dAAov.

/* 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 *argvl[])
{ int n, from, to;
char buf[1024];
if (argec !'= 3) { /* Check for proper usage */
write(2, "Usage: ", 7);
write(2, *argv, strlen(xargv));
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 */
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$ ./append_file

Usage: ./append_file from-file to-file

$ 1s -1 filex
-rw-r--r—-
-rTW-r--r—-

$ cat
filel
filel
filel
$ cat
file2
file2

filel

line 1
line 2
line 3
file2

line 1
line 2

1 spro users
1 spro users

$ ./append_file file2 filel

$ cat
filel
filel
filel
file2
file2

filel
line 1
line 2
line 3
line 1
line 2

_f

$ ./append

$ cat
file2
file2

file3
line 1
line 2

ile file2 file3

$ rm filel file2 file3

$

39 Feb 18 19:51 filel
26 Feb 18 19:52 file2




Enmuxowvwvio petagl diepyaoimy

o Méow cwAfivwy

— T Oepyaoiec mou €youv oo TEOYOVO 0 OTolog £YEL

OTULOVEYT|OEL TO CWARVA
— Emxowvwvia tpoc ula xatevduvon uoévo
— Mia dtepyoaotia ypdget oto dxpo ypahluatoc Tou CWARVA
xa 1 dAAN dBalel amd To dxpo daBdouaTtoc
e Mecow umodoywv

— MeTal) dlepyaoctwy mou oL (Blec dNULovpYoLY TIC
UTLOOOYEC

— Enwowvwvia xot mpog T 000 xateutiveele

— O diepyaoiec uropel va extedodvTanl oTov (BLo

UTIOAOYLOTY] 1] AXOUO X0l OE OLAPORETIXOVC UTTIOAOYLOTEC
TOU EVOL GUVOEDEUEVOL UECL EVOC OLXTVOU
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e K\¥on cucthuatoc pipe
— int pipe(int fd[])
— Anuovpyel €va cwhhva ue dxpo dLa3EouaToc Tou
avtiotolyel otov meptypagéa £d [0] xan dxpo ypadluatoc

Tou avTiotolyel otov meptypagéa £d 1]

— Amndyovol tre diepyactoc Tou dNUolpYNoE T0 CWAHVA,
cuuTepAaUBavouEVNC oL TNG (OLg TG
OlepYaoiac-0NULOVEYOU, UTTOPOVY VO ETUXOWVWYNCOUY
UECW TOU CWAAVA, TOU ATOTEAEL OUCLAGTIXA EVal €L0OC
EVOLAUEOTC UVAUNG, YPUPOVTIUC UE TN Write xou
olaf3alovtac pe tn read amd T0 XATAIAANAO dxpO

— To un yenoruwomoloueva dxpa TEETEL Vo eEAcUVEpWVOVTAL

UE TNV close

— H pipe emotpéget 0 og emtuyla A -1 oe anotuyia



o Xpfion tnc xAorne pipe

/* File: pipe_demo.c */

#include <stdio.h> /* For printf
#include <string.h> /* For strlen
#include <stdlib.h> /* For exit

#define READ O

/* 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

if

if

(pipe(fd) == -1) { /* Create a pipe
perror ("pipe");

exit(1); }

((pid = fork()) == -1) { /* Fork a child
perror ("fork");

exit(1); }

(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

*/
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$

$ ./pipe_demo
Read 23 bytes: This is a test phrase.




o Na ypaget éva npdypappa C mov va ouvoéer péow €vog

cwAnva tny npoxaopiouérn é6000 uiag evToAnNg e tny
mpokaopiouévn €icodo utas dAAng, va vAomoinlel 6nAadn

pia cwAnrvwon.

/* File: connect.c */

#include <stdio.h>

/* For printf

#include <stdlib.h> /* For exit

#include <unistd.h>
##define READ O
#define WRITE 1

/* For execlp
/* Read end of pipe
/* Write end of pipe

main(int argc, char *argv[])
int fd[2], pid;

{

if

if

if

(pipe(fd) == -1) { /* Create a pipe
perror ("pipe");

exit(1); }

((pid = fork()) == -1) { /* Fork a child
perror ("fork");

exit(1); }

(pid !'= 0) { /* Parent, writer
close(fd[READ]); /* Close unused end

dup2(£fd[WRITE], 1); /* Duplicate write end to stdout
close(fd[WRITE]);
execlp(argv([1l], argv[1], NULL); /* Execute argv[1]

/* Close write end

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 1ls wc
55 55 715

$ ./connect 1ls 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




o Iledia uTOOOY WOV

— PF_INET

* Iledlo Internet

* Emuxowvwvio xat o€ 0la@opeTixole UTOAOYIOTES
* Atevduvon: Internet diedduvon xat aprdude Vopoc

— PF_UNIX
x [ledlo Unix

* Emuxowvwvia otov {0to utohoytot

* Atevduvon: KoufBoc oto obotnua apyeiwy

e Eidon unodoywmv
— SOCK_STREAM
* Yrnodoyéc poric (TCP)
— SOCK_DGRAM
* Tnieypapixéc unodoyéc (UDP)

TCP | UDP
Arnattnorn cOvdeonc NAI | OXI
Aéomiotia NATI | OXI
‘Optol unvuudTey OXI | NAI
Awadoyxdtnta unvoudtoy || NAL | OXI
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o Yuvapthoelc BiBAoUrxnc htons, htonl, ntohs xot 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)

Metatpony, axohouvdioc bytes and dwdtaln “unyavic” oe
otdtagn “otdou” xou avtiotpoga yio short xou long

axepaloug

Anautrioeic
*x #include <sys/types.h>

% #include <netinet/in.h>

o Yuvapthoelc BBAoURxNC gethostbyname xou
gethostbyaddr

struct hostent *gethostbyname(char *name)

struct hostent *gethostbyaddr (char *addr,
int len, int type)

Eniotpoor) evog delxtn o dour| struct hostent yia
£VOY UTOAOYLOTH E(TE DEOOUEVOL TOU OVOUATOC TOU name,
omou oo medlo h_addr tre dourc Beloxetan 1 Internet
oleduvor Tou xat oto nedio h_-length o y€yedoc g,
elte 0edougvne tne dtedluvorc tou addr, Tou yeyeloug
¢ len xot Tou eldouc tne type (mdvta PF_INET), énou
oTo Tedlo h_name tnc emoTpepoOUEYTC douric BploxeTon TO
OVOUO TOU UTOAOYLOTY

Analtnon: #include <netdb.h>
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o '‘Olec ol XAHoEC CUCTAULATOC IOV AXOAOLTOLY XU

YETNOWOTOLoUVTAL Yio Oloryelplor) UTODOY WY ATAULTOVY
— #include <sys/types.h>
— #include <sys/socket.h>

XL ETOTEEQOLY -1 o€ nepinTwoT anotuyloc

o K\¥on cuoctruatoc socket
— int socket(int domain, int type, int protocol)
— Anuovpyel plo UTOBOY Y| XL ETCTEEPEL TOV TEPLYPUPEN
apyelov Tou avTioTolyel ¢° AUTAY
— To domain mpenet va efvar PF_INET v} PF_UNIX
— To type npénel va eivow SOCK_STREAM ¥} SOCK_DGRAM

— Yav protocol, ndvta divoupe to default (0)
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o K\on cucthuatoc bind
— int bind(int fd, struct sockaddr *address,

unsigned int addresslen)

— YUVOEEL TNV UTO0OY N TIOU aVTIOTOLYEL OTOV TEPLYPAPED
apyetou £d pe €va dvoua/dieduvorn *address

— IIedlo Internet

* Optletal éva struct sockaddr_in name xot divovtou
to. PF_INET o7o nedlo name.sin_family,
htonl (INADDR_ANY) oto medlo
name.sin _addr.s_addr xot htons(port) oto nedio
name.sin_port, énou port eivar o apridudc Yopac mou
xernoluonolelton xat agol 1 dtedbJuvon Tou name
Tpocopuociel oe (struct sockaddr *) dlvetaw oto
address

* Arnaitnon: #include <netinet/in.h>
— Iledlo Unix

* Optletar éva struct sockaddr_un name xou divovtou
To PF_UNIX o7o medlo name.sun family xow path oto
nedlo name . sun_path, 6nouv path sivat To
OVOUO-IOVOTIATL TOU XOUS0U TIOU YENCWOTOLELTUL OTO
cVoTnua apyelwy %ot ool 1 dtevduvor Tou name
npocapuoclel oe (struct sockaddr *) divetonw oo
address

* Arnaitnon: #include <sys/un.h>

— To pé€yedoc Tou name divetan oto addresslen
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o K\¥on cuoctruatoc listen

int listen(int fd, int queuelength)

Optlet pla ovpd urxouc queuelength oe €vayv server
TNV onolol UTopolV Vo CUCCWEEVOVTAL AUTHOELC ATO
clients yia cOvdeon oty UTOdOY Y| TOL avTioTOLYEL OTOY

nepLypagea apyetov £d

o K\¥on cuctruatoc accept

int accept(int fd, struct sockaddr *address,

unsigned int *addresslen)

Amodeyetar pla altnon obvdeone nmou €yel unoBAndel oe

EVOLV Server otV UTO0oYN UE Teptypagea apyelov £d

IIAnpogoplec yia t1 dtebYuvon tou client tou cuvdEdnxe
ETLOTEEQPOVTAL WECW TG dourc *address o yéyelog tnc
omoloc EMOTPEPeTAL 6T0 *addresslen

Emotpéget eva véo meptypagea apyelov o onolog mpeEnel
va yerotdoronlel and Tov server ylo ETXOVOVIN UE TOV

client

e K\rion cuotrjuatog connect

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

unsigned int addresslen)

— TroBoly| altnorng obvdeorg and €vay client yeow

UTODOY S oL avTloToLyEl OTOV TepLypapea apyelov £d ue
TOV server Tou omotou 1 dtedluvor Exel xaTaoxevacel
oTr) dour *address to peyedoc tnc onolac €xel Tevel

oTo addresslen



o K\oeic ouotuatoc recvirom xat 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)

Xpnowornowolvtor avtl Twv read ot write yio Ty
TAEAUAABY) XL TNV ATOGTOAY| UNVUUATOV UECK
TNAEYPAPIUDY UTIOOOY OV

To £d, buf xat count €youv v Bla onuacio 6TWS oTIC

read xot write

Yto flags cuvidwe dlveton 1 T 0, EXTOC av TEOXELTOL

Vo YIVEL YELPIOUOC HATIOUWY ELOIXWY TEQLTTOOEWY

2t doun *address emoTpEPETAL 1) OLeLYLYOT TN
TNAEYPAPIXTC UTTOOOY G TTOU YETCLULOTOLEL O AMOGTOAENC
(Yt tn recvirom) ¥ tdeton 1 Stedduvon g
TNAEYPAPIXAC UTTOOOY S TIOU YPNOLUOTOLEL O TIUEUANTITNG
(Yt tn sendto)

2to *addresslen emoTpEpeTal T0 YEYEVOC TN
SteLduvone TN UToBoyAC TOU ATOGTOAEN (YLlol TN
recvirom), eve oto addresslen tidetan 1 dievYuvon
TNC UToBoY N TOL oA ANTTY (Yl TN sendto)
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o K\on cucthuatoc getsockname

— int getsockname(int fd,
struct sockaddr *address,

unsigned int *addresslen)

— Emnotpégel ot dour| *address tn otebiuvorn ye tny
onola €yeL cuvdelel 1 uTodoY Y| Tou avTioToLyel oToY
neptypagéa apyetou £d xat oto *addresslen To péyevoc
TNe dtedduvoTe aUTAC

— Elvaw yprown otnyv mepintwon nou dev tpoxadoplletat
cuyxexpluévoc aptdude Yopac xatd tn oOVOEST HECL TNC
bind plac urodoyrc pe pla diebduvon (ue anddoor tou 0
07O name.sin_port) yio va Bpevel o apriudc Tne
Tpay o Tixric YOpac Tou SLaTEUNXE and To CLOTNUA YLl
1 6OVOEDT)

o YuvaptAoelc BBAoURxNC bzero xat bcopy

— void bzero(char *buf, int count)
* O¢étel 0 oe count bytes apylCovtac and 1 devuvor
buf
— void bcopy(char *bufl, char *buf2, int count)
* Avtiypdgel count bytes apy{Covtac and tn diedduvon

bufl otn dieduvon buf2
— Anoitnon: #include <string.h>
o o petayAwTTion oto Solaris mpoypapudtwyv C ue xAioelc

CUCTAUOTOC YLoL UTODOYEC, TTPETEL VAL TpooTiUETOL TNV

EVTOAY) UETOYAWTTIONG Xo T0 “~1socket -1nsl”



e TCP emxowwvia client/server

Server
socket ()
bi nd()
listen()
accept () Client
socket ()
avapovn ouvdeonq
ATtoKATAOTAON 0UV580’I’]C
connect ()
artnaon :
read() write()
ETEEEPYATIO QITNONG
: arovinon
wite() read()
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e UDP smuxowwvia client/server

Server
socket ()
bi nd()
recvfrom() Client
socket ()
ovapovn artnong
bi nd()
artnon
sendt o()
ETMeLEPYNOIa AITNONG
aravinon
sendt o() recvfrom()
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o Na ypagoVv client ka1 server npoypdupata C mov va
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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/0
#include <stdlib.h> /* For exit
#include <string.h> /* For strlen, bzero

void reverse(char *);

main(int argc, char *argvl[]) /* 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) {
perror("listen"); exit(1); }

/* Listen for connections

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

*/



while(1) {
clientptr = (struct sockaddr *) &client;
clientlen = sizeof client;

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

perror ("accept"); exit(1l); } /* 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 O: /* 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[il;
s[i] = sl[jl;
s[jl =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/0
#include <stdlib.h> /* For exit
#include <string.h> /* For strlen, bzero, bcopy
main(int argc, char *argvl[]) /* 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[1l], 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); 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

$




o Na ypagoVv client ka1 server npoypdupata C mov va
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Unazx.

/* 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/0
#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 *argvl[]) /* 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) {
perror("listen"); exit(1); }

/* Listen for connections

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 O: /* Child process */
do {
bzero(buf, sizeof buf); /* Initialize buffer x*/
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[il;
s[i]l = s[jl;
sljl =c; } }

void sigchld_handler(sig) /* Handler for SIGCHLD */
{ int status;
wait (&status); }



/* 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/0
#include <stdlib.h> /* For exit
#include <string.h> /* For strlen, bzero
main(int argc, char *argv[]) /* Client with Unix stream sockets
{ 1int sock; char buf[256]; unsigned int serverlen;

struct sockaddr_un server;

struct sockaddr *serverptr;

if (argec < 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(1l); }

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); }

124



125

$ ./un_str_server str_socket

Listening for connections to socket str_socket

Accepted connection

string: Testing stream sockets in the Unix domain...
string: abcdefghijklmnopqrstuvwxyz

string: >>>>>><<KKLK

string: Is it OK?

Read
Read
Read
Read
Read
Read
~C

$ rm

$

string: Fine!

string: end

str_socket

$ ./un_str_client str_socket
Requested connection to socket str_socket

Give
Read
Give
Read
Give
Read
Give
Read
Give
Read
Give
Read
$

input string:

string:

input string:

string:

input string:

string:

input string:

string:

input string:

string:

input string:

string:

Testing stream sockets in the Unix domain...
...niamod xinU eht ni stekcos maerts gnitseT
abcdefghi jklmnopqrstuvwxyz
zyxwvutsrqponmlkjihgfedcba

DOOOO>>KLKKLKLKLKL
<LKLLLL>>>>>>
Is it OK?
7?KO ti sI
Fine!

leniF

end

dne
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oto meoio 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/0
#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(1l); }

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



/* 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/0
#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(1l); }

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
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*/
*/

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

perror ("sendto"); exit(1l); } /* 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.
Received from galini.di.uoa.
Received from galini.di.uoa.
Received from galini.di.uoa.
Received from galini.di.uoa.
Received from galini.di.uoa.
Received from galini.di.uoa.
Received from galini.di.uoa.
Received from galini.di.uoa.
Received from galini.di.uoa.
Received from galini.di.uoa.
Received from galini.di.uoa.
Received from galini.di.uoa.
Received from galini.di.uoa.
Received from galini.di.uoa.
Received from galini.di.uoa.
Received from galini.di.uoa.
~C

$

gr:
gr:
gr:
gr:
gr:
gr:
gr:
gr:
gr:
gr:
gr:
gr:
gr:
gr:
gr:
gr:
gr:

prompt

timeout=50
default=1inux
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/hdab

other=/dev/hdal
optional
label=D0S

$ ./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/hdab

other=/dev/hdal
optional
label=D0OS
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oto wedio Unizx.

/* 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/0
#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

*/



/* 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/0
#include <stdlib.h> /* For exit
#include <string.h> /* For strlen, bzero
main(int argc, char *argv[]) /* Client with Unix datagram sockets
{ 1int sock; char buf[256], sname[20];

unsigned int serverlen, clientlen;

struct sockaddr_un server, client;

struct sockaddr *serverptr, *clientptr;

if (argec < 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(1l); }

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
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*/
*/

if (sendto(sock, buf, strlen(buf)+1l, O, 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
Received
Received
Received
Received
Received
Received
Received
Received
Received
~C

from
from
from
from
from
from
from
from
from
from

s15386:
s15386:
s15386:
s15386:
s15386:
s15386:
s15386:
s15386:
s15386:
s15386:

$ rm 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:

$ head /etc/group |

root:x:0:

root

./un_dgr_client dgr_socket

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:

$




Emuxowwvia petald dicpyaociwv a la System V
o Ilpayuatind acUyypovn emxovwvia GTov (00 UTOAOYLOTH

o KoaloAxd npooneldoiyol ntopoL yecw Tou muprva Tou Unix
— Ovpec unvuudtony
— Kowf) pviun
— YnuaTtopdeol

o Toutomoinon toépwy Y€ow xAedLdy (tinou key_t) xot
TpooBoon otic ecwtepéc douéc Toug (struct msqid_ds,
struct shmid_ds xow struct semid_ds) péow
TEOGOLOPLOTWY TIOU ETUCTEEPOVTOL XU YPTCULOTIOLOVYTOL ATO
XATIAANNAES XANOELC CLUOTAUATOS (0L OTolES, WS cLVATWC,
emoTpépouy -1 oe neplntwon Addouc)

o Auaumuorto tpootocioc tépwy (read/write) mou

xaTaYweodvTal o douéc struct ipc_perm

o Movadixd xAedid (tonou key_t) unopolv va mopay oy
XOADVTAC TT) CLVAETNOT)
key_t ftok(const char *pathname, int proj_id)
olvovtdic Tng £val Ovoua-povond Tt pathname xou €vav
axepoto proj_id
o Anouthoelc
— #include <sys/types.h>

— #include <sys/ipc.h>
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Ovpég unvupatwy
o Xpnowwelouy oTNV aVTOAAAY T UNVUUATOV UETAEL DLEQYAOLOV

e H anoctélhovca Olepyasio ETMCUVATTEL EVAY TUTO GTO
UHVUUO TTOL GTEAVEL %ot 1) TopaAaUBdvouca dlepyaoio umopet
var (ritAoel TNy TapoAa3h UnvOUATOC CUYXEXPLUEVOU TUTOU

o Ilowv TO CWUA EVOC UNVOUATOC TTEETEL Vo Tponyeltol o TOTOg
Tou (long) oc bytes, dnAad” oTC XAAOELC GUGTAUATOC YLl
ATOCTOAR XoU TAUEAAABT uNvuUdTLwY yeetaletal var dlveTat

£VaC OEXTNG o€ Oour| cav TNV

struct message {
long mtype;
char mtext[MSGSIZE]; I;

e Anaitnon: #include <sys/msg.h>
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o K\¥on cuoctruatoc msgget

— int msgget(key_-t key, int msgflag)

— Emoctpege

EVOLY TIPOCOLOPLOTY YL TNV OUEA UNVUUATWY

Tou avTloTolyel 6To xAeW! key

— To msgflag elvar €vag axépatoc 6mou thlevtal To

eTLJUPTNTA OLXALOUATA TEOOTAGIOG TNC OLEAC UNVUUATWY,

xadoe enlong xat TpdcVeteg anautioel (Und Tn Hoppn

0tdlevine cUPBONX®Y OVOUATWY) CYETIXES UE 1)

onulovpyia
IPC_CREAT:

IPC_EXCL:

NS OLEAC UNVUUATLY, OTIWC:
Av Bev undpyel népoc (oLpd UNVUUAT®WY) TOU
avtiotoyel oto key va dnutovpy et
véoc (avtl va emotpagel Addoc), eved av
UTAPYEL TTOPOC, VO TPOoTEAACVE! UTOC
Y€ GUVDVACUO PE TO TIEONYOUUEVO, AV OEV
UTdPYEL TTOPOC Vo dnulovpyNIel, aAAd oy
UTGPYEL VoL ETLOTEAQEL AdUog

— Ilepinttwotoloyla yio to msgflag

PERMS PERMS | IPC_CREAT PERMS | IPC_CREAT | IPC_EXCL
xenon xenon
UTLAP X EL Tou Tov A&doc
T6pOoC TOpOL TOpOL
1oAY dnuLovpylo %ot dnuLovpylo %ot
UTLAE X EL Aadoc xehon Xenhon
pideloYold véou TépoL véou TépoL
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o KM\oewc cuothuatoc msgrev xo. msgsnd

— int msgrcv(int msqid, void *ptr, int len,

long type, int flag)

— int msgsnd(int msqid, void *ptr, int len,
int flag)

— Me tnv msgrcv nopaiaudvetal €va urvupa TOTou type,
EMOTPEPOVTAC TO UEYEOC TOU UNVOUATOC, ANd TNY 0LEd
UNVUUATLY e Tpoodloptoth msqid (av to type elvar O,
TEOAAUBEVETAL TO TEOTO UAVUUA, aVEEXPTATOC TUTOL)
X0l UE TNV msgsnd amooTEAAETAL VA UHVUUA GTNY 0LVpd

— O 1oroc xow To cwua Tou unvouatoc Beloxovtal ot ula
oour| otnv onola delyvel To ptr xot o len elvon To
uEyelog Tou cOUATOC ToL PUNVOUATOC Ylor TNy msgsnd 1

TO PEYLOTO TOL UEYEVOUC uTOY YLlot TNV MSELCV

— Y710 flag tlletan 10 0, EXTOC EOXWY TEQITTWOEWY

e K\von cucthuatoc msgectl

— int msgctl(int msqid, int cmd,
struct msqid._ds *buff)

— Extelel Ty evépyela cmd endvew otny ovpd Unvuudtwy

ToL avTloTolYEl GTOV TPOCOLELOTH msqid

— Mia evépyela etvar 1 IPC_STAT pe tnv omolo
cuuTAnewvovTal Ta Tedla e doprc *buff ye To
YOEUXTNPLO TG TNC 0LEAC UNYUUATWY TTOU EVOLOPEREL

— H ouvniéotepr evépyeta elvon ny IPC_RMID mou
XATOOTEEPEL TNV 0LPA UNVUUATLY (oTo buff apxel va
tevel 0 ool mpocopuoolel oe (struct msqid_ds *))



o Na ypagoVv client ka1 server npoypdupata C mov va

emOeEIKYVOVY TNY €mKowvwvia Uetadl Tous Héow oupwy

pnrvpdtwy.
/* 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/0
#include <stdlib.h> /* For exit
#include <string.h> /* For strcpy, strlen
#define MSGSIZE 256 /* Maximum size of message to communicate

#define
#define
#define
#define

KEY (key_t)5678
PERMS 0666

SERVER_MTYPE 27L
CLIENT_MTYPE 42L

struct message {

long mtype;
char mtext [MSGSIZE]; };

main()

{ 1int qid;

struct message sbuf, rbuf;

if («

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

/* Key value of message queue

/* Permissions of message queue
/* Type of message sent by server
/* Type of message sent by client

/* Message structure

qid = msgget(KEY, PERMS | IPC_CREAT)) < 0) {

/* 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(1l); } /* 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/0
#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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Kown uvipn

AuvatodTnTo ETXoVVINC HETAED DLEPYACLWOY UECW
XATUY WPTONG XA AVAY VWOTE TANROPORLOY GE TERLOYN
UVAUNG ToL elval TPOCTEAAOLUY] ATIO OAEC TLC OLEQYAOLEC

Avayun ouyypoviouol TWY BLEPYACL®Y, CUYATWS UECW
CTNUATOPOEWY
Arnaltnon: #include <sys/shm.h>

KM\on cuotuatog shmget

— int shmget(key_t key, int size, int shmflag)

— Enotpegel €vav TpooOLOpLOTY| YO TNV XOWVT UVHUT
ueyélouc size mou avtioTtolyel oto *AeWdl key

— Y70 shmflag tidevton Tar emuunTa dIXaOUATA
Tpootacloc xavae xor tpdcietec anatthoelc (IPC_CREAT
xor IPC_EXCL, ye tnv (Otor onpacior Tou £Y0UV %ol OTLC
OUPEC UNVUUATWY) OYETIXEC UE TN ONULOUEYLX TNS XOWHC
PVIHNG
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e KA\von cucthuatoc shmat
— char *shmat(int shmid, char *addr, int flag)

— IlpocopTd TNV xoWY UVhun Tou aviloTolyel oTov
TEooOlopLo Ty shmid otV TEPLOY ) WVAUTC TTOU €YEL
Tpdofacn 1 xahoVoa dlepyacior Xol EMCTEEPEL TNV
XATAAANAT) OlebduvoT)

— Méow twv addr xou flag umopel voo {ntndel 7
TEOGETNOT] OE CUYXEXQIEVY] TERLOY Y} UVIUNG, AAAS M
cuvrouévn yeron tne shmat elvon va agedel n enthoyy
auTY otov Tuphva Yétovtac 0 ota addr xou flag (to

TEMOTO TPOcupUoouévo o (char *))
o K\¥on cucthuatoc shmdt
— int shmdt(char *addr)
— Arnoomnd Ny mpocopTNUEVT 6To addr xowY UvVAun
o K\von cucthuatoc shmectl

— int shmctl(int shmid, int cmd,
struct shmid_ds *buff)

— Extehel Ty evépyela cmd oty xown uviun mou
avTioTolyel 6ToV TPOCOLEloTY) shmid

— AvtiloTolyo pe TIC BUVATOTNTEC TOU UTEEYOUY YLOL TIC
OLPEC UNVLPATLY (Héow Tne msgetl), ue TNy evépyela
IPC_STAT cuunAnp@vovtal Ta Tedla e dounc *buff ye
TOL YUEAXTNELO TN TNC XOWNS UVHUNG, EVO N
cuvnueotepr evepyela etvat 1} IPC_RMID mou XataoTREPEL
v xowrh uviun (oto buff apxel vo tedel 0 agot
npooapuooVel oe (struct shmid. ds *))
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Ynuatopoeot

o Mnyavioudc cuyyEOVIGUOU DLERYACLWY YLA TNV ATOXAELCTIXT
OLALYElPLOT XOWVODY TOPWY (TT.Y. XOWAC UVAUNC)

o Ilowv TNy €lc0d0 OE %PIGLUO TUAUA TOU TPOYEIUUATOSC TNG,
ulo Otepyoaoio ntd TNV amattoVUEVT ddeLa amd €vay EAEYXTH
ONUATOPOEO (avauEvovTac, av Yeeldletal, HEYPL VO TNS
0oVel, omdTe decPEVEL TO ATALTOVUEVO UEPOC TOU TTOPOU TOU
ENEYYEL O ONUATOPOPOC) ot UETE TNV €080 amd To Xplotlo
TUAUO ATOOECUEVEL TO DECUEVUEVO UEROC TOU TTOPOU

e H déopeuor yivetan pe xatdAnAn pelwon (DOWN A P
Aertovpyla xatd Dijkstra) tne tiprc tou onuatogdpou, ¢’
6c0V UETA T Yelwon ) Ve TN Yo elvar > 0, xon 1)
anodéopeuon ye xatdhinin adinon (UP A V Aertoupyia
xatd Dijkstra) tnc tiurc Tou onpatopdeou
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o Me Tic ®AH|oElC GUGTHUATOC TTOL Yo AIXOAOLYHGOUV
ONULOLEYOUVTOL YO YETNCWOTOLO0VTOL GOVOAX ATt
CTUATOPOPOUS XAl O TIUPARVAC EYYLATAUL OTL Eval GOVOAO
AELTOVEYLOV ETAVEL OE EVA TETOLO GOVOAO OTUATOPOPwY elvall

ATOULXT) OLadLXaGtaL
o Arnaitnon: #include <sys/sem.h>

o K\¥on cuctruatoc semget
— int semget(key_t key, int nsems, int semflag)

— Emnotpegel evav TpoodloploTy] Yol €va 6OVOAO amd nsems

CTUATOPOPOLC TIOL AVTICTOLYEl GTO XAEW! key

— Y70 semflag tievton Tar eMUUUNTA OIXALDOUATA
Tpootacloc xavde xot tpdcietec anatthoelc (IPC_CREAT
xow IPC_EXCL, ye tnv (0tar onpoacio Tou €YoV GTIC OVEES
UNVUUATWY XL GTNY XOWY| UVAUT) OYETXES PE TN
OnULoLEYld TOU CUVOAOL CTUATOPOEWY
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o KA\jon cucTuaTtoc semop

— int semop(int semid, struct sembuf *opstr,

int nops)

— Exteiel 010 olvoho ornuatopéowy Tou tpocdlopilovTol
and to semid Tic Aettoupylec mou xadopllovtal o €va
nivaxa peyedouc nops and douéc struct sembuf to

TewTO oTolYElo Tou onolou Oelyvel To opstr

— H doyn struct sembuf opiletar ooy

struct sembuf {

short sem_num;

short sem_op;

short sem_flg; };
xou TEPLYpdgeL TN Aettovpyia UETUBOATC NG TLUNAC Tou UT
apliudy sem_num coNUATOPOEOU TOU GUVOLOU (artd 0 éng
nsems-1) xotd sem_op (<0 yio déouevon xor >0 yio
anodéopeuo), eved to sem_flg tideton cuvidwe 0, extdc

ELOLXDV TIEPLTTWOEWY
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o KAnorn cuothuatoc semctl

— int semctl(int semid, int semnum, int cmd,

union semun arg)

— Exteiel v evépyela cmd 6Tov semnum onuaTopOp0o TOU
GUVONOL OTUATOPOEWY (1), AVANOYU UE TNV EVEPYELX, OF
OAOXANEO TO GOVOAO) TIOU AVTIOTOLYEl OTOV TIEOGOLOPLOTY

semid

— H évwon union semun eivon opiopévn cav

union semun {
int val;
struct semid_ds *buff;

unsigned short *array; };

XOlL YPNOWEVEL Yo VoL XAADPEL OAEC TIC BUVATOTNTEC TOU
UTLEEYOLY YLA EAEYYO CUVOAWY CTUATOPORWY

— Me v eveépyeta IPC_STAT cuumAnpwvovtal o Tedlo Tne
oounc *(arg.buff) pe to yopaxTNELOTIXA TOL GUVOAOU
OTUATOPOPWY

— Me tnv evépyeta SETVAL tideton cav Tiur evoc
OTUATOPOPOL To arg.val xou Ye TNV evépyela GETVAL
EMOTEEPEL 1) semctl TNV TIY| TOU CNUATOPOEOL

— Me tic evépyetec SETALL xou GETALL tidevtan TiuéC
OTOUC ONUATOPOROUC TOU GUVOAOU (amtd Tov Tivaxo oTtny
apyr| Tou omolou Oely Vel To arg.array) 1} ENLOTEEPOVTOL

Ol TWES TV ONUATOPOpwY (0TOV Tivaxo arg.array)

— Me v evepyeia IPC_RMID %0TaGTREPETUL TO GUVOAO TWV
CTUATOPOPWY



e Na ypagoVr client ka1 server npoypduuata C mov va

emoelkyVovy tny emkowwvia puetaél tovg UEow KOWNg

UYNUNS KAl TO OUYXPOVIOUO TOUS MEOw ONHATOPOPWY.

/* 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/0
#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(1l); } /* 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 I1/0 */
#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); }
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$ ./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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Nrpata

o Eva ¥ ntepiocdtepa VAUATA uTopodY Vo EXTEAODVTOL GTO

mhatolo plac depyoaoctioc

o H Boown povada mou ypovodpouoloyeitan and To

Aettovpyd chotnua elval To Vo xal Oyt 1) olepyacio

o To viuata TV dlepyaot®dy exTEAOUVTAL PELBO-TIUPEAANALL,
OUANG UTOPOUY Vo EXTEAECUOUY X0l TEOLYUATIXG TTUOAARNAL

og GUOTAUATA PE TOANOUC EMECEPYUOTES

e Omolodrrote vAua plac diepyacloc Umopel vo dnulovpyRoeL
GAhoL Voo

o ‘Ola ta viuata plac diepyaotiac polpdlovtat Tov (Lo Yo
OLELIUVOEWY, ®AVDOC XKoL GANAL YAPAXTNELOTIXE TNC
dtepyaotog (m.y. xmdxag, Teplypapelc apyelwy X.A.T.) aAAd
TO xavéva €xel TN Or} Tou otolfo EXTEAEGTC XL OEXTN
TEOYPOUUUATOC

e To Aettovpywrd cloTrnUo UTOREL Vo EXTEAECEL TTOAD
YONYOROTEPA TNV EVAANAYY) VIUATWY OE OYECT UE TNV
EVOAAOLYY| DLEQRYACLWY

e ANSI/TEEE POSIX 1003.1¢c — 1995 standard
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o ‘Olec ot cuvaptrioec BBAoY XN Tou axolouvdody xou
XenotLoToLoUVTAL Yior Oty elptor) YU TWY anattody
#include <pthread.h>
To mpoypdupata ot ool YeNCYLOTOLOOYTOL Ol CUVARTHOELS
QUTEC TEETEL Var UETAYAWTTCOVTaL UE TNV EVIOAN
cc -o <filename> <filename>.c -lpthread
£TOL WOTE GTO ONULOVPYOUUEVO EXTEAECLUO VA “QOpTWVETAL
xa 1) BBAoden yioe Tor vijuaTo

e O cuvaptioelc BBAoURXNG Yia dtayelpion VNudTwy OV
VéTouy Ty, oe meplnttwon Advdoue, oty e€wTEPLXY
UETUBANTY errno, cuVETMC dev Unopel va yenoluonotnUel 1
ocuvdpTtnon BiBAlodxne perror yia TNV EXTUTWOT)
XATAAANAOL OLOY VWG TIXOD UNVOUATOC

o Ye neplntwon Addoug xatd TNV XAAoT (ATOLAC CLVAETNONG
OLALYELPLONC YNUATWY, UTOREL VoL YENOLUOTOLNUEL 1] CUVAPTNOT)
BBAMoO N strerror, Yo TNY EXTUTWOT] XATIAANAOU
OLOLY VWO TLXOU UNVUUATOC TIOU OVTLOTOLYEL GTOV XWOLXO TOU
Adoug Tou eM€cTREPE N CLUVAETNOY YL TO VAL

o Yuvdptnomn BBAodrxng strerror
— char *strerror(int errnum)

— Emotpégel ula oupBolooelpd mou meptypdgel To Adloc
TO OTO{0 AVTLOTOLYEl GTOV XWOXO AdUouc errnum

— Arnoltnon: #include <string.h>
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Anptovpyio XU TEPUATICROSC VNUATWY

o Yuvdptnon BiBAodixnc pthread_create

int pthread create(pthread_t *thread,
pthread_attr_t *attr,

void *(*start) (void *), void *arg)

Anuovpyel €va xauvolpylo vAud To ontolo extelel T
cuVAETNON YE OleLPuVon start ol TUPAUETEO TO arg

H Tautétnta Tou viuatog emotpegetal 6To *thread

Meéow tou attr unopolue va 0plcoLUE XATOL
YORAXTNELOTIXG Yot TO VAU, AAAS CUVATWS QPHVOLUE T
default, divovtdc Tou TV T NULL

Emotpégel 0 oe emttuyla

o Yuvdptnom BBAodrxne pthread_exit

void pthread exit(void *retval)
Tepuatilel To VAua mou TNy xaAel

Eq" 6cov t0 vipa elvan cuvevaolpo, mou eivon 1 default
TEPITTWOT), 0 *WOOC €600V retval elvon dadéoipoc oe
OTOLOOYTOTE dAAO VAUO TNC OLEpYaoiac TOU TEPUEVEL,
uéow TNc ouvdptnonc pthread_join 7 orola Vo
TEPLYPAPEL GTT CUVEYELN, TOV TEQUATIOUO TOU

CUYXEXQWIEVOU VAUATOC
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o Yuvdptnon BiBAodxnc pthread_join
— int pthread_join(pthread t thread,

void **retaddr)

— Ilepuevel TOV TEPUATIOUO TOU CUVEVWOULOL VAUATOC UE

ToutoTNTa thread

— O xwdde €£600U TOU VAUATOC TOU TEPUATIOE, OTWC
06Unxe ue Ty pthread_exit, emotpépetol GTO

*retaddr

— Emotpegel 0 oe emtuyla

o Yuvdptnon BiBAodvnc pthread_self
— pthread_t pthread_self ()

— Emotpggel Ty TauTtdTNTA TOL VAUATOS TIOL TNV XAAEL

e Yuvdptnon BBAodrxnc pthread_detach
— int pthread_detach(pthread_t thread)

— MeTatpenet o viua ye TautdTNTo thread ano

GUVEVWOWO OE ATOCTIUOUEVO

— Emotpegel 0 og emtuyla

— 'Eva anoomaouevo viua EAEVUEQPMVEL AUECHC TOUC
TOPOUC TIOL EYEL OECUEVOEL HONIC TEPUATIOEL, EVE EVAL
CUVEVWOUO TO XAVEL QUTO UOVO OTAY XATOLO GAANO VUL
Cnriioet va ouvevwdel yall Tou, yéow Tnc pthread_join

— H x\fjon tnc pthread_join yio €va AmOCTACUEVO VAU

ATTOTUY Y ALVEL
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e Xpnomn twv ouvaptrioewy pthread_create, pthread_exit,

pthread_join xol 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, "Vs: %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

$




e Xpnor tnc ouvdptnonc 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))

void *thread_f (void *);

/* Error message printing function */
/* 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); }
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$ ./detached_thread

I am original thread 1024 and I created thread 1026
I am thread 1026 and I was called with argument 29
$




o Na ypaget éva mpéypaupa C mov va onuiovpyel éva aprud

ané vnuata, kaléva and ta onoila va kabuotepel va

tepuatioer yia éva tuyaio apiiud oevtepodéntwy.

/* 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(1l); }
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 *) sl1)) {

/* 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(1l); }
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
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
all 10
$

1026
2051
3076
4101
5126
6151
7176
8201
9226

10251 sleeping 1 seconds

3076

sleeping
sleeping
sleeping
sleeping
sleeping
sleeping
sleeping
sleeping
sleeping

awakening

WWNOO®®”OH O

10251 awakening

7176
8201
9226
2051
5126
1026
6151
4101

threads have terminated

awakening
awakening
awakening
awakening
awakening
awakening
awakening
awakening

seconds
seconds
seconds
seconds
seconds
seconds
seconds
seconds
seconds
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YUY YPOVICOC YNUATWY KE BLABIXOVE ONUATOPOPOLE

o ['la T0 cuyypovioud PeTall VNUdTwY Tou TpotilevTal Vo
TPOGTEAAGOLY %ovoUC Topoue, 1) BBAUAxN Twv POSIX
VNUATWY TIOEEYEL Ula ATAOTIONUEYT) EXDOY Y| CTUATOPOPWY,
TouC Buadole onuatopdeoue (mutexes)

o 'Evoc duadixde onuatogdeoc uropel va Bploxetar oe ulo and
0VO0 TAVEC XATACTACELS, VoL Elval XAEWDWUEVOC 1
EexheldwToc

o Yuvdptnon BiBAodxnc pthread mutex_init
— int pthread mutex_init(pthread mutex_t *mutex,

pthread mutexattr_t *attr)
— Apyxomotel SuvaUXd TO CTUATOPOEO *mutex
— Meéow tou attr unopolue vo oplcouue xATOLL
YOPAXTNELOTLIXE, YLoL TO ONUATOPORO0, AAAS cuVHTKC
agrvoupe o default, divovtde Tou tnv T NULL
— "Evac onpatogpopoc unopel va apytxonotnUel xou ototixd

dlvovtdg Tou cav Ty Tn otalepd
PTHREAD MUTEX_INITIALIZER

— Emotpeget ndvtote 0
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o Yuvdptnon BiBAodxnc pthread mutex_lock
— int pthread mutex lock(pthread mutex t *mutex)

— Khedovel 10 onuatogpopo *mutex €@’ 6cov elvou

EexheldwToc

— Av 0 onpatogdpoc eival XAEWWUEVOS antd dANO VHAua,
TOTE TO XAOLY VAo TldeTol o8 AVUGTOAR xou 1
CUVAQPTNOTY] ETLOTEEPEL OTAY HATOPUWOEL Vol XAELDWOEL TO
OTUATOPORO, APOV TOV CEXAELDWGEL TO VAU TOU TOV

UAELOWOE

— Emotpégel 0 oe emituyla

o Yuvdptnon BiBAodixnc pthread mutex_unlock

— int pthread mutex unlock(pthread mutex_t

*mutex)

— ZeXAEWOMVEL TO ONUATOPORO *mutex ¢’ OGOV EYEL

xAetdwUel TponyouuEvewe and To (Blo VAU

— Emnotpegel 0 og emtuyla

o Yuvdptnon BiBAodfnnc pthread mutex_destroy

— int pthread mutex destroy(pthread mutex_ t

*mutex)

— Kataotpegel 10 onuatopdpo *mutex €@ 6cov elvou

EexheldwToc

— Aev elvon avayxalo Vo xaTaoTeEQOVTUL Ol CTUATOPOROL

Tou Eyouv apytxorotnlel cTaTXd

— Emotpegel 0 og emtuyla



o XprYon Twv cuvopTocwy pthread mutex_init,
pthread mutex_lock, pthread mutex_unlock xou

pthread mutex_destroy

/* File: sync_by_mutex.c */

#include <stdio.h> /* For printf x/
#include <string.h> /* For strcpy, strerror */
#include <stdlib.h> /* For exit */
#include <pthread.h> /* For threads */

#define perror2(s, e) fprintf(stderr, "Vs: %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 x*); /* 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(1l); } /* 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

$




o Na ypagel éva mpéypaupa C mov va onpuovpyel éva

dedouévo aprud vnudtwy, ta omoia va avalaupdvovy va

7 / n . / /
urodoyioovr, ya dedopévo n, to Y ;| i, éxortag kadéva
ané ta vnuata tny evdivn ya tov vrodoyioud mepimov ioov

mAnfoug dpwy tov alpoiouatog.

/* 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 *argvl[])

{ int i, err;
pthread_t x*tids;
if (argc > 3) {
n = atoi(argv[i]); /* 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(1l); }
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(1l); }
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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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Ynuatopopot xot LETABANTEG cLUVINKNG

o Ext6¢ amd toug duadixols onuatopopous, N BBA0UAXN Ty
POSIX vrudtwy nopéyet xat €va 0e0TEQO UEGO
CUYYPOVIOHOU YNUATWY, TIC HETABANTEC cLVIUNC

o 'Eva viua elvon duvatoy, yéow plac uetoSAnTthc cuvirixng,
VoL AVOOTEIAEL TNV EXTEAEGT TOU PEYPLC OTOL IxavoTotnUel

XamoLr GLYUTT

o I wavornoinorn tne cuvdfinne yiveton Yvwoty 6To viua Tou
EXEL AVUCTEIAEL TNV EXTEAESY) TOL ATO AAANO VAUL HECK
HATAAANAOL UNYAVIOUOD EVIUERWOTC

o Mia petaBANTH cuvUAXUNC Elvol TAVTOTE CUVLPACUEVT UE EVOL
OLAOXO CTUATOPOEO
o Yuvdptnon BiBAodrunc pthread_cond_init

— int pthread_cond init(pthread cond t *cond,
pthread_condattr_t *cond_attr)

— Apywxonotel duvouxd T uetaBANTY cuvdixne *cond

— Méow tou cond_attr unopolue va 0plcoLUE XdToLd
YOEAXTNELOTIXS Yot TN HETABANTY) cuvirxng, aAAd
cuvAitwe agrivouue o default, divovtdc tou Ty T
NULL

— Mia petaBAnt cuvinxne uropel va apyixorolniel xau
oTaTXA dlvovTde Tne oav Ty TN oTavepd

PTHREAD_COND_INITIALIZER

— Emotpegel ndvtote 0
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e Yuvdptnon BBAlodrxnc pthread_cond_wait

int pthread_cond wait(pthread_cond_t *cond,

pthread mutex_t *mutex)

EEXAEOWVEL TO CTUATOPORO *mutex Xl AVAOTEAAEL TNV
eEXTENECT) TOU XOAOVVTOC VAUATOC HEYEL VO EVERYOTOUNUEL
XOL TTEAL Ao XATOL0 GAANO VAU, HECK TNC CUVAETNOTC
pthread_cond_signal ¥ tr¢c pthread_cond_broadcast,
TV onolwv N TepLypagt) Yo axolouvtricel, ue Baon
uetaBAnTH cuvinxnc *cond

To xahoby v TeETEL TPV TNV XAOT TS
pthread_cond_wait va €yel XAEWDWOEL TO GNUATOPOPO

*mutex

Ipw emiotpédel | pthread_cond_wait, xAelddvel xat
TIGAL TO OTUATOPOREO *mutex

To vAua mou Yo eveEpYOTOLACEL TO XAAOLY VAU TEETEL
TPV TNV XAOT TNS CUVEPTNOTC EVERYOTONONG, T.X. TNC
pthread_cond_signal, va XAELOWOEL TO CNUATOPOLO

kmutex xal UETA TNV XAHOT VA TOV CEXAELDWOEL

Enictpegel navtote 0
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o Yuvdptnon BiBAodixnc pthread_cond_signal
— int pthread_cond signal (pthread cond_t *cond)
— Evepyornotel xdmoto viua tou €yel avaoTtelhel Tny
exTéNEoT| ToL UE Bdon TN ueTABANTH cuvixrc *cond
— Emotpeger ndvrtote 0
e Yuvdptnon BBAodAxnc pthread_cond_broadcast
— int pthread_cond _broadcast (pthread_cond_t

*xcond)

— Evepyomnotel 6Aa Ta VAUATA TTOU €YOUV AVACTEIAEL TNV
extéAeot| Toug Ue Bdon tn petafBAnTH ouvirixne *cond

— Emotpegel ndvtote 0

o Yuvdptnon BiBAodvxnc pthread_cond_destroy

— int pthread_cond destroy(pthread cond t *cond)

— Kortaotpégel tn yetofSAnty ouvinxrne *cond, ¢’ 6cov
HOVEVAL VIO OEV EYEL OAVUCTEIAEL TNV EXTEAECT TOU UE
Bdor authy

— Aev elvon avayxalo vo xataoTeégovTal oL HETABANTES
cuvOHNEC oL €youy apyixorotniel oToTxd

— Emotpegel 0 og emtuyla



e Xpron TwV cuvapTHoewy pthread_cond_init,
pthread_cond_wait, pthread_cond_signal xou

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, "Vs: %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 x*); /* 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 signall\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)

{

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)) {
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) ;

printf ("Thread ’%d: Sent signall\n", pthread_self());

if (err = pthread_mutex_unlock(&mtx)) {
perror2("pthread_mutex_unlock", err); exit(1); }

printf("Thread ’%d: Unlocked the mutex\n", pthread_self());

pthread_exit (NULL); }

/* Thread function */

/* Lock mutex */

/* Awake other thread */

/* Unlock mutex */
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$ ./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

$




o Na ypagel éva mpéypaupa C mov va onpiovpyel téooepa
vnuata, ta tpia and ta omoia va avédvovr éva kaUoAiko

JLETONTN, €V TO TETAPTO VA AVATTEAAEL TNY €KTEAETT) TOU

HEXPL 0 UETPNTHS va PTATEl CUYKEKPIUEVT) TIUD).

/* File: counter.c */

#include <stdio.h> /* For printf */
#include <stdlib.h> /* For exit */
#include <pthread.h> /* For threads */

#define perror2(s, e) fprintf(stderr, "Vs: %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 x*/
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);
pthread_cond_init (&cv, NULL);
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); };

/* Initialize mutex
/* and condition variable

/* 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:
incr:
incr:
incr:
incr:
incr:
susp:
incr:
incr:
incr:
incr:
incr:
incr:
incr:
incr:
incr:
incr:
incr:
incr:
incr:
incr:
susp:
incr:
incr:
incr:
incr:
incr:
main:

$

thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread

- . . -

-

- . . . .

-

- - - - - - - - - - -

NOFRPROWREFPLPONONMNONEFENPFEPNEFELPNWEFLRONMORO

-

1,

count
count
count
count
count
count

b
started

count
count
count
count
count
count
count
count
count
count
count
count
count
count

OO WN -

7
8
9
10
11
12
13
14
15
16
17
18
19, threshold reached
19

signal received

count =

count
count
count

count =
all threads terminated

20
21
22
23
24




‘ANNeg eVOLAPEROVOCEG CUVAPTAHOELS YL TOL VYLOLTO

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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Atlayeipton cuoTHUaTOg Ap)YEiwY
o Iepapyxr| 0pYAVWOT TOLU CUCTAUATOC APYEIWY OF

deutePELOLUGA UVAUN (Bloxoc) uéow evHC BEVTPOL OV
TepthauBavel
— xowd apyela
— XATAAOYOUC
— GUULBOAXOUC CUVOECUOUC
— unodoyéc nedlov Unix

— OUOXEVEC

o O xatdhoyol elvar evdLduecol (oyt @UANa) xoufol Tou

0EVTPOU

o T xdle x6ufo tou dEVTEOUL, £var GOVOAO amd anopaltnTeS
TAneooplec (TUTOC, BIXAUOUAT TEOCTACUC, WBLOXTATYC,
oudda, wea teeutaiag Tpononoinong, deudivoelg blocks
Tou Bploxovtal Ta TEPLEYOUEVA X.A.TT.) EIVAL XUTOY WENUEVES
oe plo TEpLoy Y| Tou dloxou Tou AéyeTat inode Tou x6UBou

e Ot inodes 6AwV TV ®xOULwY TOU CLUCTAUATOS dpPYElWY Elval
xataywenuevol ota Ttewto blocks Tou dloxou

o To xowd apyela TEQLEYOUY U1 DOUTEVA DEDOUEVA
(axohoudiec and bytes), eve oL XaTEAOYOL TEQLEYOLY UE
CUYXEXPLIEVT) DOUY| OVOPATA TV XOUBOV-TAOLDY TOUC XL

aptduolc Twy avtiotolywy inodes
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IIo¥ Bpiokovtar ta mepiexdueva tov apyeiov /usr/test.c;

1310KTNTNG
Oupada
MAnBog cuvdeouwWY
Qpa TPoaTIEAATNG
Qpa TpoTIoTI0INCNG

ApiBpoc inode AlKAlpaTa

1
2| 200 dr-xr-xr-x | =—— [/ inode
3| 201 dr-xr-xr-x
4| 202 dr-xr-xr-x
5| 203 -r-Xr-Xr-x
6 204,206@ - FWXTE - XTI - X
7| 205 \f -r-Xr-Xr-x
8
ApiBpuog
block
— 200 2 e
.. 2 —
bin 3
usr 4
— 201 3
.. 2 e
I's 5
cp 7
— 202 4
2 —
test.c 6
L——————— 203
|'s ektereoipo
204
test.c mpwto block /
205 | |
bi n usr
CpP ekteAeoipo
206 I's cp test.c
test.c deutepo block
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IIp6oPBaor oc inodes

e KA\forn cuctruatog stat

— int stat(char *path, struct stat *buf)

— YuumAne®vel Ta TEdlo TS dourc *buf ue TiC

TIANPOYOpleC oL elval xaTaywENUEVEC 0TOY inode Tou

xoufou ue 6voua path

— Kdanowa nedla otn dour| struct stat *buf elvon ta

*

X

* Xk X K

buf->st_ino: Apwiudc inode tou x6UPBou
buf->st_mode: Ta 9 teAeutala bits xwdxomoody Ta
OLXOULOUATO TEOGTAGIAC TOU LOLOXTNTY), TNS OUADAC Xl
TOV SAAWY, XATE T YVWOTd, Ve o 4 mpwTa bits
XWOLXOTOLVY Tov TUTO ToU XOUPBou (UeTd and Aoyixd
KATI ye ) otalepd S_IFMT, av to anotéheoua etvar
S_IFDIR, o xoufoc eivon xatdhoyoc, av eivor S_IFREG,
elvat xowo apyeto, x.A.1.)

buf->st_nlink: IIAH0ocC oxAnp®dv CLVOECUWY TPOC
TovV x6ufo

buf->st_uid: ToautoTrTor WOLOKTATN

buf->st_gid: TautdtnTa ouddac

buf->st_size: Méyeloc o bytes

buf->st_atime: Npa teevtaloc tpooTEAAONC TWV
TEQLEYOUEVWY TOL XOUBou

buf->st_mtime: Npa teleutaiac Tpononolnone twy
TEQLEYOUEVWY TOL XOUBou

buf->st_ctime: Npa televutalog tpomonolnong Tou

inode tou x6ufou
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— Y71 medlo st_atime, st_mtime xou st_ctime, ol WpeC
Xt weolVTAL ooy TANYOC BEUTEQOAETTWY TIOU EYOUV
nopendet and v 1/1/1970

— H stat emotpégetl 0 oe emtuyla xou -1 oe mepintwon
Aardouc

— Anoutoelc
% #include <sys/types.h>
* #include <sys/stat.h>

o H cuvdptnon BiBAoUAxnc ctime uropel va yenotuonoiniel
YL TNV UETATEOTY| TWVY TGV TwV Tedlwy st_atime,
st_mtime xou st_ctime tnc douric struct stat oe plo
TEPLOCOTEPO EVANTITY LOPYT, TalpyovTac cav OpLoUd £V
0eixTn oe TARUOC DEVTEPOAETTWY TTOU €YOLY TAPEAVEL ATO
v 1/1/1970 xon emotpépovtac évay char * mou delyvel oe
ulo oupBolocelpd 1 omolo TEpLYEAPEL TNV avtioTolyn
NUEPOUNVIOL XAl WP UE T HOPPT| TTOU HaC Tn) Olvel xot 7
eVTOAY| date

o Tmdpyel xou avtloTolyn UE T stat xArjon cucTAUATOC
fstat, n onolo avtl yio path mepluével Evayv meplypapea
apyetov int £fd
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IIp6oPBaor oc nepleOReEVA XATAAOY WY

T nepleyoueva xatahdywy (Lebyn aptiudy inodes xou
ovoudtwy ®xouPwyv) elvat duvatéy va tpoorelactody HEcw
TV oLvopTHoewY BBAoOAXNC opendir, readdir xat

closedir

H rpbofoon og €vay xatdhoyo yivetal HECW EVOC OelxTT
DIR * (avdhoyou ye tov FILE * mou ypnotdonoleltot oTic
cuvaptAoelc dayelpione apyelwv tne BBitodixne stdio)

Kde otouyelo ota mepteydpeva evoc xataidyou elivon ula
oour| struct dirent, tng onolog To media d_ino ot d_name
olvouy Tov aptdud inode xal To dvoyud, avtioTolya, eVOC

XOUPB0U TTOU TEPLEYETAL GTOV XATAAOYO

Aev undpyel dUYVATOTITA, OUTE TPOYPAUUATIOTIX, Vo
TPOTIOTIOLY|OEL £VOC ATAOC YPNOTNG TO TEPLEYOUEVA EVOC
XATAAOYOU ETEYBAVOVTOC GTNV ECWTERLXY) DOUN TOU

Anattiioeic v cuvaptioewy BiBAoUAxNC Yo TedcBaon
OTO TEPLEYOUEVA XATAANOY WV
— #include <sys/types.h>

— #include <sys/dirent.h>
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o Yuvdptnon BiBAodixnc opendir
— DIR *opendir(char *path)

— Avolyetl Tov xatdhoyo ye dvoua path xal emoTpEQel
evav 0elxtn oe DIR yio TV npdoBacn oTov xATIAOYO

— Emotpegel NULL ot mepintwon Adldouc

o Yuvdptnon BiBAodixnc readdir
— struct dirent *readdir (DIR *dp)

— Emotpegel €vav 0eixtn o dour struct dirent mou
AVTIOTOLYEL GTO TPEYOV OTOLYEID TWV TEPLEYOUEVWY TOU

XATAAOYOU Tou 1) TPdclBaoT Tou yiveTan ue to dp

— Av, v T0 Tpé€Y0V oTOoLYElD, TO TEBlo d_ino TN dounc
elvan 0, o avtioTtoryoc xoufoc €yel dlorypapel

— Emotpéger NULL otay 0ev uTtdpyouy dAAa oTolyElo Yol
oLafBoouol
e Yuvdptnon BiBAodixne closedir
— int closedir(DIR *dp)
— Kielvel tov xatdroyo mou 1 mpdofBaon tou yivetow pe o
dp

— Emotpégel 0 og emttuyla xat -1 oe mepintwon Addouc
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o Na ypagel éva mpédypapupa C mov va ouurepipépetal
rapouola jie Tty €vtodn 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/0 */
#include <stdlib.h> /* For malloc, exit */
#include <string.h> /* For strlen, strcpy, strcat */
char *modes[] = {"---", "-—x", "-w-", "-wx", "r--", "r-x", "rw-", "rux"};

/* Translate modes O, 1, 2, 3, 4, 5, 6, 7 %/
void list(char x*);

void printout(char *);

main(int argc, char *argv[])
{ struct stat sbuf;

if (argec < 2) { /* If no arguments, list contents of "." x/
list("."); exit(0); }

while (--argc) { /* For each argument */
if (stat(*++argv, &sbuf) < 0) { /* Find inode information */

perror (*xargv); 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 */



void list(char *name) /* Lists contents of directory "name"

{

void printout(char *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

/* 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 = ’7’; break; } /* Everything else
xperms = ’\0’;
for (i=2 ; i >= 0 ; i--) { /* Owner, group and other permissions

j = (sbuf.st_mode >> (i*3)) & 07;
strcat (perms, modes[jl); }
printf ("Yc%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

178

*/



179

$ ./myls ..

o o
R R
s =
MM
IR
[
I X
IR
[
I
N 00

-rw-r--r--
“rw-r--r--
-rw-r--r--
-rw-r--r--
“rw-r--r--

e

drwxr-xr-x
drwxr-xr-x
drwxr-xr-x
drwxr-xr-x

-YWXr—-Xr-x
—IrWXr—-Xr-x
-YWXr-Xr-x
—IWXr—XI—X
-YWXr-xXr-x
—IWXr—XI—X
-rw-r--r--
-rw-r—-r—-
-rw-r--r--
-rw-r—-r—-
-rw-r--r--
drwxr-xr-x 1
drwxr-xr-x 7
drwxr-xr-x
drwxr-xr-x
drwxr-xr-x
drwxr-xr-x
drwxr-xr-x
drwxr-xr-x
drwxr-xr-x
drwxr-xr-x
drwxr-xr-x
drwxr-xr-x
drwxr-xr-x
drwxr-xr-x
drwxr-xr-x
-rw-r—--r--

$

R WP WNNMNNMNNNNMNNMDMNMNNMNNNMPOOOR,RPRPRPRPRPRPRPRPRPRPERPRPONMNDNDNDLRE

32479/100
0/0
32479/100
32479/100
32479/100
32479/100
32479/100
32479/100
32479/100
32479/100
32479/100
32479/100
32479/100
32479/100
32479/100
32479/100
32479/100
32479/100
32479/100
32479/100
32479/100
32479/100
32479/100
32479/100
32479/100
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0

4096
4096
4096
820
24
191
134
3511
15845
4096
4096
4096
4096
4096
162
202
500
459
238
304
2431
2086
2325
3138
862
4096
4096
4096
24576
8192
53248
8192
4096
4096
8192
4096
8192
4096
4096
4096
1315

Feb
Feb
Feb
Jan
Jan
Jan
Jan
Jan
Feb
Jan
Feb
Feb
Feb
Feb
Feb
Feb
Feb
Feb
Feb
Feb
Feb
Feb
Feb
Feb
Feb
Dec
Dec
Feb
Feb
Feb
Feb
Feb
Feb
Feb
Feb
May
Dec
Dec
Dec
Dec
Jun

21

2
19
27
27
27
27
27
20
27
12
20
12
21
12
10

7
12
12
12
19
19
19
19
19
27
27
16
16
16
16
16
16
16
16
15
27
27
27
27
25

11

09:

11

12:
12:
12:

12

12:

15
12

15:
15:
15:

11
15
22
21

15:

15
15
14

12

14

22

14

../sh_scripts i*.c /usr/share/man
:43 ..
15 ..
:46 ..
10 ..
10 ..
10 ..
124 ..
10 ..
:38 ..
:56 .
12 .
26 .
12 .
143 .
:05
:37 .
:04 .
12 .
:02
:08
: 34
14:
14
14:
:08
14:
:55
15:
15:
15:
15:
15:
15:
15:
15:
: 38
14.
14:
:30
14:
16:

25
35
36

37

16
16
16
16
16
16
16
16

30
21

34
02

.ssh

.emacs
.bash_logout
.bash_profile
.bashrc

.screenrc
.bash_history
./bin

./sh_scripts
./c_progs
./sh_scripts/.
./sh_scripts/..
../sh_scripts/factorial
./sh_scripts/lsdir
./sh_scripts/math
./sh_scripts/maxsize
../sh_scripts/once
../sh_scripts/revstrs
int_dgr_client.c
int_dgr_server.c
int_str_client.c
int_str_server.c
io_demo.c
/usr/share/man/.
/usr/share/man/. .
/usr/share/man/man4
/usr/share/man/mani
/usr/share/man/man2
/usr/share/man/man3
/usr/share/man/man5
/usr/share/man/man6
/usr/share/man/man7
/usr/share/man/man8
/usr/share/man/man9
/usr/share/man/mann
/usr/share/man/pt_BR
/usr/share/man/ja
/usr/share/man/man
/usr/share/man/tmac.h

NNN NN
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‘ANAec Aertovpyieg oto ochotnua apyeiwy

o KA\oewc ouotiuatoc unlink xou link
— int unlink(char *path)
— int link(char *oldpath, char *newpath)

— H unlink anmocuVvOEEL To TEPLEYOUEVA TOU XOUBOU UE
bvopa path (dnAad” tov apriud inode nou avtiotolyel o
AUTOV) and TO OGVoUd AUTO

— H link cuvdéel tov aplud inode mou avtiotolyel 6to

6voua oldpath xou pe To 6vouo newpath
o KM\oewc ocuothuatog mkdir ot rmdir
— int mkdir(char *path, int mode)
— int rmdir(char *path)
— H mkdir onuovpyel €va véo xatdhoyo ye dvoua path
XL Oty ata tpootacioc mode (Bixat®dUAT TOU BEV

EMTEETOVTAL ATO TNV TEEYOLoA TIUY| Tou umask Oev

/ /
divovtal oTov XaTtdAoY0)

— H rmdir dwaypdger tov xatdhoyo ye évoua path, ¢’

OcOoV elval xeVHC
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o K\¥on cucthuatoc rename
— int rename(char *oldpath, char *newpath)

— Metovoualet tov x6uf3o ue 6voua oldpath wote va €yel
6voua newpath

e K\fon cuotrjuatog chmod
— int chmod(char *path, int mode)

— ANhalet o BIXALDOUOTA TPOOTAGLOC TOU xOUBoU HE GVouaL
path ce autd nou Teptypdpovtat and To mode (xatd TA

YVWOTA)

— Trdpyel xou avtiotolyn xhion cuothuatog fchmod, 7
onolor avti ylor path mepluevel Evay TepLypapea apyelou
int fd

o KM\joewc ouotuatoc symlink xou readlink
— int symlink(char *oldpath, char *newpath)
— int readlink(char *path, char *buf, int size)
— H symlink dnuioupyel €vay veo x6ufo ue dvoua
newpath mou elvat cuufohixdc obvdeouoc xaL delyvel o0To

6voua oldpath

— H readlink emotpegel oto buf, nou elvon yeyédouc
size bytes, o évoua cto omolo delyvel 0 cuUUBOAXOC
cOVOECHOC UE OVoua path, eved 0TO OVOUA TNG ETCTREPEL
T0 TAYoC Twv bytes mou xatayweRinxay cto buf

e '‘Okec ol mponyoluevee XAAOELC CUCTAUATOC YLA TIC
Aettovpyleg oto cUOTNUA aPYElWY ETLCTEEYOLY -1 o€

Tepintwon Addoug
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