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Ilepieyopevo Tou pardfuatog
o ['evixd mepl UTOAOYLOTWY XAl TEOYEUUUATIOUOD UTONOYLO TV
— Iotopu| avadpouy
— H dopr| Tou unohoyioT

— H minpogopla ctov unohoyloty

o Aoylouo xal YAOOOES TROYPUUUATIOUOU
— Anoutroeic and pla StadixaoTixy YAOooo
TEOYPOUUUATIOULOV
— Extehéowa mpoypdupota

— MetayAoTTion xot oOVOEST

o H yiwooa mpoypoupatiopod C
— Ipoypapyatiotxd nepiBdirovta yia Ty C
— O petayAwttiotrc gee
— Iapadelypato aniov tpoyeaupdtwy otny C
— Xoapaxtnetotind xot duvatotntee e C
* MetafAntec, otavepéc, TUMOL XL ONAWCELS
* EvTohéc avtixatdotaons, TEAECTES XAl TAPUCTACELS
* H por} Tou eheyyou
*  Aoun TEOYEAPUATOS, CUVIPTNOELS Xol EEWTEPIXES
ueTaBANTES
EuBéieia xow yeovog Cwhc UETABANTOV

*



Avadpoun

Aevdivoelc Yéocwv uviune, delxteg xou mivaxeg
Avvapixr d€oueuon UWVAUNG

YupPoloocelpéc

O S N

[Tivaxec dewTIv, DEIXTEC OE OEIXTEC KO TOAUDOLAOTATOL

TVAXEC

*

Aelxtec og ouvapTAOELS
* Oplopata Yeoapunc EVIOA®Y
* Anaprdunoeic, dopéc, auto-avagopixéc dopéc (Motec,
duadxd dévtea), eveoelg, Tedla bit xau dnuovpyia
VEWY OVOUATWY TOTWV
x Eloodoc xat £€odoc
* Xelplopog apyelwy
* Ilpoeme&epyaotric e C xou paxpoevtohég
— Alydprduol Talvounong mvaxwy xot avalATnorng o

Tivaxeg
— O0dnylec ocwotod npoYpAUUATIOUOU
— XUy Vd TEoYPAUUATIOTIXG Addn otny C

o EoYooTNnplaxec daoUNOELC XAl AOXNOELS YLA XAT 0{xoV

gpyaocio



Ewcoywywd Oepoto
o ['evixd mepl unoAOYIOTOV
o ['evixd mepl TEOYEAUUATIONOU UTOAOYIOTOV
o IoTtopur| avadpou

o Kdmolo unohoylotixd TpoBAuata

ITése va pddoupe va mpoypouuatiouye;
e I doyur| Tou utoloyloTH
e H minpogopla 6Tov uOAOYLGTN

o Aoylouxd %ol YAWOOGES TEOYEAUUUATIGHOU



I'evixd mepl utoAoYLoTWV

o TTOAOYLOTAC EVAL EVOL TEYVNTO HATACHEVACUO TTOU EYEL TNV
eovoTnTo v enelepyaletol €vol 6OVoho amd Oedouéva Tou

TOU OlVOVTOL XOL VO TTHPALYEL TAL ATOLTOVUEVA aTOTEAéTATA.

e To €ldoc tne enelepyaoiac mou mpEnel va yivel endvew oo
dedouéva Tpoodlopiletal and éva mpdypappua UE To OTolo
EYOVUE TEOPODOTHOEL TOV UTOAOYLOTH %ol TO OO0
ATOTEAELTAL ATO OTOLYELWOELC EXTEAECLUES €VTOAES ToL elvall

oe YEon vou pépel o TEEAC O UTOAOYLOTHC.

o [ati ypelalouaote UTOAOYIOTEC;

— Tt ™ ypryoen extéleon ypovolopwy apliunTiny
UTTOAOYLOUOV, YLA TOEAdELYUd TOCO Elval TO T, AV
2 _ 1 1 1 1 1 1 1 1 :
%_1_2+2_2+3_2+4_2+5_2+6_2+7_2+8_2+“"
— T'ot TV anodoTiny| SLayElplon) OYXWOWY DEDOUEVWY, YL,
TOPEAOELY O TEATECIXWY AOYAQLACUMV.
— Kou yio toe 000 mponyovueva, Tautdyeova, Yio

TOEADELYUO TNV TEOYVWOT XAULEOV.

o H cuyypapr TEOYPAUUATWY VLo UTOAOYLOTES OVOUPEQETAL UE

TOV YEVIXO OO0 TPOYPAUMATIOUOS UTOAOVIOTWY.



I'evixd mepl TEOYEUUAATIOUOY UTTOAOYLCTWYV

o 3TN YEVIXY TERIMTWOT, TPOYPUUUATIONOSC (EVOC UTONOYLOTY)
elvon o cagrc xadoplopog ulag dadixaciog, oav €ve oOVOAo
and eVIOAEC (TO TEOYPAUUUA), TOU TERLYPAPEL AETTOUEPMC T
Bripota Tou TEETEL Vo Yivouy yia vor emthudel Eva TeoBANUA

UTOAOYLOULOV.

o To TEPOYPAUUATO YLoL EVOL UTTOAOYLOTY) ATOTEAODY TO
Aoyroiké tou (software), eved 1 CUOXEUN TOU UTONOYLOTH

elval to vAikd (hardware).

o Eva mpdypapuo tpopodoteltal ¢’ Eva UTOAOYLOTY|, AUTOS TO
exteAel xal TAPAYEL TO ATOTEAEOUA TNS ENLAUONC TOV

TeoBAYuaTOC.

o H cuyypayn evoc mpoypduuatos Yo TNV enlAucT) VO
TpoBAfuatoc TpolnodeTel TNy ENVOTOT VoS adyopiluov,
ONAXON plog capnc xadoploUuévne dLadxaciog HECw EVOC
GUVOAOU EXTEAECLUWY PNUATLY, oL elvol EYYUNUEVO OTL
LETE amd €va memepacuevo Ao Brudtwy Tou Yo

extelecBoly Yo tepuatiost.

o 'Liva mpdypappa elvat 1 dlatdTwon evoc aiyoplduou oe ula

CUYXEXQWEVY] YAWDOOA TPOoYpauuaTtiopo.



Iotopur] avadeoun

‘ABoxoc, cuoxevy; tpocVapalpécewy e urihec (1000 w.X.)
O Mnyoaviopoc twv Avtudviewy (75 ©.X.)

Muhammad ibn Musa al-Khwarizmi, tpdteive tnv €vvola

e Sadixaciog yior autépatoug utohoytopoie (800 w.X.)

My avixol utohoylotég Yia aEdunTixoOe UTOAOYLOUOUC
(Blaise Pascal, Gottfried Leibniz, 170c owdvac)

Avaiutie unyavy) tou Charles Babbage pe npcytn
mpoypappatiotela Ty Ada Lovelace (190¢ audhvoc)

Alan Turing, YeyeMwTAC TV EVVOLMY TV dAYORIUUOY Xal
Tou uTohoylopoU, 1 unyavr Turing (1935)

MARK I, 0 mp®T0o¢ nAEXTEOUNYOVIXOS UTOAOYLOTAS UEYAANG
xMypaxac, IBM, Harvard University (1943)

John von Neumann, Jeyehiwtic Tne TeEYOVCAC

APYLTEXTOVIXAC TV UToAOYLoTMY (1945)

ENTAC, o npctoc unohoylothc e Auyvieg xevo,
University of Pennsylvania (1946)

IBM 7090, o npctoc unoroytotic pe tpavliotop (1961)

IBM 360, o mp®Tt0¢ UTOAOYLOTAC UE OAOUANEWUEVAL
xuxhopoto 1) Toir (1964)

O npoocwmxdc vrohoytlotic, To PC (1981)

Tim Berners-Lee, eloiyoye tnv 0€a ToU TAyXOCULIOU LGTOU
oto dadixtuo (1990)



Kdrowa unohoyioTind mpofBAfuata

IIcdc mpogxudoy T ATOTEAECUATA TWV TAVEAANVILY

eletdoewy v Ty elooywyn o AE.L xa T.E.L;

IIoc armogaciCetal av évac goitntic tou TuRuatodc pog €yel
EXTTANPWOEL TS UTOYPEWNGELS TOL Yot A Tou mtuylou Tou;

T\ @60 Vo TANEWGCEL 1) OLXOYEVELYL JAC EQPETOC;

IIo¢ voloyloTtnre T0 TEAXO TOGO TANEWUNC OTOUC
teleutatoug Aoyoptaouole O.T.E xouw A.E.H. nou AdPBaye;

AEDOUEVWY TV AVAAVTIXOV ATOTEAECUATWY GE xAVe
EXNOYIXO TUARA OTIC EVVIXEC EXAOYES, TOGOUC BOUAEUTES
eXAEYEL TO %dVe xOppa o x&Ve vouo;

A€BOUEVOV TWV ATOTEAECUATOV WUlog ONUOOAOTNOTE EEOO0U
(exit poll) oe emheypéva eEXAoYIXd TUAROTI, TS UTOPOVUIE
Vo TpoBAEPouPE TO TEAXO TOCOCTO YRPWY OE O T Y WEA
YLoL xAUE XOPUPO TOU CUUUETEYEL OTIC EVVIXEC EXNOYEC;

ITésc punopovpe va mpoPiédouue tov xaupd otnv Adva yia
VPO N LA TIC EPYOUEVES MNUEPES, DEDOUEVWY OAWY TWV
ATAUTOVUEVWY UETEWPOAOYIXWDV CTOLYEIWYV;

IIog yivovtal oL XpaTHOELS AEQOTIOPLXMY ELCLTNELWV;

I1¢ umopolue Vo XATAGHEVAGOUUE TO XAANDTEQO WEOAOYLO

TEOYEAUUUA Yial TO HodAUOTA TOU TEEYOVTOS EEAUNVOU;

To xaA0Tepo MEOYPAUUN EEETACEWY YIa TNV EQYOUEVN

e€etaoTiny| Teplodo;



IIwg vou pardouvpe va teoyeoi ot tiCOVUE;
e AUoTUYMC O TPOYPAUUATIOUOSC OEV OLOACHETAL.

o Acv unopolue va uadouue vo TpoypauuotiCouue
drafalovtac BiBAlo yio TEOYEAUUATIONOD.

o Aev umopolue vo pdouue vo TpoypotatiCouUe YedpovTac

Tpoypdpupata oTo Yopetl.

e O uovoc tpomoc va udloupe va mpoypauuatilovpe elvol va
YEAPOVUE TEOYPAUUATO OTOV UTOAOYLOTY|, Vo Tot EXTEAOVUE,
va Bploxouvye ta Addn mou olyoupa €youue XAVEL, Vo To
0LoPVOVOLUE, Vo EXTEAOVUE TIEAL TA TEOYEAUULATA, VAL
Eavafploxovue AdUT, va Tar Slop¥WYOLUE TAAL, UEYPL VA
XOTAPEPOVUE VA XAVOUUE T TEOYPAUUATA HOC VoL ETULADOUY

T TEOPBAAUATE UAC OTIWE TEETEL.

o Emuxoupixd, 1 avdyvwoTn xol xatovonoT XahoYRoUUEV®Y,
TEXUNPLOPEVWY XL 00UV TEOYEUUUATWY EVOL TEVTOTE
YENOUUY, OAAGL ot uoVN NG OV opXEL.
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H dopr tou unohoyiotn

Kevtpikn povdoa enebepyaociag, o enelepyaotic
Mviun, v tpocwevi anodxeucT) DEDOUEVLY Xl
TEOY PAUUUATLV

Ae€vtepevovoa uvnun, Yo LOviun anodixeuct BE00UEVLY
xa Tpoypeoupdteyv (dioxol, dioxétee, Tavieg, CDs, DVDs,
XAT.)

Movddeg ei06dou/eEddov, yio emxovwvia e Tov €€w xX6oUo
(TANxTeOoNGYL0, 00OV, EXTUTWTAC, XAT.)

KENTPIKH | 00 0000 O
MONALA B 0000 O
EMESEPTASIAS | 00 —

U \/ MONAAEX

,,,,,,,,,,,,,,, AEYTEPEYOY A EI>OAOY/EZOAOY

——————————————— MNHMH
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H nAneogpopio otov unohoyioty
o Avaduxd ¢neplo 0 xou 1 (bits - binary digits)
e Bytes, 1 byte = 8 bits
e YUuPBora, ASCII xwdwxol (A’ = 65, ’B> = 66, .. .)

o Yuotiuata apldunonc
— dLAOLXO
— 0EXAOLXO
— OXTUOLXO
— Oexaeladixd
(01101101)2 = (109)10 = (155)s = (6D)14
0-2741-264+1-2°40-2441-23+1-2240-21 +1-2° = 109

o H uvAun elvar opyavouevn oe cuveyy, xehld, Tou To xolEva
yopoxtnelletal and T orevfurvon tou, xal yéoa oTa onolo o
eNeEPYUOTNC UTOPEL VO XATAYWENOEL, AAAS o var dlof3doet
an’ auTd, TAnpogopiec (duadixoic aptduoic).

® >IT1 OEVUTEPEVOVLGA UVAUY, 1) 0PYAVWOY GTO YAUUNAO ETiTEdO
elva eplnou 6mwe oL oty (xdpLa) WvAur, ohAd ot
AATAY WENUEVES TANEOYOPlEC TPOCTEANDVOVTOL ATTO TOV

Yehotn wéow apyxeiwr (files) xat kataddywr (directories), 1

xatd pio opohoyia pakélwr (folders).
o Movddec YETENoNG YWENTXOTNTAC UVAUNG
— 1 Kilobyte (KB) = 210 (= 1024 ~ 103) bytes
— 1 Megabyte (MB) = 22° (= 1048576 ~ 10°) bytes
— 1 Gigabyte (GB) = 239 (= 1073741824 ~ 10°) bytes



Aoyiopxd xo YADOOCOES TEOYEUMIATICUROV
e Aoyloud cuoTiuaTog
— Aettoupyix6d olotnuo (Microsoft Windows, Unix, . . .)
— Metayhottiotée (gee, g++, .. .)
— Kewevoypdgotr (pico, vim, ...)
o AoYLouixo EQUpUOYOYV
o ['A\ddcoec TPOYEAUUATIOUOD YOUNAOD ETULTEDOU
— I'\edooa ynyavic
— Assembly
o ["\®>ooec mpoypaupatiopol udniol emmédou
— Cobol, Fortran, Algol, Ada
— Pascal, C
— CH++, Java, C#
— Visual Basic
— SQL
— Prolog
— Haskell, Common Lisp
— PHP
— Perl, Python
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T yesalopaote and Yot YADOCOA oY RUMIXTICUOU;

e Mnyaviopoic yia elcodo (dedouévmv) xat €£000
(amoterecudTOY)
[Topdderypa
AudBaoce MioUé TrmaArnAov
Trodéyioe Kpatnoeg
TroAdyioe Kalapo Moo
Extnwoe Kalapo Moo

o Alatinwon axohoviiog PNUdTwY TEog EXTEAED
[Topdderypa:

‘Eotw Eva OpBoydrio Tptywvo ABI
ue OpOn I'ovia oto A
Brjua 1: TroAdéyioe to Tetpdywvo tng AB
Bnjua 2: TroAdéyioe to Tetpdywvo tng Al
Brjua 3: IlpéoUeoe ta Avo Tetpdywra
Bnrjua 4: H I evpd BI' IooUtar ue tnv
Tetpaywrikn) Pila tov Arnotedéouatog

o POAAEN TANPOYORLOY GTN VAT XAl AVAXTNOT TOUC
[Topdderypa
Mio0és = 1500
Avénon = 0.04
Néog MioO6s = Avénon * Mio9és + Mio9dg
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Alapopornoinor pofc Tou EAEYYOU GOUPOVL UE SUVIXN
[Topdderypa:
Av Katavdilwon < 200
Téte Kéotog = 20
AMui¢ Kéoros = 0.3 * KatavdAwon - 40

AuvvaTtéTnTa BLATUTWOTNG EMUVAANTTIXWY OLABIXACL)Y

[Topdderypa:

Apruos = 1

Apowoua = 0

Evéow Apiducs < 1001
Adpoioua = Apoioua + Apruds
Ap1duos = Apiduos + 1

[Taxetdpioya cUYVE YENOULOTOLOVUEVMY AELTOVRYLOV
[Topdderypa:

Ta&wounoe(1livaxa A)
Ta&wéunoe(Ilivaxa B)
Yvyyavevoe(llivaxa A, Ilivaka B)

Metapopd tne ponc Tou ehéyyou arlhol (TOAD oTdviat)
[MTapdderypa:
Brjua 1: Av X = 30
Téte IIyyave oto Bija 2

AAudds Tyyaave oto Bripa 4
Brjua 2: Extinwoe “Ipidvta”
Brjua 3: Iyyawve oto Bripa 5
Brjua 4: Extinwoe “Ox1 toudvta”
Brjua 5: ...
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I1g ®xoToto®eLALOVUE EXTEAECLUO TEOYEOUAAN;

2UVATWE, YEAPOUUE T TEOYPAUUATE oS OE XATOL YAWDTOoa
TpoypauuatiopuoV vihnAov emméoov, yio mapddelypa C.

['lot AOyoug eUXOANC CUVTHENOTNC EVOC TROYPAUUATOS, EVOL
Tdovoy Vo To €Y0LUE BLoTIdoEL O TOANG Tnyaia apyeia
(source files), mou nephauBdvouy kwdika (code) yeouuévo

OTN YAWOOW TROYPUUUATIOUOU TOU EYOUUE ETLAEEEL.

O petaylwrriotnis (compiler) eivon éva npdypoupa Tou
METATEETEL TaL TTNyalor apyela o€ avTikelpevikd apyeia
(object files), ta onola elvar dlatunwUéva oTN YAOCO
UNYOVAC TOV ETEEERYAOTY TOU UTOAOYLOTY HOC.

To avtixeluevind apyelo 0ev elval QUECH EXTEAECLUN ATLO TOV
eNeCEPYAOTY), EXTOC TOU OTL TO Xo¥Eval o’ oUTE UTopEl Vo

UNV CUVLOTE €V TANPEC TEOY POULULAL.

O owrdéng (linker) petatpénel éva ohvoho arnd
AVTIXEWEVIXA apyEla, xadwe xaL TuYOV BiPAiolnKkes
(libraries) mou Ya tou doVolv, o" éva extedéoiuo apyeio
(executable file), To omolo enlone elvar dlatunwUEvo oe
YAOooO punyavic, ahid elval dueca exteAéoipo and Tov

eneeQYAOTY).



H dwaduacio tng petayAmTTiong xou cUVOECTS

MHrAIO ANTIKEIMENIKO
APXEIO APXEIO
#i ncl ude. . . 10010101
mai n() 01001001
00110001
printf(.. 11000010 EKTEAEZIMO
} APXEIO
11010001
11001101
00100110
MHrAIO ANTIKEIMENIKO 4 11000000
APXEIO APXEIO 00000011
#i ncl ude. .. 11010000
func(int x) 00000001
{ 11010010

ANTIKEIMENIKO
APXEIO

11110011
00000011

BIBAIOGHKH

00000011
11010000
00110001
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Ieoyeoppatiotind nepiBdAlovia yio tny C

o Metayiwttiotrc gece tne C, and to mpdypauua ehediepou
roylopxod GNU, og Aettovpyind obotnua Unix (yio
Tapddelyua, Solaris o otatpolc epyactoc Sun ¥ Linux oe

TPOOWTIXOVC UTONOYLOTEC)
o IlepBahlovTa Tou LTOoTNEILOLY TOV UETAYAWTTIOTH gCc,
%34T and Aertouvpyxd ovotnuoa Microsoft Windows
— Dev-C++
— Cygwin
— MinGW

o IlepBdhrov Microsoft Visual Studio yia Windows, ahAd
oev Yo yenowronomndel ota tAalola Tou ToedvTog

WU UATOG
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ITopadelypata ¥enons Touv gee

gcc myprog.c
MeToyA®OTTIoN TOU TNYUlOL TEOYEAUUATOS MYProg. C O
OVTIXEWEVIXO apYEl0 %ol XAV O TOU GUVOETN YLloL TNV

XU TAOAEVY| TOU EXTEAECLUOU TEOYPAUMATOC a. out

gCcc -0 myprog myprog.c
MeTayAdTTION TOU TNYAlOV TEOYEAUUATOC MYProg. C OF
AVTIXELUEVIXO QY ELD %ol XAN|OT) TOU GUVOETY YL TNV

XOTAOAEVY| TOU EXTEAECLUOU TEOYPAUUATOC MYPLOg

gCcc —C myprog.c

Movo YeTay ADTTION TOU TNY AoV TEOYPAUUATOC MyPLOg. C
OTO AVTIXEWEVIXO ApYEl0 Myprog. o

gcc —-o prog myprogl.o myprog2.o0 —-1m

M&vo xAfio” TOU CUVBETY] YLl XUTACKELT TOU EXTEAEGLUOU

TEOYPAUUATOC Prog omd To AVTIXELUEVIXE apyelo myprogl.o
xo myprog2.o xou ) pounuater BBAodixn (m)

‘ANhec eVOLAPEQPOVOES EMAOYES TOU gCc, EXTOC ATO TIC —O,
-c xoL —1:
— T vao xAntel pévo o npoenelepyaotic, —E

— T va mapaydel To anotéleoua oe yhoooo assembly, =S
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H yAowooa npoypoppaticpnot C

MetafBAntéc, otavepéc, TOTOL Xl ONAWOELS
EvtoAéc avTixatdotaoTe, TEAEOTES XOU TAPACTACELS
H por) tou eréyyou

Aoun TEoYpQUUATOS, CUVAPTACELS Xol EEWTEQIXES
ueTUBANTES

EuBéreia xat ypovoe Cwhc UETABANTOV
Avadpou

Alevdivoelc Yéoewy pvnung, delxtec xot mhvaxec
Auvvoulny| 0ECUEVTT) WVAUNG

Yuporooelpéc

ITivaxeg 0TV, OEIXTEC O OEIXTEC XUl TOALOLACTATOL

TiVaIXEC
Aelxtec og ouvapTAOELS
Oplopata yeapuhc EVIOADY

Anapriunoeic, dopéc, auto-avapopixéc douéc (Motec,
duadixd dévtpa), evioelc, tedla bit xau dnwovpyia Véwy

OVOUATOWV TOTWY
Eicodoc xauw €€0d0c¢
Xelplopog apyelwyv

[Tpoenetepyaotrc tne C %ot LoaxpoevToheég



KoAnugea xoocpe tng C

/* File: helloworld.c */
#include <stdio.h>

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

}

h
h

% gcc -o helloworld helloworld.c
./helloworld
Hello world

‘O, tepixheleton péoa oe /* xau */ Yewpeltal oyoAlo xou

oev Aapfdvetor Lo Ao TOV PETAYAWTTIOTY.

H ypapu?, #include <stdio.h> elvor odnyla mpog tov
npoenelepyaoth Tng C va ouunepthdfel 0" exelvo To onuelo
ToL TEPLEYOUEVA TOU apyeiov emikepalidas (header file)
stdio.h, To omolo MEPIEYEL YPNOWES ONADOELS YL TIC

CUVAPTHOELC EL0OBOL EEOBOU.

Kdie mpdypaupa C mpenel va mepleyel axplBoe pio
CUVAETNOT WE Ovoud main, mou elval ouTY) and TNy omolo Yo
apYloEL Vo EXTEAEITAL TO EXTEAECIUO TEOYEOUUA TTOU Yol

TeoxOEL ATO TN HETAYADTTLON.

H printf elvou pla ouvdptnon e€6dou, mou otav xAndet,
EXTUTOVEL O,TL TNC €XEL dovel Yéoa oTIC TopeVIETELS, OTNY
Tpoxelpevy mepintwon To aAgapiuntikd ) ovpfolooeipd
(string) "Hello world" (ywelc ta "), axoloudoluevo and
wloe oAy yeapune (\n).
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I16c0o slvon To T

/* File: picomp.c */

#include <stdio.h> /* Header file for standard I/0 library */
#include <math.h> /* Header file for math library */
main()
{ long i;
double sum, current, pi;
i=1; /* Denominator of current term */
sum = 0.0; /* So far sum */
do {
current = 1/(((double) i)*((double) i)); /* Current term x*/
sum = sum+tcurrent; /* Add current term to sum */
i++; /* Next term now */

} while (current > 1.0e-15); /* Stop if current term is very small */

pi = sqrt(6*sum); /* Compute approximation of pi */
printf ("Summed %81d terms, pi is %10.8f\n", i-1, pi);

h
h

% gcc -o picomp picomp.c -1lm
./picomp
Summed 31622777 terms, pi is 3.14159262

o To npdypapua urtoloyilel to ™ pe Bdon tn oelpd:

w2_1+1+1+1+1+1+1+1+
6 12 22 32 42 52 62 72 g2 77

e To #include <math.h> ypeidleton €NELDY| YENOLLOTOLE(TAL

OTO TEOYEAUUA 1) HOINUATIXY) CLUVAETNON Sqrt, Yio TNV
epeon teTpaywVxhc pllac. Ilpocoyr: Xtnv evioly
LETAYADTTIONS Xot oOvdeoTc (gec) ypetdletar xot To —1m,

YLoL Vo GUUTERLANGPUEL GTO EXTEAECLUO TIEOYPUUUA XL T)
pardnuatiny| BBAoRxn tne C.
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e To i cuuPoiilel plo axépatar ueTaBANTY otnv onola Yo
QUAdCCETAL, ONAADY) OTNY TERLOYY| TNG UVAUTNE TIOL TTG
AVTIOTOLYEL O UETAYAWTTIOTAS, 1 T TOU TREYOVTOC
TOEOVOUAGTH XATE TOV UTOAOYLOUO TOL atpolouaToc.
Anhovetan ye p€yedoc long, MOTE VA UTOEOLY VA
pUAaY o0V ¢” aUTHY axcpatol UeYEUoUC TouAdyLoToY 4
bytes, Aol Touldyiotov péypel to 231 — 1 = 2147483647. Av
elye OnAwdel anhedc oav int, propel va teplopllopaoctay o
2 bytes ya 0 @OhaZn, dnhadh éwe o 21° — 1 = 32767.

e To sum, current xou pi elvon petaBAnTéc yia T QUAAEN
TEUYUATIXDV ARV, TOU UEYEL OTIYUNC UTOAOYIOUEVOU
adpolopatog, Tou TEEYOVTOC OPOL TNS CELRAC XAl TNS TEAXNC
TEOCEYYLOTIXAC TWNC TOL T, avtioTtorya. Anhodnuay cov
double yLo VO EYOUUE ECWTERLXY| AVATAQACTACT) TWV
apLIUGY QUTOV e peYallTepn axplfBeia (Oimhr) oe dexadixd
dnela, an” authv Tou Ya elyaue av elyav dOniwidel cav float.

o Me Tic evtoheg avixatdotaonc i = 1 xou sum = 0.0,

OVOUUE JEYIXEC TWEC GTOV TREYOVTU TUEOVOUNOTY) X0l GTO
UEyeL oTiyunc dlpotoua.

e H oudda evtoh®v péoa oto prhox do {.......... } while o
extelelTOL CLVEY WS, OGO 0 TEEYWY 6p0¢ Tou adpolouaTog
etvon ueyohiTepoc amd xdmola eNdyotn Twh, Ty 10715 (=
1.0e-15).
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o Y& xd¥¢e enavdindn tou umhox do {.......... } while,
uroloy(Coupe apyxd tov Tpéyovta 6po Tou adpoloyatoc (To
npd¥eua (double) oTO i UTAEYEL YLoL VO HETATEATEL 1) TLUY)
Tou axepalov i ot mpayuaTixy T OLtAne axpllelac, Ty
ouppetdoyel oty aptdunuxn tpdén). Metd tpootileton o
TEEYWY 6p0¢ Tou adpolouatoc oTo YEyeL oTIYURS ddpotouda,
UE To sum = sum+current (cuVAYWC TO YPAPOLUE Xl CAY
sum += current), xot T€AOC AUEAVOLUE TOV TEEYOVTA

ToEovVopaoTh xatd 1, ye to i++ (loodlvouo pe to i = i+1).

e ‘Otav teleldoel To umhox do {.......... } while, ot
LETABANTY sum undpyetl To ddpoloua OAWY TWV OPWV TNS
oelpdc mou elvon peyoalitepol and 10715, Auté elvon mepinou

2
’ T ’ ’ ’ ’
(0o ue 1o T, Ondte, petd unoroyilouye TEOCEYYIOTXA TO

T UE TNV EVIOAT pi = sqrt(6*sum) (dnhadn /6 X sum).

e Me tnv xhnon tnec ocuvdptnorne printf extun®veTal TO
ATOTEAECUA. 2VYHEXPUEVA, EXTUTVETOL O,TL UTGPYEL HETT
ot ", aAA& ot Véon tou %81ld extum®veTal 1) TN Tou i-1,
oav dexadixde (d) axépatoc yeyédouc long (1) oe 8
TovAdyloTov VYéoelg, otolylopévoe dedid. Enlong, otn véorn
Tou %10.8f eXTUNOVETAL 1) UTOAOYLIOUEVY] TYLY| TOU T, GV
TpayHaTinog aptipoc (£) oe 10 Touldytotov Véaelg, ue dedid

otolylor, and Tic onoleg oL 8 Ylot TO XAACUATING UEEOC.



I'pdite mpoypdupata C mov va vroloyilovr ue apketr) akpifea
Ta mapaxdtw aUpoiouata. Mmopeite va PBpeite ue moiouvg
evorapépovtes apiuovs wovvtal;

1 1 1 1 1 1 1 1
51:1—2—2—24‘3—2—?4—?—@4—%—@—{—...
1

8

1 1 1 1 1 1 1
2=1 -3 t3 1ts5 5 7 st 9"
1 1 1 1 1 1 1 1 1
=iyt rty Tttt
1 1 1 1 1
54:1><3+3><5+5><7+7><9+9><11+"'
1 1 1 1
55:2><3><4_4><5><6+6><7><8_8><9><1()+'”

1 1 1 1 1 1 1 1
Sttt pt

To 1010 ka1 y1a to Yivouevo:

2 2 4 4 6
P=-X-X=-X=-X=-xX
1 3 3 5 5

|
| Co
©| co
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I167e eivow To Op¥dd0&0 Tldoyy

/* File: easter.c */
#include <stdio.h>
#define STARTYEAR 2001
#define ENDYEAR 2010

main()
{ int year, a, b, c, d, e;

for (year = STARTYEAR ; year <= ENDYEAR ; year++) {
year % 19;

year % 4; /* Gauss method for Easter date computation */
year % 7;

(19xa+15) 7% 30;

(2%b+4*c+6*d+6) % 7;

printf ("Easter in the year %d: ", year);

o Q& 0 T p
I

if (d+e+4 > 30) /* Easter in May */
printf (" May %d\n", d+e-26);
else /* Easter in April */
printf ("April %d\n", d+e+4);
}
}

% gcc -o easter easter.c

% ./easter

Easter in the year 2001: April 15
Easter in the year 2002: May 5

Easter in the year 2003: April 27
Easter in the year 2004: April 11
Easter in the year 2005: May 1

Easter in the year 2006: April 23
Easter in the year 2007: April 8

Easter in the year 2008: April 27
Easter in the year 2009: April 19
Easter in the year 2010: April 4

h
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o To npdypapua epapudlel ™ pédodo Tou Gauss yia Tov
UTOAOYLOUO NS Muepounviac tou Ildoya to €toc year.
Youpwva pe authy, to Ildoya elvon otic (d + e +4)
Ampihiov (av n nuepounvior auty etvar peyaritepn and 30,
tétE TéPTEL Yéoa otov Mduwo), 6mou
d=(19-a+15) mod 30, e =(2-b+4-¢c+6-d+6) mod 7,

a = year mod 19, b = year mod 4 xou ¢ = year mod 7.

o Me tic Onhwoelc #define ......... CNTAUE amd TOV
npoenelepyaoth e C va aviixatacthosl uéoa oto apyelo,
onou Beel o cLPPolo mou axohovlel To #define ye To
cOUfoho mou elval apéowe HETA. LTNV TEOXEUEWN
neplntwor, {ntaue va avixatootavel to STARTYEAR ye
2001 xouw to ENDYEAR pe 2010.

o To umhox for( Ey ; Ey 5 F3 ) {.......... } meplypdpet Evay
Beodyo mou Vo mpénel va extelecVel emavalouBavoueva.
ITpwv apyloel 1 extéleoy| Tou, Yo exteAecVel n eviohy) E.
Eqg” 6cov 1 ouvirxnn By elvon akndvy, Ya yivel n tpeyovoa
enavaindn oto Bedyo. Me to Téhoc xdve enavaindng,
extehelton xou 1) eviohn L.

® 2TIC EVIOAEC AVTIXATACTAONGS, O TEAECTAS % TUPLOTAVEL TO
unélotro dalpeone (mod).

o H doury if( C ) E; else Ly onualvel 6T Y€Aouue va
exteleoVel N evioln () umhox evioh®v) E1, av n ouvirxn C
elva ahnUng, N N evioln (1 umhox evioldyv) Ea, av 1
cuvixn C elvan Peudrc.



No xataoxsvocVel poryixd TeTedywvo 5 X 5

/* File: magic.c */
#include <stdio.h>
#define SIZE 5

main()
{ int i, j, k;

int x[SIZE][SIZE]; /* The board to be filled
for (i=0 ; i < SIZE ; i++)
for (j=0 ; j < SIZE ; j++)

x[i]1[j] = 0; /* Mark all squares as empty
i = (SIZE-1)/2; /* Go to middle
j = SIZE-1; /* right square
for (k=1 ; k <= SIZE*SIZE ; k++) {
if (x[il103] '=0) { /* If current not empty
i=1i-1; /* Move one square up
j=]3-2; /* and two squares left
if (i < 0) i = i+SIZE; /* If you are outside
if (j < 0) j = j+SIZE; /* go to the respective square inside
}
x[1]1[j] = k; /* Fill current square with number k
i++; /* Move one square down
if (i == SIZE) i = 0; /* If outside get inside
jt+; /* Move one square right
if (j == SIZE) j = 0; /* If outside get inside
}

for (i=0 ; i < SIZE ; i++) {
for (j=0 ; j < SIZE ; j++)
printf("%4d ", x[i1[j1); /* Print out board
printf ("\n");
}

% gcc -o magic magic.c

% ./magic
11 10 4 23 17
18 12 6 5 24
25 19 13 7 1
2 21 20 14 8
9 3 22 16 15

h
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o To mpdypapua epopuolet tn uédodo tou De la Loubere yia
VO XU TUOXEVAOEL VOl HaYIXd TETEAYWVO 5 X 5 (1 uédodog
eQapOlETAL YL TEQLTTO UHXOC TAEURAC), ONAadY| éva
mAaiolo pe 25 Veoelc oe BLdTan TETEPAYDVOU HECAU OTIC
omoleg elvat Tonodetnuévol ot aptiuol and to 1 €we to 25,
ula popd o xadevag, €tol ote og xdve yoouur, xdve oTHAT
xoL xd¥e wlo amd T 0LOo By WVIoUS Vo EYOUUE TO (BLo
&dpotopa (aAfdela, toco;). T v teprypah tne pedddou
oe pla Peudoyhoooa, delte Tov akyoprduo 118, otn deltepn
ochlda Tov http://www.di.uoa.gr/ ip/magic-sq.pdf. O
alyopwuog 117, otny npdtn oeAdA TOU XEWEVOL aUTOU,
UTOEEL VO EQAUEUOGUEL YOl TNV XATACHELT oYXV

TETEAYWOVWY JPTIOC TAELEAC.

o Me tn dfjhwon int x[SIZE] [SIZE] Intdyue vo deopeutel
YWEoc Yo €va ddidotato Tivaxa axepalwy x e SIZE (= 5)
voouuéc xat SIZE othhec. Ilpocoyn: Ou ypapuéc xat ol
othhec aptdpolvtal and to 0 éwe to SIZE-1 (= 4). Me v
exgppaon x [3] [1], ynopolye va avagpeplolue 6To GTOLYElD
mou Beloxeton otny 4n yeouun xou 2n othin. Puoxd, otny
C umopolpe va oploovpe %ot LOVOBLACTATOUC TVAXES, AANS

xou ivaxeg pe odotacn ueyahiTepr and 2.

o Ilopatnenote N Yenon Twv eviohwyv if. Aev umdpyel TunU
else. Av woylel n ouvdnun, extehelton n evioly () uthox
EVTON®Y) Tou axolouvlel. AANOC, 0 éheyyoc Tnyalvel oty
enouevn eviohr). O tedeotic = otn ouviixn TS TEOINC
eviolic if onualvel “Oidpopo” (éleyyoc av to Tpéyov

TETEPAYWVIOLO glvall YEUATO).
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Mezatponm Telwv YEUMATWY COE XEPAAALXL

/* File: capitalize.c */
#include <stdio.h>

main()
{ int ch; /* Be careful! Declare ch as int because of getchar() and EOF */

ch = getchar(); /* Read first character */
while (ch !'= EOF) { /* Go on if we didn’t reach end of file */
if (ch >= ’a’ && ch <= ’z’) /* If lower case letter */
ch = ch - (’a’-’A’); /* Move ’a’-’A’ positions in the ASCII table */
putchar(ch) ; /* Print out character */
ch = getchar(); /* Read next character */

}

h

h

% gcc -o capitalize capitalize.c

% cat capinp.txt

This is a text file with 2 lines to
test the C program '"capitalize.c".
./capitalize < capinp.txt

THIS IS A TEXT FILE WITH 2 LINES TO
TEST THE C PROGRAM "CAPITALIZE.C".

e H cuvdptnon getchar mapeyctor and tny mpdTUTN

(standard) BBrodnxn eloddouv-e€6d0u tne C. AwaBdlet éva
XOEOXTAPA ATtO TNV (0000 XL ETUCTEEPEL GTO OVOUL TNE TNV
axépatar Ty Tou ASCIT xwdxo) tou yoapaxthpa. Av dev
uTdEYEL AANOC YopaxTheac Vo dtafaoTel, ONAadY| pTdoaue
GT0 TENOC TN EL0ODOV, TOTE EMOTEEPEL GTO OVOUL TNS Wio
elOn Ty, To EOF, mou elval #define'd oe ulo cuyxexpLuévn
axgpala TLN wEca oTo apyelo emxepalldag stdio. h.



e H opdda evioh®v péoa oto unhox while {.......... } Yo
eXTEAE(TOL CLUVEY WS, OCO UTAEYOLV %ol AANOL YALAXTAHEES

vl va dtafBdcouue and tny elcodo.

H cuviiun péoa oto if elvon plo hoywn o0leuén (tereotic
&&). Ta >a’ xou *A’ elvon otodepéc yopaxtheo xal LooOVTaL
UE TNV oetdUNTIX T TWY XWOXDY TV aAVTIoTOLY WY
yopoxthowy otov ASCIT rmivaxa, dnhady, *a’=97 xou

A’ =65.

To ocuyxexpwévo mpdypauua Baciletal otny unddeon ot
otov ASCII mivaxa ou xeparaior Aativixol yopaxtrices elval
o€ oLVEYOUEVES VETELC XL OTL TO (B0 Loy VEL XAl YLA TOUC
neColc. Autd OVIWC LoYUEL, YU QUTO Xl TO TEOY PO
dovielel cwotd. o Ty petatpony| evog neCol yopax T
oe xepahalo, dev ypeldletor va yvwpllouue Tic axplBele
TWES TV ASCIT xwOw®Y, apxel vo uetatonicovpe tov Telo

YopoxThea xotd *a’-’A’ Jéoelc.

H ouvdptnor putchar nopeyetal enlone and TNy nEoOTUTY
BBMoUHXN elcddov-e€6Bou tne C (elvan 1 “aderpn”
ouvdptnoTn T getchar) xau n Aettoupyla Tne elvat vo
EXTUTIWOEL 0TV €€000 TOoV Yapaxthpa tou onolou Tov ASCII

%O dlvoupe Y€oa oTIc TopeVUETELC.
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MetafAnTteg, otadepeg, TUNOL xou dNAwoelg otny C
o MetofSAntéc
— Yuyfohxd ovouata yio VECEC UVARNG
— AmoUnxeuon xoL avaxTnoY OEOOUEVWY

— Avnxouv oe tUNOUC

o Ytodepéc
— LUYXEXQWEVES TUIEC
— Avnxouv oe tUTOULC

e TUmoL dedouEVLV

— TN axepaioug
* short int 7 short (cuvidwc 2 bytes)
* int (ouvAdwc 4, onavidtepa 2 A 8, bytes, avdhoya ye
T0 pé€yedoc AéEnc Tou eneepyaoth)
* long int 7 long (cuvAdwc 4, pepéc popéc 8, bytes)
* long long int W long long (cuvidwc 8 bytes)
— TN yapaxtipee, ahAd xal axepaloug
* char (1 byte)
— T mparypatixote aptduole (xivntic UTOBLUCTOANC)
* float (amhic axpifeloc, cuvidne 4 bytes)
* double (OimArc axpifeloc, cuvdwe 8 bytes)
* long double (extetapévne axplfBelac, cuvidwe 16
bytes)

31



o Ilopadelypata otadepyv

— Axépouec otavepéc (Yewpolvtol TiTOU int):
237, -12345, 22431L (7o L ouyPohiilet 6t emdupolpe vo
Vewpnlel n otadepd TOTOU long), 0224 (0 oxTadXOC
apliuog 224), 0x1C (o dexoaeladinde aptiuode 1C)

— Mradepéc yapaxThpa:
A’ (0 ASCII xwdwxde tou yapaxtipa A, dnhadn 65)
’\n’ (o ASCII xwdixde yior Tnv ohhoyn) Yeouuic)
’\t’ (0 ASCII xwdx6¢ yiol ToV oTnAoYVOUova, tab)
0’ (o ASCII xdux6c tou yapaxtipa 0, dnhadr 48)
’\0’ (o yapoxthpac pe ASCIT xwdxé 0)
’\145° (o yapaxtipac pe ASCII xwdixd tov oxtadixd
apldud 145)
’\xA2’ (o yapoxthpac pe ASCII xwdixd tov
dexaeladixd apriud A2)

— Ytodepéc xvnthc utodtaotolfc (Vewpodvtal TOTOU
double):

23.78, -1.24e-14 (dnhadr —1.24 - 10714)

o Mia o) xatnyopla otodepwy elvan tor ahoptdunTixd 1
oupPolooelpéc (strings). Mio cupBolooelpd elvan pio
axolhovdio and yapaxTAPES HECA OE ", Yiol TOPADELY UL
"Hello world\n". Ilpdxeiton, ouciaotind, yio €vay mivaxa
YopaxThewy, Ywelc Ta ", ue tehevtalo otolyeio Tou mivaxa
70 *\0’ (Tapdho oL BEV CMUELDVETUL OTN BLATUTWON TNS
oupfoloocelpdc uéoa ota ).
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Me pla OhAwon eVNUEPOVETAL O UETAYAOTTIOTAC YL TNV
TEOUVEST) HOC VO YETOULOTIOLOOVUE GTO TROYQAUUUA HOC
XATOLA 1) XATOLES UETUBANTES CUYXEXPWEVOU TUTIOU, TIC
OTIOlEC UTOPOVUE VA UEYIXOTIOLOOVUE XOL PUE OTAVERES TOU
TUTOU aUTOU, av VEAOLUE, Xl AVTIOTOLYEL 6 AUTEC
XxoTdANAeC Vel uvhune. Ilopadelypota:

int i, j, k;

char ch;

float x, y = 2.34;

long count, cost;
double pi = 3.14159;

To ovopota TV UETABANTOY UTOPOLY Vo TEQLAAUBEVOULY,
uExel 31 ouvohuxd, meColg xou XEQPAAALOUS YOPAXTAPES,
aptduo0g %ol TOV YoEaXTHEN _.

Aev emitpénetat 1) yprion deopeupévey hélewy tne C (m.y.
if, float, for, ¥Am.) YLol OVOUATA HETABANTOV.

Aev elvar xaho vo oplloupe peTaBANTEC OTA TEOYEAUUATS
uac mou apylCouv and _, ylotl TETOLL OVOUATA
YENOWOTOLOUVTAL Yiol TIC HETAPANTES amd Tic BiBAodxes xat
evOEyETAL Vo OnpovpynUel TpoBinua.

IMopdTt elvon emitpentd, dev elval xahd ovouaTo LETABANTOVY
VoL OAOTEAOUVTAL UOVO OO XEQPAAALOUS YAOAXTAPES, YLlotT
cLVNULC dlvouue TETOLL OVOUATA OTIC CUUBOAMXES GTAVERES
Tou oplCoupe pe #define, yiol Vo TIC OLAYELPLOTEL O

TPOETEEEPYAOTNC.



34

o XN ONAwoT plag axcpatag YETOBANTAG 1) wlog weTafAnTrc
YoeaxThed, UToeel vor tponynUel o mpoodioplotrc unsigned,
Tou ONAWVEL OTL oL aptiuol Tou YUALCGOVTAL OTY| UETOBANTY

Tpémel va eppunveudoly oav Yetixol (A undev).

o Av undpyel ot 0HAwoT 0 TPoodloploThC signed, 1| Bev
UTLEEYEL HAVEVAC, TO TEPLEYOUEVO TNS UETUBANTAC Vewpeiton
axépaloc Ue tpdonuo (VYetind N apvntixd).

o Ilapadelypato:

signed char ch;
unsigned char uch;
short i;

unsigned long int k;
— XN petafAnTtr) ch guhdocovtol aptipol and —128
(= —27) éwc 127 (= 27 — 1), evd oty uch and 0 éoxc
255 (=28 — 1)
— X1 petofSAnTt 1 @uidocovtal apriuol and —32768
(= —21%) éwe 32767 (= 21 — 1), evdd oty k and 0 éwg
4294967295 (= 2°% — 1)

o X ONAWOT UETARANTAC, HUE TAVTOYEOVT] AEYLXOTOINCT), UTOEEL
Vo eaplociel 0 TpoodLloploThc const, mou e€acaiilel OTL
N TN NS weTaPBAnTHc dev Yo ahAdel. Tlapdderyyoa:

const double e = 2.71828;

o [l petaffAntéc, otatepéc, TUTOUC XAl ONADOELS,
AVoNUTIXOTERN OTIC Topaypdpoug §2.1 éwc §2.4 tou [KR].

*Tia tn cuvéyeta, o ouyBolioude [KR] Do avagépetar oto Bi3hio:
Brian W. Kernighan, Dennis M. Ritchie, “H I"'hAwooca Ilpoypappatiopot C”.



EviolEg avTixatdoTooN G, TEAEOTEG KO TUEACTAOELG

Ou evtoléc 0" éva mpdypoaupa C, 0T xouL oL dONAWOELS,

TENELOVOUY UE EVal ENANVIXG EPOTNUATLXG ().

‘Eva Baocwxd eldoc evtolric elvar 1 eVTOAT) avtixatdotaons (1
xatd TNV To cuvidn opoloyia, evioly avadeonc). Elvar tng
wopphc: (uetafanty) = (tapdotoon)

Miat eVTOAY AVTIXATACTACTC EXEL CAY ATOTEAECUA TOV

UTOAOYLOUO TNE TWNAC TNS TapdoTacnc oto 0el UEAOC Tou
xou TNV avdleor Tne TWAC aUTAC oTN UETABANTY oTO
APLOTEPO PEAOC TOL =.

IToAO cuyvee elvat oL apriunTixéc TapaoTACELS IOV
TEPLYPd oY TEAEELS LETAE) AXEQOUWY 1| TEOYUATIXV
METABANTOV xo oTAIVEPDY, PECK TWV APLIUNTIXDV
TENEGTAOV, ONhadn +, —, *, / xou % (undhoiro dlaipeong).

ITpocoyh! Awipeon petald axepaiwv divel cov anotéAeoua

T0 TNAixo tng dwlpeong.
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o Ilopaotdoeic Tou eUNTAEXOLY PETABANTES XoL oTaUERES
OLOLPOPETIXWY TUTWYV BIVOLV CAV ATOTEAECUA TLUY TOU
“eupltepou” TUToL. o ToEddeLyUa, XAToLo AELIUNTLXT
Tedln uetoll int ot double divel anotéheoua double.

o Avdideon plag Tluhc evog Timou o petafBAnTty dAhou TUTOUL
EYEL OUV ATOTEAECUA TY) UETATEOTY| TNE TWHS 0TOV TOTO TNC
LeETABANTAC, elte ywelc amwAeio TAnpogoplac, elte ue
ATWOAELN TATPOPORIAC, AVAAOYO UE TO AV O TUTOC TNC
METABANTAC EXEL TN DLUVATOTNTO VA AVATAPACTHOEL TANPWS
TNV avaTEUEV TIY.

e Pnty| uetatpony| TUnou uropel va yivel yeow TpooapuoyNc
(cast), yio mopddelypa, av 1 petaBAnTh i elvon axépatou
TUToV, 1) exgpaor (double) 1 avagepetor oty Ty TNe i
ooV TEAYUATIXO aptiud Otnhnc axplfelac.



e Alo o) ypnowol TEAECTES Elval Ol TEAEOTEC Hovadlalag
adEnone (++) o petwone (=-). ‘Otav epapuolovtal endve
oe pla yetafAnti, elte ota aplotepd elte ota delLd Tng,
Exouv oav anotéleopa TV ad&non, 1| uelwon avtiotolya,
NS TWNAS TS MeTaBANTAc xatd 1. T mopdderyua, 1
axohovdior EVIOAGY

y=—:

++y,;
Yo €YEL oAV TEAXO ATOTEAECUA Ol LETABANTES X XOUL ¥ VO
EYOLV TEAXE cav TWeS T 3 xou 8, avtiotolya. XTto
TOEABELY O AUTO, BEV elye xdmola onpacio n TotodeETnon

TWV TEAECTOV ApLoTERS 1) 0e€Ld TNC UETAPANTAC.

o Extdc and autdvour eVIOAY|, 1 EQUEUOYY| TWY TEAECTWY
wovadlalac adénone oe ula YeTofSANTY, unopel va mat&el xa
T0 pOho Topdotaone (1 TwiHaToc TapdoTaong). LTny
neplnTworn auth, Exel onuacio av 0 YovadLaloc TEAECTNAS
elval TpoVepatinos (aplotepd tne YetafSANThc) 1
uetadepotixos (0e€Ld tne LeToBANTAHC).



o 'Evoc npodeyatindc tehecthic povadialag avinone 1 pelwong
o€ ulo TapdoTUoT UTOVOEL OTL TEWTA TEETEL VoL YIVEL 1)
TpoToTomoN NS TS TS peTafinthc (adnon 1 pelwon,
avdhoya) xo HETE v Ypnotdonotndel ) ToOTOoTONUEV TN
YLOL TOV UTTOAOYLOMO NG TWHS TNS ToPdoTACNG.

o Evoc petadepatindc tereotric povadlaiag adénone 1
uelwong o€ Ylo TopdoTacn UTOVOEL OTL TEMTA TEETEL VOl
xenotdoroniel n TpEyovoa T TS UETABANTAS YLd TOV
UTOAOYLOUO TN TWNAS TNG TURACTACTC XOU UETE VoL YIVEL 7
Tpononoinon e Twhc e petaBinthc (adénomn ¥ uelwon,

avahoya).

o Ilopdoeiypa:

x = 4;

y =7;

Z = ++y;

y =2z - (x++);
z =x - (--y);

T T Yo €xouv oL PeTAPANTES X, ¥ X0 Z UETA OO QUTECS

TIC EVTOAEC; &

*5, 3 xau 2, aviicTolya
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IToA) cuyvd, otnv C, 9€hovue va eréyEouue xdmoLa
CUVUNXY XAl AVEAOYO UE TO ATOTEAECHUO TOU EAEYYOU
(aAnéc 1 Peudéc) va mpofolue o xdmoLa EVERYELAL.

Ot ouvirixec cuvAidwe elvar cuyxploeic TWOY aELIUNTIXGY
TOEUOTACEWY, UECE TWY CUCYETIOTIXMY TEAECTOV (N
TEAECTAOV oUYXPLONC), oL elval oL >, <, >=, <= == ({00) xou
I= (Bidpopo).

ITio oOvietec cuVITKES UTOPOUY VAL XATAOKEVOCVOLUY ATt

ATAOVOTEPES PECWL TWV hoYXWV tehectoy && (KAI), ||
(H) xou ! (OXI).

OvclaoTtixd, ot cuviixes Oev efval ®ATL DLAPOPETING ATO TIC
nopaotdoec. Mio aindrc cuvivun elvan pla Tapdotaon Ue
TN lon e 1, eved pla Peudnc cuvirxnn dewpeltar 6TL €xEL
TN 0. Avtiotouya, pla ntapdotaon pe Tun ddgopern Tou 0
unopel va nat&el Tov pdho plag arntoic cuviixng, eve av 1
TN e ebva 0, elval LloodLvVaun ue pla Peudrn cuvdinn. T
TOEAOELY UL, YEAPOVTAC

if (myvar '=0) { ........
elvar axpBwe to Bo ye To

if (myvar) { ........



o Meowéc popéc, elvarl TOA) YENOWO Vo XEVOUUE TEAEELS O
eninedo bit petall axcpalwy 1oV (LeTABANTOY xou
otadep®Vv). Autd emttuyydvetol PECK TWV TEAECTOV

Tpdéewyv e bit, mou elvat ot

— & KAI

— | 'H

— 7 anoxhewotxd 'H

— <<: oMoOnon aplotepd

— >>: oMoUnon 6edLd

— 7 CLUTANPEWUA W TIEOS EVAL
o Ilopddetyuo:

unsigned char x;
= 178;

x & 074;

= x | 0xD6;

x © 104;

= x > 3;

= x << 2;

~

o T T B T T R
I

’
o4

ITowo Yo elvarl 1 Tehe| Ty TG ETUBANTAC X;

%179
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o Kdle Swuehic teheothic (+, =, *, /, %, &, |, =, <<, >>) unopel
va yenotwpornowmnel xou pe éva cOVToUo TEOTO oe Wlot EVIOAN
AVTIXATAOTAONG, WS EENC:

(uetafinthy) (teheotrc)= (mopdotaom)

Auth n evioly| elvar 1looddvoun pe tnv:

(LetafBinth)) = (uetofSAntr) (tehectic) (mopdotaom)
[t Tapddety o, 1 EVIOAT

sum += X;
elval LloodOvoun Ye TNV

sum = sum + X;

o Mepixéc @opeg, elval YENOLES XAl OL TOPACTACES UTO
cLUVUNXY, ooV TNV
(ouvifun) 7 (mapdotaon); @ (mapdotaon)s
H i autrc tne napdotaone lval auty mou ExeL 1
(rapdotaon) 1, av N (cuviixn) elvar ahnive (Snhadn, av Eyel
Ty OLdpoen tou 0, Yewp®VTIC TNV W TALACTAOT] Xl
auTY), | aUTH ToL €xeL 1 (TapdoTacn)a, av 1 (cUVIHXN)
elvor QPeudnc (dmhadr ion pe 0). Iapdderypo

z=(a>b) ? a: b;

Me tnv evtohy) auth, n T e z Ya yivel lon ye ™
MEYOQADTERT TN amtd TIC a xal b.
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o H yprion dlugpodpwy tehecTdV peca oe ula TopdoTaoy) Unopel
VoL TPOXAAETEL GUYYUOT) GTOV AVALY VWO TY] EVOC
TEOYPAUUATOC YL TO TWSC axpelPBwe Yo TEENEL Vo UTOAOYLIoVE!
M) TN TNC TapdoTaong, ONAadY| Yio TN oEled Ye TNV omolo Yo
TEETEL VO EQAPUOGTVO0V OL TEAEGTES, OYL OUWC XAl GTOV
UETAYAWTTIOTH.

o TTdpyouv CUYXEXPLIEVES TPOTEQAULOTNTES UETAED TWV
TEAECTWV, AAAEC TEPLOGOTEPO XAl GARES ALYOTERO
OLVOUEVOUEVES, OTIOTE 1) GELEA EQPUPUOYNC TWV TEAECTWV elval

CoUPNC.

o Y& meplntwon mou YEAOLUE VO ETUBANOVUE CUYXEXPLUEVO
TEOTO EQAPUOYNC TWV TEAECTWY, TPETEL VAL Y ONOULOTOLOVUE
TapeVIETELS, axdpa xaL av elpooTe BERatol OTL O AATOLES
TEQLTTAWOELS OEV Elvall amapalTNTES AOYW TWY TEOTEQUOTHTWY

TWV TEAECTOV.

o Puoxd, mpEnel Vo ano@elyovTal UTERBOAEC. TNV EVIOAY
X =y + z*w;

oev yeetalovtal TopevUEoele av VEAOVUE 1) TOPAOTUOY) GTO

0egl6 péhoc va elbvat 1y + (z*w) (AOY® TG avouevouevng
MEYAAVTEONC TEOTEPULOTNTAC TOU * EVUVTL TOU +, TOU OVIWC
woyVet). BéBoua, n mapdotoon (y+z) * w elvan Slopopetiny

ATO TNV TEONYOVUEVY).



o Kde evtoly) avtixatdotaone uropel va Yewpniel xow oav
TUEACTACT) UE TYLY AUTHV TNV TN TN TOUEACTACTC TTOU
avodEtoupe otn UeTAPANTY. 'Etol, o xopudc tou
Tpoypduuatoc capitalize.c

ch = getchar();
while (ch != EOF) {
if (ch >= ’a’ && ch <= ’z’)
ch = ch - (Ca’-’A’);
putchar(ch) ;

ch = getchar();
}

Yo UTopoUGE VoL YRUPEL TILO CUUTUXVWUEVO WS EEAC:
while ((ch = getchar()) !'= EOF) {
if (ch >= ’a’ && ch <= ’z’)
ch = ch - (Pa’-’A’);
putchar (ch) ;
X

ITpocé&te, 0T CUPTUXVOUEVT EXDOYT), TIC TAREVIETELS YUPW
anod TNV eVIOAR avixatdotacng ch = getchar (). Elvou
amapalTNTeS Yiatl o TEAeoTAC = €yEL peyoarlTeRN

TpotepandTnTA and tov =. Av dev tic Balape, T Yo yivoToy;
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o [’ EVTOAEC AVTIXATACTAONC, TEAEGTEC XOL TOPACTACELS
otny C, UTAEYEL EXTETAUEVY] AVAAUCT] OTIC TTOEALYEAPOUC
§2.5 ¢wc¢ §2.12 tou [KR], mou cuvodeleton and mdpo TOANS

EVOLAPEQOVTO TOPADElYUATAL.

e Ernione, to Kepdhato 1 and to [KR] (oeh. 19-58) eivan i
TOAD TEPLEXTINY TEOTOPAOEVACTIXY) ElcaYwYY) otnv C, mou
EUTAEXEL TOAAEC EVVOLEC OL OTIOlEC AVAAVOVTOL EXTEVECTEQQ
otn ouveyela Tou BiAlov. Elvar eCotpetind ypriowun
ELCAYWYY) AUTY, OV YN TL GAAO Ylat Vo TpooTadoeL xavelc v
xoTahdfel To TpoypduuaTa Tou TEpLAUBdvovToL exel XL,

vt OyL, vor DOXUAOEL Vo AUCEL XOU TIC AGKTOELS TOU.



EbVgeon MLK.A. xou E.K.II. tuyainy oprduwmy

/* File: gcdlcm.c */
#include <stdio.h>

#include <stdlib.h> /* Header file for srand and rand functions
#include <time.h> /* Header file for time function
#define COMPUTATIONS 8 /* Pairs of numbers to compute GCD and LCM
#tdefine MAXNUMB 1000 /* Maximum number
main()

{ int i, m, n, large, small, gcd, rem;
long curtime, lcm;

curtime = time(NULL); /* Current time (in seconds since 1/1/1970)
printf ("Current time is ’%1d\n\n", curtime);
srand((unsigned int) curtime); /* Seed for random number generator
for (i=0 ; i < COMPUTATIONS ; i++) {
m = rand() % MAXNUMB + 1; /* Select 1st number in [1,MAXNUMB]
n = rand() % MAXNUMB + 1; /* Select 2nd number in [1,MAXNUMB]
if (m > n) { /* Which number is larger?
large = m; /* Larger is m
small = n;
}
else {
large = n; /* Larger is n
small = m;
}
while (small) { /* While small is not O
rem = large % small; /* Find remainder of large/small
large = small; /* New large is previous small
small = rem; /* New small is remainder found
}
ged = large; /* GCD of m and n equals to final value of large
lcm = (m*n)/gcd; /* LCM(m,n) * GCD(m,n) = m * n

printf("GCD(%Bd,%Bd) = %2d LCM(%3d,%3d) = %6ld\n",
m, n, gcd, m, n, lcm);
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% gcc -o gecdlem gedlem.c

% ./gcdlcm

Current time is 1130666309

GCD(855,405)
GCD(125,139)
GCD(996,467)
GCD(191,890)
GCD(548,612)
GCD(378,531)
GCD(837,127)
GCD(938,656)
h

4

NP, OBDR R RO

LCM(855,405)
LCM(125,139)
LCM(996,467)
LCM(191,890)
LCM(548,612)
LCM(378,531)
LCM(837,127)
LCM(938,656)

7695
17375
465132
169990
83844
22302
106299
307664

o [l tnVv ebpeom Tuyalwy CeLyaELdY VETIUXWY axEPAlWY,

Yenotdonoleiton 1 cuvdptnon rand, 1 onolo xdde Qopd Tou

xahelton emtoteéget éva (hevdo)tuyaio aprdus. H

apywonoinon tne yevvhtetac (Peudo)tuyaiwy aptdudy

YIVETOL XOUAWVTOC TN ouVdETNon srand, dlvovide TNe oav

TOEQUETEO TNV TEEYOVCU YPOVIXN OTLYUT), OTWC QUTY

EMLOTEEPETAL OO TN cLVEETNOoT time (N mopduetpoc NULL

mou divoupe otny time Yo culnindel oto YErlov).

e ['a tnv elpeomn tou Méyiotou Kool Awupétn (M.K.A.)

000 aELIUWYV, YENOWOTOLOVUE TOV aAYopLtiuo Tou Euxielon.

Anhady), Beloxouye To undAolno TN dlalpeone Tou

MEYAAVTEQOU UE TOV UXPOTEPO ATO TOUC aELdoVC Xall

AVTIXAIOTOUUE TOV UEYAAVTEQO UE TOV UIXPOTEQO, TOV

ULXEOTEQPO UE TO UTOAOLTO TTC OlalpeoTc 1o

emavahoufBdvoupe tn Otadxacior LEYEL O UXPOTEQOS VoL YIVEL

looc pe 0. Tote o {ntoduevoc M.K.A. elvon o yeyaritepoc.

o ['ia TNy evpeor tou E.K.IL., yenowonololue tn oyéon
EKII(m,n) - MKA(m,n) = m - n.
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H por Tou eAéyyouv otny C

o 'Onwc xat oe xdde YAOOOU TEOYPUUUATIONOV, ETOL XAl OTNV
C, undpyouv evioréc mou emnpeedlouy TN EOY| TOU EAEYYOU

ota npoypdupota (if, switch, while, for, xAm.).

® YTIc eVTOAEC auTEC elval TOAD cuY VN 1 YeY|oN EVOC UTAOX
eVTOAOY. 'Eval UmAox eVTOADY ATOTEAELTAL OO EVTOAEC TTOU
elva xhewopévee péoa oe dyxwotea ({ xau }). Av o’ éva
UTAOX EVTOAWDYV TEPLEYETUL Uiot LOVO EVTOAT), aUTY| OEV Elvor

amapaltnTo vo tepixheleton yEca oe dyxioTea.

o Eivou e€anpetind yenotwo va yeietniel 6ho to Kegdiaio 3
and to [KR] (oeh. 85-100), oto onolo neplypdpovtol
AVOAUTIXG OAES OL BopEC EAEYY oL Tou Tpocpépel 1 C.
Axohoudel plo To GUVOTTIXY TEPLYPAPT] TWYV DOUWY AUTWV.
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Evtoly| if

o H clvtaln tne eviohrc if elvou:
if ((rmapdotaon))
(LTAOX EVTOADV)1
else

(UTAOX EVTOADV) o

o Av 1 (nopdotaon) elvan ahninc (€xet Ty didpopn and o
undév), Yo exterecdel to (UThoX EVIOADV)1, AAALOC TO
(UTAOX EVTONGDV)2.

o To Turua and to else xou PeTd elvon TEOAUEETIXO. AV Oev
uTdipyEL xou N (TopdioTaot) etvar Peudrc, o eheyyoc da mdel
GTNV EMOUEVY] EVTIOAT] TOU TEOYPAUHUATOS, ONANON OTNY TEMTN
EVTOAY| uetd To if.

o H mpoalpeTixdtnTal TOL else ynopel Vo TEOXAAECEL
TEOBANUATO GTNY AVALY VWCLUOTNTO TEOYPOUUATWY UE
EUPOALAOUEVEC EVTONEC 1f, av Bev UTdpYEL CaPHC
OUABOTOMNCT UE AYXIOTEA. AV BEV UTEEYOLV QYXLOTEN TTOU
v ETUBAAAOUY CUYAEXPWEVT] DouY|, xdde else avTioTolyel

TNV auEowe Tponyoluevn if mou dev Exel else.

o T axpBwdc onualvel To TAEAXET;
if (n > 0)
if (a > b)
Z = aj;
else

Z = b;

ITpocoyh! O petayAwTTIoTAC BEV 0oy OAE(TAL UE TY) OTOlYLON.
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e Auto:
if (n > 0) {
if (a > b)
zZ = a;
else
z = b;
}

o Av ¥éhaye o else va aviiotolyel oto npwto if, €npene vo
T0 Yeddouye étol:
if (mn > 0) {
if (a > b)

o Mio cuvnbioyévn yerion tng eviolrc if elvan otay YEAouue
v eAEYEoVUE Wl oERd amd ENBAANAES CUVITXES, KOl
avdroya pe to mola Yo Beedel 6Tl loydel T, Vo
eEXTEAECOUUE €V UTAOX EVTOAGDY. AuTé yivetol we e€AC:
if ((nopdotaomn)s)
(LTAOX EVTOADV)1

else if ((mapdotaon)s)
(LTAOX EVTOAGDV) o

else if ((nopdotaon),—1)
(UTANOX EVTONDV) ;1

else (UTAOX EVIONDV),



e I mponyoluevr eviohr) if Yo propoloe va ypapel oe ulo
exdoy Y| ue otolylon we e€Ne:
if ((ropdotaon)y)
(LTAOX EVTONDV) 1
else
if ((rnapdotaon)s)
(UTAOX EVTOADV) 4
else
if ((rmapdotoon),—1)
(UTAOX EVTOADYV) 1
else
(UThOX EVTOAODV) ),
H ocuyxexpwevrn otolylon, ouwe, pdAhov xdvel mo
OUCAUVAYVWOTY TNV EVIOAY|, OTOTE €lvol XOAO VoL UNV TNV

axolovUnoeL xdmoloc.

o 'Eva mopdodetyua:

if (x > 0) {

sign = 1;

printf ("Number is positive\n");
}
else if (x < 0) {

sign = -1;

printf ("Number is negative\n");
}
else {

sign = 0;

printf ("Number is zero\n");



Evtol switch

o H clvtaén tneg eviohrc switch elvou:
switch ((nopdotaon)) {
case (otadepd)q :
(evToNéc)y
case (otaepd)s :
(EVTONEQ) 2
default:
(eVTONEQ)
}
H switch civan plor SLoxhadwUEVT) EVIOAT) ATOPACTC TOU
AelTovpYel OTWC TEQLYPAPETUL OTY CUVEYELAL.

e H (nopdotaom) npénel va eivan axépana. Yroroyiletan 1 T
Ne.

o Kdde (otadepd); npénel va elvar axépora otadepd o dev

TEETEL VO UTIAEY OVY dVO case e TNV Ol otadepd.

e Av n Ty mou éyel N (tapdotaon) wwolTal Ue XAToL
(otodepd);, TOTE 0 EAEYYOC UETAUPERETAL OTIC (EVTOREC),;. AV
oYL, 0 EheYYOC UeTopépeTal oTIC (EVTOéS) (UeTd to
default).

e Ou (evtoréc); (xau (evToéc)) dev elvar anapaitnto vo
GUVIOTOUV UTAOX EVTOAWDY, ONAAON VoL EIVOL XAELCUEVES UECAL
oe { xou }.
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Metd v exTtéAeoT) TV EVIOAWDV O plor case, 0 EAEYYOC
METAPEPETAL OTIC EVIOAEC TNC EMOUEVTC Case, EXTOC AV
Teleutaia EVIOAR NG TponyoLuevng case elval 1 break.
Aev elvar xahf mpaxTtixr ol evioléc ploc case va cuveyilouv

UE QUTEC TN EMOUEVTNC, EXTOC AV LOYVEL TO ETOUEVO.

Elvor duvatdv yia meplocOTERES TWES TNS WIOC Yot TNV
(rapdotaon) va Yéhoupe vo extehecVel 1 (Biar opdda
EVIOA®Y. X" auTthv TNV neplntwor, TotovetoLue o
avtiotolya case cuveyoueva xat BACOVUE TNV ouddd

EVTOAMY 0TO TEAELTAO ATt QLUTA.

H nepintwon default elvan mpootpetin]. Av dev uTdpyel xat
oev toupldlel xapio case, 0 EAEYYOC UETAPEQETAL UETA TNV

eVTOAY| switch.

[Topdderypa
switch (x) {
case 1: printf("one\n");
break;

case 2:

case 3: printf("two or three\n");

break;

case 4: printf("four\n");
break;

default: printf("other\n");
break;

}

T Yo yivotay av €leinay xdmnoleg break; IMotl Bdiape
break xot otny default neplntwon;



Evtolég Bpdyou while

o Mio mdavh ocbOvtaln tne eviolric while etvous:
while ((napdotoon))

(UThOX EVTONDV)

o Apywd vroroyileton 1 (tapdotaon). Av €yel Tiuy ddpopn
Tou uNndevoc (elvar ahnifc) extehelton to (UTAOX EVTONDY).
Trohoyiletar mdAL 1 (tapdotaon) oL evocw elvan ahning,
VYo yivetow 0 xOxhog extéheonc Tou (UThox eVION®Y), HéypL
va yivel 1 (rnapdotaon) Peudnc (Snrady) lon e to undév).

o Ilapdderypa:

f =1;
while (--n)
f = fx(n+1);

T\ urtohoyilel autd to while;

e Enioneg, Yuunieite xau tnv evtolr) while oo
http://www.di.uoa.gr/~ip/cprogs/capitalize.c.
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‘AN mdavh oOvtaln tne eviolric while etvou:
do
(UThoX EVTONDV)

while ((napdotaomn))

Apywd extedeitan to (Umhox evioAdv). Metd, unohoyileto
N (ropdotaon). Av €yel run didpopn tou undevoc (elvau
oahnUfc) extelelton AL TO (UTAOX EVTOAGY) xal ouvey(letol
0 xOxhoc extéheonc Tou, Yé€ypet va yivel n (tapdotaon)

beudric (dnhady) lon pe to Undév).

[t AOyoug xaAOTEPNC VALY VWOLUOTNTAC TOU TROYPAUUATOS,
oXOUAL Xol oy TO (UTThOX EVTOADY) amoteleitan and pio wdvo
evtoly), cuvidwe t Baloupe yéoa oe { xat }.

[Topdderypa:

f =1;
do {
f = fxn;
} while (--n);

T unohoyilel autd To while;

Eniong, Yupnieite xou tnv evtorr; do/while oto
http://www.di.uoa.gr/ ip/cprogs/picomp.c.

H Baowr| dtapopd twv 800 exdoy®y tTne eviorc while elval
OTL oTNY TEWTN TER(TTWON TO (UTAOX EVTOADY) UTopel ol
vor unv exteheoVel xaplo popd, av n (topdotaon) elvat
apywd Yeudrc, eved otny exdoyrn do/while, To

(umhox evtoh@v) Vo exteleoVel TouAdyLoTOY piot POEQ,

ool 1 (TapdoTaoT) eEAEYYETAUL 0TO TENOC.
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Evtolf Bedyou for

o H clOvtaén tng evtorrc for elvau:
for ((mopdotaom); ; (mopdotaomn)s ; (mopdotaomn)s)

(UThOX EVTONDV)

o AladxaoTind, .ooduvoyel pe Tic €NC EVTOAEC:
(rapdotaon) ;
while ((napdotaon)qe) {
(LTAOX EVTOAGDV)
(TapdoTaon)s;

}

o Anlady, apyxd urnoloyiletan n (napdotaon) . Luvhdwe,
TEOXELTAL YLOL TNV Ap)XOTolNoT EVOC OelxTn Tou EAEYYEL Wla
EMAVAANTTINY| OLadLxaclon. 2T CUVEYELX, eExTEAElTOL
enavoloBavopeva To (UTAOX EVTOAGDYV), TOU amoTeAel TO
coua TN dadxactog, EVOow 1) (Tapdotaon)s, Tov cUVHDKC
eEAEYYEL TNV TWY Tou Bdelxtn eAéyyou, elvar aininc. Ipw
dtelaywyn véac emavdindng, extelelton xau 1 (tapdotaon)s,
Tou GLVAVWC UETABAAAEL TO BElXTY EAEY Y OUL.

o ITapddetypo:
f=1;
for (i=1 ; i <= n ; i++)
f o= fki;

Tt urohoyilel autod Tto for;

o Enione, Yuunleite xou tic evtoréc for ota
http://www.di.uoa.gr/~ip/cprogs/easter.c xa
http://www.di.uoa.gr/~ip/cprogs/magic.c.
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e Eivou duvotov xdmoia amd i (rapdotacn), # 3 VO UMY
uTdipyet, ouvHdLe N TEOTN X/xa N Teltn. Av dev undpyEL N
OEVTEET, TOTE OV YiveTal EAEYYOC YLA TEQUATIONO TOU
Beodyou, ondTe TEETEL aLTO Vo Yivel Blalewg Ye xdnoto Tpomo
uéoa amd To opa TG enavaindne. Xe xdde neplntwon,

6mola (mopdotaon); xot Vo AElnEL, Tol 5 UTHEY0UY Xavovixd.

e I evtol
for (5 ;)
(LTAOX EVTOAGV)

elvar n xhoowr) vhonolinon evoc atepuovoc Bedyovu.

o Ernione, otnv C undpyet xat 0 Teheothc , (XOUUa), UE TOV
onolo umopolue Vo xataoxevdcouue pia cuvdetn Topdotaon
mouv Yo umohoyiovel and aptotepd mpog Ta dedid. H T tne
cUVIETNC TOEAOTAONC LOOUTIL UE TNV TWY TNS 0e€LOTEPNC

ATO TIC ATAESC TTOU TNV CUVLGTOLV.

o Mepuéc popéc, B€hovue va ypdouue pia evtoan for mou
Yo EAEYYETAL AT TEPLOGOTEPOUC TOL EVOC deixtec. Autd
YivETOL YENOWOTOLOVTAC TOV TEAECTH , OTNV (TaEdoTaoT)
xot oty (nopdotaon)s. Tapdderyua:

for (i=0, j=n ; i <= j ; i++, j--)
printf ("%d\n", ix*j);



Evtolhéc break xow continue

o Mio yprion tnc eviolric break elvan autr) mou eldaue oty
eVTOAY switch, yio Tov TepuaTiond e axohoviog EVIOA®Y
Tou Yo exteEAec Vo0V OTOY TALPLAEEL HATOLOL CUYXEXQWIEV

case.

o Enlong, ue TNy evioly| break, uropolue va tepuaticovue
Blalwe tic emavardelc evog Bedyou (while, do/while
for), mpwv oyVoet 1 cuvdixn tepuatiopoL (X 6tay o Bedyog
elva atépuov). Tlopdderypo:

while (!finished) {

if (bad_data)
break;

----------------------

e Me tnv evtoly| continue, 0 €AeYY0C GTO ECWTEPIXO EVOC
Beodyou YeTaEpeTal GTO TEAOC TOU, YLa VoL apYIoEL 1) EMOUEVN
enovaindn. Iopdderypo:

for (i=0 ; i < n ; i++) {
if (al[i] < 0) /* Ignore negative elements */
continue;

............. /* Process positive elements */
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EvTtolf goto xou etixETteg

o Kde yAwooua mpoypaupatiouov, €tol xal 1 C, exel ula
EVTIOAY| YLOL ONTY) HETAPOPA TOU EAEYYOU OE XATOLO dANO
onpelo (eTxéta) tou mpoypdupatoc. Lty C, n eviohr) auty
elvaw n goto.

e I goto unopel va ypnowonoimntel oc moA) e&eldixeLUEVES
TEQLTTMWOELS, YLo TOEAdELY O 6Ty YEAOLME var Yivel Blown
€€000¢ amd Pwhlacuévoug Bedyoug, 6Tay 0 EAEYYOC
Beloxetal oe xdnoto ecwtepnd Bpdyo. Autd dev unopel va
YiveL ue TNV €vtoAn break. Ilapdderypa:

for (i=0 ; i < n ; i++)
for (j=0 ; j < m ; j++)
if (alil == v[iD)
goto found;

.............. /* Didn’t find common element */

.............. /* Found alil == b[j] */

e I cvtoly goto PAdmtel cofapd TNy WEA TOU BOUNUEVOU
TEOY POUUUATIONOD, YLATl UTopel Vo 001 YHOEL OE TEOYEAUUAT
OUCAVEYVWOTA %ol OVGHOAN CUVTINENCLUAL, XL YU AUTO

TEETEL VO YeNOLLoTOoLElTOL OTdVLaL, av Oyt xadoAou. ©

Y ta mhalola Tou ouyxexplpévou padfuatoc, anhd AITATOPEYETAI v
Xenon tne.
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Aopr evog nepoyedppatog C — Yuvoptniosg

o Mia cuvdptnom C elvor €va auTdOVOUO, TAXETAPLOUEVO TUN UL
TEOYPQUUATOC TIOU PEPEL Ot TEpaC uia dladixaoia 1 omola
EXEL OAPEIC TPODLAYPAPES ELGOBOL XaL £€HBOU XAl

CUYXEXQULEVO OVOUOL.

o Yuviidwe, xwdxomololue o plot cuvdeTNon Evay alyoptduo
TIOU TEOXELTAL VO YENOWLOTOLJOOVUE GTO TEOYQAUUUS LOC
AOUETEC POPEC 1| EXTULOVUE OTL EIVOL YEVIXOTERTNC
YENOWOTNTAC Xal Yot UTopoLoE Vo pavel YpHoUog %ol O
Tpoyedpuata Tou Yo yeddouue oTo HEANOY.

® Y& YEVIXEC YPAUMMES, lval xohY) TEaXTIXY) Vo YEAPOUUE
npoypdupata C mou anoteholvtol and TOAES Xol ULXEES

CGUVIPTNOELS, ToEd Ao AlYeC xot UEYSAES.

o AxpBddc plo amd Tic ouvapETHoES EVOC Tpoyeduuatog C
TEETEL VoL €YEL TOo Ovopa main. Elvaw n cuvdptnon and tnv
onolot Yo EEXVHOEL 1) EXTEAEDT) TOU TEOYPOUUUIATOC.

e Oplopde ouvdptnong:

(tOmoc) (6vopa cuvdptnong) ((tumixéc mapdueteol))

{

(BNhOoELC Ao EVTONEQ)



o ['ia Tov oploud xdle cuVAETNONG, TEMTA ONALYVOLUE TO
(6vopa) mou €yel xal, Yoo ot TapeVIECELS, TA OVOULOTO Xoll
TOUC TUTIOUC TIOL €YOLY OL, AEYOUEVES, (TUTUIXES TARAUETEOL),
€@’ 6GOV LUTAEYOLV.

O Tumixéc mapdueTeol plag ouvdptnone etvat yetafBAntée,
oTIC OTOlEC BIVOVTOL CUYXEXQPLUEVES TUES XATE TNV XANCT)
TNG CLVEETNOTC XAl Ol OTOLEC YENOLULOTOLOUVTAL UECA GTO
oOua Tne cuvdptnone ((BNAOCELS Xal EVTOAES)) YLol Vo
emTELYVEl O OTOYOC TNC CUVAETNONG.

To oopa plac ouvdptnone nepheleton péoa o { xou }.

Mia cuvdptnon uropel va emoTeédel xdmolo Ty 0To dvoud
TNe, 1 omola va yenolwonoinlel and Ty cuvdpeTNon Tou TNV
xdheoe. O (tOmoc) tne TwNc Tou emoteépel plo ouvdpeTno

OlveTal umpooTd and To OVoud TN, GTOV OPLOUO TNC.

Av dev oplleton TOMOC emoTROPC Yoo piat cuVdETNON,
Yewpelton 6TL emOoTEEYEL int.

Av dev evdLapepduaoTe Vo ETLoTEEPEL Ulot CLVEETNOY XAToLL
Ty, Teénel va oplloupe OTL emoTEEPeL void, Tov “xevd”
TOmo. Axdua ot av €yovue oploet plor cuvdpTnon va
ETLOTEEPEL XATOLO TUTO, Oyl void, Oev elval TEAXA
UTLOYPEWTIXO VA TO XAVEL, XOL oV TO XAVEL, OV elvaul

UTIOYPEWTIXO YLl TNV XAAOLCA GUVEETNOT VA Y ETCLLOTOLY|CEL
TNV ETUCTEEPOUEVT] TLUY).
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o I cioTpogn TWwrc and cuVEETNOT YIVETAL UE TNV EVTOAY
return (nopdotaon). Yroroyileton 1 T mou €yel n
(rapdotao), emotpépetol xaL 1 cuvdpetnon teppatilel. Me
ulor amAy| evtohy) return tepuatiel ywelc va emoTpoel
xdmoLa TUY.

e H cuvdptnon main propel va opileton
1. elte ywplc TUTIXEC TOEOUETEOUC
2. elte Ye OVO TAPAUETEOUC CUYHEXQUIEVWY TOTIWY, UECW
TWV onolwv unopel va yvwellel n main av T0 TpdypouUd
exteAécUTUe UE oployata OTY) YRAUUUY EVIOAAC Xal, oV
VoL, UE TTOLAL.

[Tepioodtepa, YU autd T0 VEpa, apyoTtepa.

e Ernilong, n main ynopel va emotpédel 1wy tdmou int, n
omolo elval dlodEoiun oTo TEPLBAAROY TOU AELTOVEYLXOV

CUCTAUATOC ATO TO OTOl0 EXTEAECUTUE TO TEOYPOUUUAL.

o O yetayAOTTIOTAC amattel T TNV xAHon wlag cuvdetnong
VoL YVOPRICEL TOUC TOTOUS TV TUTIXMY THEUUETOWY TNS XL
TOV TOTO NG EMUOTEEPOUEVNG TIUNC. LUVETWS, 1) TEETEL VAL
Tponyeltal 0 oplopde plag cuvdeTnoNg amd TNV *xAHoN NG,
M), av Enetan, va Exel tponynUel amhoe ulo mtpoavayyeiio tne
ouvdptnone (TUToC ETOTEEPOUEVNC TUWNS, OVOUA XoL TOTOL
TUTIXOV TOPAPETEWY), TO AEYOUEVO TEMTOTUTO TNG
CLUVEETNOTNC.

o IlepioodTeEpa YIoL OLUVAETHOELS, OTIC Topaypdipous §4.1 xou
§4.2 tou [KR].



Yuvaetnon Vdwong os BV

/* File: powers.c */
#include <stdio.h>

#define MAXM 4 /* Maximum base of powers to compute
#define MAXN 6 /* Maximum exponent
int power(int, int); /* Prototype of power
main()

{ int m, n, p;

for (m=2 ; m <= MAXM ; m++) /* Start from base 2
for (n=2 ; n <= MAXN ; n++) { /* Start from exponent 2
p = power(m,n); /* Call power function
printf("%d"~%d = %d\n", m, n, p);
}

int power(int base, int n)

{ int p;

for (p=1 ; n > 0 ; n—-) /* base"n equals to
p *= base; /* base * base * ... * base (n times)

return p; /* Return result

}

% gcc —o powers powers.c

% ./powers

272 =4

23 =8

274 = 16

275 = 32

276 = 64

372 =9

373 = 27

374 = 81

375 = 243

376 = 729

4°2 = 16

4°3 = 64

4°4 = 256

4°5 = 1024

476 = 4096

b
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3IUVAETTOY] UTONOYLIOWUOU TAEXYOVTIXOUV

/* File: factorial.c */
#include <stdio.h>
#define MAXN 12 /* Compute factorials up to MAXN

int factorial(int n) /* No prototype needed
{ int f;

for (f=1 ; n > 0 ; n--) /* Initialize factorial to 1

f *= n; /* Multiply into factorial n, n-1, ..., 1

return f; /* Return result

}

main()
{ int n; /* For all n from 1 to MAXN
for (n=1 ; n <= MAXN ; n++) /* Call function and
printf("%2d! = %d\n", n, factorial(n)); /* print result

% gcc -o factorial factorial.c
% ./factorial
11 =1

2! =2

3! =6

4! 24

51 120

6! 720

7! 5040

8! 40320

9! 362880
10! 3628800
11! 39916800
12! = 479001600
yA
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EuBéieia xou ypovog Cwng petoBAnTov

o O petafAntéc mou optlovtal péoa oe Wlo cUVAETNON
Aeyovtal autopates | Tomxéc. O Adyog elvan 6TL oL
LETUBANTES AUTEC EYOUV TEPLOPIOUEVT] EUPEAELA XAl YPOVO
Cowne. Ioylouv uévo yéoa ot cuvdptnor Tou €youv oplolel

XoL Yot 660 YeoOVo extelelton 1) cUVEETTON.

o Extoc and Tic auTOUATES UETUBANTES, UnopoLue va oploouue
o’ éva mpoypaupa C xal eEwtepixéc N xodohuée uetafAnTéc.
Ou petaintéc autéc optllovtal OTmS Xat oL AUTORATES (Ue
Tov TOTO TOUS, TO OVOUd TOUC Xal UE Tiavy| apyixonoinot
T0UC), Lévo Tou opllovtal €€w amd oUVAPTHOELS, 0TO (BLo
eTIMEDO PE AUTEC.

o O clwtepxéc YeTafSANTéC €Youv To TpoTEpTUa OTL elval
0paTEC Ao %dVE CLUVAPTNOT), UTOPOLY BNAADY| VoL
YENOWOTOINUOUY OTA COUATE TWY CUVARTHOEWY, Xl

dlatneoLvTaL xoJOAT T OLAEXELX TNS EXTEAEONS TOU
TEOY PO TOC.

o Méow twv e€nTtepin®y YeTARANTOY, UTopel Vo emiteLyvel
eTXOLVOVIO HETAEY CUVIPTHOEWY Ywplc var yeetaletol
OEOOUEVAL TTOLU XATOLOL GLVAETNCT) TEETEL VA TEPACEL OF

XATOLL AAAT) VO TO HAVEL AUTO UECK TOEOUETOWY.



o To TAEOVEXTNUA TIOU TPOGYPEPOUY Ol EEWTEQIXEC UETABANTES
uropel vo petatpanel oe UELOVEXTNUA, oV OEV
YenowonoolvTal Ue geow. Ilpoypduuato mou
YENOLWOTOOVY EVEEWS EEWTERXES UETABANTES UTopEl Vo
elvo TOAD duoAVEYVWoTA Xl OUGXOAN GUVTTEY|CUUA.
Enlong, ouvaptioeic nou Bacilovtal og e&wTepIXEg

ueTABANTES OeV elvon YeVIXAS yeNoTg.

o Av éva mpoypouua elval SLALoTOOUEVO OE TOAAG apyelor X
VéNovue va €youvpe pla e€mtepinr| LETABANTY Tou Vo elvall
0pUTY) ATO TIC CUVUPTNOELS GE OAAL TOL APy El, TOTE TPETEL OF
aXELBOC Eval apYElo VAL BOCOLPE TOV 0pLOKO NS UETABANTAL,
Yol ToEAOELY oL

int sp;

eV o€ xavEva amd T dAAa apyela TEETEL VoL xdvouue Wlo
ONAwon TN LETARANTHC, TEOTACCOVTAS TOV TEOCOLOPLOTH
extern, ylo TAUQAOELYUAL

extern int sp;

OuvolaoTixd, 0 UETAYAWTTIOTAC decuelel wvAun Yo pia
eEwTtep) LETABANTH dTay OeL Tov optopd tne (YU autod
TEETEL VOL UTAPYEL AUTOC axpLBiS Wlol popdt) xow
EVNUEPWVETAL YLt TOV TUTO Wlog UeTOBANTAC OTary OeL wla
OMAwoY| tne pe extern (Yuundeite Tt av Eva Tpdypouua
elval dlaomacueEvo oe ToAAd apyela, Tor apyelor auTd

ueTay Ao ttiloviol EeYweloTd).
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o Av ¥éhouvue 1 euPéreta plag eEwtepxc UETABANTNC Vo elval
LOVOo To apyElo 6To oTolo OplleTal Xol VoL UNV CUYYEETAL UE
xamola eEwTepXr| LETABANTY UE TO (Blo dvopa, aAld og dANO
apyelo, UTOPOVUE VO TEOTAEOUUE TOU OPLOUOU TNG TOV
TEOGOLOPLOTH static, yio ToEddetyua

static double sum;

e O mpoodloplotic static propel va egapuociel xaL oe
LETUBANTES oL opllovTal UECU GE CUVAETNOT), OUWS UE GAAN
onuaoctio. H euféieio plog tomixnc petafAnTthc mou Exel
oploVel cav static yeoa oc cuvdptnom, elval n cuvdptnon
aUTY, AAAG 1) weTaBAnTH Oev elvan autduaty. Awotnpeeitat,
OTIWC XL 1) TUH TNG, XAl UETE TOV TEPUATIONO TNC
CUVAETNONG. XE VEX XAON TNS CLVAETNONG, 1) LETABANTHA
EYEL TNV TN TOU THEE UETE TNV TEONYOVUEVT XA o).

o Mn apyxonmompeéves e€wtepinéc neTafAntéc Yewpolvtal OTL
eyouv Ty 0.

o My ooy XOTONUEVES AUTOUATES UETUBANTES EYOUY
ATPOCOLOPLOTES TLIEC.

o Ot Tumixéc mapdueTeol plog ocuvdptnorne elval AVTOUATES
METABANTES YIoL TN CUVAETNOT.



o O autdpatec ueTaBANTEC o€ Wlot CUVAETNOY UTOPOUY VAL
opilovTal, EXTOC Ao TO EMUNEDO TOU COUATOS TNC
CLVEETNOTNC, XL OE TLO ECWTEPIXA UTTAOX EVTOAGY (Yl
TEAdELY AL 0TO oopa Wiag evTolic while). Av umdpyouv
TohamAol oplopol yio To {Blo dvoua YeTaBANTAC o BLdpopa
UTAOX, HECU OE XUV ant” AT Loy VUEL O OPLOUOC TIOU EYLVE
G" aUTO, N, AV OEV UTEEYEL, AUTOC TOU EYIVE GTO QUECWKS TILO

e€WTEPIUO TOU, N, AV DEV UTAPYEL, OTO TO EEWTEPIXO, X.0.X.

e Av umdpyel oUyxpouon ovouatog HeTall ploag e€WTEPIUNC
LeETABANTAC o plag autopatne wéoa o’ Eval umhox, Loy Vel 1
AUTOUAT).

o Ilopdoeiypo:

int count;

float y;

double myfun(int y)

{ int i;
while (...... ) {
int i, j;
for (....... ) {
int count;
}
+
+

[Towec petafAntec loybouy Tov;
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‘Otav petayAwttileton €va TpdyeauUd, OECUEVETAL O
ATOULTOVPEVOC YWEOS YL Vo PUAAY 00V OAEC Ol EEWTEPLXES
LETABANTES TOU TEOYPAUUATOS (ARG XoL OL TOTUXEC
LeETABANTEC TTou Eyouy dnhwiel cav static yeoa oe
ouvapThoe). O yheog auTdC EVIL TOV OTATIXOVY
(xodOAXDY) DEDOUEVLV XL EIVAL EX TWV TROTERWY YVMOGTOC
X0l OECUEVPEVOC UECH GTO EXTEAEGUUO TEOYPOUUOL XAl
avTiotolyel oto Yweo mou VYo xatahngdel ot wvhun otay

popTwUEl TO TEOYPOUMUA YL VAL EXTEAECUEL.

Ot autdpatee petaBAnTéc ulag ouvdpTnone, axpeLBee ETELDT
EYOLY TEPLOPLOUEVO YPOVO (NS, EYOUV EVaL DLAPORETIXO
TEOTO QUAAETC, HECW TNG, AEYOPEYNS, oTolBac.

H ovolfa yia €va npdypapua ebvar plo doun torouv LIFO
(Last In First Out), dnhadn unopolue va elodyouye
oLadoyxd otolyelat 6" aUTHY, AAAG av VEANovue va
eaydyouue xamolo, Yo e€aydel autd mou eworydn mo

TEOGPATA.

‘Otav xakeltal pla cuvdpetnom, o EAeYY0C HETAPERETAL O
aUTAY, AAAG TPV aEYIOEL 1) EXTEAECT TNG, OECUEVETAL Y WEOC
oTn oTolBal Yl TIC AUTOUATES UETABANTES TG
(CLUTERLAAUBAVOUEVOV XAl TWY TUTIXOV TUEOUETPWY TNG).
Av 1 cuvdptnon autH XAAECEL OTO CWOUA TNS AN
cuvdpETNoT, axohouvleiton 1) (Blar dladLxactia.
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‘Otav teppatiCet pla ouvdptnom, emoTeéel, av yeetdleTal,
XATOLaL TN OTY) CUVAETNOT] TOU TNV XAAECE XAl
eAELUEPOVETAUL O YWEOC 6T oTolfa Tou elye xpatniel yio To
neplBdAloy (autopatee petaBAnTéc) tng cuvdptnone.

O unyaviopoc QUAAENS TWY AUTOUATWY UETUBANTOY TV
CUVOETHOEWY GTN oTola EMTEETEL TN YeNon WUlog ToAY
LOYVENC TEOYPAUUATIOTIXAS DUVATOTNTAC, TNC avadpOUNS
(recursion).

Mio cuvdiptnomn elval avadEOULXT) OTAY XAAEL TOV EAUTO TNC.
Adyw e otolfocg, dev uTdpyEl XIVOUVOC CUYYUOTC UE TIC
LETUBANTES TNS CLUVAETNONS XAl TIC TWES TOUC, POV OE
x&¥e xhhon dnuovpyeltal véo mepBdAlov otn oTolfBo Yo TiC
LETUBANTES TNC CUYXEXPWEVNC EVERYOTOINOTC.

Puoxd, TpENEL N avadpouLxr) xANoT ulag cuvdptnong vo
vivetow und cUVINXY, YTl AAAWOC 1) EXTEAECT] TOU
TEOYEAUUATOC BEV Vol UTOPOVLCE VAL YIVEL UE TIEMEPUCIEVO

TEOTO.

[ e€otepinéc xot AUTOPATES UETABANTES, AAAG XoL YLl TNV
avadpouy|, delte Tic Tapaypdpouc §4.3, §4.4 o §4.6 €wc
§4.10 wou [KR].
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Y TOAOYLOWOG TTAEAYOVTIXOU UE AVUOEOUN

/* File: recfact.c */
#include <stdio.h>

#define MAXN 12

int recfact(int);

main()

{ int n;
for (n=0 ; n <= MAXN ; n++)
printf("%2d! = %d\n", n, recfact(n));

int recfact(int n)

{ if ('n)

return 1;

else

return n*xrecfact(n-1);

/* Compute factorials up to MAXN

/* Prototype of recfact

/* For all n from O to MAXN
/* Call function and

/*x n!

/* print result

/* If n ==

/*x 0! =1

n x (n-1)!

0!
1!
2!
3!
4!
5!
6!
7!
8!
9!
10!
11!
121
b

1

=1

2

=6

24

120

720

5040
40320
362880
3628800
39916800
479001600

% gcc -o recfact recfact.c
% ./recfact
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Mertateoneg petald SEXADIRWY KA DLABLHWY ARLOUWY

/* File: convdecbin.c */
#include <stdio.h>
#define ERROR -1 /* Return value for illegal character */

int getinteger(int base)
{ char ch; /* No need to declare ch as int - no EOF handling */

int val = 0; /* Initialize return value */
while ((ch = getchar()) != ’\n’) /* Read up to new line */
if (ch >= ’0’ && ch <= ’0’+base-1) /* Legal character? */
val = basexval + (ch-’0’); /* Update return value */
else
return ERROR; /* Illegal character read */

return val; /* Everything 0K - Return value of number read */

main()
{ int n, digs[32], ind=0;
printf ("Please, give a binary number: ");
n = getinteger(2); /* Read binary number */

if (n == ERROR) {
printf ("Sorry, illegal character\n"); return 1;
}
else /* Print decimal value of number */
printf ("Decimal equivalent is: %d\n", n);
printf ("Please, give a decimal number: ");
n = getinteger(10); /* Read decimal number */
if (n == ERROR) {
printf ("Sorry, illegal character\n"); return 1;

}
else { /* Convert number to binary digits */
while (n) { /* Repeat until number equals to 0 */
digs[ind++] = n%2; /* New digit is number mod 2 */
n = n/2; /* New number is number/2 */
}
printf ("Binary equivalent is: ")
while (ind--) /* Print digits in reverse order */
printf ("%d", digs[ind]);
printf("\n");
}



% gcc -o convdecbin convdecbin.c

% ./convdecbin

Please, give a binary number: 1000100101111010001001001
Decimal equivalent is: 18019401

Please, give a decimal number: 18019401

Binary equivalent is: 1000100101111010001001001
% ./convdecbin

Please, give a binary number: 10011101

Decimal equivalent is: 167

Please, give a decimal number: 65535

Binary equivalent is: 1111111111111111

h

o Av Jewpoloaue 6Tl 1 cuvdptnon getinteger elval yevixrc

Yenowotntac, Tt axplB3ne Yo €npene vo BdAouvue o’ Eva
mnyato apyelo getinteger.c xou t ¢ Eva apyelo
emxepaildag getinteger.h, ®oTe va yenoyonololUE T

CUVAETNOY) AUTY XAl OE AAANL TEOYEAUUOTA;

Ko éva mpoBanua:
H axoroudia Fibonacci opiCeton w¢ e&ne:

Ap = Gp—1 + Ap—2, Vn>2

Feddte npdypapua C mou v urnoroyilet, yio dedopévo k, tov
(k +1)-0016 6p0 ay, tne axolouvdiac Fibonacci. Thomowote
000 OLLPORETIXES EXDOYEC TOU TEOYEAUUATOS, Ul Ywpelc
avodpoun xal ula pe avadpour). Eyete vo oyoldoete xATL;
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Acixtec

o 'Evoc delxtne otnv C elvan plo petaBinth otnyv onola
UTOPOUUE VO XATUY WENCOUUE XATOLA DLELTUVOY UVAUTC.
2t OleLduvoT aUTYH UToPOVUE VAl QUAGEOUUE XATOLOL TUUT
CGUYXEXQPUIEVOU TUTOU.

o I anhy exdoyn ulag dHAwone pwetafPAntrc toTou delxtr lval
S POPPNC:
(tOmoc)  *(ueTaBAnT?h)
Me tn dhhwon auty optloupe tn (eTofSANTY) var elvot

delxtne oe dedoyuéva mou o TUToC Toug elval (TOTOC).

e Mmnopolue 6pwc vo oploovpe plo (LetafSANTA) va elvor
oelxtne oe dedopeva TOTOL delxTn oL BelyVouV GE BEBOUEVAL
Tou o TOTog Toug elvar (TtOnog). Autd propel va yivel ue pio
ONAwoN TNS opgic:

(tOmog)  **(uetofSANTH)

o Acv undpyet au@iBohiar OTL 1 TAXTIXY AUTYH YEVIXEVETOL XAl
oe o mohimhoxec dnhwoelc (delxtne oe delxtn oe delxtn
XAT.), 0AAG oL Tparypatixd ypriotdol SelXTES, oTN HEYEAN
TAELOPNPlol TV TEOYPAUUATOV TOU YEAPOLUE, EVOL QUTOL
ToU 0p(COUYE UE TIC TOPATAV® dNADCELC.

o Ilepl dexT®Y, aAAd xou mvaxwy, Tou Yo cU{NTACOVUE OTN
ouvéyeta, 1o Kegpdhato 5 and to [KR] (oeh. 135-178) etvow

’
o

wlot ave&avTAnTn TNy TANPOPOELKY.

VExtée, lowe, and to Fpata te Suvamixhic déousuonc uvhunc, tou unde-
yeL wio oxetixh ductoxia.
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o [lopddeiypa:
int *p;
double *pd;

char **ppc;

Ot yetafBAntéc p o pd oplotnxay cov delxteg oe axepaloug
YO TEALYMATIXOUC DITAYC axplBelac, avtioTolya.

H petafBAnty| ppc elvan delxtne o V€on uviune mou
UTopoLuE Vo YUAGEoLUE BelxTn ot YopaxTPES.

Aelte xou To oyfua:

1003 1007 1013 1021 1029 1034 1038
12543 -3786 3.14159 0.387652e-26 g|o|o[d|\0|b|ald|\0\n|\n{\0
int int double double char
5005 5011 5019 NOZS 5029 5033
L fom [ o [ ] [ s [ | [aom [ae [ s [ ][ ]]
int*p double*pd char **ppc char* char* char*

e To clUufolo * epapuoouévo oe petafSAntéc TOTou delxtn
YETNOWOTOLE(TAL XAl OTIC EVIOAES TOU TEOYPQUUATOC, WC
TeEAEOTAC Eupeone avagopdc. ‘Otav €youue oploel ula
(HeTafinTyy) toOmoL Belxty, N Exppaom *(ueTafAnTy)
TUPLOTAVEL TO TEPLEYOUEVO TNE VEoNC UvAune otny onola

Oelyvel 1 (UeTaBANTA).
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o O avtiotpogoc Tou TeAeoT * clvan o &. H éxgpaon
&(uetaBAnTh) maptotdvel tn diedhduvon Tou QUALCCETOL N
T vy T (HeTaBANTH), 6,TL TOTou xan Vo glvar ouTH.
Anhadn, ol tehecTéc * xau & dafalovtal we eENXC:

&p = n devbuvon puvnung mov €ivair aroUnkevpérvo to p
*p = TO TeplexOuevo tnS Uéong puynung mov deiyvel To p

o Ilopddetyua:

int x = b, y, *px, *py, *pz;

char ¢ = ’F’, *pc, d;

px = &x;

py = &y;

pc = &c;

Pz = PYy;

xpz = (kpx)++;
d = —-(*pc);
pc = &d;
(*pc)-—;

Iotec ot Téc TV X, ¥, ¢, d UETd amd autéc Tic eviorée; &
e Oa unopoloaye va ebyoue yedher ——*pc avti yia == (*xpc); P

o LEimione, yeddaue (xpx)++. O nopeviéoelc ypetalovtol oTnv
EXPEOOT QUTY, v YEAOLPE 0 TEAEGTNC PovadLatag adENoTg
++ va egoppoclel EMGVe 6To TEPLEYOUEVO NG VEOTC UVAUNG
Tou Belyvel o Belxtng px. Av elyoue ypddel *px++, Aoyw
e VPNASTEENS TREOTEPULOTNTAC TOU TEAECTY ++ (AAS xout
TOU —=) €VOVTL TOU TEAEOTY) *, auTo Yo oNUoLve To * (px++).

“6, 5, ’E’ xau °D’, avticTtoya
F'Nau, yro oxL;
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’

o T\ OYW.O(!,.VSL é“@g TO *(px++) (Y’] TO LGOB\’)VO(Hé TOUL *pX++); ¢

o 'Ouwc, moto elval To voONUo vor UENCOVUE 1) VO UELCOVUE
evo 0T xaTd 1, dONAadY) Vo XAVOUUE TOV OElXT Vo Oely Vel
OTNV ENOUEVY] 1) TEONYOLUEVY VECT) UVAUNG OO AUTY| TTOU
€0eLyve; 'Eyel voOnuo av avopeEQOUIOTE OE GUVEYOUEVECS
VEoEC WVAUNG TIOU, UE KATOLO TEOTO, EYOUUE DECUEVCEL XL
YETOLLOTOLOVUE.

o Extoc and v ad&non N pelwon evédc delxtn xatd 1 (uéow
TWVY TEAECTOV povadiatac adEnong ot Yelwong ++ xou —-),
UTOPOVUE VO TEOGVECOVUE O €VAL OEXTN N VO APALEECOVUE

and autov pla axépata otodepd.

o ‘Alhec mpdlelc YETOED DELXTWV DEV EMUTPETOVTOL, EXTOC ATO
TNV AQAlPEST) BEUTWY OV BELYVOUY OE GTOLYElX EVOC UTAOX
and 0edoueva Tou {Blou TUToL, Tou €youv deoucuVel, ue
xdmolo TeoTo, Yo eviala dayelplor. Emiong, emitpénovtal

%ol oLYXEloelg UETAEY TETOLWY OELXTOV.

“"Oyt, AEN onuaivet étt npdta So avindel o deixtne px xat petd Yo nd-
POUUE TO TEPLEYXOUEVO TNG VEONC UVAUNG TOU BElYVEL 1 VEX, QUENUEVY, TIUN
Tou deixtyn. O napevieoelc dev delyvouy tn oelpd mov Yo YIiVouy ol UTOAOY!L-
opol, aAAd to 100 eapuolovtal oL TEAECTES. XTO TEOXEIUEVO TAPAdELYRA, O
TeEAEOTAC ++ elvar petadepatixdc, dpa TpdTa Yol TAPOVUE TO TEQPLEXOUEVO TNC
Yeonc UVAUNS Tou Oelyvel o deixtne px xatl petd Yo avindel o deixtne. Av
VENQUE TTPWTA VA AVEACOVIE TOV OEiXTN %ol UETA VA XAVOUPE TNV Avapoed,
Enpene va Yeddoupe * (++px).



Av ol pi, pc xou pd elvan deixteg (oe int, char xou double,

avTloTOoLY L), Ol TUEAXATL EVIOAES Elvall ATOADTOSC VOULUES:

pi = pit+3;
pc —= 4;
pd = pd-2;

H npéoieon oe (apaipeon and) éva deixtn p ploc otadepdc
n, ueTaBIAAEL TOV BelxTn WoTe va Bellel n VoS UvAuNG
(6L n bytes), yeyédouc 660 autd TOL TOTOL BEBOUEVLV TTOU
delyvel o deixtng, mo yetd (mewv). Av ol int, char xou
double civat Twv 4, 1 xou 8 bytes, avtictoiya, téco Yo
uetoAndoiy ot delxtec pi, pc xan pd; *

Mia ToAd cuvnOiouEvT YeNoT TeV dexTV lval oTny
TERIMTWOT TOL YEAOVUE HATOLOL CUVAQRTNOT| VO ETLOTEEDEL
xamolo T (1 xou TEPLOCOTEPES), OYL OOV ETUCTREPOUEVT
T 0TO GVOUSL TNG, AAAG ETUOPWVTAC OTIC UETABANTES TN
cLVAETNONSG Tou TNV xdAece. Todte, N xahodoa cuvdpTNoN
TEETEL VO TEPAOEL GTNY XAAOLUEVT) TN BleLYuVoT plog
LETUBANTAS TNE, oTNV onola 1 xahouvuévn Yo yedel TNy T
TOU TEETEL VoL ETULOTEEDEL.

Ocwpnote 1o e&nc TEoPAnua: Béhovue va yeddouue wlo
CUVAETNOY Swap, 1) Omolo Vo AVTAARSCGEL To TIEQLEY OUEVAL

00O AXEQAULWY UETUBANTOV.

12, -4 xou -16, avticTolyo
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o 'Eotw 6T yiot Vo aVTHAAGEOUPE TIC TWHES TWY AXEQULWY
LETABANTOY a ot b mpotiéuedor var XAUAEGOUUE TN
cuvdptnor swap(a,b), Tnv onola €youue oploel w¢ e€NC:

void swap(int x, int y)
{ int temp;

temp = X;

X = y;

y = temp; }

Tl etvar Addoc autd: @
Y

o [lo¢ Yo ypdpaue 1 owoty| swap; ‘Etot:

void swap(int *px, int *py)

{ int temp;
temp = *px;
¥PX = *Py;

*py = temp; }
Kot nédg Yoo tny xahoOooue yia Vo aVTOAAGEOVUE TIC TLULECS

TV PETAPBANTOVY a xou b; P

o Ko yiatl ypewalduaote tn uetafSAntA temp; ¥

Y"Eotw 61t mpy xahéoouye Ty swap(a,b), ot Tiuéc TwV HeTABANTOY a xal
b eivar 5 xau 8, avtiotoya. Téte, ovotactind xalolye swap(5,8), dnhadr ot
TUTXES TULPAUETEOL X XL ¥ TNG SWap, TOU EVAL TOTUXES/AUTOUATES LETABANTES
Yol TN ouvdpTtnom, Talpvouy T TIWES 5 xot 8, avticTolya, aviaAAdcoovTol
HECA OTNY SWap oL TILEC TWY X XA ¥, AAAL ot peTaBANTEC a %ot b tng xaholoug
ouvdpetnone dev ennpedlovtal xadoAoL A TNV AAAAYH AUTA.

B swap (&a, &b)

YT tov B0 Aéyo mou ypeetalbpaote éva telto mothpt av 9éhouue va
AVTAAAAEOVUE T TEPLEYOUEVA DVO AAAWY TOTNELOVY, EXTOC XL AV ElpacTte Ta-
yudaxtuloveyol (:-).
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IMepl avdyvwong axepaimwy (xon Oyt (vovo)

o Méypl oTiyune, dev Yvwpllaue xdnowo edyYenoTo TpOTo Vo
olafBdoouye Evav axépalo peca and eva npoyeauua C. Topa,

UE TN XPNHON OEXTOY, AUTO EVOL EPIXTO.

o H npdtunn BiBhodrxn eloddov-e£600u Tne C mapeyel xat T
cuvdptnomn scanf, nou elvon 1 “adehyn)” cuvdptnor TG
printf, xal ye TNy onola uropolUE va Slaf3doouue and TNV

elc000 EVOC MEOYEAUUATOSC DEQOUEVY TIPOC ETEEERYAOLAL.

e H scanf cuvtdooetal pe avtiotolyo TpdTO AUTOV TNC
printf, Onhadr oTNV mEWTN TAUEAUETEO dlvouue pia
cuufolocelpd Tou TEPLYPdEL TL TOTWY OEDOUEVAL
ox0TEVOVUE VA BLBAcoVUE Xal UE Ttooy TeoTo. O emduevec
TOEQUETEOL AvVapEPOVTAL 6TO oV Yo QUAaYYOLV OL TWES ToU

oLoBaoTnHaLy.

e Moévo IIPOXOXH! Enedy) ) cuvdptnor scanf npdxeitol vo
EMOTEEPEL OTN CLVEETNOY TOL TNV XIAECE HATOLESC TUEC,
otic avtiotoiyec nopapéteoouc AEN Balovye Tic YeTafSAnTéC
oTlc omoleg VEAOLUE Vo QUAAYVOUY Ol TIES AUTES, AAAS
oeixtec otic petafAntéc avtec. Eivon o (Blog axpBue Aoyoc
YloL TOV OTIOlO T1) CUVAETNOT] SWap TNV XUAOUUE CUV

swap (&a,&b), 6mou a xat b elvor axépateg petafSAntec.



o [lupddeiypa:

int id, ramk, *prank;

float salary;

prank = &rank;

printf ("Please give id and rank: ");
scanf ("%d %d", &id, prank);

printf ("Please give salary: ");

scanf ("%f", &salary);

o I avdyvwon Ty yior TNy axcpona UETABANTY id xan ™
METABANTY xVNTHC UTOBLOTOAYC salary YIVETOL TEQVOVTAC
oTIc cuvopThoelc scanf delxtec ot UETUBANTES aUTEC.
‘Ouwe otny mpwtn scanf mepdoape TNy Blor TN LETARANTY
prank, agol auty) €xel 101 optoVel cav delxTng o axcpao.
BéBoua, ot cUVEYELY, Ylot VoL avopepUOVUE GTNY TLUY] TOU
olofBdoape, autd TEETEL VoL YIVEL HECK TOU TEAECTH EUUEONC
avapopdc, dNAadh *prank, | péow tne weTuPAntic rank. *

o O mpoodlaypapec %hd xat %f otic scanf unodetxviouy 6TL oL
TWES Tou Vo OLafBacTodV Elval AXEPULES XAl HLVITHC

UTIOOLAOTOATC, avTioToLyA.

o Trdpyouv %ot AAAEC TEOOLAYPAPES TOL UTOPEL VoL
YENoWoToinuoly YLa ovaYVwor TW®Y and Ty scanf,
XIS KO HATOLES EVOLAPEQOUTCES DUVATOTNTES TTOU
TopEYovTaL antd TN cuvdptnon. Lo nepiocdTEpa, “man
scanf” 7 6tav Yo avopepUoOUE AVIAUTIXOTERN OTIC
CUVAPTNACELS TNG TEOTUTNG PBAL0UAXNE ELl00B0V-e£600L NG
C.

Y Qo unopovoape va elyaue ano@lyYel THY EVTONY prank = &rank;
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ITtvoucec

e Orav Yélovue otnyv C va yelptotodue €va GOUVOAO Ao
0edouEVaL (Blou TUTOL UE evialo Xl YEVIXO TEOTO, opllouue
evor Tthvaxa cuYXEXELUEVOL HEYETOUC Yior TN QUAAEN TwV

OEDOUEVWY QUTMV.

e Me 1 0Awon
int myarray[20];

opiloupe €va povodldotato Tivaxa axepaiwy Ye dvoua
myarray oTov omolo umopoLV va @uAaytody To ToAl 20

axepotec TES. To 20 elvon 1 didotooTn Tou Tvaxa.

o 'Lvac mivoxag amoUnxedeTal 0T VAU OE CUVEYOUEVES

dvTa VEoELC.

o Mcoo 070 mpdypAUUd YIS, UTOPOVUE VO AVUPEQOUUCTE CTA
otolyelo Tou mivaxo myarray, nou €yel oplotel pe dLdoTaon
20, cav myarray [0], myarray[1], ..., myarray[19].
I'evixd, pye to myarray[i] avagepdpoacte oto oTolyelo Tou
nivaxa myarray ue delxtn® i, émou to i pmopel va elvou
XATOLAL TAPACTACT), O)L UOVO oTadepd ¥ UETABANTY, 1) omola
rpwta Yo anotiundel xou petd Yo yivel n mpoonélaon Tou

otolyelov myarray[i].

*Tlpocoy® otnv oporoyia! Tov bpo “dBeixtnc” €d®, TOV XENOLLOTOIOVUE
oav eEAANVIXA anddoon tou Ayyhxol “index”. llpdxeiton yio deixtn wivaxa.
O deixtec Opwe mov eldaye oty npoNnyYolUevy evotnta elval delxtec dlevdiy-

’ L7 «“ : 9 z
CEWY %Al AVTIETOLY0UY 6ToV AYYAixd bpo “pointer”. T'ia tn cuvéyeta, dev Yo
xdvoupe Wtaitepn Avapopd, 6TV XPNOCLLOTOIOVUE TOV 0po “deixtng”, ot ol
ex0OYN avapepduaote. Oa TPOXVTTEL AUTO 0XOAA ATd TA cLUPEALOUEVA.



e Av 7 dwdotaor evog Tivaxa eivon N, oL BEIXTEC TWY OTOLYElWY

Tou xupaivovtal ano 0 €we N-1.

o Ilpocoy" oto xhaowd Addoc mou yiveton cTov
TEOYQPAUUUATIOUO UE TN dlayelpton mivaxwyv! Andmeipa
Teoolaonc exTOC TV oplwy evog Tivaxa dev elval duvaTOY
var Olory vewoUel amd Tov HETAYAWTTIOTH, UE CUVETELD VA
TpoxVUeL coPopd TEOBANUO XATA TNV EXTEAEDT] TOU
TEOY POULULATOC.

o Eivar eudlvn tou mpoypauuatioTy| v e€acpaiicel 6TL OTay
OTO TEOYPAUUA TOU XAVEL TpdoBaon oto otolyelo x [i],
omou o mivaxac x €yel oplovel Ye dldoTtaor, €0tw, 100, ToTE
To 1 Oev Yo Exel Ty wxpoTepn and to 0 ¥ ueyadiTepn and
T0 99, dtav yivetan N avagopd oto x[i]. AAloe ...

270 Unix, yuo nopdderyyo, Yo TdEOUUE EVOL UEYUAOTEETES
“Segmentation fault” 7 xaveva “Bus error” xotd TNV

7

EXTENECT] TOU TPOYPEAUMATOC. *

YButuyde, dnhady, yiati o dAha tpoypapuatiotixd tepiBIANOVTA, Uno-
pel vau unv €xovpe xapio €vdelln yia To mpdBAnua, xar va vouilouye 6Tt 10
TpdYpaupd pog elvat cwotd. BéBota, yia va elpacte dixatol, axduo xol 6To
Unix unopel, oe xANOLEC TEPINTWOELS, YA NV TAPOUUE XATOLN £VOELEn OTL E-
XOLpE xavel Addoc diayelptone uvAune xot va vopilovye 6Tt To mpdYpapud
Hog BouAelel cwoTd, eV avtd Va xdvel Ao avt’ AAA®V.
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o Trdpyel TOAD GTEVY) OYEOT UETALD TWV TUVAXWY X0l TWV
OeTWY dlevtivoewy otny C. OuclaoTtixd, To GVoua VO
nivaxa ebvan €vag otalepdc delxtne oto mEKTo oToLYElD TOU

VoL

o [l mapddELYUaL, oV €YOLUE Oploel Evay Tivaxa a, TOTE 1
exppoor *(a+i) elvon 1ooddvoun ye Ty ali]. Ouolwe, o

oL exgppdoelc a+i xou &ali] elvon loodlvayuec.

o Av o’ éva Belxtn pa, mou delyvel og oTolyela (Blov TOTOU e
Tov TOTO TWV oTolyelwY evoc Tivaxa a, avadécovue cav TN
TN dleLYuVoT ToL TEWTOL, N xdToloV dAAou, cTtolyelou Tou
nivaxal, oL exgpdoelc pa+(N), omou (N) etvar axépota
ToEAoTAO, elval VOUES we BlELYOVOELS Ylot TEOOTEAAO
TWV oTolyelwy Tou mivaxa, apxel va €youue e€aopaiioel OTL

oelyvouv uEoo ota dpLal Tou Tvaxa.

o Eniong, unopolye Ttov delxtn pa va Tov aLEAVOUUE 1) VAL TOV
UELOVOUUE, XL, YEVLXA, VO TOV TPOTIOTOLOVUE, Xatd BoOAnoT
(m.x. pat+, ——pa, XAT.), T&vTa UTO TNV Tpolndveon Ot
UECE TOU TPOTOTOLNUEVOL OEXTY Yol TPOOTEAADVOUUE

otolyelor Tou Tivaxa evtog Twv oplwv Tou.
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o Ilopddetyua:

int i, al[8], *pa;

for (i=0 ; i<8 ; i++)
ali] = ix*i;

pa = &al[0];

al6] = x(a+4);

*(pa+3) = al[5];

al0] = *x((pa++)+2);

*((++pa)+5) = alll;

*x(&a[5]-1) = *x(--pa);

) \7 pbp

) 1 4 9 16| 25| 36| 49

a0l a1l a2l a3l a4l abl a6l avl

[Tow Yo ebvan Tar mepleydueva Tou mivaxa a YeTd Ty

EXTEAECT) TWV TOPATAVE EVIOADYV; &

o [lpocelte 6Tl eV 0TO TPONYOVUUEVO TaRADELY UL,
TEOTOTOLOVUCAUE TOV OEXTY) pa, auTtd Oev umopel va yivel yia
TO OVOUO TOU Tvaxa, TOEOTL EVAL ETUTEENTO VAL
yenouwormoindel cav delxtne (n.y. *(a+4)). Anhoady,
amoyopeleToL Vo Yedpoupe at+.

4.1, 4,25, 1,25, 16, 1
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o Meowéc popéc, Y€hovue va oploovpe pla cuvdptnon, N
onola va enelepyaletor o otoyela evog mivaxa. Puowxd,
ulo AOom elvon var €yer dnAwdel o mivaxag eEwtepindc, onodte
urmopel vou Ylvel 1 emxovwvior ge TNV XxahoLoo GUVEETNOT)

TOA) oTtAL.

o Eivar miavo, duwe, v dldpopouc Adyoug, xuplwe ylo va
elvar n ouvdpTNoY pac YeEVixc Ypnone, va YEAouue va
TEPACOVUE TOV TUVAXA GTT) CLVAETNGCT UV TUEAUETEO. LTNV
TEPIMTWON AUTH, ATAWS TEPVAUE €VaL OEIXTT OTO TEWTO
otolyelo Tou mvaxa xoL, HECK AUTOV, 1) CLVAETNON UTOpEEL

VoL TPOCTIEAACEL OTIOLOONATIOTE GTOLYELO TOU.

o ITapdderypa:

main ()

{ int x[50], =*myp;

--------------

--------------

void myfun(int *px)
{ int y;

--------------



® X.TO TPOTYOUUEVO TOEADELYUA, 1) XANOT) TNC CUVAETNONG
myfun onéd Ty main Yo propolce va elye YIVEL XouL GOy
myfun (x), ONAodY| Vo TEEACOVUE TO OVOUA TOU TVoXd,
ooV, OTwe YVwelCOUUE, TO GVOUO AUTO EVAL OUCLUOTIXA

Evac O0elxTng 0To TEWTO CTOLYElD TOU THivaxa.

o Av elyoue avatéoel otov delxtn myp TN diedYuvon Tou
Tp®ToL oTolyelou tou Tivaxa (myp = &x[0] 7, .wodlhvapa,
myp = x), Vo UopocoUe Vo XAAEGOUUE T CUVEETNOT) Xoll

oav myfun (myp) .

e Av ¥€houuE Vo TEPACOVUE GTN CLVEETNOY EVALY LUTOTVOXAL
TOU aPYIX0U Tvaxa, oo Evol oToLYElD Xot UETE, Vo
UTOPOVCUUE VO TNV XUAECOUUE UE TAPAUETEO T1) dlebyuvon
Tou ototyelov avTol. I'a ToEAdELYUA, oV €YOUUE HAVEL
TewTa TNV avadeon myp = &x[2] ye tnv xANon myfun (myp)
(A ar’ evdeloc myfun(&x[2])), n ouvdptnon myfun Yo “det”

EVOLY TVaXa UE TedTO oTolyelo To TElto TOu aEYLXOoU.

e Eniong, otov oploud tne cuvdptnong, Yo uropoloape yio
TUTILXY) TOEQUETEO Vo BdAovue to int px[], avtl yio to int

*xpx. Elval aroldtwe tloodivaua.



Iotoypoppat CUYVOTATWY YEUMAATWY TNV (0060

/* File: histogram.c */
#include <stdio.h>

#define YAXISLEN 12 /* Y-axis length */
main()
{ int i, j, ch, total;
int letfr[26]; /* Letter occurrences and frequencies array */
for (i=0 ; i<26 ; i++)
letfr[i] = 0; /* Initialize array */
total = 0; /* Initialize counter of total letter occurrences */
while ((ch = getchar()) !'= EOF) {/* Well-known read-character loop */
if (ch >= ’A’ && ch <= °Z’) {
letfr[ch-’A’]++; /* Found upper case letter */
total++;
+
if (ch >= ’a’ && ch <= ’z’) {
letfrch-’a’]++; /* Found lower case letter x*/
total++;
}
}
printf(" |"); /* Start histogram printing - first Y-axis segment */
for (i=0 ; i<26 ; i++) { /* Convert letter occurrences */
/* to frequencies rounded to nearest integer */
letfr[i]l = (int) ((100.0*letfr[il)/total+0.5);
printf("%s", (letfr[i] > YAXISLEN) ? "~~" : " m); /* If i-th */
/* letter frequency exceeds Y-axis length, print "~~" x/
}
printf("\n");
for (j=YAXISLEN ; j>0 ; j--) { /* Print line at j-value of Y-axis */
printf("%2d(", j); /* Print frequency label and Y-axis segment */
for (i=0 ; i<26 ; i++)
printf("%s", (letfr[i] >= j) 7 "xx" : " "); /* If i-th letter */
/* frequency is greater than or equal to j, print "xx" x/
printf("\n");
} /* Print X-axis and letter labels */
printf(" +----—---——mmmm \n") ;

printf("  AaBbCcDdEeFfGgHhIiJjKkL1MmNnOoPpQqRrSsTtUuVvWwXxYyZz\n") ;
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% gcc -o histogram histogram.c
% ./histogram < histogram.c

12|

11] XX XX
10| XX XX
9| XX XX XX XX
8| XX XX XX XX XX
7| XX XX XX XX XX
6xx XX XX XX XX XX XX
5|xx XXXX XX XX XX XX XX
4|xx XX XXXX XX XX XXXX XXXXXX
3|xx XX XXXX XXXX XX XXXX XXXXXX
2|XX XXXXXXXXXXXXXX XX XXXXXX XXXXXXXX XXXX

1|XXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

AaBbCcDdEeFfGgHhIiJjKkL1MmNnOoPpQqRrSsTtUuVviWwXxYyZz
% ./histogram < /usr/dict/words
I

12|

11] XX

10| XX

9|xx XX

8|xx XX XX

7| xx XX XX XXXX XX XX
6|xx XX XX XX XXXX XXXXXX
5lxx xx xX XX XX XXXX XXXXXX
4)xx XX XX XX XX XXXX XXXXXXXX
3|xx XXXXXX XXXX XXXXXXXXXX XXXXXXXX
2| XXXXXXXXXX XXXXXX XXXXXXXXXX XXXXXXXX XX

1|XXXXXXXXXXXXXXXXXX XXXXXXXXXXXX XXXXXXXXXXXX XX

AaBbCcDdEeFfGgHhIiJjKkL1MmNnOoPpQqRrSsTtUuVviWwXxYyZz
% ./histogram < /usr/include/stdio.h

| ~~

12| XX

11] XX

10| XX XX

9| XX XX XX

8| XXXX XX XX XX

7| XXXX XX XX XX

6| XXXXXX XX XX XXXX

5| XXXXXX XX XXXX XXXXXX

4| XXXXXX XX XX XXXXXX XXXXXX

3|xx XXXXXXXX XX XX XXXXXX XXXXXXXX XX
2|XxX XXXXXXXXXX XX XX XXXXXX XXXXXXXX XX
1 XXXXXXXXXXXXXXXXXKX XXXXXXXXXXXX XXXXXXXX XX
+ _____________________________________________________

AaBbCcDdEeFfGgHhIiJjKKkL1MmNnOoPpQqRrSsTtUuVvWwXxYyZz
h
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Auvouxy] DECUEVCT] VANG

o O mivaxeg elvan €va moAD yprowo epyaielo oe xdide yAwooo
TpoYpoupaTiopoD, dpa xor otny C, yia T Oayelpion ue
evialo TpOTO EVOC GUVOAOL ATO OUOELDY| dedopeva. To
Boowod mpolAnua, Opwe, UE Toug Tivaxes elval OTL TEETEL Vol
€YOLUE OPlOEL TN OLACTACT) TOUC HECAU OTO TEOYEOUUUL,
Balovtag €Tol, xaTd TN PACT) TG CLYYEUPHC TOU
TEOYPOUUATOC, VA 0pL0 0TO TANVOC TWVY DEDOUEVWY TIOU

UTOEOUUE Vo aToUNUEVCOUUE OTOV TVOXA.

e Av oploouye tn BLACTUOT EVOC TVOXA OYETIXS XY,
XAVOUUE OLXOVOULN OTY UVAUTN XATE TNV EXTEAECT] TOU
TEOYPOUUUATOC, AARE AUTO EYEL TOTE TEPLOPLOUEVES
ouvatotntec. Av oploouue ™ BLdcTUOT TOAD UEYAAT), UTOEEL
TO TEOYEOUME LAC VAL YELPLOTEL XAl TTEPLOCOTEPA DEDOUEVA,
OAAG YiVETOL OTATAAN OTN UVARY OTay OV YEElalOUACTE VoL

ENECEQYAOTOVUE TOCO TOAAG DEDOUEVOQL.

o To Wavixd Ya Ty TO TEOYEUUUS UAC VoL UNY decUEVEL
UvAuN €€ apyNc, dARE VoL TO XAVEL AUTO DUVOULXE, XUTA TT)
PAoT TNG EXTEAEONS, AVAAOY A UE TIC aVAYXES Tou. Auto,

EVTLY WG, elval EQLXTO.

o H duvauxy| decpevon uviung ylvetow 6” eva yweo mou
oLy elplleTal TO TEOYPUUU, O OTOlOC AEYETAL GWEOC, XL
elval BLapOEETINOC ATd TO OTATIXO Y WEO GTOV OToLo
QUAGCCOVTAL Ol EEWMTEPIXES PETAPANTASC o TN otolfSar oTny
onolol PUALCCOVTOL OL AUTOUATES UETAPANTES TWV

CUVUPTHOEWY.



e Ytnv C, 1 duvouxn déopevon uvhune yiveton (xupleg) péow
NS CLVAETNOTNC

void *malloc(unsigned int size)

o Kahovtac tny malloc ye nopduetpo evay axépalo size,*
auUTH OEoUEVEL 6TO OWEO size cuveyodueva bytes xau

ETLOTEEPEL OTO OVOUA TNG EVaL OEiXTN GTO TEWTO AN’ AVTA.

e O delxtne mou emotEégel n malloc delyvel o TOTO void,
OMAadY) 6TOV XEVO TUTO, Ao OEV TNV APOEd TL TUTOU
dedopEva Vo PUAAEOLUE GTH UVAUY] TTOL DECUEVOE.

o Av, yia xdanowo Aoyo, nymalloc dev unopécel va decpeloel
TN UvAUn mou tne InTAUNXE, ETLOTEEPEL GTO OVOUL TN TOV
xevo delxtn NULL. 1Idvta, 6tav xaholue tnv malloc, mpemel
VoL EAEYYOULUE av pog enéoteede delxtn dudgopo tou NULL

XOUL LETE VO TIROY WENCOUUE.

e Enedn 1o mAloc twv bytes mou yenoidomolodvon yio 1
@OAAET DEDOUEVWY XATOLOV TOTOU UTOREEL VoL DLOPEPEL UETAED
OLOLPOPETIXWY UETAYAWTTIOTWV, AELTOVRYIXWOV CUCTNUATWY
XoU EMECEQYACTV, YO VO EIVAL TAL TEOYPESUUATE. oS
uetagepolua, To TAdoc Twv bytes mou {ntdue and v

malloc va deouedoel To dlvouue UECL TOU TEAEOTY| sizeof.

% ¥tov tuTxd oplopd Tng malloc, o TUTOC Tou size elvar size_t, aAAd

aUTO TpaxTixd elvol unsigned int.
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o H éxppaor sizeof ((t0noc)) €yel oav Tun o TAfdoc twv
bytes mou anattovvTal 0T cUYXEXELWEVT VAoToinoTn tne C
yior var uAaydolv dedopeva Tou o TOTOC Toug elvol (tOmoc).
['ow TopddELYpaL, UE TO TOEAXATR TUNUA TEOYEAUUATOC

int n, *p;

................ /* Compute n */

p = malloc(n * sizeof(int));

if (p == NULL) {

printf ("Sorry, cannot allocate memory\n");

return;

................ /* Handle data starting at p */

OECUEVOUUE DUVAUXE YWEO OTO GWEO YLoL Vo YUAXYUOUY n

axEpaloL.

2tnv mpo ANSI C enoyn, o deixtne mov enéotpege 1
malloc (tOmou void *) énpemE TEOTA VO TPOCAUPUOCVEL
oTOV XUTAANAO TOTO delxntn xou petd v avatedel o
LETUPANTY. Anladr TNV xAfon tne malloc O0TO MoEATAVE
TUAUA TEOYEAUUATOC Vol TNV YEAPAUE CAV:

p = (int *) malloc(n * sizeof(int));

ITAéov, xdtL T€Tolo Oev elvon amapaltnTo xouL, Yio TNV

axp{Bela, dev cuvioTaTal.
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O teleotic sizeof umopel va yenowonolndel eite ocov
sizeof (mapdotaon), eite ooy sizeof ((nopdotaom)),
omoTE AUTH N Exppact Exel cav T To TANYoC Twv bytes
TOU amoLTOUVTOL Yiol va guiayVel 1 (tapdotaon), T.y. To

sizeof buf elvar 20, av Eyouvue oploel char buf [20].

I[TPOXOXH! 'Otav deopeboupe duvouLxd wvnun, etvol
eLYOVN OLXT MO VO TNV ATOOECUEVOUPE OTAY OEV TNV

Y eIl OUaOTE.

H amodéoyeuor pvhune mou €yet deouevdel duvoulxd yivetal
UE TT) oLVAETNON

void free(void *p)

H mopduetpoc mou nepvdue otn ouvdptnon free elvon €voc

delxtng mou pac elye emoteédel xdnowa malloc.

Elvow moAd coPopd Addog o Eéva mpdypouud, Vo 0ECUEDOVUE
OUVOULXE VAN XOL VO UNYV TNV ATOOECUEVOVUE OTAY OEV TNV

YeetalOuaoTE.

Extoc and tnyv malloc, undpyouv %ot 0V0 GAAES
CLUVAPTAHOELS Yot BuvoxT déopeuon uvAune (n realloc xou
n calloc). Eival mo omdviol YenolLOTOO0UEVES AT TNV
malloc. Méow tng evtoAric man, unopel vo udiel xavelc
TEPLOCOTEPEC TANEOYORLES YL AUTEC.

‘Otav 0" éva mpdypapud YENOWOTOOVUE CUVIPTACELS YL
OUVOULXT) DECUEVCT] X0 ATTOOECUEUCT] WVAUNG, TIEETEL VoL
EYOVUE CUUTERLAAPBEL 0Ty apy N To apyelo emxepaiidog
stdlib.h. AnAadn:

#include <stdlib.h>
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o X oyéon UE Ta TEOBAAUATA TOU dNULOVEYOUVTOL OTAY
opllouue YE OTATIXO TEOTO TUVUXES YLAL VO DLOLYELRLOTOVUE
£Vl GUVOAO ATIO BEDOUEVA, AVTL VOU XEVOUUE DUVALULXY)
OEOUEVOT) UVAUNG, Vo TEETEL VL avapepouue 6Tl oty C
UTEEYEL XAl 1) BUVATOTNTA VoL 0ploOLUE TVAXES UE UETABANTA
OLBOTOOT), VLo TOEADELY AL

int arrayl[n];

Duoxd, mey and TN ONAWOY AUTY, OTNV AXEEULA UETABANTY

N TEETEL VA £YOVUE DWOEL TUUY).

O Baowxdc TEplopLoPOS TOU UTAEYEL OTY) ONAWOT) TUVAXWY UE
OLAOTACT TOL OEV EIVAL YVWOTH XATA TN QAT CLYYEAPHC
TOU TPOYEAUMATOC, elval OTL umopel va yivel ylo Tivaxee mou
elval autoépaTol, dNhadY Tomxol uéoa oc cuvapthoelc. Aev
uropel vou yivel yiow tivaxeg mou YEAOLUE Vo TOUC 0plGOLUE
OTOV OTATIXO YWPEO, ECHOTEPIXA TWV CUVAPTACEWV.

Y x84l meplntwor), elval xahOTEEN TEOYPAUUATIOTIXY
TOXTLXTY), OTOY YEAOUUE VO DEGUEVGOVUE DUVOULXS UVAUT),
aUTO va ylvetol u€ow malloc xou DEXTOY, TUEd UE TUVUXES

TOU 7] OLACTACT] TOUC ELVAL TIUEUUETELXY).

Enlong, v emonuoaviel 6TL 1 duvatdTnTa Yior Tivaxes ue
TOEOUETEXY) OLdoTaoT TeocTEUNXE 6T0 oTdvTapvT tne C to

1999, omdte maAALOTEPOL UETAYAWTTIOTES OEV TO OEYOVTAL.
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YupBolooelgeg

o Mio cuyfoloceipd 1 ahgoaprduntind elvon €vag mivaxag ond
yopaxtipec (dedopéva tonou char). O yapoxthpac *\0?,
cav otolyelo Tou mivaxa, delyvel To TENOC TN
cuuforooelpdc xat efval amoAdTWS ATAEAlTNTOC VIOl VAL
UTOPOLY Vo AELTOLEYACOLY oL GUVOETHOELS BIBALOUNXNC Yo

TO YELPLOUO OLUBOAOCELPWY.

o Aoyw tng dpeonc oyeong UETAED TUVAXWY X0 DEXTOV, OF
ula cuyfohooelpd uropolue va avagepVolUe xoL HE Eva
delxtn (tOmou char *) mou SelyVeEL GTOV TPWTO YoEAXTHEN
Tnc ovpBoloocelpdc.

o Mcoo 0" €va mpdypapua, utopolue U Vo GUVIOUO TEOTO Vo
avapepBolpe o plo cuuohooelpd yior TNV omola YVwellouue
TOUC YOPUXTHPES OV TEPLEYEL, TEPLXAEIOVTAC QUTOUE TOUC
Yopaxtipec Yéoa og " (ywelc to *\0?). Tlopdderypo:

char *mess = "Hello world!\n";

(*Hello wliol|r |l |d]![\n|\0

\

mess:

e Ot cuyPorooelpéc Tou epLEYOVTAL UECA G EVOL TEOY PO
QUALCCOVTAL OTOV (BLO YMPO UE TO TEOYQEAUUO XL, YU QUTOV
TO AOYO0, OeV elval duvatov vo petafAndody. Ta
oLy elplon| TOUC, O UETAYAWTTIOTAC AVTIOTOLYEl O Hde
TETOLL oLUUBOAOCELRA TN BlEVVUVOT TOU TEMTOU YoEAX TP

™me.
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e Extoc and tnv apyxonoinon evoc delxtn oe char ye ula
CLUBOAOCELRY, OTWC XAVOUE UE TNV EVTOAT
char *mess = "Hello world!\n";

UTOPOUVUE VO ARYLXOTIOLCOUUE XAl EVOL TVAXOL Y AEAXTAEWY
ue wlo ovpPorocelpd, we e€RC:
char arrmess[] = "How are you?";

Aev undpyet Aoyoc va oplooLUE BLACTACT Yol TOV Ttivoxal
arrmess, yiatl autH uToAoy(CeTal AUTOPATY Ao TO TAYYOC
TWVY YoEaxXTHEWV TS oLUPorocelpdc (ouv évay, AdyYw TOU

’\O’)

e Mia ouvouddng dlopopd PeTald TwY TOEATEVK EVIOAGY, elval
OTL 1) HETAPANTY) mess elval OEXTNC TOL APYIXOTOUNXE UE
TN ovpBolocelpd Tou VEAOLUE, 0T CUVEYELX, OUWS, UTOPEL
vor AAAGEEL TYY, oV YEELACETAL, EVK) TO OVOUO TOU Tivoxa
arrmess, Tou enlong apyLxomofinxe ue uia cuuPolooelpd,
Aettovpyel, QUOXE, xal WS BEXTNC, LOVO OV BEV ETULTEETETAL
var ueTafAnOet.

o I deltepn ououddne dLapopd elval OTL 0V UnopoLuE Vo
AANAEOVUE TO TEPLEYOUEVO, DNAADT TOUC YOPAXTNRES, TG
cuyforooelpdc "Hello world!\n" mou delyvel apyixd o
OelxTne mess, MUEOTL UTOPOVKE VAL AAAAEOVUE TNV TN TOU
(0Lou Tou BelxTy, eVd UToEOUUE Vo AAAAEOVUE TOUC
YOEAXTHRES TNC ouuPolooelpdc "How are you?", mopdtl

0V Unopolue Vo aAAdEoupEe To arrmess.
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e O cuyPohrooelpéc elvar €va ToAD yprowo epyaielo yior Tov
npoyeoupatiopnd oty C, yU autd n npdTumn BiBAodrxn tne
YAOCOoOC TopEYEL Wt OELpd Amd CUVAETACELS YLoL TN

olayelplon Touc.

e ‘Otav ypnowonololue 6" Vol TEOYEAUUN CUVOPTHOELS VLo
olayelplon oLPPBONOCELRMY, TEETEL VAL £YOVUE GUUTERLAASEL
otnyv apyn to apyclo emxepaiidoc string.h. Aniady:

#include <string.h>

o Mepixéc and TIC CUVOPTNAOELS AUTES elvall:

unsigned int strlen(const char *s)
char *strcpy(char *sl, const char *s2)
int strcmp(const char *sl, const char *s2)

char *strcat(char *sl1, const char *s2)

e H strlen enotpégel T0 uhxoc tne oupBohooelpde s (Ywelc
T0 teAx6 *\0?). &

o I strcpy avtypdyel tn cuyforooelpd s2, u€ypel xal To
teAxd ’\0’, otn ouvufolooelpd s1, TNV onola EMCTEEPEL XAl

GTO OVOUL TNC.

e I strcmp ouyxplvel tic cuyforooelpéc s1 xat s2 byte npog
byte xou emoTEEPEL EVay axgpato VeTixd, UNOEV 1 AEVNTIXO,
avdhoya av 1 cupolooepd s1 axolouvdel (ahpafntixd),
tautiletan ¥ mponyelton tne ovuBorooelpde s2, avtioTolya.
H oOyxpion yivetou ye Bdorn toug ASCII xwdxoie twy
YOUEAXTHRWY TWY CUUBOAOCELDMYV.

OL'E 7 ’ / ’ ’ . ’ 7
TUONUWS 0 TOTOC EMLOTPOPAC TNS OLYVAPTNOTC elval size_t, aAAd avuTodC,
npaxTixd, elvol unsigned int.



H strcat mpooaptd €va avtiypago tne cuyfoloocelpdc s2
oto Téhoc e s1, daypdyovtac Tewta To *\0’ tng s1, xou

EMLOTEEPEL TO ATOTEAECHUO XL GTO OVOU TNG.

Kdnotec and Tic TUTXES TUPAUETEOUS TWY CUVARTHCEWY YLd
olayelpion ocupfolooelp®y Exouy dnhwiel cav const yia va
emonuoavdel 6Tl oL avtiotolyec oupBorooelpéc dev Vo

ueTaBANdoly and TiIc CUVUPETACELS.

O ocuvapthoelc Tou dnuovpyoly véee ouuforooeipée (T.y.
strcpy, strcat) dev avorouBdvouv xat TN déopeuon
uviung yioe T @OAaEY Toug. Elvan evdivn tne xahodoog

CLUVEETNONC VA TO XAVEL AUTO.

Trdpyouv %ot ApXETEC AAAEC EVOLAPEPOVCES XAl YPNOUES
GUVIPTNOELC OLAYElPLOTC CUUBOAOGELPWY, OTIWS Ol strncpy,
strchr, strstr, xAn. H evtoAr man clvan €va péco yia va

uddel xavelc neplocodTEPEC TANPOPORIES YL AUTEC.

Kdanotec mavéc vhormooelg: *

char *strcpy(char *sl1l, const char *s2)
{ char *orig_s1 = si;
while (ksl++ = *s2++);

return orig_sl; }

int strcmp(const char *sl, const char *s2)

{ for ( ; *sl1l == *s2 ; sl++, s2++)
if (! *xs1)
return O;

return *sl - *s2; }

*TIo¢ Yo vhomotovoaue Ti¢ strlen xol strcat;
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ITtvoucec dewtdv xo OEIXTEC OE OEIXTES

o Onwc puropolue va €yovue mivaxec axepalwy, Tvaxes
TEOYPATIXDV AptIUGY (XVNTAS UTOBGTOAAS, ATANE N
OtmAnc axplfBetac), N mivaxee yapaxthpwy (cuyfolooelpéc),
€10l unopouLpe va oplooupe otnv C ot mivaxeg detxTmy.

e Me tnv (Ol Aoyixy| mou To dvoua EVOC Tivaxa GTOLYElWY
xdnolou tunou propel va Yewpndel (oyeddv) 1oodivapo ye
eval OElXTY o€ oToLyelol TETOLL TOTOL, ETOL X0l TO OVOUAL
evoc Thvaxa OeTV avtioTtolyel o” €va delxtn oe delxtn ot

otolyelor Tou TOToL Tou Belyvouv Tl oToLYEld TOU THvaXaL.

o Ilopdoeiypa:

int i, j, *px[3], **ppx, s=0;
for (i=0 ; i<3 ; i++) {
px[i] = malloc((i+2) * sizeof(int));
if (px[i] == NULL)
return NO_MEMORY_AVAILABLE; }
for (i=0 ; i<3 ; i++)
for (j=0 ; j<i+2 ; j++)
*x(px[i]+j) = ixj;
ppx = pX;
for (i=0 ; i<3 ; i++) {
for (j=0 ; j<i+2 ; j++)
s += *x(*ppx)++;

ppx++; }
ITowor Yo elval 1 Tin) TNE HETABANTAC S UETA TNV EXTEAEDT

TWV TAPATAV® EVTOADV; ¢
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Oplopotal YeoUING EVIOAWY

o ‘Orav exteholye Eva Tpdypouud, VEAOUUE VO EYOUUE, XUTA
TNV ®XAAOT) TOU TEOYEAUUATOS, TN DLVATOTNTA VO OIVOUUE G
YOAUUUY EVIOA®Y XATOLO OplOUOLTA, TO OOl VO UTOPOLV VL
TEEACOUY OTO TEOYPUUUA, YLoL VO To ENEEEpYAOTEL
XOUTAAANAQL.

o Xty C, n duVaTOTNTA OPLOUATWY OTY YEUUUT] EVIOA®Y
TOEEYETAL MECK TWV TUTILXWY TUEUUETOWY TNG CLUVAETNONG

main.

e OptCovtac Ty main pe 0600 TUTIXEC TAPAUETEOUS, Uia
axépala, CUVATWS e Ovopa argce, xot Wio Thvaxo OELXTOY ot
Yapoxthpee (1) 0elxtn oe delxtn oe yopaxthpes), cuvidng
UE OVoUd argv, UECO GTY) CUVAETNOY], UTOPOUUE VO EYOUUE
npdoPaon ota oplopata pe T onola XANUNXE TO TEOYPAUUAL
OTN YEOUUT) EVIOATC.

o Av éva exteléoluo TpOYPAUUN myprog xAnvel cav
% ./myprog first 241 third
X0l ) OLVAETNON main Tou TpoypEAUPATOC £YEL oploVel oav
main(int argc, char *argv[])
TOTE, Yoo oty main, 1 yeTafSANTY) arge €yel tny T 4
(600 Tol oplopaTa CUV TO OVOUA TOU TPOYEQUMATOSC) XAl OL
oeixtec argv[0], argv([1], argv[2] xo argv[3] delyvouv

oTNY apy Y TV cuuBolocelpdy " . /myprog", "first",

"241" xou "third", avtictouyo.
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O deixtne argvlarge] (oto nponyoluevo mopddetypa o
argv [4]) elvar o xevde delxtng, NULL.

H dedtepn Tuminy| mapdueteoc tne main ynopel va opioVel

elte oav char *argv[] elte cav char **argv, .coduvaua.

'Oty xdmolo dplopa ot YEAUUY EVIOADV elval ax€patog
aptduoe, HECO OTO TEOYEAUUS HaC, xATd Tdoa TAVOTNTA,
Yo Hog EVOLLPEREL VoL €YOUNE OLardEaLun TNV aerdunTixy| TN
Tou aplpoU, Oyt amhae Ta Ynpla Tou cav ulo cuyBoroceld.
H petatponn plag oupPoloceipdc mou ta otolyelo Tne elvat
oexadxd Ynplo otny avtiotolyn aptdunTixr Tr yiveTol Ue
TN oLVAETNOT

int atoi(const char *s)

H atoi vnohoyilet v T e (aptduntixic)
cUUPONOCELRAC S XAl TNV ETUOTEEPEL GTO OVOUL TNC.

2JTO TPONYOUUEVO Tapddelyua N xAjon atoi(argv[2]) Yo
EMECTEEPE TNV TN 241.

‘Otav yenotwonololue TNV atoi, mEENeL VoL XEVOUUE X

#include <stdlib.h>
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IToAudLdcTarTOL VOIS

o [ixtdc and povodidotatoug mivaxee, otny C, énwe xal ot
OAEC OYEDOV TIC YADOOEC TEOYPAUUUATIOUOU, EYOVUE TT)
OUVUTOTNTA Vo 0ploOVUE xaL TVAXES UE TIEPLOGOTERES TNG

ulac dlaotdoelc.

o Me tn d%Awon
int matrix[10] [8];

optlouue €va ddtdoTato Tivaxa ye évopo matrix pe 10

YOUUUES xou 8 oThhEC.

o I avagopd ota ctoiyelo Tou mhvaxa ylvetal ye TpdTO
avTioTOLYO UE AUTOV TWV PLOVODLAoTATWY Tvdxwy. To

otovyelo matrix[i] [j] elvou awtd mou PBeloxetar otny i
Yoouuh xou oty j oA, ¢

o Av &youue oploel €val BOLEOTATO Tivaxa, €0TL UE OVOUAL
matrix, tote 1o matrix[i] (t0odlvapa to * (matrix+i))
elvan €vac delxtne oto mpwyto oTolyelo TnC i ypapunc Tou
nivaxa. Ondte, to *(matrix[i]+]) (w0odlUvoaua to
* (x (matrix+i)+j)) Oev elvar dAAo amd o otolyelo

matrix[i] [j] Tou mivaxa.

* Mbvo, Tpocoyh xat 0w, TO i TPEREL Vol xLUAVETUL, GTO TAEAdELY U LaC,
and 0 €w¢ 9 xat t0 j and 0 €wg 7.



‘Evog dBLdototog mivaxag amounxeleTol Xotd YeuuUeS. AV
avordecouue o €va delxTr p, Tou delyvel oc TOTO O,TL XL O
TUTOC TV otolyelwy Tou mivaxa, T dledduvoT Tou TEMTOoU
otolyetou Tou mivaxa (m.y. matrix [0] [0]), tote unopolyue

VoL TPOOTIEANCOUUE T TIEPLEYOUEVA TOU Ttlvarxa, T1) piat

YOUUUY META TNV AAAY), UE TUPACTACELS TNE Lop@hc * (p+i).

Enlong, agpod to *matrix efvar to (Blo pe to matrix[0],
OMAadY| Evag OelXTNG OTO TEOTO GTOLYELD TNE TEWTNG
voouunc (authc we i=0) Tou mivaxa, UTOpOUUE Vo
TEOCTEEASCOUUE HATH YOUUUES TA TEQLEYOUEVOL TOU TiVOIXAL

X0l UE TOEACTACELS TNG HopPpNe * (*matrix+i).

DPuoLxd, UTOPOVKE VO OPICOUKE AL TUVAXES UE TEQLOCOTEPES
TWV 0VO DLUOTACELS, AAAY, O TEWTY PACT), OEV EYOULV
LOLUTEPN TLEOYPUUUUATIOTINY YENOLWLOTTA.

[Tdvtwe, 6Tay YENOWOTOLOVUE TVAXES, VALY XACTIXA
opllouue cUYAEXPLIEVES DLAOTAOELS XATE TN QAo
CLUYYPAPNC TWV TEOYPAUUATWY UIC, UE ATOTEAECUA ELTE Vo
XEVOUUE OTUTAAYN UVAUNG EITE VO TEPLOPLLOUATTE TNV
enlAuon mpoPAnuATwY Pe wxpd Yéyevoc. Elvor mpotiudtepo
VO YETOUWOTOLOUUE OEIXTES KAl VO XEVOUUE DUVOLLXY)
OECUEVCT) UVAUTC.

102



103

o Av o’ éva mpodypoupa yeeldletal va QUAdEOLUE BEdOUEVA O
€val OLOLAoTATO Tthvaxa, ayveoTou, xat apy v, Heyédoug,

4 4 /
avtl va Onhwoouue 4Tl ooy

int x[10000] [10000] ;
UTOPOVUE Vo 0p{COUUE EVOL DEIXTN
int **px;
XOL UETA VA XEVOUUE:
px = malloc(N * sizeof(int *));
if (px == NULL)
return NO_MEMORY_AVAILABLE;
for (i=0 ; i<N ; i++) {
*(px+i) = malloc(M * sizeof(int));
if (*(px+i) == NULL)
return NO_MEMORY_AVAILABLE;
}

o 'Etol, otav Tae N xaw M ylvouv yvwoTd xatd Tt @don
EXTENECTC TOV TROYEAPUATOS, Vo OECUEDCOUUE OO aXELBEEC
uvAun xeetalopaote. AQol Ouwe TEAELWOOVUE O,TL EYOVUE
VoL XAVOUUE, UETA TEETEL VO ATOOECUEDCOUUE T UVAUN WS
e€he:

for (i=0 ; i<N ; i++)
free(x(px+1i));
free(px);
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Apyeonoinom mvdxwy

o ‘Otav oplCoupe plor peTaBANTr, UToEOVUE, KOS YVWOTOV, VA
NG 0WOOLKE Xl xdmota oy Ty. H duvatdtnta auth

UTLAOYEL XOL YLOL TOUC TiVaXEC.

o Ilopadelypato:

int x[7] = {5, 3, -7, 12, 0, -4, 125};
float r[] = {1.2, -4.35, 0.62e-17};
int matrix[3][5] = {

{22, 1, -3, 8, 7},

{-2, 0, 24, 7, -10},

{76, 54, 12, -9, 8}

s

char arr[][2] = {{’a’,’b’},{’c’,’d’},{’e’, £ }};
char mess[] = "a dog";

char buff[] = {;a)’7 ’,’d’,’O’,’g’,’\O’};

char *str[] = {"Hello", "world", "of", "C"};

e Mrnopolue, xatd Tov oploud, va Ttapaielpovye to p€yedog
EVOC LOVOOLACTATOU TVOXL, oV OEYIXOTIOLOVUE OAAL ToL
otouyela Tou, ool auto unopel va mpoxVel and to TARYog

WV TWOV péoa ota { o }.

e Y& TOAUBLAOTATOUC TVAXES, UTOPOVUE Vo TtapaAelpoupe TO

uEyedoc HOVO TNC TEWTNS OLAOTACTC.
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AgelxTteg O CUVOETHOEL

o ‘Onwc ylo yetafAnty avtiotolyel oe ylo dlebuvon uviunc
TOU UTOPOVUE VO TN QUAAEOVUE G Eval OEX TN XATAAANAOU
TOTOV, OTWG ETUOTC UTOPOVUE VO OVOPEQOUACTE OF TUVAXECS
LE TN OLEVYUVOT TOU TEWTOL TOUE OTOLYEOV, ETOL UTOPOVUE

VO OLVOUPEPOUACTE XL OE CUVIPTNOCELS UECK DELXTMV.

o 'Evoc delxtne oc cuvdptnon elvar plo petaBinth otnv onola
UTOPOUVUE VO XATAY WENCOULUE T1) BLELYLVOY TNC TEWTNG ATO
Tic (ouveyodueves) Véoeic uvAune otic onolec Beloxetat o
XOOXASC TNS CUVAPTNONC.

e Touc delxTeEC CUVAPTHOEWY UTOPOVKE VO TOUC YELPLOTOVUE
neplmou Omwe xal Toug dAhouc deixtec. Me Tov TeAecTn
EUUECTC AVAPORAC *, UTOPOLKE Vo avapepYolue o€
CUYXEXPWEVESC CUVIPTHOELS, UTOPOVUE VO AVOUETOVUE TLC
TWES AUTOY TWY OEXTOY o€ dAhouc cuufatolc delxteg,
UTOPOVUE VO TOUC TEPVAUE CUV TOEUUETOOUS OE GUVIPTNOELS
XA Aev EyeL VoMU OpmS var Toug PETABAANoVUE (T.y. p++).

o Ilupddeiypa:
int (*funvar) (char *);

To funvar elvol €vac OelxTne 08 CUVAETNOY TOV ETULOTEEPEL

int xow €yel wlo Tumy| mopduetpo TOTOU char *.

4

o T dlapopd Vo elye av Ypd@oue TO mapaxdtw; *

int *funvar(char *);

o’ ’ ’ ’ 7 ’ ’ ’
Edw to funvar eivol 10 OVOUA CUYXEXQLUEVNG CLUVAETNONG, OYL OEIXTNG
OE CUVAPTNOY, IOV ETUOTEEPEL deixtn ot axépato (int *) xou €xet wio TUTLXA
TUPAUETPO TOTOU char *.
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AlaElplon OpLIoUATWY OTT] YEUMLY] EVTOANS

/* File: cmdlineargs.c */
#include <stdio.h>
#include <stdlib.h>
#include <string.h>

int checkint(char *);

void reverse(char *);

main(int argc, char *argv[])

{ int sum = 0; /* Initialize sum of integers in command line */
while (--argc) { /* Loop while arguments are present */
if (checkint (x++argv)) /* Is argument an integer? */

sum += atoi(*argv); /* Then, sum it into the accumulator */
else {
reverse(argv[0]); /* Else, reverse argument and print it */
printf ("Reversed argument: %s\n", argv[0]);
}
} /* Finally, print sum of integer arguments */
printf ("\nSum of integers given is: %d\n", sum);

}

int checkint (char *s)
{ char *start;

while(*s == 2 2 || *s == ’\t’) s++; /* Eat all whitespace */
if (xs == =7 || *s == ’47) s++; /* Eat one sign */
start = s; /* Mark the begining of numbers */

while(*s >= 20’ && *s <= ’9’) s++; /* Eat all numbers */
return (xs == ’\0’ && start != s);

/* Return if there where numbers and nothing else */

void reverse(char *s)
{ char c;
int i, j;
for (i=0, j=strlen(s)-1 ; i<j ; i++, j—-) {
c = s[i]; /% Visit string from start and end concurrently */
s[i]
s[j]

s[j]; /* and exchange characters in symmetric */

c; /* positions until middle is reached */

}
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% gcc -o cmdlineargs cmdlineargs.c
% ./cmdlineargs This is a test
Reversed argument: sihT

Reversed argument: si

Reversed argument: a

Reversed argument: tset

Sum of integers given is: O

% ./cmdlineargs And 123 another 12
Reversed argument: dnA

Reversed argument: rehtona

Sum of integers given is: 135

% ./cmdlineargs minus five -5 plus twenty two 22
Reversed argument: sunim

Reversed argument: evif

Reversed argument: sulp

Reversed argument: ytnewt

Reversed argument: owt

Sum of integers given is: 17

h

ITebo9eom mohudmpuwy oerduewy

/* File: addnumbs.c */
#include <stdio.h>
#include <stdlib.h>
#include <string.h>

char *addnumbs(char *, char *);

main(int argc, char *argvl[])
{ char *sum;
if (argc !'= 3) { /* Run with exactly two arguments */
printf ("Usage: %s <numbl> <numb2>\n", argv[0]); return 1; }
if ((sum = addnumbs(argv[1], argv[2])) == NULL) { /* Compute sum */
printf("Sorry, a memory problem occurred\n"); return 1; }
printf("%s + %s = %s\n", argv[1l], argv[2], sum);
free(sum) ; /* Free memory malloc’ed by addnumbs */



char *addnumbs(char *s1, char *s2)
{ int i, j, k, d1, d2, sum, carry;
char *s3, *tmp, *result;

i = strlen(sl)-1; /* Index to last character of first number */
j = strlen(s2)-1; /* Index to last character of second number */
k=(i>3j) 7 (i+1) : (j+1); /* Index to last character of sum */
if ((s3 = malloc((k+2)*sizeof(char))) == NULL)

return NULL; /* Allocate memory for result */
s3[k+1] = ’\0’; /* Proper termination of resulting string */
carry = 0; /* Initial carry for addition */

for ( ; k>=0 ; i--, j--, k--) {
/* Loop till first digit of result is computed */

di = (i > 0) ? (s1[i]-’0’) : O; /* Get i-th digit of s1 x*/
d2 = (j >= 0) 7 (s2[jl-°0°) : 0; /* Get j-th digit of s2 */
sum = dil+d2+carry; /* Sum two digits */
carry = sum/10; /* Next carry */
s3[k] = sum)10+°07; /* Put k-th digit of result */

}

tmp = s3; /* Save s3 for freeing it afterwards */

while (*s3 == ’0’) /* Eat leading Os in the result */
s3++;

if(*s3 == ’\0’) /* At least one digit is needed */
s3--;

if ((result = malloc((strlen(s3)+1)*sizeof(char))) == NULL)

return NULL; /#* Allocate memory for result without leading Os */
strcpy(result, s3); /* Copy corrected s3 to result */
free(tmp); /* Free original s3 */
return result;
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% gcc -o addnumbs addnumbs.c

% ./addnumbs 12345 67890

12345 + 67890 = 80235

% ./addnumbs 125 88275346771923625166

125 + 88275346771923625166 = 88275346771923625291

% ./addnumbs 999999999999999 999999

999999999999999 + 999999 = 1000000000999998

% ./addnumbs 0000000000023 00000057

0000000000023 + 00000057 = 80

% ./addnumbs 3252352362364362362366 3262363262362363622
3252352362364362362366 + 3262363262362363622 = 3255614725626724725988
% ./addnumbs 0000000 0000000000

0000000 + 0000000000 = O

h
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Arnopriunoes

o Ytnv C mapéyeton €vac Bohxdc Tpomoc cOvoeone oTadep)v
AXEQALWY TULWDV UE OVOUOTA, UECH TWY ATAUPLIUACEWY.
ITpoxeiton yior wlor duvatdTnTar avtiotolyn tou #define, udvo
Tou TNV Otayetplletal 0 UETAYAWTTIOTAS, O)L O

TEOETELERYATTAC.

o ITapddetypo:
enum boolean {NO, YES};

[Nt TN ouvéyela, to NO tawwtiCetan e to 0 xou To YES pe to 1.

e MmnopoUue va dlvouue CLYXEXPUIEVES TIWES OTIC OTOVERES
amaelUunomNe, UTOVOWMVTAC OTL Ol ETMOUEVES CTAVEPES EYOLY

CUVEYOUEVES TUES, EXTOC OV X0l OE AUTEC ATODIDOVTUL TLUEC.

o Ilapadelypato:

enum months {JAN = 1, FEB, MAR, APR, MAY, JUN,
JUL, AUG, SEP, OCT, NOV, DEC};

enum escapes {BELL = ’\a’, BACKSPACE = ’\b’,
TAB = ’\t’, NEWLINE = ’\n’};

Ed¢), ol otadepéc yia Toug urveg otny anopldunon months
AVTIOTOLY 0LV GTouC aptduole amd 1 €we 12, eved oL otadepec
TNC anapldunone escapes aVIIOTOLYOUY OTIC CUYXEXQULEVES
TWES o €youy xadoploVel yior TNy xadeula.

o Avopopd oTiC amaplUUNoELS, YIVETOL 0TV Topdypapo §2.3
tou [KR].
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Aopgg

o IToh\éc @opéc, ula ouvietn ovtotnta uropel va xadoploVel
Ao €VOL GUVONO BEDOUEVWY, TLUAVMC OLAPORETIXMY TUTWY,
onote Yo NTaV YEHOWO Vol OUADOTIOLOVCAUE TO DEDOUEVDL
AUTE HATW AT €V YEVIXO OVOUA, UE GXOTO Vo

OVUPEROUACTE OTNV OVIOTNTO AUTY| UE TO OVOUA AUTO.

e Xty C, 1 duvatdtnta opadonolnone dedoUEVWY, TOU
ATOTEAOUY HATE XATOLO TEOTO TO YALAXTNELOTINS Wlog

TEOYPAUUATIOTIXNC OVIOTNTUC, TAQEYETAUL ATO TIC OOUEC.

o Mia dour| oplCetan ye tov e€ric TpodTO:
struct (etwéta dopnc) {
(tOmoc)y (UEroC)y ;
(TOmoc)o (UENOC)2;
(TOmog),, (UENOC), ;
}s
O optopoc ulac douric anoteheltar and Toug oploUolS TwV
MEADV TNG, TOLU TEPLYPAPOVTAUL GOV UETUBANTES
CLUYXEXPEVLV TOTIWV.

o duowxd, mivaxeg, delntec 1 axdua xal DOUES UTOPOLY VAL

elvor weAn ulog doune.

o [ Mo avahutin cLlATNOT TER! BOPWY, TUPATEUTECTE OTIC
Tapayedpouc §6.1 €ne §6.6 Tou [KR]. ot dnptovpyio véwy
ovoudTwy TUTLY (EVTOAA typedef), evioelc xot Tedla bit,
mou Yo oulntnioly ot CUVEYELX, Ol ToEAYEAPOL AT TO

[KR] etvow ot §6.7, §6.8 xou §6.9, avtiotouya.
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o Ilopadelypato:

struct employee {
char firstname[10];
char lastname[18];
int id_number;
float salary;

+;

struct wordinfo {
char *word;
int nlines;

};

o Y ta mopadelypata autd opilovue ulo doun struct
employee Yl TNV AVATORACTACT) TANPOPORLWY YLA EVOL
UTAAANAO (Uixpd Gvoua, ETWVUUO, aptduoc UNTEMOU Xl
woVde) xou plo dopry struct wordinfo yia tny
AVOTOEACTAOY] TNS TANEOPOELIC CYETIXA UE TNV UTapdn wpiag
AENC oe xamolo xelyevo, xadde xou To TAoc Twy

YooUUWY oTic onoleg epgpavileTa.

o O optouoc plac dounc etvan pla dRAwoN yiow TNV onolo deV
yivetaw xdmola deoueuon uviunc. Mropolue duwe vo
oploouye ouyxexpleveS UETABANTES Tou €youv cav TUTO ula
dour|, we e&ng:
struct (etxéta dopnc) (WeTaBANTA)1, - .., (UETOUBANTA) L ;
Téte, DEOUEVETOL 1) ATAUTOVKEVY] UVAKY] Yiot TIC HETABANTEC,
AVAAOYA UE TOV YO0 Tou YeetdleTol Yo Vo guiaydolv T

MEAT TNC OOUNC.
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o Ilopadelyuoto:

struct employee jim, jane, the_employee;

struct wordinfo first_word, next_word, last_word;

o Ao mopadelypoto ONAMOEWY doUY:

struct point {
double x;
double y;
s
struct upright_rectangle {
struct point pil;
struct point p2;
s

o 00 opllouye T dour struct point yio TNV AvVATAEdCTHON
eVOC onpelou 070 eninedo (LEoW TV CUVTETAYUEVLY TOL),
xoddC ot T dopr) struct upright_rectangle ylo Tnyv
AVATARACTACT) EVOC 0pV0YWVIOU TapAAANAOYEAUUOL GTO
eninedo, e tic mheupéc napdAiniec otouc dEovee (U€ow Vo

onuelewY Tou elval anévavTtl xopugéc oe o dlaywvlo). *

“Mnogeite vo oploete Bopéc xol Yia dANEC YEWUETEIXEC OVTOTNTEC GTO
eNINEDO, Ylo TopdAdELYUa, euOOYPAUMA TUARATA, TeiyYwva, xOxhoue, B, avelap-
THTWS TEOCAVATOACUOU, TETPAY WVA, pOUS0ue, 0pT0Y VLA TUPAAANAOY PO,
(mhdyia) mapahAnAoypapupo xat Tuyaia tetpdnievpa; Mropeite va oploete xat
YEWUETPIXEC OVTOTNTEC GTOV TEIGOLACTATO Y WPO;
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e O oplopdc HETABANTOV PE TOTO XATOLL CUYXEXPLLEVT] DOUN
urmopel vou Ylvel TauTtdypova ue TN ORAWOT TNS DOUNC.
[Topdderypar

struct point {

double x;
double y;

} pa, pb, pc;
2Ny meplntwon auth, dev elvan anapaltnto va ddcovue
eTéTol 0T douy). ' mopdderypa, o e€nc oplopdc Twv
LETABANTWY pa, pb %ot pc elvol amodexToC:

struct {

double x;
double y;

} pa, pb, pc;
Puoxd, ToTE, v YEAOLUE GTN CUVEYELXL VO OPIOOVUE KOl
GANEC PETAPANTEC TOU TUTOU TNC DOUNC, TEETEL VO
enavohdBouue TN ORAWOY| NS, Aol dev Tng elyoue dWoEL

HATOLL ETIXETOL.

o MetafAntec pe TOTO douy| UmopoLy va avatiievtal ooy TIHES
og dhhec petafBAnTéc Tou {Blou TUTOL, UToEOLY Vo divovTal
ooV oploUaTo XATE TNV XANOT) CUVARTHOEWY XAl UTOPOVV Vi

EMOTEEPOVTAL ATO CLVAPTNOELL GTO OVOUL TOUC.
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e Me Tov oploud plog petafBAntric TOTou dourc, UTopolUE Vo

XAVOUUE Xal apyLxomoinon twv pehwv tne. Iapdderypa:
struct point my_point = {22.4, -38.9};

Ewdwd yio autopatee petafSAntec tOnou dounc,
apyxonoinon unopel va yYivel xal e EVIONY) avTIXATACTACNC
7] LEOW ETUOTEPOPNC CUVARTNONC.

o H avagopd o’ éva yéhog plag petaBAntic TOmou dounc
yiveTtou Ye TNV TapdoTaoT
(petafPAnTA) . (Uéhoc)

o Ilapadelypato:

struct point vertl, vert2;

struct upright_rectangle my_rect;
vertl.x = 2.4;

vert2.y = 7.8;

my_rect.pl.x = -8.3;

H zehevtalo evtorr| elval looddvaur pe tnv
(my_rect.pl) .x = -8.3;

EMELON) O TEAECTAC . elval aploTEPd TEOCETAULPLOTINOC.
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‘Onwe opllovue petafBAntéc pe tOno xdmolo dour, €Tol
UTOPOLUE Va oplooupe xou Oelxtec o douéc. [lapdderyua:

struct point *ppa, *ppb;

Duowxd, elvor Oy pog evdovn vo xdvouue Toug OelxTES ppa
%ol ppb va 0et&ouv oe BLeLHOVOELC GTIC OTOLES PUALCTOVTOL
7 Yo puioydolv dedouéva tOTou dophc. Autéd unopel va
vivel elte ye v avddeon tne diedYuvong xdmolac 1o
oploUEVNe UETOBANTAC TOTOV dOUNG, ELTE HE DUVULXN
o€opevon. llopadelyuota:

struct point my_point;

ppa = &my_point;

ppb

malloc(sizeof (struct point));

‘Eyovtac oploet éva delxtn og dour, OTwe Tov ppa 6To
TEONYOLUUEVO TUPABELYUA, UTOPOVUE Vo avapepolue o
CUYXEXQUIEVO UEAOC XATA TO YVWOTA, YO TOPADELY UL

(xppa) . x.

2Ny mapdotaor (kppa) .x ol nopevUETELS Elvall
anapattntec. Av ypdgaue *ppa.x, auTo, AOYW TWV
OYETIXWY TEOTEQAUOTATWY TWV TEAECTWV . Xl * Vo YTarv
loodVVapOo Pe To *(ppa.x), To Omolo OUWS, GTNY TEOXEIUEVN
TEP(NTWOT OV Elvall CUVTAXTIXE CWOTO, Aol TO ppa.X Oev

elvou delxtne.
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o Av évac (Oelxtng) delyvel o xdmota dopr) xow YEhouye vo
avapepolue o” éva (U€hoc) tne, avtl va ypdpoupe
(x(Seixtne)) . (uéhoc)

N C pog dlvel N duvatoTnTa var YedPouue o omhd
(Beixtne)—>(uéroc)

e Onwc o teheoTrc ., €TOL o 0 —> elval aploTERd

npooeTalploTixoc. o mopddetyya, av Eyovue oploel

struct upright_rectangle *rp;
TOTE 1) TapdoTaoy rp—>pl.x elvan n Bl ye tnv (rp—>pl) .x.

o Ou tedeotée . xou —> poll pe tic () yioo xAfoewe
cuVoETAHoEWY ol TIc [1 ylo delxtec mvaxwy Peloxovtol
TNV X0PLPY| NS LEpaE) g TEOTEPAOTNTUC TWV TEAECTWV

X0l ETMOPEVWEC CUVOEOVTAL LOYLEA UE TOUC TEAECTEOUC.

o Ilopddetyua:
struct wordinfo *pw;

Me tnv éxgpaon ++pw->nlines avédvel To nlines yiatl
elvon 1ood0voun ye tnv ++(pw->nlines). Av Jéhaue va
auénoouye tov delxtn pw Vo €npene va yeddouue
(++pw)->nlines ¥ (pw++)->nlines®, avdhoya pe 10 TdTE
Yo emrdupoloaue va yivel 1 adEnor Tou OelxTy), TELY 1| UETA

TNV TEOoTEANOY] Tou peAoug nlines.

o 'Tiyovtoc mAdov avageplel oe dhoug Toug teheoteg e G, o
[ivaxac 2-1 tou [KR] (oeh. 83), eivan pla mohd yprown
TNYN YL OVOPOEd, OYETIXA UE TIC TPOTEPULOTNTES TOUC.

YE3¢ dev elvon anapaitntec ot tapeviéoeic, agol dev Yo unhpye appiBoiio
yia To Tt Yo ovjpave to pw++->nlines.
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e 'Onwc oupfatver xau pe dhoug toug tuToug oty C,

UTOPOUVUE VO Op{COUUE XAl TVIXES DOUWV.

o [lopdodeiypo:

main()

{ int i, n;

struct worddata {

char *word;

int numb;

char let;

} wordarrayl[] = {

{IIABCDII’ 1, )a7}, {"EF", 2, ’b’},
{IIGHIJII’ 3, ’C’}, {"KL", 4’ ’d’},
{"M", 5’ )e)}};

struct worddata *p = wordarray;

n:

sizeof (wordarray) /sizeof (struct worddata) ;

printf("%d ", n);
for (i=0 ; i<2 ; i++) {

printf ("Yc
printf ("Ys
printf ("Yc
printf ("Yc
printf ("%d
printf ("%d

", *p->word++) ;
", ++p->word);
", p—>let++);

", (++p)->let);
", p++->numb);

", ++p->numb); }

for (i=0 ; i<mn ; i++)

printf("%s %d %c ", wordarrayl[il].word,

wordarray[i] .numb, wordarrayl[i].let);

printf ("\n");

}

T Yo extunwvel and to mpdypouua autod; *

“5ACDab24GIJcd46CD1bEF2bIJ4dKL4dM6e
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Ebgeon terywvey peyiotou xou ehoylotouv sufadov

/* File:
#include
#include
#include
#include

triangles.c */
<stdio.h>
<stdlib.h>
<time.h>
<math.h>

struct point {

double
double

X5

Y

} *points;

struct triangle {

struct
struct
struct

};

/* A point in 2 dimensions is defined */
/* by its x- and y- coordinates */

point a; /* A triangle is defined by its three vertices */

point b;
point c;

struct triangle get_triangle(int, int, int);

double triangle_area(struct triangle *);

double get_side(struct point, struct point);

main(int argc, char *argv[])

{ int i,

j>» k, n = 10;

long seed;

struct triangle tr, max_tr, min_tr;

double area, max_area, min_area;

seed =

time (NULL) ;

if (argc > 1)

n = atoi(argv([1]);

if (n < 3) { /* In order to have at least one triangle */
printf ("At least three points are needed\n");
return 1;

}

if ((points = malloc(n * sizeof(struct point))) == NULL) {

/* Allocate memory to store n points */

printf("Sorry, not enough memory!\n");

return 1;

}



/* Initialize random number generator */
srand((unsigned int) seed);
for (i=0 ; i<mn ; i++) {
/* Generate points with coordinates between 0.0 and 100.0 */
/* RAND_MAX is max number that rand() returns - usually 32767 */
(100.0 * rand())/(RAND_MAX+1.0);
(100.0 * rand())/(RAND_MAX+1.0);

(points+i)->x

(points+i)->y

}

for (i=0 ; i<n ; i++) /* Printout points generated */
printf ("P%-2d: (%4.1f,%4.1f)\n", i, (points+i)->x, (points+i)->y);

tr = get_triangle(0, 1, 2); /* Get first triangle */

area = triangle_area(&tr); /* Compute area of first triangle */

/* Initialize max and min triangles with first triangle */
max_tr = min_tr = tr;

max_area = min_area = area; /* Areas of max and min triangles */
for (i=0 ; i < n-2 ; i++) /* Iterate through all combinations */
for (j=i+1 ; j < n-1 ; j++) /* of points in order to form all */
for (k=j+1 ; k < n ; k++) { /* possible triangles */

tr = get_triangle(i, j, k); /* Get current triangle */

area = triangle_area(&tr); /* Area of current triangle */

if (area > max_area) { /* Is current larger than max? */

max_tr = tr;

max_area = area,

}
if (area < min_area) { /* Is current smaller than min? */
min_tr = tr;
min_area = area;
}
}
printf("\n");
printf("Max triangle: "); /* Printout max triangle */

printf("(%4.1f,%4.1f) ", max_tr.a.x, max_tr.a.y);
printf (" (%4.1£,%4.1f) ", max_tr.b.x, max_tr.b.y);
printf("(%4.1£,%4.1f) ", max_tr.c.x, max_tr.c.y);

printf (" Area: %10.5f\n", max_area);

printf("Min triangle: "); /* Printout min triangle */
printf (" (%4.1£,%4.1f) ", min_tr.a.x, min_tr.a.y);
printf (" (%4.1£f,%4.1f) ", min_tr.b.x, min_tr.b.y);
printf("(%4.1f,%4.1f) ", min_tr.c.x, min_tr.c.y);

printf (" Area: %10.5f\n", min_area);
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struct triangle get_triangle(int i, int j, int k)

{ struct

triangle tr;

tr.a = *x(points+i);
tr.b = *x(points+j);
tr.c = *x(points+k);
return tr;

/* Return triangle with vertices

double triangle_area(struct triangle *tr)
{ double s1, s2, s3, t;

si
s2
s3

get_side(tr->a, tr->b);
get_side(tr->b, tr->c);
get_side(tr->c, tr->a);
t = (s1+s2+s83)/2;

return sqrt(t*(t-sl1)*(t-s2)*(t-s3));

double get_side(struct point pl, struct point p2)

{

/* Get length of
/* Get length of
/* Get length of
/* Compute half of the perimeter */

i, 3, k */

side ab */
side bc */
side ca */

/* Return area */

/* Return Euclidean distance between points pl and p2 */
return sqrt((pl.x-p2.x)*(pl.x-p2.x)+(pl.y-p2.y)*(pl.y-p2.y));
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PO :
P1 :
P2 :
P3 :
P4 :
P5 :
P6 :
P7 :
P8 :
P9
P10:
P11:
P12:
P13:
P14:
P15:
P16:

h

(31

5,51

3,32

5,38.
.3)
.0)
.7
.4)
.2)
.8)
.6)
.3)
1)
.6)
.4)
.9)
.7

4,96
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Max triangle:
Min triangle:

% gcc -o triangles triangles.c -1lm
% ./triangles
(37.
.4, 0.
(10.
( 4.
(27.
(28.
(69.
(13.
17.
( 3.
(29.
(20.
(9.
(33.
(34.
(15.
(67.

17

.6)

8)

.8)

4)

(27.4,96.3) (69.8,55.7) ( 3.9, 8.8)
(28.4,43.0) (17.8,76.2) (33.9,25.6)

Area:
Area:

2331.69411
0.09948
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AvuTo-avapopixes SoUEg

o To uéhn uloc doune umopel vor elvo 0ToLoLBNOTE TUTOV,
axopa xat Oeixtec oe dopeg Tou (Blou TOTOoUL.
Xenowonolvtac T€Tolou ldoug BoES, Tou ovoudlovTal
AUTO-AVAPOPIXES XAl ElVaL TOAD YEYOWES GTOV
TEOYPAUUATIOUO, UTOPOVUE VO OPYAVICOUUE DEDOUEVA UE
TEOTOUC TIOL BLEUXOADVOLY ECOUEETIXA TT) OLOYELPLOT XAl
eneéepyaoio TouC.

o O mA€ov cuVAUELC OPYAVHOOELS DEDOUEVWY UECK
QUTO-OLVALPOEIXDY DOV elval oL cuVdedeuévee hotec (¥,
anAd, Motec) xou o duadixd dévtpa. Mmropel xaveic va
oplogl %ol AANEC 0PYAVOOELS DEDOUEVLV, OTIWSC OLTAL
GUVOEDEUEVES AIGTES, OUPEC, DEVTEU OYL XUT AVAYXN
OLAOLXAL, XAT.

o 'Eotw n d0hhwon:

struct listnode {

int value;

struct listnode *next;
s
Auth n dopy| opllet évay xoufo AoTac oTov omolo

QUAdCOETAL EVag axEpatog xat Evag Oeixtne oe xoufo Aotoc.

o Av ¥€houpe va anodnuevoovue plo axohouvdio and
axepaloue, anpoodloplotou TAtous, ahAAd xoL
UETUBAANOUEVOU XATA T1) DIAEXELX TNS EXTEAEONC EVOC
TEOYPAUUATOC, UTOPOVUUE Vo TO xd&vouue Balovtac xdave
axépalo 0" €va xopfo AMotag xat delyvovtog and xdle xopfo

OTOV ETOUEVO TOUL.
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o H avagopd otn Aota yivetow ye €va delxtn otov npdTo
xoufo tne. O teleutaloc xoufoc tne AMoTac €yl oav delxtn
oe eNOUEVO xOufo to NULL.

listnode *
/ 22 / 37 / 12

15

Avuty elvon plo Mota ye otouyelo, xatd oelpd, ta 15, 22, 37
xou 12.

e [l Vo LAoTOoOLUE T OLUVOULXT YUOT TNC AoTag, TEENEL
mavTo vo yiveTton, yia T @UAAEY VoS xoufou g, M
XATEAANAY Buvapxy| déouevon uvAune (uéow malloc) xou,
puowd, N anodéopeuor (uéow free), dtav dev

Yeetalopaote TAEoV Tov xoufo.

o Ou xouPol plag Aotag dev guhdooovtal oc dladoyixéc VEoelg
UVAUNG, ool 1 Uviun YU duTOOC DECUEVETOL UE OLOLPOPETIXES
malloc. Autd onpaivel 6Tl BV UTOPOVUE VO EYOUUE AUEDT
npdcBaon oto N-00t6 otolyelo plag Alotog, OTwe oToug
nivaxeg, oA WOVo axohouvdVTUC TNV AALGIDA TWVY

oTOLYElWY Ao TO TEWTO €we T0 N-00TO.
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o H mapepBoly| evéc xouPou oe cuyxexpwevn Véon oe pla
Moo dev anowtel tnv petaxivnor xavevog diiou
xoufou. Athcc mpénel va tpononointel o SelxTng Yio
EMOUEVO TOL xOUfou mou Tponyeital Tne Véone mou
ELCAYETAL O VEOC XOUPog, ote va Beléel TAEOV GTOV VEO
xouPo. Enlong, o delxtne yio enduevo Tou veéou xoufou Yo
TENEL Vo Oeléel oTOV ETOUEVO ®OUfo and Tn YEon mou €yLve
T ELOAYWYT.

listnode *

89

Edw, éywve elcaywyn, otn AMota tng mponyoluevne oeiidag,
Tou oTolyelov 89 Yetall TV oTolyElwy 37 xou 12.

e AvticTtouya toybouv xat ylor T Blaypapy| EVOC xOufou amd
uloe AMota. Aev amouteiton xaplo petaxivnon.

listnode *

15{

22 ! 37 \‘
8

Edw, €ywve dlaypagy) Tou otolyelou 22 and TNV TeoTYoOUEVN

9

Moo
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o duowxd, unopolue va oploouue xoufouc AMotac oToug
omolouc N TANEoopla ToU YUAdGGouUE (TANY Tou Belxtn
oTOV ETOMUEVO %OUP0) va elval omoloudrnote TTou, o)L LOVOo
AXEEALOC, AN XAl XLV THC UTOOLAGTOAYC, OeixTne ot %dmolo

TUTO (T.%. oupolooelpd), YeEVIXd OTIONTOTE.

e Eniong, umopolye o” €va xoufo Aotac va oploouye
TEPLOCOTEPA ATO Eval UEAT Yia TNV TANpogopia Tou xoufou,

yior Toeddety e, wla cugfBohocelpd, Evay axEpalo ol Eval

oelxtn oe Aota. *

o Mia &AL, TOAD Yo, 0PYEAVWOT) BEDOUEVLV UETH

QUTO-ALVALPOPIXMY DOUMY EVOL TO BUADIXA DEVTEA.

e 'Evo duadind devtpo elvar plo cuAoYH xOUPLY,
0PYOVOUEVWY ot pia deVOELXY| Stataly), xodéEvac and Toug
omoloug unopel va €xel uEypt 0o noufouc-toudid. Kdde
xoufog €yel Evay xOuUBo-yovéa, EXTOC Ao TOV TEWTO XOUS0

TOL 0EVTPOL, Tou elval o xoufBoc-plla.

o To moudid evoc xOUfBou avapépovTal ooV TO APLOTEPO XUl TO
oe&l moudl Tou xouPou. I TNV avartapdotaoy evoc xoufou
Yenothonololue o auto-ovagopixr dour), OTwe 1 eENC:

struct tnode {
int value;

struct tnode xleft;

struct tnode *right;

};

o’ ’ ’ ’, ’ ’ , ’ .
AEV gelval EVSL(X(PEPOV vy U..TCOQOU“.E va EXOUHS Xaot )\lGTSC aATTO )\LOTEC,



125

e Me 11 Yenon tne dounc struct tnode, oe xd¥e xouPBo Tou
OEVTPOU PUAGCCETOL EVIC AXEQULOS, AAAG Vol UTOPOVCUUE
ooy TANpoopla TEog QUAAEY Vo €YOUUE OEDOUEVA
OTOLOVONTOTE TOTOV, OTWE XAl OTIC AIOTES, AL, PUOLXAL, XL
TEPLOOOTERA TOV £VOC dedouéva. O delxtec left xou right
elvo oL BlevtVoELS TV (OUBWV Tou elval aploTePd xoL de&l

Taudt, avtioTtolya, Tou xoufou.

o Onwc xou otic AMoTeg, av xdnoto moudl dev LUTEEYEL, O

avtioTolyog delxtne elvor NULL.

o H avagopd c” €va duadxd 0EvTeo YiveTal U€ow evog delxtn

otr pila Tou.

o Katd 11 onuovpyia evoc duadixod dEVTEoU, TEETEL Vo
deopeleTal duvauxd uvhAun (Léow malloc) yio vo QuiayVel
x&de xoufoc, eved otav €vac xouog dev ypetdletol TAEOY,
TEETEL 1 UVAKY TIoL XaTtahapBAveL vor amodecuevetol (LEow

free).

o To duadIXd BEVTEA ElVOL TEAYUATINS YENOLUA (S OPYUVWOELS
0edOUEVLY OTay elvar tadvounuéva. ‘Eva duadixd d€vteo
elva Tagvounuévo 6tay, Ye Bdom xdmolo xplthplo dldTaéng
oTnyv TAnpogopia Tou anodnxebouue oTouc xOUPouc Tou, o
xoufoc-plla €meton OAWY Twv XOUPwY 0TO AEloTEPO TALdl TOU
xo mporyelton AWV Twv xOuLwv cto dedl mandl Tou xa,
enlong, TO00 TO APLOTERO OG0 oL To de&l moudl elvon

ToEvounuéva Ue TNy (ot Aoyxn.
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o Xav xplthpla BdTaéNg TS TANEOYOoRlae TV XOUBwY EVOC
OEVTEOU, UTOPOVUE VAL EYOUUE TNV opLOUNTLXY) OLdTaln), oV 1
TAnpogopla auty) elval Evag axépalog 1 EVac TEAYUATIXOC
apriuoe, 1 TV ahgafSnTiny didtaly, av 1 TAnpogopla eivou
ulo oupBolocelpd. Av €youue meplooodTeEPES NG WUlog
TIANPOYOopEleC 0TOV XOUP0, TOTE Ao, ONAADY TO AVTloTOLYO
uEhoc tne doung, matlel Tov OO TOU AEYOUEVOU XAELDLOV,
mou pe Bdon autd oplletar 1 dLdtadn ueTald 800 xOUPwV.

o Fotw 1 npdTaon “some words to insert into a binary tree”.
2JT0 oMU, QolveTol Eva TAEVOUNUEVO BLABLXO BEVTPO TOU
TEPLEYEL TIC AEEEIC TNEC TEOTAONS AUTHC OTOUS XOUfoug Tou.

tnode *

"

/

a into to

\ \

binary tree

o T0 GUYXEXPLUEVO DEVTIPO HATACHEVAGTNAE ELCAYOVTOC
oTOOLXE TIC AEEELC TNE TPOTAOTC UE T1) OELPd TOU
eupaviCovtol oty tpodtact. Av elyav eloayvel ue

OLOLPOPETINY) CELPA, TO BEVTEO Vo ATay TEAXA DLoPOopeETIXD. ©

“TIoto Yo ftay To dévTpo av 7 cloaywYh Twv AéEewy YwoTay and Ty
tehevtalo AEEN TNC TPOTAOTEC TEOS TNV TPWTY;
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Anpovpyiol VEWV OVORIT®Y TUTWY

o Xty C mopéyeTton 1 SUVATOTNTA, UECK TNG EVIOANC
typedef, va 0®ooue Od Yag OVOUATO OE TUTOUS TOU
YENOWOTOOVUE CUY VA, xou UETE var opllovpe peTaBAnTéS
QAUTWV TV TUTWYV UE Bdon To VEéo dvoua.

o ITapadelypata:

typedef int Length;
typedef char *String;

typedef struct listnode *Listptr;

struct listnode {
int value;
Listptr next;
+;

typedef struct tnode *Treeptr;

typedef struct tnode {
int value;
Treeptr left;
Treeptr right;

} Treenode;

Length len, maxlen;
String name, line[10];
Listptr a_list;
Treenode a_tree_node;

Treeptr a_tree;
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Evwoesic xon tediao bit

o ‘Otav n uvAun ftav axpelr, elye vonua ot TpoyeduUaTd
MOIC VO XAVOUUE Olxovouia LVAUNC.

e 'Evoc tpdmog yia e€oxovounor uviune lval oL eVvOoEeLS, Tou
opllovtan 6mwe ot douéc (Ue TN AEEN-xAewdl union). Aev
OECUEVETAL YPOC Yior Oha T WEAN Tng OTay opileton pia
LETUPANTY TOTOU EVWONG, AAAS AUTOC TOU ATOUTE(TAL Yol TT)
QOAAET TOU UEANOUC PE TIC EYAANDTEPES ATAULTHOELS OE UVAUT).
‘Ol Tor pEAN pUAdoGOVTOL G° AUTOV ToV Yweo. Ilopdderypa:

union alternative_data {
int ivalue;
float fvalue;
char *svalue;

} id_numb;

o O evyoelg elval YpHoWES Xl VLo TO TOXETAPLOUO TUTILXWDV
TUPAUETPWYV CUVARTNOEWY, OTAY AUTEC OeV YpeldlovTal OAES
TOUTOYEOVA XATE TNV XANON TNC CUVARTNONC.

e ‘A)N\oc tpomoc v owxovoula uvAung etvar to medlar bit.
OplCovtac plo dour, Uropolue vor BNAGCOLUE UEAN TUTOU
axepalov, aAAd pue ocuyxexpldévo mhrdoc bits To xadeva.

o Ilopdoeiypa:

struct {
unsigned int mode : 2;
unsigned int bool : 1;

unsigned int octal : 3;
} flags;



Aoy elplon CUVOEBEPEVWY AMOTWV

/* File: listmanagement.c */
#include <stdio.h>
#include <stdlib.h>

typedef struct listnode *Listptr;

struct listnode {

};

int value;
Listptr next;

int empty(Listptr);

int in(Listptr, int);
int n_th(Listptr, int, intx);
void insert_at_start(Listptr *, int);

void insert_at_end(Listptr *, int);
int delete(Listptr *, int);
void print(Listptr);

main()
{ Listptr alist;
int v;
alist = NULL; /* List is NULL
/* Check if list is empty
printf("List is¥%s empty\n", empty(alist) 7 "" : " not");

insert_at_start(&alist, 44); /* List is 44--> NULL
printf("List is "); print(alist);
insert_at_end(&alist, 55);
printf("List is "); print(alist);
insert_at_start(&alist, 33); /* List is 33--> 44-> 55--> NULL
printf("List is "); print(alist);

insert_at_end(&alist, 66); /* List is 33--> 44-> 55--> 66--> NULL
printf("List is "); print(alist);

/* List is 44--> 55--> NULL

/* Check if list is empty
printf("List is¥%s empty\n", empty(alist) 7 "" : " not");
/* Check membership
printf("55 is%s in list\n", in(alist, 55) ? "" : " not");
printf("77 is%s in list\n", in(alist, 77) 7 "" : " not");
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if (n_th(alist, 2, &v)) /* Return 2nd element */
printf("Item no 2 is %d\n", v);
else
printf("Item no 2 does not exist\n");
if (n_th(alist, 6, &v)) /* Return 6th element */
printf("Item no 6 is %d\n", v);
else
printf("Item no 6 does not exist\n");
printf ("Deleting 55. %s\n", delete(&alist, 55) 7 "OK!" : "Failed!");
/* List is 33--> 44--> 66--> NULL */
printf("List is "); print(alist);
printf ("Deleting 22. %s\n", delete(&alist, 22) 7 "OK!" : "Failed!");
/* List is 33--> 44--> 66--> NULL */
printf("List is "); print(alist);
printf("Deleting 33. %s\n", delete(&alist, 33) 7 "OK!" : "Failed!");
/* List is 44--> 66--> NULL */
printf("List is "); print(alist);
}
int empty(Listptr list) /* Check if list is empty */
{ if (1ist == NULL) /* Is it really empty? */
return 1; /* Yes, it is *x/
else
return O; /* No, it isn’t */
}
int in(Listptr list, int v) /* Check if v is member of list */
{ while (1list != NULL) /* Visit list elements up to the end */
if (list->value == v) /% Did we find what we are looking for? x*/
return 1; /* Yes, we did */
else
list = list->next; /* No, go to next element */
return O; /* Finally, v is not in list */

}
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int n_th(Listptr list, int n, int *vaddr)
/* Return n-th element of list, if it exists, into vaddr
{ while (list != NULL) /* Maybe search up to the end of the list

if (n-- ==1) { /* Did we reach the right element?
*vaddr = list->value; /* Yes, return it
return 1; /* We found it
}
else
list = list->next; /* No, go to next element
return O; /* Sorry, list is too short

}

void insert_at_start(Listptr *ptraddr, int v)
/* Insert v as first element of list *ptraddr
{ Listptr templist;

templist = *ptraddr; /* Save current start of list
xptraddr = malloc(sizeof (struct listnode)); /* Space for new node
(xptraddr)->value = v; /* Put value
(*ptraddr)->next = templist; /* Next element is former first

}

void insert_at_end(Listptr *ptraddr, int v)
/* Insert v as last element of list *ptraddr
{ while (*ptraddr != NULL) /* Go to end of list
ptraddr = &((*ptraddr)->next);/* Prepare what we need to change
xptraddr = malloc(sizeof (struct listnode)); /* Space for new node
(*ptraddr)->value = v; /* Put value
(*ptraddr)->next = NULL; /* There is no next element
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int delete(Listptr *ptraddr, int v)
/* Delete element v from list *ptraddr, if it exists
{ Listptr templist;

while ((*ptraddr) != NULL) /* Visit list elements up to the end
if ((xptraddr)->value == v) { /* Did we find what to delete?
templist = *ptraddr; /* Yes, save address of its node
xptraddr = (*ptraddr)->next; /* Bypass deleted element
free(templist); /* Free memory for the corresponding node
return 1; /* We deleted the element
}
else

ptraddr = &((*ptraddr)->next);/* Prepare what we might change

return O; /* We did’t find the element we were looking for
}
void print(Listptr list) /* Print elements of list
{ while (list != NULL) { /* Visit list elements up to the end
printf("%d--> ", list->value); /* Print current element
list = list->next; /* Go to next element
}
printf ("NULL\n"); /* Print end of list
}
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% gcc -o listmanagement listmanagement.c
% ./listmanagement

List is empty

List is 44--> NULL

List is 44--> 55--> NULL

List is 33--> 44--> 55--> NULL

List is 33--> 44--> 55--> 66--> NULL
List is not empty

55 is in list

77 is not in list

Item no 2 is 44

Item no 6 does not exist

Deleting 55. OK!

List is 33--> 44--> 66--> NULL
Deleting 22. Failed!

List is 33--> 44--> 66--> NULL
Deleting 33. OK!

List is 44--> 66--> NULL

h




Atayelpor SuadXWY BEVTEPWY

/* File: treemanagement.c */
#include <stdio.h>
#include <stdlib.h>
#include <string.h>

typedef struct tnode *Treeptr;

typedef struct tnode {
char *word;
Treeptr left;
Treeptr right;

} Treenode;

Treeptr addtree(Treeptr, char *);
void treeprint(Treeptr, int);
void nodesprint(Treeptr);

int treedepth(Treeptr);

int treesearch(Treeptr, char *);

main(int argc, char *argv[])

{ Treeptr p;
char buf[80];
p = NULL; /* Initialize binary tree
while (scanf("%s", buf) != EOF) /* Read words from input
p = addtree(p, buf); /* and insert them into the tree

printf("Tree is:\n"),

treeprint(p, 0); /* Kind of tree pretty printing

printf ("\nNodes are:\n");

nodesprint (p) ; /* Print tree nodes in alphabetical order

printf ("\n\nTree depth is %d\n", treedepth(p));

/* Compute and print depth of tree

printf ("\n");

while (--argc) { /* For each argument
argv++; /* check whether it coincides with any tree node

printf("%s found %s\n",
(treesearch(p, *argv)) 7 " " : "not", *argv);
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Treeptr addtree(Treeptr p, char *w) /* Insert word w into tree p
{ int cond;
if (p == NULL) { /* If tree is empty
p = malloc(sizeof(Treenode)); /* Allocate space for new node
/* Allocate space to copy word
p->word = malloc((strlen(w)+1) * sizeof(char));

strcpy (p->word, w); /* Copy word w to tree node
p->left = NULL; /* Left subtree of new node is empty
p—>right = NULL; /* Right subtree of new node is empty

}
else if ((cond = strcmp(w, p->word)) < 0)
/* Does word w precede word of current node?
p—>left = addtree(p->left, w);
/* If yes, insert it into left subtree
else if (cond > 0) /* Does it follow word of current node?
p->right = addtree(p->right, w);
/* If yes, insert it into right subtree

/* If it is the same with word of current node, do not insert it

return p; /* Return tree
}
void treeprint(Treeptr p, int ident) /* Pretty print tree
{ int i;

if (p != NULL) { /* If tree is not empty

treeprint (p->right, ident+4);
/* Print right subtree 4 places right of root node
for (i=0 ; i<ident ; i++)

printf (" "); /* Take care for identation
printf ("%s\n", p->word); /* Print root node
treeprint (p->left, ident+4);
/* Print left subtree 4 places right of root node
}
}
void nodesprint(Treeptr p) /* Print tree nodes
{ if (p != NULL) { /* If tree is not empty
nodesprint (p->left); /* Print left subtree
printf("%s ", p->word); /* Print root node
nodesprint (p—->right) ; /* Print right subtree
}
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int treedepth(Treeptr p)

{

/* Compute depth of tree p

int nl, n2;

if (p == NULL) /* Depth of empty tree is O
return O;

nl = treedepth(p->left); /* Compute depth of left subtree

n2 = treedepth(p->right); /* Compute depth of right subtree

return (n1 > n2) ? nil+l : n2+1;

/* Return maximun of depths of left and right subtrees plus 1

int treesearch(Treeptr p, char *w)

{

/* Check whether word w is in tree p
int cond;
if (p == NULL) /* If tree is empty
return O; /* We didn’t find word
if ((cond = strcmp(w, p->word)) == 0)
/* Word w is the same with word of current node
return 1;
else if (cond < 0)
return treesearch(p->left, w);

/* 1If w precedes word of current node
/* Search left suftree
else /* Otherwise

return treesearch(p->right, w); /* search right subtree
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% gcc -o treemanagement treemanagement.c
% cat words.txt
some
words
to
insert
into
a
binary
tree
% ./treemanagement into found words < words.txt
Tree is:
words
tree

to
some

into

insert
binary
a

Nodes are:
a binary insert into some to tree words

Tree depth is 4

found into
not found found
found words

h
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Elcodog xouw £€€000g

o Kdie mpdypappo meénel va elva o V€01 VoL ETUXOLVWVEL UE
10 epBdANoV Tou, dnhady| var drafalel dedouéva xal Vo

Yedpel anoteAéopata, OTOTE TO YEELALETOL.

e Xty C, oL unyaviopol eloddou/eEbdou napéyovton and plo
CELPY CLUVAPTHOEWY, Ol OTOlEC TEPLAAUBEVOVTAL GTNY
mpotunn BiBAoUnn eloddou/eE€6dou Tne YAwooac. ‘Otay
YENOWOTOLO0UE cuVoETHoElS NS BBAOUAXNC auThc TEéEneL
VoL CUUTEQLAAPSBAVOUUE OTA TEOYPEAUUATE IS XOL TO CYETIXO
apyelo emxepaAldac:

#include <stdio.h>

e O povddec eloddou/e€bdou elvat tar pedpata. Mropolue va
cuoyetioovue €va apyelo, avolyovtde To, Ue éva pedua, aAAd
UTEEYOUY %Al TTEOXAVOPLOUEVAL PEVUATA, AUTO TN TEOTUTNG
elo6dou (stdin), tne mpodTUTNG €€600UL (stdout) xau Tne

TPOTUTNG €€600L YL Loy VWO Tixd unvopata (stderr).

o Kde mpdypappa €yel, xat apyfv, avIloTOLY(OEL GTO PELU
stdin to TANXTEOAOYLO Xl oTa pevUaTo stdout xau stderr

v 096N,

o I dapopd yetald stdout xat stderr ouvioTatol 6To OTL
cuyNHCeETAL TA TEOYEAUUATA VO EXTUTVOUY T
ATOTEAECUATE TOUC 0TO stdout xoL OLY VWO TIXG UNVORTA

oTto stderr.
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o e mold mepBdihovta (Unix, Command Prompt twv
Windows, Cygwin, xAn.) undpyet 1 duvatdtnta €va
TeoOYeapua Tou Bl3alel Tor BEBOPEVA TOU ATO TNV TEOTUTN
eloodo (stdin) va uropel va xAndel pe avaxatedduvon g
TEOTUTING ELOOBOL Gt xdToLo apyelo, omdte Yo dtafdlel

A€oV Ta dedouéva Tou and To apyelo autd. Tlapdderyuo:
% ./myprog < inp_file

Ed¢e), To mpdypoupa . /myprog, avtl vo dtaf3dost Tol OEDOUEVAL
TOU A6 TO TANXTEOAOYLO0, Vo TpoodoTtNnUel ue autd amd To
apyelo inp_file.

o Ouolwg, umopolue vor EYouUe xal avaxatelduvoT Tne
TpoTUTNG €€600U (stdout) oe apyelo, ondte, avtl va
EXTUTIIVOVTOL TO ATOTEAECUATA EVOC TROYEAUMUATOS GTNY

odovn, puhdocovtal oto apyelo auto. Ilapdderyua:

% ./otherprog argl > out_file
Ed¢e, avtl va extunewiody ta anoTeAEGUATO TOU
Tpoyedpuatoc . /otherprog otnv oldovr, Yo guiaydodv

oto apycelo out_file.
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o Eniong, unopolye vo ONULOVEYHCOVUE CWANVOCELS ATO
TEOYEAPUATA, ONAXDON 1 €£000C TOU TEWTOV TEOYPAULUATOC
NS CWANVWONS Vo elval €lc0d0¢ Yior To 0EUTEPO TEOYPAUUA,
Tou ornolou 1 €€0do¢ va elval elcodog Yia TO TELTO, X.0.X.
[Topdderypa:

% ./progl 22 13 | ./prog2 | ./prog3 27 | ./prog4 10 99

Edw, ta mpoypdupata . /progl, ./prog2, ./prog3 xo
./prog4 CUPUETEYOLY OE Ulo CWARVWOT), OTou 1| €£000¢
xodevog elval elcod0C 0TO EMOPEVO TEOYPAUUA O
CWARVOOT.

e Emonuaiveton étt tic avaxatevdivoeie (eloddou ot e€6d0u)
XOL TIC OCWANVAOELS TIC BlaryelplleTal To Tep3dAhov
EXTENEONC TOV TPOYPAUUATLV (AELTOLEYIXG cUGTNUA T
o,1dNnoTE dAN0). Tao TEOYEAUUATA TOU CUUMUETEYOUY O
auTéc ToTé dev to padaivouv. Me dAha Aoy, ol
YOUEOXTHRES <, > o |, xS %ot Tot OVOPATA AEYEIY OTIC
VoA TELIOVOEIC BEV EVol OPIOUALTA OTT] YR
EVTOA®YV Xoil dev punopolpe (ot dev ypetdleTat) vo to

TEOOTEAACOUUE UECK arge Xol argv.

® 2T CUVEYELX, TEQLYPAPOVTUL GUVOTTIXA OL TO GUY VA
YETOLWOTOLOVUEVES CUVAPTACELS TNE TEOTUTNG BBALOUAXNC
€l0600L /e£HB0U

o Ilepl cl06dou/e€b6d0u oty C, LTdEYEL EXTETUUEV AVaLPOEd
oto Kegpdhawo 7 tou [KR] (ogh. 211-233).
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e int getchar(void)
Emotpégel Tov enduevo yapaxthpo and to stdin, n EOF, av

exeL ofBactel OAn 1 eloodoc.

e int putchar(int ch)
['edper Tov yapaxthea ch oto stdout. Emotpégel tov
Yopaxthea auto, 1) EOF oc meplntwon Addouc.

e int puts(const char *s)
['edipet tn cuyfohooelpd s oto stdout xal auUéowe PeTE Wlo
aAhoy?| Yeapurc. Emoteegel to mAloc TV yopaxThpwy

4

Tou yedgtnxay, 1| EOF ot neplntworn Addoug. ¢

e int printf(const char *format, <op>;, <op>3, ...)
['odgel oto stdout ta oplopata <op>p, <op>g, ..., COUPLVA
ue v odnyla @opuac format, xat emoTeePel To TANYOC TwV
YOUEAXTHPWY TTOL YRAPTIHAY.

— H ouvyPorooceipd format meplthoaf3AVeL YoUEAXTAPES TOU
UETOPEPOVTAL AUTOVGLOL GTNY €E000 %ol TEOOLALY PAPES
LETATEOTNAC YLO TNV EXTOTWOT Twv <op>1, <op>3, ...

— Mia mpodiaypapy| uetatponhc apyilel Ue Tov yopaxThpa
% o tepuatiCel pe €va yapaxThpa Tou Bely Vel To eldog

TNC HETATEOTNC TOU TEETEL VoL YIVEL.

U Yrdeyet xou n “adehgR”’ cuvdptnon char *gets(char *s), yia Tnv ovd-
Yvwor and to stdin plac cuyBolooelpdc, ahhd dev TPETEL VAL X PNOLULOTOLEITAL,
v Aoyoug aocgadeioc. MdaAlioTa, o gec divel oyxeTinn tpocdonoinon dtay xen-
CLLOTOOVUE AUTAHY TN ouvdpTnoy o eva mpdypaupa. Avt authc, da doldue
oTN GUVEYELX TNV ACPANY cuvdpTtnor fgets.
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— H yevu| popyn plag mpodlaypagpnc LETATROTNS Elval 1
e€Ne:
ol vl lemen] | aoep] [y s

‘0,1 Bploxeton yéoa oe [ xou |, umopel xat var unv undpyet.

— Meta&) tou % xau tou yopaxthpa yetatpomic (yu)
unopel vor uTdEyoVV:

* Kdmotol tpornonomtéc (1), e onoladrnote oelpd,
ONAadY| Evar —, Tou eTPBAAREL apLloTERN GTOlYLON, /%o
eva +, mou xadopllel 6Tt 0 apLiuoe Yo eupaviCeTal
mdvta ye npdonuo, N/xat éva 0, Tou, yia aptipolc,
eMBAAAEL TN CUUTAY)PWOT) TOU TTAdTOUS TEDIOL UE
UNOEVIXA GTNV apYN, €@ 600V €youue dedld cTolylon,
ONAXON oV OEV €L DOVEL XAl TO — OOV TROTOTOLNTAC.

x To ehdyloto mAdtoc nedlov (enm). LuUTANp@VOVTaL
XEVA APLOTERA 1) DL, avaAOYO UE TN OTOlYLoT, T
UNOEVIXA OTNV oy N oV EYOLUE OeCLd oTolyLlon Hat EYEL
ooVel xou 1) €voelln 0 6Tl VEhoupe CUUTAYPWON UE
UNOEVLXAL.

* Mia tehetor . xou évac aprdude, n axpifelo (axp), Tou
xodopilel To Yé€yloto apliud yapaxThewy Tou Vo
eXTUTWYOLV Yia VoL aAQoELiUnTIXd, ToV ApliUd TWV
dnolov® yio aprdud xvnThc UTOBLUGTONAC A TOV
eAdYLoTO aptiud Pnoloyv yio axépato.

* To péyedoc petafSAntic (uu), onhadn h, 1 A L, av
TEOXELTAL YLl EXTUTIWOY short int, long int ¥ long

double, avtictouya.

UIexadixdy yia yetatponéc £, e | E A onuavtixdy yia yetotponéc g ¥ G
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— ITWavol yopaxtipes petatponic elvat:

* d: Tt apripolc oto dexadxd cLOTNUA.

* o: [l ampooriuacToug oxtadixole aptiuove.

* x, X: [ ampoorpactoug dexacadixole aprduoie. Me
LETOTEOTY X, Tar “dnopla” petd to 9 eupaviCovton meld
(a, b, c, d, e, ), evd e petatpony| X, eppavilovrat
xepaaia (A, B, C, D, E, F).

* u: [ ampoouactoug apliuole 6To deXadIXd
c0GTNUA.

* c: T yopoxtripec.

* s: [l cuyfBolooeipec.

* f: Tt apriuole xvnTthc UTOBLOTOAAC, OF
AVOTAEAOTUOY Y wele eXVETN.

* e, E: I'la aptdpolc xivntic umodlactorrc, ot
avanapdotaon Ue exvétn. To obuforo tne Odwone ot
dUvau” Tou 10 eugaviCetoan cav e 1 E, avdhoya ue tov
YOUEAXTHEA UETATPOTHC OV Y ENOLLOTOLRUTXE.

* g, G I aprdpoic xivntic uTodLoTOANC, OF
AVATARAOTACT) UE 1) Ywelc exVETN, avahoyo pe To
u€yevog tou exVET o oyéon pe TNV axplfBela Tou Eyel
Cnendel. Av o exdétng elvan wixpdtepog Tou —4 1
ueyahitepog ano ¥ oo ye tnv axplBela, epapudletal
uetatponn e | E (avdhoya pe 1o av éyovue g B G),
AL epapuoletor petatpony £. To undevixd xou 1
UTOOLAOTOAT) 6T0 TEAOC dev epgavilovTad.

* % o extimwon tou %.



— Iopadelypata exTuTICEWY:

int x = 3456 double d = -3768.08549

ITpodiaypayn | Extinwon || Ilpodiaypaon Extonwon

hd 3456 W -3768.085490
h7d L3456 %14 .4f Luuu—3768.0855
%2d 3456 %—-14.3f -3768.085, L
%h-7d 34564 he -3.768085e+03
%+7d Lut3456 %14 . AE uuu—3. 7681E+03
%07d 0003456 %-14.3e -3.768e+03, L

%7.5d Lu03456 he -3768.09
hTo L6600 hld . Ag LuLLLLLLL—3768
h=Tx d80uLLLL %h—-14.3G -3.77E+03_ L0
%7 .6X 1,000D80 %014 .4f -00003768.0855
char *p = "this is a test phrase"

ITpodiaypapn

ExtOnwon

yAS

this is a test phrase

%25s
%12s
%.12s
%—25s
%25.12s
%-25.12s

uuuuthis is a test phrase
this is a test phrase
this is a te

this is a test phrase;
|_lI_lI_ll_H_J|_II_lI_l|_l|_lI_ILH_Jth:i-S is a te

this is a teyuuuuuLLLLLLL
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e int scanf(const char *format, <op>;, <op>2, ...)
AwaBdaler and to stdin dedoyéva, clupwva e TNV odonylo
popuac format, xou o anoVnuevel exel Tou Bl VoLV oL
oelxteg <op>;, <op>2, ..., EmoTtpepel to mARdoc twv
0edouEvwy Tou dafdotnxayv N EOF, av €yel dwBactel OAn 7

cloodoc.

— 'Evo 0edopevo eloddou elvar plor axohovdia amd un
AEUX0UC YoeaxTHEES Tou TepUATI(EL OTOV EMOUEVO AEUXO
YOPAXTACAL,® # OTOV EMOUEVO YOPAUXTAON TOU OVOUEVETOL
va Otafaotel ye Bdorn to format, B 6tav e€aviAndel To

TAATOC TEOLOU.

— H ouvyPolooceipd format propel vo nepthap3dvet:

* Kevd ¥ otnhoyvouovee, mou emfBahlovy tnv
AUTAVIAWGCT] OADV TWV AEUXWDV YALOXTACWY ATO TNV
TEEY oV VEOT TNC ELCOBOU AL UETA.

* ANNOUC YOPOUTAPES, EXTOC ATO TOV %, TTOU TEETEL VAL
CLUUPWVODY UE TOV EMOUEVO UT) AEUXO YAQAXTAPN CTNV

eloodo, alhde 1 scanf otapatd To didBacua.

yevd, GTRNOYVOROVAC B AT YooUUAS
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* [Ipodlaypapéc yetatpontc, mou oynuatiCovtol, Ue
QUTH TN OELEd, ATo:
- TOV YARAXTHEX %
- EVOL TIPOULPETIXO YOEAXTHEA *, TOU OelyVeEL OTL TO
0EDOUEVO TIOU OLABACTNXE OEV TREETEL VoL PUAALYVEL
- €VOL TEOAEETIXO aptduo Tou xadopllel To YUEYLOTO
TAdtoc mediou
- €VOL TPOOLEETIXO h, yiow TNV avdyvwon short int, N
eva 1, yio long int 1 double, 7} €va L yio long
double.
- EVOL YU TAPN UETATPOTNS, AvTioTOLY ol UE AUTOUC
¢ printf (d, o, x,u, ¢, s, f,e, g, %) N
[...], To onolo npoxahel TNy avdyvwon tne
uEYaAUTEONS axohoLHaC YoUEAXTHPWY TNV
eloodo, and autolg mou TepLhauBdvovTol uéoo
ot [ xon ], %
[~...], To omolo elval mapduolo ye to
TEONYOLUEVO, ARG BLof3dlovTal YUpUXTHEES
Tou Oev meplEyovTal uEoa ot [ xon ]

— Emonuaiveton 6TL 1 yerion tne scanf yio avayvwor
cupfolooelpty Tapouctalel TUEOUOl0 TEOBANUL
ACPAAELAC UE QUTO TNG CUVAETNONG gets, To OTolo OPwG
avTLETOTICETAL oy OnAwdel xau Y€yloTto mAdtog nediou

(m.x. %20s) v TNV avdyvwon.
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e FILE *xfopen(const char *filename,

const char *mode)

Avolyel To apyelo pe 6voua filename yio Vo TO

YENOWOTOL COVUE UE TOV TEOTO TOU TEPLYPAPETAL 0TO mode.

Enotpéger éva pedpa (¥ delxtn oe apyelo), ue Bdorn to

oTolo UTOPOVUE GTN CUVEYELXL VO AVAPEROUACTE OTO apYElo,

) NULL, av Yot X4moto AGY0 BeV HToy BuVaTOV Vo avolEel To

apyelo.

— To FILE eivow plo doun (typedef’ed and to stdio.h) ye

HXOUTAAANAGL LEAT) Yot VoL YIVETAL O YELPLOUOC Tou apyEelou.

— To mode pnopel va elvau:

X

*

"r'": T SuaPooua and utdpeyov apyelo.

"w'": T ypdduo oe apyelo. Av to apyelo dev
uTdpYeL, dnuovpyeital. Av undpyet, To TEONYOUUEV
TEQLEYOUEVE TOL dlarypd@ovTal xoL To yeddiwo apyllel
amo TNV apyY) Tou apyelou.

"a": T yedduio oe apyelo pe mpoodptnon oto TéAoC
TOU TWV VEWV OEDOUEVWLY, oV TO apyelo undpyel \oT,

Y welC DLy popn) Twv TEOTYOUUEVWY TEQLEYOUEVWY TOU.
"r+": o SwaPBaoya xau ypddiuo, onoudAnote péoa o
uTdEy oV apYelo, YwElc OLYEAPY| TWV TEONYOVUEVWLY
TEQLEY OUEVWY TOV.

"w": o SwaPBaoua xan yeddiuo, onovdnnote péoo
GTO ApPYElo, UE OLAYPAYT) TV TEOTYOVUEVWY
TEQLEYOUEVWY TOV, E¢Q° OGOV AUTO UTAEYEL 1O,

"a+": I OudPBacya and omovdrnote Yyéoa and TO
apyelo xou yeddo pévo oto téhog Tou, ywelc

OLOLYPUPY| TWV TEONYOVUEVWY TEPLEYOUEVWY TOU.
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— € 0ploUEVA CUCTAUATA, YIVETOL BLaxpLon HETAED apyelwY
XEWEVOU xoL dLAdXY apyelwy (oto Unix mdvtwe, dyt),
onote exel, av VENOLUE VoL YELRLOTOVUE €V DUABLXO
apyelo, mpEnel 0To mode Vo TPOGTEVEL XAl O YALAXTAPOC
b, OnAadn va €youpe, avdhoya Ue TNV Tepintwor "rb",
"wb", "ab", "r+b" ("rb+"), "w+b" ("wb+"), 7 "a+b"
("ab+").

e int fclose(FILE *fp)
Khelvel to pedpa fp. Emioteégel 0 1) EOF, oc meplntwon

emituylac ¥ arotuylag, aviicoTouya.

e char *fgets(char *buf, int max, FILE *fp)
Awafalel to moAl max-1 yoapaxtheec and to pevua £p, uéypt
v ooy yeopuhe (\n). Ou yopaxthpec mou dfdotnxay
(pall xou pe o \n) @uAdoocovton otn cuyforoceled buf, n
onola teppatiCetal xavovixd pe \0. Enotpégel to buf, 7
NULL av éye dBaotel 6An 1 eloodog.

e int feof (FILE *fp)
Emotpepel un undevixn) Ty av €youyv dlofaoctel dha to
0edouEVaL amd To pedua £p, ONAADY| €YOLUE PTACEL GTO TEAOC

Tou apyelou Tou avtioTolyel oTo pedua, 1, ahALOS, 0.

YEnofuwe, UTdpyet xat 1 cuvdptnon char *gets(char *buf), n onola
xdvet nepinov 6,1t xou ) fgets. AwxfBdler and 1o pedua stdin, ywpic va Balet
%4100 TAV® 6plo 610 TANDYOC TV YApaxTHP®wY Tou Yo dtaBacToly xat, YU
autd axpBoe, Yo Adyouc acpaleiac, anodapplvetal 1 xphom tne. Eriong,
n gets dev tonodetel tov yapaxthpa alhayhc veopunc (\n) mou didBuce
wéoa oto buf. Av Uéloupe va dtaBdocoupe wiol YoUuwy XoUpaxTthpwy ard TNy
TeOTUTY €l0000, UTOPOUUE VA XeNOolpwoTotRcouue tny fgets, divoviag ocav
tehevtaio bplopa To stdin, avtl Vo XPNOLULOTOIAGOUUE TNV gets.
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int getc(FILE *fp)
Emotpégel Tov enduevo yapaxthpa and to peduo £p, ¥ EOF,
oV EYOVUE PTACEL 6TO TEAOC Tou avTioTolyou apyeiou.

int putc(int ch, FILE *fp)
['ediper Tov yoapaxthpa ch oto pevpa fp. Emotpégel Tov
Yopoxthea auto, 1) EOF oc meplntwon Addouc.

int ungetc(int ch, FILE *fp)

INuplCet mlow oto pedua £p Tov yopaxtipa ch, £ToL OOTE VL
olooaoTel TAAL o EMOUEVT avdYVwoT. Enicteégel Tov
Yopaxthea auto, 1) EOF oc meplntwon Addouc.

int fprintf(FILE *fp, const char *format,
<op>1, <0p>2, ...)
Iow pe tnyv printf, yévo nou yedpel oto pevua £p, avti v

To stdout.

int fscanf(FILE *fp, const char *format,
<op>1, <op>2, ...)
‘Tow pe tnv scanf, yovo nou dafalel and to pedua £p, avtl

oo To stdin.

int sprintf(char *str, const char *format,
<op>1, <op>2, ce)
Iowa e v printf, pdvo mou yedpel otn cuyPolocelpd

str, avtl vl To pevpa stdout.

int sscanf(char *str, const char *format,
<op>1, <op>2, ...)
Tow pe v scanf, uévo nou dwafalel and tn cupBolocelpd

str, avtl and to pedua stdin.
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e size t fread(void *ptr, size_t size,
size_t count, FILE *fp) *
Awafdalel and to pedua £p To TOAD count dedouEva
ueyédoug size 1o xavéva xou To TOTOVETEL ATO TN
oleduvor ptr xau Yetd. Emoteégel to nAloc twv
0edouEvwy Tou dafdotnxayv. O Eheyyoc TEAOUC TNC EL0ODOU
uropel vou yivel yue tn ouvdptnon feof.

e size t fwrite(const void *ptr, size t size,
size_t count, FILE *fp)
[ledgel oto pedua £p 1o TOAD count dedouéva peyedoug
size 1o xa¥éva, nalpvovide tor and tn dedVuvor ptr xot
uetd. Emotpégel 1o TARUOC TwVy DEDOUEVWY TOU YRAPTNHAY.
Av ypagolv Aydtepa and count dedouéva, autd Vo

ogelheTon o€ *ATOLO AdYOC TOU CUVERT).
e int fseek(FILE *fp, long offset, int origin)
O¢tel TV TEEYovoa Véon oTo pevua £p va elvo

— offset (> 0) yopaxthpec and TNy apyr, av To origin
exe. tedel SEEK_SET.

— offset yopoxtipec and tnv TEEYouca VEOT, AV TO
origin €yel tevel SEEK_CUR.

— offset yopoaxtrpec and to TEAOC, v TOo origin €yel
tevel SEEK_END.

Emotpégel 0 oe neplntwon enttuylog.

YO thnoc size_t elvon o unsigned int, typedef’ed.
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e long ftell(FILE *fp)
Emoteegel tnv tp€yovoa Veor oo pedua £p, ¥ —1L o€
neplnTworn Addouc.

e int fflush(FILE *fp)
I'oder oto pedua e€66ou fp 0,TL mbavne Peloxetol oty
evolaueor) meploy | anodixevonc. Emoteégel 0 ¥ EOF, oe
nepintwon emtuylac X anotuylag, aviicTolya.

e void perror(const char *s)
Extunvel tn cuyfolocelpd s xat o TEpLypapy| TOU TLO

TpdoaTou Adoug ou €yel oupfet.

— H ouvdptnor perror elval mToA) xaTatomoTING OTAV
YENOWOTOLOVUE CUVARTACELS TNG TEOTUTNG PBAL0URXNG
e C, oL omoleg evOEYETAL VAL TPOXARECOUY XATOLO
Aadoc, yio Topddetyuo ny malloc ¥ ol CUVOPTHOELS
olayelplone apyelwy, o6Twe 1 fopen, xal Yag EVOLOPEREL
v padouue oo axplBee Advog mpoxhunxe.

— MYETIXN UE TN oLVAETNOT perror elval xot pio e€wTePIX
LETABANTY errno, n onola €YEL AV T EVOV AXEQALO

TOL AVTIOTOLYEL 0TO T TEOTYUTO Addog Tou €yel cuUPEL.

— Av ¥éhoupe va yenowuonoljoovue T HeToBANTY errno
UECO G EVOL TEOYPUUUA, TEETEL VAL €YOUME CUUTERLAGLEL
Xol To oapyelo emxepalldac oto onolo oplletol:

#include <errno.h>

Mio emiorjuovor mou meeneL var YIveL elval OTL OEV UTOPOVUE VA
XPT|OLLOTIOLJCOVUE OTLOLAOY|TOTE CLUVEETTOY| OE OTOLOOYNOTE
cevpa. E&optdtal and to mode mou d0Unxe otay dvole To

avtioTolyo apyelo.



Avtiypapr opyeinv

/* File: filecopy.c */
#include <stdio.h>

main(int argc, char *argv[])
{ FILE *ifp, *ofp;
int n;
char buf[1024];
if (argc !'= 3) {
fprintf (stderr,
"Usage: %s <soure-file> <target-file>\n", argv[0]);
return 1;
}
if ((ifp = fopen(argv[1], "rb"))
perror ("fopen source-file");

NULL) { /* Open source file

return 1;

}
if ((ofp = fopen(argv[2], "wb"))

NULL) { /* Open target file
perror("fopen target-file");
return 1;
}
while (!feof(ifp)) { /* While we don’t reach the end of source
/* Read characters from source file to fill buffer
n = fread(buf, sizeof(char), sizeof(buf), ifp);
/* Write characters read to target file
fwrite(buf, sizeof(char), n, ofp);
}
fclose(ifp);
fclose(ofp);
return O;

*/
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% gcc -o filecopy filecopy.c

% ./filecopy

Usage: ./filecopy <soure-file> <target-file>
% ./filecopy bla foo

fopen source-file: No such file or directory
h

% cat helloworld.c

/* File: helloworld.c */

#include <stdio.h>

main()

{ printf("Hello world\n");

}

% ./filecopy helloworld.c newhelloworld.c
% cat newhelloworld.c

/* File: helloworld.c */

#include <stdio.h>

main()

{ printf("Hello world\n");

}

% ls -1 helloworld.c newhelloworld.c

“rW-—-—---- 1 ip WWW 81 Dec 18 21:45 newhelloworld.c
“rw-r--—--- 1 ip WWW 81 Oct 13 12:42 helloworld.c

% diff helloworld.c newhelloworld.c

b

% ./filecopy filecopy Copy\ of\ filecopy

% ls -1 filecopy Copy\ of\ filecopy

-rw---—---- 1 ip WWW 6884 Dec 18 21:46 Copy of filecopy
—“rwx-—-—---— 1 ip WWW 6884 Dec 18 21:34 filecopy*

% cmp filecopy Copy\ of\ filecopy

b




ExtOnwon yeor ey elcodou Ue avtioTpopr oslpd

/* File: revinput.c */
#include <stdio.h>
#include <stdlib.h>
#include <string.h>

typedef struct Slistnode *SListptr;

struct Slistnode { /* A list node structure */
char *1line; /* with a string as member */

SListptr next;
s

void Sinsert_at_start(SListptr *, char *);
void Sprint(SListptr);

main()
{ char buf[1024];
SListptr list;
list = NULL; /* Initialize list to store lines to be read */
while (fgets(buf, sizeof buf, stdin) != NULL) /* Read a line */
/* and insert it at the start of the list */
Sinsert_at_start(&list, buf);
Sprint (list); /* Print the list, i.e. the input reversed */

void Sinsert_at_start(SListptr *ptraddr, char *buf)
/* The well-known insert_at_start function */

{ SListptr templist;

templist = *ptraddr;

xptraddr = malloc(sizeof (struct Slistnode));

(*ptraddr)->line = malloc((strlen(buf)+1) * sizeof(char));

strcpy((*ptraddr)->1line, buf);

(*ptraddr)->next = templist;

void Sprint(SListptr list) /* Just print out the list */
{ while (list !'= NULL) {

printf("Y%s", list->line);

list = list->next;
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% gcc -o revinput revinput.c
% ./revinput

These are some lines

to test program revinput.
Ok, one more line.

These are my last words
before the minus signs

before the minus signs
These are my last words
Ok, one more line.

to test program revinput.
These are some lines

A

% cat helloworld.c

/* File: helloworld.c */
#include <stdio.h>

main()

{ printf("Hello world\n");
}

b

% ./revinput < helloworld.c
}

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

##include <stdio.h>
/* File: helloworld.c */
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O nepoeneiepyactnc tng C

o O mpoenelepyaotic tne C elvan €va auTdVOUO UTOCUCTNUA
TOU AOYLIOWULXOU PETAYAWDTTIONS, TO OTOl0 XAAE(TOL AUTOPAT
TEWY amd TNV TEAYHoTLXr) dladixactio Tne petayAwtTions. O
OXOTOC TOL TPOETEEERYAOTH elval var uetaoynuatiost To
mnyato apyelo C mou tou d8oUnxe " €va arho mnyato apyeio,
cOUpwva Ye pla oelpd and odnyleg mou arculivovtal o
autov. To anotéheoya Tou mpoeneéepyaoTy| elvon auTd TO

omolo Yo UTooTEL TN BLAdLXACIN TNS UETAYAWTTIONG.

o O ypapuéc Tou mnyatov apyelou mou apyiCouv and # elvar
00MNYleC TPOC TOV TPOETEEEPYATTY.

o Axoloulel pla cUVOTTIXY TEPLYPAPY| TWY THO CUY VA
YETOLLOTIOLOVUEVWY OBNYLWY TOU TEOETEEEQRYAOTY|. LYETIXY

TWO avVaAUTIXY avapopd YiveTtal otny mapdyeago §4.11 Tou

[KR] (oeh. 128-133).
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#include

o XENOWOTOLEITAL YIO TNV ELCAYWYT| TWV TEPLEYOUEVLY
apyelwy emxepalldac ot Veor mou PeloxeTal 1 odnyla.
‘Eva apyelo emxepaiidac neptéyel cuvidwe dNAWoeLS
TEWTOTUTWV GUVAETACEWY, 0PLOUOVE CUUBOAXOY OTAVERMY
X0l HaXpoeVTON®Y (pe tnv odnyia #define), ocuunepthhdelc
GANWY apyelwy emxepaiidac, xAn. Xe apyela emxepaiidac,
oev cuvniiletor va Eyouue x@Owa tpoypdupatos. Enione,
oev xdvouye #include mnyaio apyeto x@owa C. H odnyla
#include cpgaviletar pe 600 exdoyéc.

o Iloddtn exdoyn:  #include <sysfile.h>
O mpoeneepyaotic Va Pd&el va Beet to apyelo sysfile.h
OE UATAAOYOUC OV EYEL ONAWDGCEL UE XATOLO TEOTO O
YENOTNG, YO TOUEAOELYUO UE TNV ETUAOYN —I %aTd TNV xA¥jon
TOU gcc, 1) 6TouC xaTahdyoug Tou Beloxovtol to
Tpoxaoplouéva apyela emxepaiidac Tne YAwoooug, ol omolol

UTOEEL VOU BLALPEQOVY TG EYXATACTACT) OE EYXATAOTAOT.

o Acitepn exdoyr):  #include "myfile.h"
O npoenelepyaotic Yo Yacet va Beet to apyelo myfile.h
OE XATAAOYOUC TOU YENOTY), XAT AEY NV GTOV XATIAOYO TOU
BeloxeTan To mnyalo apyelo, xal Yetd oc dAloug
XOTAAOYOUC, TTOU DOUNXAY, YLA TOEADELYUA, UE TNV ETLAOYN
-I Tou gce. Av dev Bpedel olte exel To apyelo, Yo Pael ot
OTOUC XATAAOYOUC APYELWV ETUXEPAADAC TOU CUCTAUATOC.

o duowxd, elvol EMTEENTES XoL ONAWOELS:

#include <sys/types.h>
#include "mydir/anotherdir/myfile.h"
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#define

e XENOWOTOLE(TAL VIO TOV OPLOUO CGUUPBOAXOY OTAVERMY Y
uaxpoevToA®y. ‘Onou Beel 0 mpoenelepyaoThc ooV AeXTIXO
oLpBolo (6t duwe péoa oe ") tn ouuBolxn otadepd B TNV
TOPAUETELXY LOXPOEVTOAY) TOU 0plCeTAl UE TNV 0OMNYla, TNV
avTIXahotd YE TO XelUEVO TOU TNE EXEL avTioToLY NUEL.

o Ilopdderypa oplopol cuuoiuhc otadepdc:

#define YES 1
O npoenelepyaotrc Vo aviixatacthoel o YES, 6nou To Bpeel
ooV AexTtixd oluolo péoa oto mnyalo apyelo ye to 1 (ot
opwe oto printf ("YES\n"), olUte xat 610 x = YESMAN++).

o Ilopddelyuo 0pLoUOU HOXPOEVTOANC:

#define max(A, B) (a) > (B) 2 (A) : (B))
Av Bpel 0 mpoenelepyaotiic 0T cUVEYELR 6TO dpyElo xdTmoLa
EVIOAY| TNC HOPYPNC

x = max(p+q, r+s);
VoL TNV AVTIXATOOTHOEL UE TNV

x = ((p+tq) > (r+s) 7 (p+q) : (r+s));
[Tapatnenote, 0T0 TARAOELYUA aUTO, OTL Tot A xau B Yo
unohoyloUouv TeAxd 800 Qopéc, apol Técec Bploxoviol 6To
©eleEVO AVTIXATACTAONC, TEA YU TOU UTOREl GTO

CUYXEXQUIEVO TOEAOELY U Vo UNV EVOYAEL, aAAd o€ dAAeC
nepnThoeC Ypewdletal Tpocoy. *

* IIiotebete Ot M exgpaocy max(i++, j++) Vo avixatactoadel cwWoTA UE
Bdom Tt eiye oTO PLANS TOU UAAAOY O TEOYPUUUATIOTAC TOV TNV EYPAUYE;
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o O nopevieoelc yiopw and T ToUEaUETEOUC GTO XElUEVO
AVTIXATAOTAONG WUIOS LAXPOEVTOAAC EVOEYETAL, OE XATOLES

TEQLNTWOELS, Vo elval xploweg. Tlapdderyua:
#define square (X) X * X

[Iede Vo avTixataotadel To square(a+l); " Ayt TV TTOU
Véhaye; P TIoe Yo énpene va dnhedel 1 poxpoevtohd; ¥

o Apxetéc and TS CUVIPTNOELS TNS YAWOGCUC IO
YENOWOTOLOUUE GTO TEOYEAUUATS Uag, EVOL OPLOUEVES GV
UOXQOEVTONES UECU OE APYELN ETUXEPAADAC Hol OYL UE
xOWa 011 BPAodnn tne YAdooac. Ta mapddelyua, ot
YVWOTEC Hag ouvapThoelc getchar xou putchar opilovtol
uéoa oto apyelo stdio.h we e€hc:

#define getchar() getc(stdin)
#define putchar(x) putc(x, stdout)

Ya+l * a+l
B"Oyt, BéBara.
Y'#define square(X) (X) * (X))



159

#if, #else, #elif, #endif, #ifdef, #ifndef

2y C, undpyet N dUVATOTNTA UETAYAWTTIONS UTO UV XN.
‘0,71 teprhoufaveton puetall evog #if xal Tou auéone
enouevou #endif, mou dev €yel avtiotoynUel pe xdmoto
dAho #if, Yo petayrwtTiotel HOVO AV 1) AXEPOLA TAEACTAOT

nou Bploxetal yetd to #if amotuniel oe un undevixr .

2UVATWC, Ol AXEPUES TAPAOTACELS UETA To #1if cuyxplvouy
TWES oLUBOAXWY oTadepdV, TOL £YouV avTioTolyniel o
aXEEALOUC, HETAEY TOUC 1| UE AXEPOULEC OTAVERES, UECK TWV
tehectOV olyxpone e C (==, =, >, xhr.).

Me tnv odnyla #else, apyilel To TpAP plag dounc
#if /#endif mou Vo peTAYAWTTIOTEL v 1 MopdioTaon HETE
T0 #if elvon Peudric (lom pe undév).

H odnyla #elif ynopel va yenowonowmiel yia mo cOvtoun
veapy, ulac #else tne onolag To owUa anoteAeltal and wlo

#if, amogelyovtog €10l xal To emnAgoy #endif.

[Topdderypa

#if SYSTEM == SYSV
#define HDR "sysv.h"
#elif SYSTEM == BSD
#define HDR "bsd.h"
#elif SYSTEM == MSDOS
#define HDR "msdos.h"
#else
#define HDR "default.h"
#endif
#include HDR
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o Kdmola €0xn) nopdotacT) Tou Unopel vou UTAEYEL UETA Ao
evo #1if elvou 1) defined (NAME), mou amotudtor oe 1 av to0

NAME €yel optotel e #define, ariidc oe 0. H odnyla
#if defined(NAME)

elval LloodOvoun Ye TNV

#ifdef NAME

® YITIC TOPACTAOELC UETA oo €va #if umopolue va €Y0oLUE XL
Gevnon (1). T mopdderypa, av Y€AovUe vo eEac@allcoupe
OTL Ta mepleyOUeva Tou apyelov hdr.h Yo cuumepiingdody
ula uovo @opd oe ulor TOAOTAOXY EQUOUOYY UE TTOANES
cuunepAipelc, Yo umopodooUE VoL TO BOUNOOUUE WS EENG:

#if !defined (HDR)
#define HDR

/* The real contents of hdr.h go here */
#endif

To #if !defined (HDR) Ya ynopoloce va ypagel looduvaua
xou ooy #ifndef HDR

o Aoyéc #if (#ifdef, #ifndef)/#endif ynopel va elvow
eppuiiacuévec. Me tn Borpdeld Toug urnopolue va
TEOGOUOLWCOVUE EUPWALACUEVO GYOALAL, XATL TOLU UE TOV
cuviin TEdTO Ypaprc oyohiwy (/* ... */) dev elvan
ouvatov. Ilog;
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Tagwounom mvdewy

o Trdpyouv ddpopec YeVodol, ANES AYOTEQO, AAAES
TEQPLOCOTEPO ATODOTIXES, YLoL TNV TALLVOUNOT TWY OTOLYEWY

eVOC ThvaxoL.

o I ta&ivounon evoc mivaxa €yel vonua Oty UTAEYEL pio
oyéon oldtaéne oto cUVOAO AT To OTolo TAlEVOLY TLIES TA
otouyela Tou mivaxa. o aprdpoic (axépatoug 1 xivnthc
UTOBLAGTOATC) €youue TNV aptduntxy didtaln, yio
cuyfolrooeipec TNy akgalSntixr. o dAhoue TOToug
0E0OUEVWYV, TEETEL VAL EYEL oploVel cap®e 1 oyxéon OLdTadng.
[N mapdderyyo, otdtadn HeTadl doumy Unopel Vo oploTel UE
Baon tn ddTaln we TEog Vol HEAOG-XAELDL TNE BOUNG
(aprdunTind 1 cupBorocelpd).

® 2T CUVEYELX, OL AAYOPLIUOL, TA TUEAUOEYUOTO XAl T
TEOYEAUUATO TOU TAEOVUOLACOVTAL OTOYEVOUY GTNY
TOELVOUNOT] TLVAXWY, O aLEouoa GELPd, UE OTOoLYEl IOV

elvan apripol.

e O pedodol Tavounone unopoLv vo npocapuoctoiy edxola
XOL YL TIEPLTTWOELS SAAWY LOVOOLAOTATWY DOUMV

OEDOUEVWY, VIO TUEADELY O CUVOEDEUEVWY ACTOV.
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‘Eva U€po mou €L YEVIXOTEQO EVOLUPEPOY GTOUC
alyoplduouc elval o yeovog Tou yeeldletal Yo TNV eEXTEAEDY
Toug, avdioya pe to uéyedoc TN €.06d0ou Toug. Autod
exppaleTal Ue TNV TOAUTAOXOTNTA YeOVou Toug. O uédodol
TOELVOUNOTC €X0VY OLAPOPES TOAUTTAOXOTNTES YEOVOU, OL

OTIOLEC AVTAVAXAOUY TNV ATOOOTIXOTNTA TOUC.

[N va exgppdoouye TNV TOAUTAOXOTNTA EVOC alyopltuov,
cuvdwe yenotuorowovue Tov cuufoiioud O. ‘Otav 1
eloodoc evbc ahyoplduou éyet péyedoc n (yior TaEddeLyo TO
TARUo¢ Twv oTolyelwy evoc Tivaxa mou YElovue va

T LVOUROOVUE), AEYOVTOC OTL 1) TOAUTAOXOTNTA YEOVOU TOU
ahyopluou etvar O(f(n)), evvoolue 6Tl 0 YpOVOC EXTENECTC
Tou, T'(n), dev €xel peyohvtepo pudud adénong and autdy
e ouvdptnone f(n), 6co avédvel To n. Anhadr undpyouv
C' xaw ng tétowa dote T'(n) < C - f(n) v xdde n > nyg.

[ mapddetyya, 1 ToAUTAOXOTNTO TOL ahyoplduou Yo TNy
ebpeon e weong e n aptdpoy elvar O(n), eved 7
TOAUTTAOXOTNTA TOU AAYO0RIUUOU XATAOHEVHC EVOC UaYIXo0

TeTEPUYOVOL 1 X N ebvar O(n?).

2JE OPLOUEVES TEQLTTWOELS, 1) XPOVIXY| ATOBOGCT EVOC
aryoplduou yia eloodo peyédouc n e€opTtdTal xot And TO
TOLL EVAL 1) CUYXEXPLUEVT] ElCODOC. L TIC TEPIMTWOELS AUTEC,
UTOPOVUE VO AVAPEROUACTE GTNY TOAUTAOXOTNTA YElPIoTNG
neplntwone (Yo v mo “0Ooxoln” elcodo) 1 ot Yéon
TOAUTTAOXOTN T (pécm WY amodooNe Yia OAeC TIg TAVES

ELl0HGO0UC).
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o I uébodog tng puoalivag

20yxptve CeuydpLa DLOBOYIXWY OTOLYEIWY, ATO XATW
TEOC Tal EMAVW, xou Otay Bploxelc 8o mou dev elval
o1 oWOoTY oelpd, avTiwetddece ta. Metd and to
TEWTO TEPACUA, TEMTO oTolyElo Yo elval To UxpdTEPO
Ohwv. Kdve xau deltepo népaoua, yia To otolyela
and To OVTEPO XA UETA, OTOTE £Tol VYo EADeL Xal TO
0eVTEPO XATA oelpd ot VEon Tou. Metd and n—1

TEQACUATA CUVOALXE, O Tivaxag Ya €xel Tasivoundel.

6 6 6 1 1 1 1 1

3 3 3 6 6 2 2 2

7 7 7 3 3 6 3 3

2 2 2 7 7 3 6 3

9 9 9 ; 2 2 7 3 5

5 5 , 1 9 9 3 7 6

8 1 5 5 5 9 5 7
) ) )

1 8 8 8 3 5 9 8
) ) ) )

3 3 3 3 8 8 8 8
) J J )

8 8 8 8 8 8 8 9

nolumhoxdtnta O(n?)

I'ow :=1,2,...,n—1
I'ow j =n—1,n-2,...,1
Av x| > x; ToTE

Avtigetdieoe x;_1 xau x;
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o H uébodog tng emroyng
Bpec 10 yixpdTeEpo amd Oha tar oTolyelor ol
AVTIUETAVEGE TO PE TO TEWTO. Bpeg To Uxpdtepo and
TOL UTTOAOLTIOL X0l AVTIMETAVECE TO Ue TO DEVTEPO.
Metd and n—1 emhoyéc xoL avTiueTaVEoelc CUVOALXY,

o mivaxag Yo €yel Tagvouniet.

6 1 1 1 1 1 1 1 1 1
3 3 2 2 2 2 2 2 2 2
7 7 7 3 3 3 3 3 3 3
2 2 3 3 7 3 3 3 3 3 3
9 9 9 9 9 5 5 5 5 5
5 5 5 5 5 3 9 6 6 6 6
8 8 8 8 8 8 8 7 7 7
1 6 6 6 6 6 9 9 8 8
3 3 3 3 7 7 7 8 3 9 8
8 8 8 8 8 8 8 8 8 3 9

noivmhoxétnTa O(n?)

IN'oe :=1,2,...,n—1
mn = 1—1
I'oe 3 =14,1+1, ..., n—1
AV 2 < Typin TOTE
min = j

Avtwetadeoe T;_1 %Ol Tpin
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o I uébodog tng e10aywyng
Tonovétnoe 1o deltepo GTOLYElD TELY 7| UETA TO
TEWTO WOTE Vo elval 0T owoth oclpd. Torodétnoe
10 Tplto 01N cwoty YEon ota NON TaLvounuéva
TEWTO xou deLTEPO. Metd Tono¥étnoe to TéTOPTO OTA
Telo TpwTa. Metd and n—1 sioaywyec oLUVOAXd, O

nivoxac Yo €yel Talivoundel.

6 > 3 3 2 2 2 2 1 1 1
3 6 6 3 3 3 3 2 2 2
7 7 ) 7 6 6 5 5 3 3 3
2 2 2 7 7 6 6 5 3 3
9 9 9 9 ) 9 7 7 6 5 5
5 5 5 5 5 9 > 8 7 6 6
8 8 8 8 8 8 9 8 7 7
1 1 1 1 1 1 1 9 8 8
3 3 3 3 3 3 3 3 9 > 8
8 8 8 8 8 8 8 8 8 9

nolumhoxdtnta O(n?)

I'ow :=1,2,...,n—1
Jj=1—-1
Evoow j > 0 %o x; > 741
Avtigetdideoe x; xan 41

j=i-1
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o H ypryopn uédooog
Me Bdon to mpwTo ctolyelo cav 0dNYod, YWELOE TOV
mivaxa oe V0 dAAoLg, Evay oL TEPLEYEL oToLY el
UxpOTERA 1) (oot UE TOV 0OT1YO %ol EVOY UE UEYAADTERX
N loa. Ta&wvounoe toug 800 auTolC TUVAXES UE TNV
(Ot wédodo avadpouxd (g’ 600V €YouV TOUNAYLOTOV
0Vo oTolyela), OTOTE TO TEAXO ATOTENECUA glval M
TAEAVEST TV TUEVOUNUEVWY AUTMY TUVAXWY UE

eVOLQueEST TapeUSBOAY Tou 0dNYOoL GToLYElOL.

6| 6 3 3 3 3 3 3 3 3. 3 1
3 3| =+ 3 3 3 3 3 3 3 3 3 2
7 7 7] o 7| o6 1 1 1 1 1 1 3
2 2 2 2 2| 2 2 2 2 2 2 3
9 9 9 9 9 9| » 9| 6| s 5. %5 5
5 5 5 5 5 5 5 5| % 5| )6 6 6
8 8 8 8 8 8 8| =+ 8 8 8 — 8 7
1 1 1 1| » 1| 6| 6 9 9 9 9 8
3| %3] o6| e 7 7 7 7 7 7 7 8
8 8 8 8 8 8 8 8 8 8 —» 8 9

uéomn mohumhoxotnta O(nlogn)
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Yuvdetnon qs(z, up, down)
start = up
end = down
Evéce up < down
EvOow Taown > Tyup no up < down
down = down—1
Av up # down Tote
Avtigetddeoe Ty, xo Taown,
up = up+1
Evéoow x4y < Taown no up < down
up = up+1
Av up # down TotE
Avtetdieoe Ty, xo Taown,
down = douwn—1
Av start < up tote
Kd\eoe gs(z, start, up—1)
Av end > down ToéTe
Kdeoe ¢s(z, down+1, end)

[N va taévopioouye Tov Tivaxo & Tou €xel n oTolyela, Yo

TpéneL va xahéooupe gs(z, 0, n—1).

o Alhec pédodol Tavounonc
— H pédodoc tou cwpov, O(nlogn)
— H pédodoc tne ouyydvevone, O(nlogn)
— H yédodoc tou Shell, O(n?) (oeh. 94 [KR])



Meéob6ot Tawounong

/* File: sorting.c */
#include <stdio.h>
#include <stdlib.h>
#include <time.h>

void
void
void
void
void
void

bubblesort(int, double *);
selectsort(int, double *);
insertsort(int, double *);
quicksort(int, double *);
quicksort_body(double *, int, int);
swapd (double *, double *);

main(int argc, char *argvl[])
{ char method = ’b’, *name; /* Default sorting method is bubblesort
int i, n = 10; /* Default array size is 10

long seed;

double *x, starttime, endtime;

void (*fun) (int, double *); /* Pointer to sorting function
seed = time(NULL); /* Get current time, in case seed is not given
if (argc > 1) /* First character of first argument
method = *argv[1]; /* denotes the employed sorting method
if (argc > 2)
n = atoi(argv[2]); /* Second argument is number of elements
if (argc > 3) /* Third argument is seed for
seed = atoi(argv[3]); /* random number generator
switch(method) { /* Prepare calling the appropriate method
case ’b’:
fun = bubblesort; name = "bubblesort"; break;
case ’s’:
fun = selectsort; name = "selectsort"; break;
case ’i’:
fun = insertsort; name = "insertsort"; break;
case ’q’:
fun = quicksort; name = "quicksort"; break;
default:

}
if

printf ("Sorry, no such method\n");
return 1;

/* Allocate memory for the array
((x = malloc(n * sizeof(double))) == NULL) {

printf ("Sorry, not enough memory\n");
return 1; }

*/
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srand((unsigned int) seed); /* Initialize random number generator
for (i=0 ; i<n ; i++) /* Generate n double floating point numbers
x[i] = ((double) rand())/RAND_MAX;
printf ("Random numbers\n") ;
for (i=0 ; i<n ; i++) {
printf("%6.4f ", x[i]); /* Print them out
if (i%10 == 9) /* 10 in a line
printf("\n"); }
printf ("\n");
printf ("Sorting by %s\n", name);
starttime = ((double) clock())/CLOCKS_PER_SEC; /* Get CPU time
/* consumed since start of program
(xfun) (n, x); /* Call sorting method
endtime = ((double) clock())/CLOCKS_PER_SEC; /* Again CPU time
/* Difference endtime-starttime should be
/* CPU time consumed for sorting
for (i=0 ; i<mn ; i++) {
printf("%6.4f ", x[i]); /* Print out sorted array
if (i%10 == 9)
printf("\n"); }

printf("\n"); /* Print out CPU time needed for sorting
printf("Time: %.2f secs\n", endtime-starttime);
free(x);

}

void bubblesort(int n, double *x)
{ int i, j;
for (i=1 ; i<=n-1 ; i++) /* Bring appropriate element,
/* that is the bubble, to place i-1
for (j=n-1 ; j>=i ; j--)
if (x[j-11 > x[jD) /* Compare pairwise from bottom to top
swapd (&x[j-11, &x[jl1); /* and swap if needed

void selectsort(int n, double *x)
{ int i, j, min;
for (i=1 ; i<=n-1 ; i++) {
min = i-1; /* Let current minimum be the i-1 element
for (j=i ; j<=n-1 ; j++)
if (x[j] < x[min]) /* Check if any element after i-1 is less
min = j; /* than so far minimum and make it the new minimum
swapd (&x[i-1], &x[min]); } /* Exchange minimum with i-1 element

*/
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void insertsort(int n, double *x)

{ int i, j;
for (i=1 ; i<=n-1 ; i++) { /* Insert element at place i in */
/* its correct position from places 0 to i-1 */
j =1i-1;
while (j>=0 && x[j] > x[j+1]1) { /* Move repeatedly the element */
swapd (&x [j], &x[j+1]); /* until it reaches */
j—-; + } /* its correct position */
}

void quicksort(int n, double *x)
{ quicksort_body(x, 0, n-1); /* Call recursive quicksort to sort */
} /* elements of the array from position O to position n-1 */

void quicksort_body(double *x, int up, int down)
{ int start, end;

start = up; /* Save start position of small elements */
end = down; /* Save end position of large elements */
while (up < down) { /* Pivot element is at up position */
while (x[down] >= x[up] && up < down) /* Let down elements */
down--—; /* larger than pivot stay where they are */
if (up != down) { /* If pivot is not reached */
swapd (&x [up], &x[down]); /* echange it with smaller element */
up++; /* Pivot is at down position, move up a bit further */

+
while (x[up] <= x[down] && up < down) /* Let up elements */
up++; /* smaller than pivot stay where they are */
if (up != down) { /* If pivot is not reached */
swapd (&x [up], &x[down]); /* exchange it with larger element */
down—-; /* Pivot is at up position, move down a bit further x/
}} /* Now up = down is the position of the pivot element */

if (start < up) /* Is there at least one element left of pivot? */
quicksort_body(x, start, up-1); /* Quick(sort) smaller elements */
if (end > down) /* Is there at least one element right of pivot? */
quicksort_body(x, down+l, end); /* Quick(sort) larger elements */

void swapd(double *a, double *b) /* Just exchange two doubles */
{ double temp;

temp = *a;

*a = *b;

*b

[
ot
@
8
o)
-«
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% gcc -o sorting sorting.c

% ./sorting b 30

Random numbers

0.7793 0.1050 0.5197 0.8237 0.8140 0.3184 0.8334 0.8853 0.0604 0.9981
0.9160 0.7987 0.6526 0.2380 0.4877 0.3815 0.8499 0.9563 0.5682 0.8995
0.7011 0.8272 0.3778 0.3641 0.3623 0.5319 0.9399 0.2587 0.0387 0.9204

(@)
(@)

o
o

Sorting by bubblesort

0.0387 0.0604 0.1050 0.2380 0.2587 0.3184 0.3623 0.3641 0.3778 0.3815
0.4877 0.5197 0.5319 0.5682 0.6526 0.7011 0.7793 0.7987 0.8140 0.8237
0.8272 0.8334 0.8499 0.8853 0.8995 0.9160 0.9204 0.9399 0.9563 0.9981

o
o

o
o

Time: 0.00 secs

% ./sorting s 30

Random numbers

0.4595 0.8727 0.5696 0.9981 0.7452
0.1422 0.1314 0.0112 0.1514 0.9064
0.2680 0.5524 0.3585 0.1433 0.1383

o

.8356 0.5967 0.9968 0.6831 0.2828
.0762 0.9622 0.9530 0.5056 0.0356
.1783 0.9059 0.2644 0.3080 0.8845

o
o o
[oNe]

(@)
o

Sorting by selectsort

0.0112 0.0356 0.0762 0.1314 0.1383 0.1422 0.1433 0.1514 0.1783 0.2644
0.2680 0.2828 0.3080 0.3585 0.4595 0.5056 0.5524 0.5696 0.5967 0.6831
0.7452 0.8356 0.8727 0.8845 0.9059 0.9064 0.9530 0.9622 0.9968 0.9981

o
(@)

o
o
o

Time: 0.00 secs

% ./sorting i 30

Random numbers

0.0288 0.4756 0.5888 0.2960
0.6908 0.9518 0.5337 0.5027
0.2553 0.0621 0.9665 0.1353 0.9752 0.1192

o

.9495 0.1113 0.6595 0.1166 0.3072 0.6231
.6060 0.8049 0.8516 0.1825 0.0201 0.2418
L2774 0.7282 0.6423 0.9476

(@)
o o

(@]

Sorting by insertsort

0.0201 0.0288 0.0621 0.1113 0.1166 0.1192 0.1353 0.1825 0.2418 0.2553
0.2774 0.2960 0.3072 0.4756 0.5027 0.5337 0.5888 0.6060 0.6231 0.6423
0.6595 0.6908 0.7282 0.8049 0.8516 0.9476 0.9495 0.9518 0.9665 0.9752

o
o

o
o
o

Time: 0.00 secs

% ./sorting q 30

Random numbers

0.0843 0.5580 0.6041 0.7343 0.3129 0.7320 0.5098 0.6124 0.8065 0.0953
0.5297 0.2080 0.9518 0.7837 0.9656 0.7879 0.9631 0.5661 0.2316 0.2067
0.0451 0.6699 0.6528 0.5289 0.4447 0.4719 0.5746 0.4992 0.1097 0.3981

o
o

o
o

Sorting by quicksort

0.0451 0.0843 0.0953 0.1097 0.2067 0.2080 0.2316 0.3129 0.3981 0.4447
0.4719 0.4992 0.5098 0.5289 0.5297 0.5580 0.5661 0.5746 0.6041 0.6124
0.6528 0.6699 0.7320 0.7343 0.7837 0.7879 0.8065 0.9518 0.9631 0.9656

o
o

o
o

(@)
(@)
o
o
o

Time: 0.00 secs

h
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% hostname

zeus

% ./sorting b 10000 2006 | tail -4
0.9982 0.9983 0.9985 0.9985 0.9985
0.9990 0.9994 0.9994 0.9995 0.9995

Time: 11.18 secs

% ./sorting b 30000 2006 | tail -4
0.9994 0.9994 0.9995 0.9995 0.9995
0.9997 0.9997 0.9997 0.9998 0.9998

Time: 97.74 secs

% ./sorting s 10000 2006 | tail -4
0.9982 0.9983 0.9985 0.9985 0.9985
0.9990 0.9994 0.9994 0.9995 0.9995

Time: 5.51 secs

% ./sorting s 30000 2006 | tail -4
0.9994 0.9994 0.9995 0.9995 0.9995
0.9997 0.9997 0.9997 0.9998 0.9998

Time: 50.46 secs

% ./sorting i 10000 2006 | tail -4
0.9982 0.9983 0.9985 0.9985 0.9985
0.9990 0.9994 0.9994 0.9995 0.9995

Time: 7.79 secs

% ./sorting i 30000 2006 | tail -4
0.9994 0.9994 0.9995 0.9995 0.9995
0.9997 0.9997 0.9997 0.9998 0.9998

Time: 69.16 secs

% ./sorting q 10000 2006 | tail -4
0.9982 0.9983 0.9985 0.9985 0.9985
0.9990 0.9994 0.9994 0.9995 0.9995

Time: 0.04 secs

% ./sorting q 30000 2006 | tail -4
0.9994 0.9994 0.9995 0.9995 0.9995

Time: 0.13 secs

% ./sorting q 100000 2006 | tail -4
0.9998 0.9998 0.9998 0.9998 0.9998 0.
0.9999 0.9999 0.9999 0.9999 1.0000 1.

Time: 0.45 secs

h

o

(@]

o

(@]

(@]

(@]

(@]

0.
0.9997 0.9997 0.9997 0.9998 0.9998 0.

.9986
.9996

.9995
.9999

.9986
.9996

.9995
.9999

.9986
.9996

.9995
.9999

.9986
.9996

9995
9999

9998
0000

(@]

[eNe)

[eNe)

o O

o

.9987
.9996

.9995
.9999

.9987
.9996

.9995
.9999

.9987
.9996

.9995
.9999

.9987
.9996

.9995
.9999

.9999
.0000

o

o

o

[oNe]

o O

o o

o

o

.9988
.9997

.9996
.9999

.9988
.9997

.9996
.9999

.9988
.9997

.9996
.9999

.9988
.9997

.9996
.9999

.9999
.0000

o

o O

[eNe)

o O

(@]

.9989
.9998

.9996
.9999

.9989
.9998

.9996
.9999

.9989
.9998

.9996
.9999

.9989
.9998

.9996
.9999

.9999
.0000

(@]

o

(I

.9989
.9999

.9997
.0000

.9989
.9999

.9997
.0000

.9989
.9999

.9997
.0000

.9989
.9999

.9997
.0000

.9999
.0000
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Avalntnor os nivaxeg

IToAéc popéc éyouue éva mivaxa and otouyeia (aprduoic,
oupBohooelpée, 0,TIONTOTE) ot VEAOLUE var SoVUE oV Eval
CUYXEXQPWEVO GTOLYEl0, (BLOU TUTOU PE AUTA TOu Tivaxa,

avixel otov mivaxa. H Sadixacto auth Aéyetan avalhtnon.

O amhovotepog TEOTOC Vo xdvoupe avalhTnon ¢ Eva mivaxo
elvon pe TN Aeyouevn oelplaxy| avalhtnon. Atatpéyouue to
ototyelo Tou Tivaxa, €va mpog €va, UEYEL Vo BpoluE TOo

oTolyelo mou Ydyvouue, av To Ppolue TEAXJ.

Av o mivaxog elvan yeydrog, n oelploxn) avalitnon uropel va
elvo TOAD ypovoPopa. Av duwe tagvourcoupe Tov Tivaxa,
€0Tw o€ ALEOVOA OELRA, UTOPOUUE VO EQAUOUOCOVUE [iot TOAD
ToyOteE UEV0DO, TN duadx| avalyTnon.

Me 1 duadixr| avalhtnor, cuyxplvouue To oTolyElo TOU
by voupe pe to peoato (1 éva amd ta 800 peoain) otolyelo
Tou ivaxa. Av ouunintel, otopatdue TNy avalhTnon agpol
T0 otolyelo Beélnue. Av OyL, 0TV TERITTWON OV TO
otolyelo mpornyeltal Tou peoalov, Pdyvouue va to Bpolue
0TO TEWTO WLoO Tou mivaxa. Av énetal Tou pecaiou, to
bdyvouue oto debtepo wod. H avalhtnon otov xatdAinio
unonivaxa ylvetor e Tov {dlo TpdTo, cuyxplvovTtag To
otolyelo pe to pecato Tou unomivoxa xau 1) dladixaoio
cuvey(Cel ue auTOV TOV TEOTO, UEY Pl OTou elte va Bpevel To
otolyelo elte va pTdoouue oe xevd uToTVAXAL.

’

[Toteg elvar ol ToAumAoxdTNTES TWV PEVOBWY;

Y'O(n) xor O(logn), yio T oetptaxh xat T duadkh avalhtnom, aviiotouya.



MeéOob6ot avalrtnong

/* File:
#include
#include
#include
#include

searching.c */
<stdio.h>
<stdlib.h>
<string.h>
<time.h>

void heapsort(int, char *x*);

void heapify(char **, int, int);
int segsearch(char *, int, char *%)
int binsearch(char *, int, char *%)
void swapwords(char **, char *x);

main(int

{ int k =
int nmax = 1000;

argc, char xargv[])
0;

double starttime, endtime;

char search = ’s’;

char **words, *arg, buf[81];

while (--argc) {

arg =
if (!strcmp(arg, "-max")) {
if (argc > 1 && --argc)

else if (!strcmp(arg, "-seq"))

*++argv;

nmax = atoi(x++argv); }

search = ’s’;

else if (!strcmp(arg, "-bin"))

search = ’b’;

else if (!strcmp(arg, "-words")) { /* Give words to search for

argc--—;
break; } }

argv++;

/* Allocate memory to store addresses of words to read
if ((words = malloc(mmax * sizeof (char *))) == NULL) {
fprintf(stderr, "Not enough memory\n");

exit(1); }

/* Counter of words that will be read
/* Default maximum number of words to read

/* Default is sequential search

/* Get maximum number
/* of words to read

/* Select sequential search

/* Select binary search
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while (k < nmax && scanf("%80s", buf) != EOF) {
/* Read words until EOF or maximum number reached and
/* allocate memory to store them

*/
*/

if ((words[k] = malloc((strlen(buf)+1) * sizeof(char))) == NULL) {

fprintf(stderr, "Not enough memory\n");

exit(2); }
strcpy(words [k++], buf); } /* Store word read
if (search == ’b’) /* If binary search selected
heapsort (k, words); /* sort words via the heapsort method

starttime = ((double) clock())/CLOCKS_PER_SEC; /* Search start time
while (argc--) {
arg = *argv++;
switch (search) {
case ’s’: /* The sequential search case
printf ("Ysfound %s\n",

seqsearch(arg, k, words) 7 " "

"not ", arg);

break;
case ’b’: /* The binary search case
printf ("Ysfound %s\n",
binsearch(arg, k, words) 7 " " : "not ", arg);
break; } }
endtime = ((double) clock())/CLOCKS_PER_SEC; /* Search end time

printf ("Searching time is %.2f seconds\n", endtime-starttime); }

void heapsort(int n, char **x)
{ int 1i;
for (i=(n/2)-1 ; i>=0 ; i--) /* Transform array to a heap
/* A heap is an implicit binary tree where each node is not smaller
heapify(x, i, n-1); /* than its immediate successors
for(i=n-1 ; i>=1 ; i--) {/* Move root of heap to bottom rightmost
swapwords (&x[0], &x[il); /* position not already settled and
heapify(x, 0, i-1); }/*transform to a heap the rest of the tree
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void heapify(char **x, int root, int bottom)
{ int maxchild; /* Transform to a heap the subtree starting at root
/* up to element bottom

while (2*root < bottom) { /* Do we have still work to do?
if (2*root+1 == bottom) /* If left child is last to consider
maxchild = 2*root+1; /* this is the maximum child
else if (strcmp(x[2*root+1], x[2*root+2]) > 0) /* Otherwise
maxchild = 2%xroot+1; /* select maximum between left
else
maxchild = 2*root+2; /* and right child of root

if (strcmp(x[maxchild], x[root]) > 0) {/* Compare maximum child
swapwords (&x [maxchild], &x[rootl]); /* with root and swap
root = maxchild; } /* accordingly, defining also the new root
else
break; } } /* 0K, we made our heap

int seqsearch(char *w, int n, char **x)

{ int 1i;
for (i=0 ; i<mn ; i++)
if (!stremp(w, x[il)) /* So simple, what to comment here!
return 1;

return O; }

int binsearch(char *w, int n, char **x)
{ int cond, low, high, mid;

low = 0; /* Lower limit for searching
high = n-1; /* Upper limit for searching
while (low <= high) { /* Do we have space for searching?

mid = (low+high)/2; /* Medium element of search interval

/* to compare with word we are looking for
if ((cond = strcmp(w, x[mid])) < 0) /* Compare medium to word

high = mid-1; /* Not found, word might be at first half
else if (cond > 0)
low = mid+1; /* Not found, word might be at second half
else return 1; } /* We found it!
return O; } /* Sorry, word not found

void swapwords(char **wl, char **w2)

{ char *temp; /* The well-known swap function for the strings case
temp = *wl;
*wl = *w2;

*w2 = temp; }

*/
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% gcc -o searching searching.c
% cat test_words.txt
Hello there! How are you?
Hello!!! I am fine. What about you? Are you 0K?
Yes, I am fine. Thank you.
% ./searching -seq -max 50 -words you word fine I < test_words.txt
found you
not found word
not found fine
found I
Searching time is 0.00 seconds
% ./searching -bin -max 50 -words you word fine I < test_words.txt
found you
not found word
not found fine
found I
Searching time is 0.00 seconds
% ./searching -bin -max 12 -words you word fine I < test_words.txt
not found you
not found word
not found fine
found I
Searching time is 0.00 seconds
% wc -w /usr/dict/words
25143 /usr/dict/words
% ./searching -seq -max 26000 \
? -words ‘cat KRExcerpt.txt‘ < /usr/dict/words | tail
found well
found to
found write
found major
not found programs
found in
found many
found different
not found domains.
Searching time is 0.28 seconds
% ./searching -bin -max 26000 \
? -words ‘cat KRExcerpt.txt‘ < /usr/dict/words | tail
found well
found to
found write
found major
not found programs
found in
found many
found different
not found domains.
Searching time is 0.00 seconds

h
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% hostname
zeus

% wc -w large_file.txt

263901 1
% ./search
?
found
found
found
found
not found
Searching
% ./search
?
found
found
found
found
not found
Searching
% ./search
?
?
23606
% ./search
?
?
1537
% ./search

found
found
not found
not found
not found
not found
Searching
% ./search
?
?
C ...,
yA

arge_file.txt
ing -seq -max 300000 \

-words ‘cat KRExcerpt.txt‘ <

programs

in

many

different

domains.

time is 0.81 seconds
ing -bin -max 300000 \

-words ‘cat KRExcerpt.txt‘ <

programs

in

many

different

domains.

time is 0.01 seconds
ing -bin -max 300000 \

-words ‘cat /usr/dict/words

ing -bin -max 300000 \

-words ‘cat /usr/dict/words

ing -bin -max 300000 \

-words ‘cat /usr/dict/words

time

timeout

timepiece

timeshare

timetable

timeworn

time is 0.29 seconds
ing -seq -max 300000 \

large_file.txt | tail -6

large_file.txt | tail -6

A

A

A

-words ‘cat /usr/dict/words‘ <

... unacceptable running time

large_file.txt \
grep ’not found’ | wc -1
large_file.txt \
grep ’ found’ | wc -1
large_file.txt \

grep ’ time’

large_file.txt \
grep ’ time’
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‘Eva npdyeappa C mepener va elvow . . .

. owoTo. llpogavac! Ipdypauua mou divel Addog

ATOTEAECUATO TTEETEL VoL OLopUwUe.

. amodoTixo. To mpoypduuota TEETEL Vo Blvouy Ta
ATOTEAECUATE TOUC HECA OE EVAOYO YEOVIXO DLACTNUA.
BéBoua, o opiouds tou “cUhoyou” mowxlhel avahoyo UE TNV
nepintwon xal Tic cuvinxee. e xde meplnTwon, Yo TEEnel
VoL TPOOTAVOUUE TO TEOYPUUUS UAC VL EYEL TN UEYLOTN
ouvaTH armodoon. Ernlone, Yo mpEnel vor eAEYYOVUE TN
CUUTEPLPORA TOU XAl YL, THAVOSC ACLVATLOTO, UEYAAES
eloodoue. 1Idvtwe, éva mpdypauua Tou YewpenTixd xdmolo
oTiyun Ya tepuatioel, ahAd unopel vo unv CodUe yia vo To
doLpE, BEV ExEl TEaxTIXn ala.

... elpwoTo. Aev TpEnel To TEoYpouua Vo Byalet Addn
eEXTENEOTC, OTIOLAONOTE XL av efvat 1) eloodog o BEYTNXE.
Aev apxel Vo CUUTEQUPERETAL OUAAS UOVO Yol TIC
ALVUUEVOUEVES ELCODOLC.

... Texpnelwpevo. H texunplwon cuviotatow oty xoAn
ETULAOYY) OVOUATWY UETARBANTOY, CUVAPTACEWY, XAT., xoddC
xou oty npocUnxn oyohiwv. H texunplwon npenel va elvon
TOOT) 60T YEELACETOL YO VO XAVEL TO TEOYPOULUO XU TAVOTTO.
O0te Ayodtepn, aAhd 0UTE XAl TEPLOCOTERT).

. euavdyvewoTo. Ilpénel va €yel cuvenn otolylor, va
ATOPEDYOVTAL YPAUUES UE TEPLOGOTEPOLG amd 80
YOUPAXTHPES, VoL UTEEY 0LV XEVE YOpw and TEAECTEC, OOV

AUTO BEATIOVEL TNV AVALYVWOLLOTNTA.



180

VY VA TEOYEUAMAXTIOTIXA AdUn otny C

Noa xdvoupe dialpeorn puetall axepaleyv, EVEATIGTOVTAC OTL
Yol TAPOVUE GAV ATOTEAEOUA EVOY ARLUUO XUVNTAC
UTIOOLALOTOANG, EVL) GTNY TEAYUATIXOTNTA TOPVOUUE TO
axépato TNAIXo Tne dlalpeong.

Na vouloouvye 6t oe plo axépator LeTafPANTY) umopolue va
QUAGEOVUE T OCOBNTOTE UEYAAT), 1) OTL o€ Wiot UeTaBANTH
XWNTAC UTOOLOTOAAC UTOPOUUE VoL EYOLUE 60T axplfeia
VENOLYE.

Na xdvoupe Addoc otnv oplaxr| cuvdixn tepuatiopod wlog
dounc emavaindne.

Na yenowonoliocouye yior TEAEGTY| GUYXELONC UECA OF
cuvdxn to =, avtl yio To ==.

Na Bdhovue petd and plo for B pulo while €va ; mpwv TNV

EVTOAN 1| TO UTTAOX EVIOAWV TIOU ATOTEAOLY TO GOUA TOUC.

Noa Eeydoouye 6Tl Tor oTOLYElR EVOC Tilvarxal pe dldotaon N

aprdpovvtal and to 0 €we to N-1, xat oyl and to 1 €we to N.

Na yelplotolue ampdoexTa TOUC OEIXTES, Lo TOEAOELY U VO
OOXLUACOVUE Vo Ypdpouue exel Tou ToTEVOUPE OTL BElYVEL
EVOC OEXTNG, YwelC Vo EYOUUE XAVEL TNV ATOUTOVUEVN

OECUEVTT] UVAUTC.
Na decpelouye duVAUIXA LVAUN UE ETAVIANTTIXG TEOTO XL

VoL NV TNV ATOOECUEVOVUE OTAY OEV TNV Y el OUACTE.
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Na Bdhouvue ; oto téhoc ulac odnylac #define.

Na Eeydooupe va Bdroupe nopeviéoelc YOpw And TO XEUEVO
AVTIXATAOTAONS WOC HOXEOEVTOANC, TTou 0plloVUE UE

#define, xou 6mou ahlol ypeewdletol péoa ¢° aUTO.

Noa nopeényfooupe TIc TPOTEQAUOTNTES TWV TEAECTWLY, YA
TaEddeLYHaL Vo Yedpouue

while (ch = getchar() !'= EOF)
avtl yio

while ((ch = getchar()) != EOF)

Noa xdvoupe obyyvon avduecsa otny €vvola tne
TEOTEQALOTNTAC TWV TEAECTWV, TOL EXEL VO XAVEL UE TO TOU
EQUPUOLETOL EVOC TEAECTNC, UE TY) OELPA EXTEAEONC TWV
EVERPYELWY TOL TPoodLopllouy ol teheotec. [ mapddelyua,
To *p++ elval Ovtwe To (Blo pe to *(p++), To omolo Ouwc
noAhol vouilouv, Addoc, 6Tl onuatvel 6Tt TpdTor Yo € ndet
0 OEXTNC P ol UETE Vol TEOOTEALGOVUE TO TEPLEYOUEVO TN
véag dlebduvone. OXI. Anhode, o TeheoTrc ++ €0¢) elvarl
ueTodeyaTinog, Onhwvovtac otL mtpota Yo tpooteacel To
TEPLEYOMEVO TNE OLeduvoT e Tou delyvel o p xau YeTd Vo
auEndel autdc. O mapeviéoelc yYipw and to p++ delyvouv
ToU e@apudleTal 0 TEAECTAC ++ (oToV BelxTn p) Xou O)L TOTE

Yo extehecVel ) mpdén mou UTOBEXVUEL.
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Na yeipiotolye anpdoexto ueTafSAnTeS e to {d0lo dvoua,
TAPEENY VTS TIC EUPEAELES HAVEULAC, XL VAL
YENOUWOTOLOUUE XATOLOL AT AUTES, EVE) TEOLYUATLX
YOTOULOTIOLOVUE HATOLL GAAT).

Noa dewprioovye o1l Tomixeg petafAntéc elva
apyxomotnuévee (yia mopddeltyua, oe 0), mopdTl eyeic dev
EYOLUE XAVEL PNTAE HATL TETOLO.

Noa SloTunICoVUE ATEOCEXTA EUPWALACUEVES EVTOAES 1f,
TLEAAEITOVTOC AYXLOTEA { X0l } OF TMEPLTTOOELS TOU
YEELACOVTOL, UE AMOTEAECUA 1) EVTOAT) VAL EIVOL UEV
CUVTAXTIXY OWOTY|, OTOTE O HETAYAWTITIOTNAS OEV
OLOUAETOPETOL, AARS VO ONUALVEL XA TL AAAO AT AUTO TIOU

elyoue mpoveon va yedouye.

Na &eydooupe xplowa break oTic TEQITTWOOEC UlAC EVTOANC

switch.
Na tavtioovue to A’ ye to "A".

No nopafiédouue t0 yeyovoe ot pla cupfBorocelpd
tepuatiCel pe tov yopaxthiea *\0’.

Na cuyxplvouye cuyfohocelpec ue Tov TeAecTy| ==, avtl e

TN cUVAETNOT strcmp.
Na unv Bdrovpe cuviixrn TepuaTIoNOU piog AVAdEOUTC.

Na xahécouvpe Ty scanf nepvodvToag ¢ aUTHY TIC UETOBANTES

mou YEAouye va dtafidooupe, avti yio T OleVIiVoELC TOUC.
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EuvyopioTiee ...

o ... otn Enixoven KadnyAteia I{aund KapdAn yio tn petddoon ToAOTLUNG
eunelplog, LOEMY xat VALX0) and to padnua Tou AVIIXELUEVOOTEAYOUC
[Mpoyvpappationo mou dddoxel oto TuAua poc and To axadnuaixd €toc
2002-03.

o ... enlong otnv Ilaund xat otouc petantuyloxols goltntéc Mtépavo
Yrapdrn xow Niko IoOnté mov dudfPalay pe anepldplotn UTOROVY TA
TEWTOAELYL AUTAOV TWY JLAQPAVELDY/CNUELDCEWY, EVOSHL YEAPOVTOVTAY, XAl

4 4 7 4 4 7 7 Ié
vnedetlayv éva TARYoc and Addn xat nopaAielidelc Tou elyav, xavoviag
TOVTOY POV X0l TPOTAOELS YL TN dLo6pVwon Touc.

. YO TY] CUVELCYPOPA TOUGE OTA ERPYACTAPIA, GTNY AELoASYNON TWY
ACKHACTEWY, TTNV UNOCTARPLEYN TWVY POLTNTWY XL OTY SILYEIPLOY TOL
(POPOLIL ETUXOIVWVING TOU RAXOAUATOC ...

® ..., exTb6c and tov Xtépavo xot tov Niko, ctouc Anunzen 'cavdtoio xol
BaoiAn Iaradnuntpiov xol 6TOUC UETATTLYLAXOVS @oltnTéc ApPloToTéAn
I'Aevtn, Ytério Kapaunaodkn, Anunten Ilardpa, BiBry Prya, Oodwpn
Ayyedénovdo, Mapia-Apteun I'eoden, Avrtdvn Aaveddkn, Mdvo
Kaprathwtdkn, Anuntpa Kepauida-Xapidbdrxov, IInyn Kovkn, MapiaAéva
Kupaxion, MavoAn IlAlatdxn, EVn Yaitn, Xpvoa TloVua, Péva
ToavtouAn xal I'epdoiuo Papavtdro xo3mMC %ol GTOVEC TEOTTUYLAXOVC
potrtntéc Anuntpn PaBiodo, Oodwpn I'ewpyiov, Mdvo KapBolrvn, I'idpyo
Kaozpivn, Baoiln Avaotaoiov xou Opéorn IloAvxpoviov.

e ..., aAA& xat otoue petantuylaxols gottntéc (rpdny xot vuv) Niko
Kapaunatlidkn, BdAia ToayxaAidov, Znon Taxtoidon, I'dvvn Putd,
I'idvvn IlpoBatdpn, Katepiva IatporovAov, 'EAeva Nikoddxn, I'dta
KoAtoida, Xnvpo Mnovton, Anunten Yolvn, MavdiAn Yuvvodivé, Mér A
TpravtaguAdidon, Anunten Kaztpen, ®oiBo Ocoxdpn, Anunten Kwtodko,
Avva Nika xor Eda Xitapidn yio Tn cLUVELCQORH TOUC XATA T
TEONYOVUEVA AXADNUAIHS €TT.

Téhoc, 6hot Yo Yupoduacte tov @iho, cuvepydty, cuVAdEAPO XL dAoXANO
I'dvvn BeAeoiddhTn tov pac donoe avarndvieyo xot aveEAynta tnv 1/1/2008.

Iavayiddtng XtapaténovAog



