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IHPOAOI'OX

2T1G ONUELDOELS OVTEG TOPOVOIALETOL TEPIANTTIKA 1 VAN TOV KahvmteTal oto pddnpa “Tlpo-
ypoppotiopds Hiektpovikddv Ymoroyiotdv”, mov 01000KETOL GTOVS GTOVdGTEG Tov 1ov e€a-
pnvov g ZyoAng Hiektpordywmv Mnyovikdv kot Mnyovikav Yrnoioyiotdv tov E.MLIL.

IIpocoyn: o1 oNUEIDOOGELS dgV VTOKAOIGTOVY TNV TOPAKOAOVONGT TOV podfpaToC.

2K0omd¢ ToL e HaTOG ALTOD EVAL 1) EIGAYMYN GTNV EMGTHN TOV VITOAOYIGTAOV, TNV TAN-
poeopikn. ITepthappdvel culRnon twv evvolmv: adyoplOuog, doun dedoUEVOV, TPOYPOLLLLL,
YA®GG Tpoypappaticpov. H elcaywyn yiveton pe Baon 1 yAdcsoa tpoypappaticpod C++,
CLUUTAN POUEVN LE EVva EKTOdELTIKO Por|Onpa (PZhelp), oxedlacéVO E101KA Yo TIG OVAYKEG EVOG
poOnpatog o apydptovg (dnAadn xwpig GLVTOKTIKEG 1O1LTEPOTNTEG).

Yrépyovv d1dpopa 6TAd10 ATAcYOANONG TOV UNYOVIKOD TANPOQOPIKNG: TPOILYPOUPES, CYE-
dlaon adyopifumv, k®OKoToinon SladKAGLOY Kol TPOYPAUUATOS, ETAANOELON, TEKUNPiOOoN
KOl GUVTIPNON.

[No epumédmon tov BepNTIKOV YVAOGE®V, 01 GTTOLOAGTEC VAOTOI0VV O1APOPES LKPES EQOP-
LOYEC OTO €PYACTNPLO, XPNOIULOTOIOVTAS TN YADooo CH++ (ue 1 yopic PZhelp). EBdopadioimg
yivovtotl 3 dpeg TapddoonS Kot TOLVAGYLGTOV 2 DPES EPYUCTNPLUKES.

Ot onpeudoelg avTés etvorl LETEEEMEN TV ONUEIDCE®MY TOV ZTAON ZA)0oL Yia ToV 1510 GKOTO,
pe ) yhoooa Pascal, mov ypovoroyohvtor omd T1g apyés g dekaetiog tov 1990. @éhovpe vo gv-
YOPLOTGOVLLE TOVS TOPAKATO GUVAIEAPOVS, LETASOUKTOPIKOVS, LETOTTUYLKOVS KO TTPOTLTL-
YLOKOVG GTTOVSAGTES, TOV BONONGOV GTNV TPOETOUAGIN TAAAOTEPWOV EKOOCEWDV AVTOV TMV ON-
petwoewv: Apn Hayovptdn, Zotpn Mrovton, Katepiva I[Totika, [Tavayiowtm Xeihopn, Ztpotm
[oavvion, Bayyéin Tlovn, ['dpyo Avdpoviiddxn, Tidpyo Aonpevé kot Idpyo Bakaidmoviro.

Téhog, o1 onueldoelg avtég mpdkettan vo emektadovv kot va Bertimbovv oto péAiov. Mmo-
PELTE VO aVaTPEXETE GTNV TEAELTALN TOVG HOPPN TTOV Etvart dtaBEcun amd T ceAida Tov podn-
patog: https://courses.softlab.ntua.gr/progintro/.

2160ng Zdyog ko Nikog [Maracsmdpov, 2017.
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Kepaiawo 1

Ewsayoym

1.1 Xxkomog Tov padfpatog

1. Ewcayoyn omv IIAnpoeopikn
2. Hpoypoppoatiopndég HYY

3. MebBoodoroyia adyopBkng exilvong TpofAnudtov

H ITAnpopopikn, N EMGTAUN KOl TEYVOLOYIO VTOAOYIGT®V OTMC EMiong ovoudletal, ivat
1 GLOCTNUOATIKY] LEAETT] OAYOPIOLIKOV SLOOIKOGLDV TOV TEPLYPAPOLY Kot emegepydlovtot mTAn-
popopiec. ITio ovykekpéva, n IIAnpoeopikn teprrappdvet: Bewpia, avdivon, oyedioon, amo-
d0TIKOTNTO, VAOTOINGN Kot epapproyn aryoplOuikov dtdwkociov. To Pacikd epodTnua LE TO
omoio acyoieitan n [TAnpoopikn givar: “Ti propet va punyavoromei; (Ko paioto pe amodo-
TIKO TpOMO)”.

1.2 Iotopwi) avadpoun)

H ITAnpogopikn yevvidnke mpwv mepimov 60 ypdvia amd 10 mdvrpepa g Bewpiog alyopid-
LUV, TNG LOONULOTIKNAG AOYIKNG Kot TOV oyedtocov H/Y mov £yovv amobnkevpéva mpoypappoto
OTN WU TOVG. ZYETIKA dtuma (Tpoyelpa) Aépe d® OTL alyoprOpog eivar pia axkodovdia evep-
YELDV OV TTEPLYPAPEL Evay TPOTO emilvong evog poPanpatoc. Ta avtikeipeva Tavo oTo omoia
yivovtal ot gvépyeleg Tov aAyopiBuov eivar koppdtio TAnpopopiog Tov ovopdalovtol 0Edopuéva
(data). poypappa AEyetal Hio, GUVTOKTIKG 0KPPNC TEPLYPOPY| EVOC adyopiBuov, doouévn o€
L0 TUTTIKT YAMOO, T1 YAMGGO TPOYPOUUUOTIGHOV.

Ot tumikég yYAwooeg (formal languages) £x0vv avoTnpd GLVTOKTIKO OPIGHO GE OVTIOOGTOAN
LLE TG PUOIKEG YAMOGEG.

Ot pUO1KEG YAMGGESG, OTMG T.). TOL EAANVIKAL, QYYAIKA, K.AT., dEV £XOVLV TOGO QLGTNPOVS GV-
VTOKTIKOVG TEPLOPICUOVS, £XOVV OUMG TOAD PEYAAVTEPN TUKVOTITO KOl CIUOCLOAOYIKES OV-
VATOTNTES (LTOPOVV T.Y. VO EKPPAGOLY GLVOICONLOTAL).

O pileg g [TAnpogopikng Bpiokovion Babdid oto Mabdnuatikd oAl Kot 6TOV TPOoPANUATL-
oud Tov Mnyavikav (Engineering). And to Mabnpotucd tpoépyetal  avaioutikn pebodoroyio

1



2 KEDAAAIO 1. EIXAI'QI'H

Kot ad Toug Mnyavikovg n oxediaon (design). H TTAnpopopikn dpa meptiapfavet Bewpio (po-
ONUOTIKO HEPOG), TEWPOUOTIKES LEBOSOVE Kol OMLIoVPYio ApNPNUEVOD LOVTEAOL (ETIGTNLLOVIKTY
pebBodoroyia) kot oyedioom yio Kataokevun (KAnpovould tov Mnyovikdv). Ze GAAoLS KAAS0LG
avtd etvor mo EekdbBapa droywpiopéva, m.y. Topapfare pe T dtoeopd Xnukdv Kot XnUKov
Mnyavikov. Zmmv [TAnpoeopikn 1| emeTnpovikn pedodoroyia Kol ) KATOCKEVAGTIKI oYEHI-
061 ATOTEAOVV OAOKANPOUEVA, ALOYDPICTO KOUUATIO EVOG KOl TOV VTOV KAGOOV.

[Mo yAdoeg xpdvia, To KOp1o avtikeipevo Tmv Madnuotikdv nTav ot varoroyiopoi. Atdpopa
LOVTELD QUGIKMV POLVOUEV®V 001YNOAY GE EEICMGELS, TOV 01 ADGEL TOLG TEPLYPAPOLY QLTE TOL
QOVOUEVH. ZVYXPOVOS OU®S KOt 01 Mnyavikol xpnGLoTolo0Gay VTOAOYIGHOVG 6T Gyedioom
ocvotudtov. Etot éva mtapdywyo e aAinienidopaons Mabnuotikdv kot Texvoloyiog oy kot
SLAPOPOL VTTOAOYIGTIKOL UNYAVIGLOL.

Tétown epyaieio ypNOUOTOIOVGAV Y10 TV VOUCITAOTN 1] YEWOEGTN Y10 EKOTOVTAIES YPOVIQL.
To 170 cudva dVo cmovdaiol emotipnoveg, o Pascal kot o Leibniz, katackebocov vToloyloTi-
k&G apBuopnyovéc. Tn dexaetio 1830-40 o Babbage oyediace v “avaivtikny unyovn’”, mTov
uropovoe vo vToAoYilel AoyapiBLOVG, TPLYMVOUETPIKEG GUVAPTIHGELS KO AAAEG YEVIKES apON-
TKéG ovvaptioelc. Tn dexaetio 1920-30 o Bush kotackedooe nAekTpovikd avoloyikod VTOAOYL-
OTY] Yl ETIAVGN YEVIKOV GLUGTNUATOV d10popIK®V eElo®oemv. Alyo apyodTepa, TO NAEKTPOVIKO
flip-flop enétpeye 10 TéPacUO o€ YNPLaKO voroyiot (Zuse).

Ao TV GAAN peptd, N Mabnuotikny Aoyikn EVOLQEPETAL Y10l TNV GLAAOYICTIKT EYKLPOTNTA
KO Y10, TUKOVG Kavoves. Ao v emoyn Tov AptototéAn kot Tov Evkdeidn, n Madnpatikn
Aoyu (a&iopata, Kavoves, GLALOYIGHOL, amodeitels, BewpnoTa) NTOV OVTIKEILEVO ETIGTNLO-
vikng épevvac. To 190 awdva avalntovcay éva kaBoAkd cOoTNH AOYIKNG LE TIG WOIOTNTES TNG
OUVETTELOGS KO TNG TANPOTNTOG, ONACON Eva GLGTNHO [LE TO 0TToio Ba uTOpPOVGOLE VO OToPaL-
GlooLE UNYOVIKA EGV L0l OTTO1ONTTOTE OEOOUEV LaBNUOTIKN TPOTOOT Elval aANONC 1 wevdng
(Hilbert). To 1931 o Godel anédeiée o mepionuo Oedpnpa pn tinpotntas. Edcie oniaon ot
dev tvan dvvatov va Bpebet tétolo TANPEG Kot GUVETEG GLGTNO AOYIKAOV Kavovav. To 1936 o
Turing eneEnynoe v évvola “po pobnpotiky Tpdtacn dev eivar oute AN ovTe Yevdng”
¢ €ENG: M aAnBoTiun| TG dev gival SuvaTOV Vo VTTOAOYIGTEL e o BempnTikn KaBoAkn virolo-
yiotikn pnyovny (Mnyoavn Turing).

H omovdadtnra ¢ epyaociag tov Turing (mov onuepa Bempeital o matépag g [TIAnpopo-
PIKNG) €yKertar 6Ta €ENG OVO amoTELEGHOTAL:

1. Yrdpyovv kaldgopiopéva (padnuoticd) tpofAnuato tov Opmg eivor advvatn (Oxt amiog
Gyvwotn) 1 AoT TOVG LE OTOL0ONTOTE VTOAOYICTIKO TPOTO.

2. Xpnowomolhvtog kmdwkomoinon (pe akorovdieg cupforwv 1 puotkods aptdoic) pmo-
POVLLE VO TOPACTHGOVUE OEGOUEVA | TPOYPAUUATO KOl GUVETADS VO TO ArofnNKeLGOLLLE
HEGO OTN UVIUN HOG DTOAOYICTIKNG UNYovinG. Avtr| eivon kot 1 Bactk] d1apopd evog
VIOAOY1oT (€)Xl amodNKeLUEVO TPAYPOLUA) OO LU0 VTOAOYLIGTIKTY pnyovn (.. £vol To-
MOLOJITIKO KOUTIOVTEPAKL).

Xe avtd, AoV, T0 LTOAOYIGTIKO PovTéELD (Tov ovopdletor povtédo von Neumann), 10
KOOWKOTOMUEVO TPOYPOUUO EIVOL ATOONKEVUEVO BT LV GE LOPOT TTOL YIVETOL KOTOVONTY
amd T unyovn (YAoooo punyaving). O Tpoypoppatiotg OUMG UTOPEL Vo YPNOILOTOIEL YADCTO
TPOYPOUUUATIGHLOD DYNAOD EMTEIOL (TOL givor dInAadn TANGIEsTEPO. 0TV AvOpdTIVY dloTh-
o™ aAyoplkdv Acemv). H petdppacn and yYAOGsH Tpoypapiaticiod VYNA0DH ETTESOV



1.3. KAAAOI [INTHPO®OPIKHY 3

0€ YADOOGO, UNYOVIG YIVETOL UNYOVIGTIKA OO £va, TPOYPOUION TOV AEYETOL METAYAMTTIOTNG
(compiler).

H ITAnpopopikn| mépace Ta modued g xpovia Tig dckaetieg Tov 1940 xar 1950 ko Exet yivet
L0, 0L OAOKANPOUEVT EMGTHUN-TEXVOAOYIa e TayOTaTN EEEMEN OTIG TPONYOVUEVES OEKAETIEG
KOl EDPVTATEC TPOOTTIKESG Yo TOV 210 auva.

1.3 KAddor mAnpo@opikiig

AxoAiovbel pia Tpdyepn omapibunon deodpwv kKAadwv ¢ [TAnpogpopiknc. Kowod yapa-
KTNPLOTIKO OA®V TOVG Eivat 6T0 TEPLeOUEVO TOVG: TO BempnTikd Koppdtt,  dnpovpyio povté-
AOV, K0l TO GYESACTIKO-KOTACKEVAGTIKO TOVG KOUUATL:

ALy6pBpot ko Aopéc Asdopévmv

INwooeg Ipoypappaticpon

Apyrtektovikn Yrnoroyiotov kot Aiktdwv (hardware)
ApBuntikoi kot ZopPfoiikoi Ymoloyiopoi
Agrtovpykd Zvotipoto

MeBodoroyia - Teyvoroyio Aoyiouikov (software)
Bdoeig Aedopévav ko Atayeipion ITIAnpopopiodv
Teyvnt Nonpootvn kon Popmotikn

Emwowovia avBpdnov-vroroyiot

A B U e

>10 pdnua “Oepeiimdon Oépata Emotung Ymoloyiotdv” tov 3ov e€opunvov Oa emovéL-
Bovpe Yo vo cu{NTHOOLLE TEPIANTTIKA TO TEPLEXOUEVO OVTMOV TOV KAAO®V.

1.4 Boaowkég Evvoreg

Ag oTpapovLE OUMC GTOVE VITOAOYIOTEG KOl GTOV TPOYPOUUUATIOUO TOVG. XyNLOTIKG UTo-
POVUE VO TOVLLE:

Yrnohloyiotg = Enelepyoactc + Mviun + Zvokevéc Eiod60v/EEH6S0v

omov:

0 gnefepynotng (processor) eKteAel EVIOAES OV €ival amoONKELUEVEG OTN VAN Kot
aAAGCEL TO TEPIEXOLEVO TNG LVIIUNG,

e N pvipn (memory) dtatnpel amodnKevpéva dS0UEVA Kol EVTIOAES, Kot

* 0l 6VGKEVEG €16000V/eEGO0V (input/output devices) kabioTobv dvvatn TV eMKoOVmVia
He avOpmTOVG 1 AALOVG VTTOAOYIGTEG.

1316t TEG TOL NAEKTPOVIKOL VTTOAOYIGT:

* oVTONOTO YOPig eETVada
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* peydin tayvnto
* akpifeto oTIg TPAEELS

[poypappatiopdg : Opydvoon cepds EVIOADY TOL VAOTOIOVV £VOL GUYKEKPIUEVO VTTOAO-
YIGUO.

Mpoéypoppa: AryopOLOG TPOG eMIAVOT KATO0V TPOPANUATOSC YPOUUUEVOS GE L0, TUTIKN
YADGGA (LE QVOTNPOVS CLUVTOKTIKOVG KAVOVES) TOV AEYETOL YAMOGTO, TPOYPOUULOTICUOD.

Mpoypappoetietiky FAocsa Mnyavijg: Ot evtorég oynpatiCovtot pe duadtkovs aptBpoie.

ITy. 0110110 11011011
dtevbuvon ot pvnun KkaBovtn evion

I'oooa yopnrov emmrédov (low level): Eviodég duovomteg yia tovg avBpdmovg (1 xpron
ToVG dnuovpyel peydia meplBdpla AdBovg) Kot evvonTeS Yo unyavég (LOVo GUMG Yo TOV GL-
YKEKPYEVO TUTTO UNYXOVIG Yo TOV 0Toio Tpoopilovtat).

I'pryopa dmovpynOniav ot pvpovikég yAmooeg (assembly languages) mov givat mo gv-
VONTEG Y10 TOVG AVOPOTOVG KOl UTOPOVV VO LETAPPAGTOVY EVKOAQ, UNYOVIOTIKA, GE YADGGO
unyovns. H petdepaon yivetat and éva mpdypappa, To cvopporopetappoocty| (assembler).

ITy. L: ADD R1, RO
ovpPoikn devbuvon TPAcn ovpPoikég devBuvoelg
etwcéta (label) (operation)  dedouévev (variables)

E&axolovbel opmg va vapyel to poPfAnpo e SVGKOANG HETAPOPAS TOL TPOYPELLOTOS
og pnyovn dArLov TOToV, dNANST SLAPOPETIKNG KOTACKEVNG, (TAPA TO OTL LE TIG ETIKETES KOL TIG
peTaPANTEG, OV gival OYETIKEG d1EVOBVVOELS, EMTLYYAVETAL 1] EDKOAN LETAKIVIOT TOV TPOYPALL-
patog péoa otn pvnun). H avriotoyia pe tic eviodég g yAdooag punyaving etvon pia tpog pia,
oniaon e€okorovBoipe va £xovpe TOAAEG AETTOUEPELES KO ETOVOANYELS, Gpa LEYOAN TOOVO-
mrto AaBdv.

1.5 T'Aooocec vynrov emmEdov

To enduevo Prpa eival ot yAdooec vynmAov emmédov (high level): svavayvworteg, aveédp-
NTEG OO £V CLUYKEKPLUEVO TUTTO UNYOVIG Kol e pkpdtepn mlavotnta AdBoug yio tov mpo-
ypoppotiotn. ILy.

(* oe Pascal *) /* ge C/C++ %/
X 1= 3*y; X = 3%y,
while x>1 do x := x/2 while (x>1) x = x/2;

H viomoinon (implementation) Tpoypappdtov pog YAOGSag vYnAoy EmTESOL yiveTon glte
amd TPOYPUULO-UETAYAOTTIOT (compiler) N amd TpoOypoppo-Siepunven (interpreter) mov eKte-
Ael apéomg TiG EVIOLEC.
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[otopikd Tpd N TéTo10 YA®G GO gvupeiog 01dooomg eivar FORTRAN (FORmula TR ANslator,
1957, Backus, IBM) pe 6komod TV €00vVAYVOOTN YPOPT LAONUOTIKOV TOT®V.

Meovektrpata: 0yl teAeimg aveEdptnTn amd tov TuTo unyavins. Etvat oyedioopuévn povo yu
paONUOTIKovS, PUGTKOVG, YNUKOVE K.AT. KO 01 TPAOTEG EKOOGELS TNG OeV LITOGTNPLLAY SOUNUEVO
TPOYPOLUATIGUO.

[TAeovektnpoto: evpeia 014000, EXOVV YPAPTEL Kol LVITAPYoLVV € PiAlodnNKeg TOALAL Tpo-
ypaupata e FORTRAN.

Mepucéc evdrapépovaoeg 1otopikd YAmooes, amd T FORTRAN péypt onpepa:

* FORTRAN (1957, John Backus, IBM)

» LISP (1958, John McCarthy, MIT)

* Algol 60 (1960, IFIP, Rutishauser)

+ COBOL (1960, CODASYL)

* BASIC (1964, Dartmuth College)

* PL/1 (1964, IBM)

* Pascal (1971, Niklaus Wirth, ETH Ziirich)

* Prolog (1972, Alain Colmerauer)

* C (1972, Brian Kernigham & Dennis Ritchie)

* ML (1973, Robin Milner, k.a., Edinburgh)

* Modula-2 (1978, Niklaus Wirth, ETH Ziirich)

* ADA (1980, Jean Ichbiah)

* Smalltalk 80 (1980, Xerox PARC)

» C++ (1983, Bjarne Stroustrup)

» Haskell (1990, Glasgow, UCL, Yale, Chalmers, Nottingham)
* Python (1991, Guido van Rossum)

* Ruby (1995, Yukihiro Matsumoto)

* Java (1995, James Gosling, Sun Microsystems)
* C# (2001, Microsoft)

Y10 oynuoa 1.1 eatvetar 1 €EEMEN TV MO S1AOESOUEVOV YAOGTHV TPOYPAUUATIGHOD amd
T TéAN TG dekaetiog Tov 1950 wg onuepa.

1.6 Hardware kot software

Ag wncovpe Tdpa Ayo yuo toug H/'Y avtodg kad’ avtovs. 'Eva vroloyiotikd cuotna
aroteleiton Bacikd and dvo pépn:

* tov VAIKO g€omtmopd (hardware), Kot

* 70 AOYIoMIKO (software), OnAodn Ta TPOYPAUUATO TOV EXTPETOVY KOl SIEVKOAVVOVY THV
yLPNON TOV duVOTOTHTOV TOL hardware.

O vikdg eEomhopdg ympic Aoyopiko stvar dypnotog.

[Tpwv amd to 1970 o vToAoyioTiKd cuoThpata NTav peydra (ovopalopeva mainframe), op-
YOVOUEVA GE DITOAOYICTIKA KEVTPO Kol YPNCLOTO0VVTOV At &va ToAD peydrlo aptOud ypn-
OTAOV KUPIMG Y10 TEYVOAOYIKEG-EMIGTNOVIKES Ko S1OIKNTIKEG EQapuoyEs. To hardware tav mwo-
véxpipo, to software 6yt 1060, YoTi YvOTOV HOVO ETOVOANTTIKY XPNoTN MY®V BACIKOV ATADV
alyopiBuwmv.
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1957 FORTRAN |

58 - Algol 58 LISP
59 v
1960 COBOL Algol 60 APL
61
62 FORTRAN IV CPL
63 SIMULA |
64 BASIC pPL/
65
66 Algol-W
67 SIMULA 67
68 Algol 68
69
1970
71 Pascal
72 Prolog
73 ML
74
75 Scheme
76
77
78 FORTRAN 77 Modula-2
79
1980 Ada Smalltalk 80
81
82 Miranda
83
84 Common
85 LISP
86 Erlang
87 Clean Caml
88 Oberon
89 Modula-3
1990 ) FORTRAN 90 Haskell Standard
o1 Visual ML
BASIC
92
93
94
95 DELPHI Ada 95 Java Javascript Ruby  PHP Mercury
96 OCaml
97 Component
98 Pascal Haskell 98
99 D C99
2000 VB NET Managed
01 C#
02 F#
03 FORTRAN 2003 Scala
04
05
06
07 Clojure
08 FORTRAN 2008
09 Go
2010 Haskell 2010

1 C++11 Dart

Symua 1.1. H e&EMEN tov mo 010030 UEVOV YAOCTOV TPOYPOUUATIGLOV.

O tipég tov hardware apyioav kot eEoakorovBovv va Té@Tovy, evd avtifeta n TN TOL
software ovveyilel va aveBaivel Ady®m moATAOK®V 0AYOpIOU®Y, TOAVGYIOMV EPOPUOYDV KoL
peyoAvtépmv pichmv. Metd 1o 1970 yevikedtnke 1 ypnon mini-uTOAOYIGTIKGOV GUGTNUATOV
(ne 5-25 ypnoteg). Metd to 1980 €yovpe peydin e£AmAmoT TV MIiCro-LTOAOYIGTMOV, GUVETMG
kot Tev personal computers (PC), dniadr] CLGTNUATOV Y10 UTOKAEIGTIKY] XPNOT) OO £vaL ATOLO.
A6 10 1990 ko Té€pa 01 TPOSMOTIKOT VTOAOYIOTES EIVOL OPYAVOUEVOL GE HTKTVLO DVTTOAOYIGTMV KO
EMTPEMOLVV TNV TPOcPaot e TANODpa TANPOPOPIOV HEc® ToL Atadiktvov (Internet). EXvuepa
UNYOVES LE OAOL TOL YOPOKTNPLOTIKA EVOG VITOAOYIGTI] CUVAVIMVTOL KOl GE GLOKEVEC SLUPOPWV
peyebov pe Tokidia ypnoemv — m.y. Kiwntd tnAépmva (smartphones) kot topmAéteg (tablets) —
1N o¢ evoopatopéva cuatiuato (embedded systems) mov emTEAOVV O TOAVTAOKESG UNYOVIKEG
N Niektpovikéc Aettovpyieg. Ot epappoyéc TAEov Exovv yevikevBel og moAAOVS Topelc TG {omg
poG. Ao Tov emoTpova-unyaviko [Tinpopopikng arottobvtal TAEOV YVOGELS EVOG OLOKANp®-
pévov ovotnuatog (hardware-software).

H éupaon oto 1o e&dunvo eivar oty e€otkeimon e to software, evd 6to 20 eEQunvo vdp-
xouv dvo pabnuata, Eva yuo software kot éva yio hardware.
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1.7 O @wopyog s BaPéA ko 0 TOAENOG TOV YAOGGAOV

Ao ™ dexoeTio Tov 1950, y1A1doEg S10POPETIKES YAMOCEG TPOYPUUUATIGLLOV £XOVV GYESLO-
otel ko vAomomBel, o1 mEPLocOTEPES AT VTEC LYNAOV emumédov. [ToAAég oyedialovtar akdpa
K0 xpovo. H cuykpitikn pedétn 1oug kot 1 Tavopunon TV YepoKTNPLoTIK®Y TOVG EIval ovTL-
keipevo tov padnuartog “I'Awocoeg [poypappaticpov” mov dwwdoketal 6to 60 e&dunvo.

[Tow givan ) kaAVTEPT YA®GOO TPOYpoppaticpov; 'ati, mpopavmg, avtr Oa nfelav dAot ot
TPOYPUUUATIOTEG VO YPNCHOTO0VV Kot dpa ot o Empene va pabovv ol tpmToeTeic omovda-
OTEG HaG. ALt TNV €pMTNGN TNV KAVOLV 01 TEPIGGOHTEPOL AvBpmot Tov apyilovv vo acyoAoD-
VTOL LLE TOV TPOYPOUUUATIGHO KOl GLVIOME TPOKOAEL ApKETA EVTOVEG GUINTHOELS KOL OVTOAAYEC
anoyemv. Elvar Opmg emiong pio mold acaeng epdton. Otav acyoinOeite [ie Tov TpoypapLpLo-
TICUO Alyo TEPIGGOTEPO, G TOVUE, UEXPL VO TEAEWDGETE TIG 6ToVOES oag oto E.MLIL., ciyovpa
Ba &yete pabet 6TL “n KaAOTEPN YADGGO TPOYPAUUATIGHOV” 0V vtdpyel. Kdmoleg YAdooeg &i-
Vol KOADTEPESG Al KATO1EG GAAES Y10 KATOL0 GUYKEKPIUEVO 6KOmd. ['ia TV akpifeta, kAmoleg
YADGGES YPNOUYLOTOLOVVTOL GYEGOV OTOKAEIGTIKA Y10 KATO10VG GUYKEKPIUEVOVG GKOTOVE KO Y10l
KATO100G CLYKEKPUEVOVS GKOTTOVG YPTCLOTOOVVTOL GYEGOV OMOKAEIGTIKG KATOEG YAMGGES.

INo mopaderypa, 1 C eivor pio e€apeTikd Ko YAOCS Y10 TOV TPOYPOUUUATIGHO GUOTNHA-
TV (systems programming). AvartoyOnke Kotd tn didpkela g meptodov 1969-73 ota epya-
otpro AT&T Bell Labs w¢ pio yAdooao viAomoinong yia to Asttovpywd cvotnuo Unix. Tatépag
¢ eivor o Dennis Ritchie, o omolog emiong avEéRTLEE TOV TPAOTO PETAYAMTTIOT GTNV TEPI0O0
1971-73. H C givon pio yYA®GGo GYETIKA yopuniov emaédov (low-level), onladn mapéyet otov
TPOYPOUUATIGTH T1 SVVATOTNTO VO OAANAETIOPE OXETIKA Aesa e To hardware, Kot yio To AOyo
avTd givol KaTdAANAN Yo TOV TPOYPOUUOTIGUO cuaTtnudtov. Ot petayAottiotéc g C £xovv )
UM OTL TOPBEYOLV TPOYPAULOTA TTOV EKTEAOVVTOL YPTyopa (av Kot cuvTopo Ba dovpe OTL TOV
TPAOTO AOYO GTO OGO YPYYOPd EKTEAEITON Eval TPOYPALLA OEV TOV £YEL 1| YAMOOCO GTNV OToin
YPAPTNKE 1] O LETAYAMTTIOTNG TTOV TNV VAOTOEL dAAG 0 alyop10og Tov ypnoipomomdnke omd
tov tpoypappatiot). Eniong, n C €xel emnpedost oe peydio Babud m oyedioon ToAmdv AoV
OMNUOPILDV YAMGCAOV TPOYPUUUATIGHOV, OTtmg TG C++, g Java kot tng C#.

H C onpuepa pérrov de Bewpeitor n kaAdTepn YADOCTA Yo 0plOUNTIKOVG 1)/KOL EMGTNHOVL-
KOUG LTOAOYIGOVG (numerical/scientific computing), TapdTt TOALOT TN YPNGYLOTOLOVV Y1 AVTO
TO GKOTO Kot VILAPYEL TANOOG GYETIKMOV TPOYPOUUUATOV Kot BBAMOONKOV YPOUUEVOV GE QTN V.
H mpd™ yAdooo mov ypnoyormombnke evpéme yio TETO100 €100VC VTOAOYIGHOVG Eldape OTL
ntav 1 FORTRAN — ypnowonoteiton akdun onuepao and apketodg emotnuoves. Onme, pio
LEYOAN KOWOTNTO LAOMULATIKOV KoL UNYOVIKOV GIUEPO TPOYPUUUOTILOVV OTIG E0IKEG YADOOES
epyoreiov 0nmg to MATLAB kot to Mathematica. Avtég o1 YAdDooeG ivat 100VIKES Yo aptOun-
TIKOVG KOl ETIGTNHOVIKOVG VTOAOYIGHOVS, dSVoKOAN OpmG Bo propovoay va xpnoiporombodv
Yo KATL GAAO, TT.). TOV TPOYPUUUATIGUO CUGTNUATOV 1) BACE®V 0EO00UEVMV.

210V avTimodo (Kot T YVOUN TOV GUYYPUPEDY OVTMV TV CUELDGE®V, TOVAAYLGTOV, V10T
Kol 0VTO TO CRTNHO VAL VTOKEEVIKO Kol QUGIKE VTapyet avtiloyog), n C eivor pio oAb Kok
YADOOW V1oL vaL SIOAEEL KAVEIG TPOYPAUUOTIGHO. Optopéva xopaKTnpioTikd e etvat TOG0o yo-
UNAoD emmédov mov teivouy va eépouvv To hardware Tov VTOAOYIGTH GTO EMIKEVIPO TNG TPO-
coYMS, avti Tovg adyopiBpovg Tov vAomolovy to software. Otav pabaivelg mpoypoppotiopd, o
ypedlecal 0MOEKA OLOPOPETIKOVS TOTOVG UKEPULMVY aPOU®V (LECH GTOVG OTOIOVG LETPALLE KO
TOVG YOPOKTNPES KO TIG AOYIKEG TYES) Kot AAAOVS TPELG TOTOVG aplOUDV KIVNTHG VITOSIOGTOANG
(mpaypotikev). Ag yperalecar pio doun for 1060 16GYVPN TOL VO UTOPEIS VoL YPAYELS OAO TOV
alyopBpo g dvadkng avalnmnong (BA. kee. 5) og pia ypapp Tpoypappatos. Ag yperalecot
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emiong va mpoPinuatiCecot tpoomadmvTog vo KAToAGPES TL KAVEL 1] EVIOAN X = Xx++; (0eV
Kdvel timota yloti elvar mopdvoun, 6Tmg B dovpe 6TO KEQPAAMLO 9).

H Pascal &ivan ciyovpa pio amd T KOAHTEPES YAMOGES TPOYPOLLOTIGUOD Yo TV EKTTO-
devon. Etvar yAdoca yevikol okomob (general purpose), SnAadr 0evV AmTOGKOTEL GE KATOL0 GL-
YKEKPYEVT TTEPLOYT EPAPLOYDV aAAE Tpoomadel vo KoAOTTEL OGO YiveTal KaAvTepa Eva pe-
YaAO €0pog. YTooTnpilel TNV CLGTNUOTIKY, SOUNUEVN, adlyoplOuIKY| exilvor TpoPfAnudatwy, &i-
VoL ELOVAYVAOGTN AP0 TO TPOYPELLOTO QVTAE KOO’ 0VTA atOTEAOVV L0 TPMTN TEKUNPImOT), £XEL
Eexabapa dopkd otoryeior Tov Ponbovdv ot Padaio avanTvén TpoypappdToY, EXEl TAEOVO-
GHOVG KO TEPLOPIGHOVS TOV OU®G Bonbolv 6to va amopevyBovv AdOT Kot va yivetal emain-
Bgvon g opBoTTOC. TEAOG €xel chvIopo, awaTnPd Kot omAd cvvtakTikd optopd. H Pascal
OYEOAGTNKE Kol VAOTTOMONKE amd o ToAD pkpr| opdada avlponwv pe emke@oing tov Niklaus
Wirth, peta&d 1968-1971, pe Bacikn apyn TV TEPLOPICUEVOV GTOY®OV. ATO TV GAAN TAELPA,
n Pascal kot o1 dpecot amdyovol g xpnoomolovvTol cHUEPN EAAYLOTA 0TI Bropmnyovia Aoyt
GULKOV.

Y10 T€A0G OVTNG TNG GUVTOUNG AVAPOPAG G€ KATOlES AEI00UEIMTEG YADCGEG TPOYPOLLLLOL-
Tiopov Bpickovpe tn C++, T YAOooH TOL Bal YPNGLOTOGOVHE GE AVTO TO Uddnpa g Bdon
Yo TNV €100Y®YN KOG otov mpoypappaticpd. Eivar pio avrikeipevoostpepn|g (object-oriented)
YADGGO TPOYPOLULATICHOD CYETIKA YOUNAOV ETITESOV, TOV PacileTon KATE TOAD GTY) YEVIKY| O1-
Aocoeia ¢ C. Eivatl ovo100TIKA 0 TPMTOG AVIIKEEVOSTPEPNG 0100)0¢ TG C mov yvmpioe
evpelo amodoyn kot axoun Bewpeitar amd ToALOHS WG 1 YADCCH TOV TPOCPEPETAUL TEPIGGOTEPO
Y10 VTOAOYIG OGS PLopnyovikig 16y00g. Zyedtdotnke and tov Bjarne Stroustrup katd ) Sudp-
ket g oekaetiog tov 1980, and 1dte Opmg Exet peteEelyBel apketd pe véa YopaKTNPIOTIKA.

1o padnua tov lov e€opnvovu dev Ba yvopicovpe mopd Eva pikpo pépog g yaAwscsag C++.
['o v axpifeta, Oo meplopioTovpe KLpiwg 6To “aryoplOukd” Kopupdtt TG YAOGGOS Kot (Ue
e€aipeomn mpog 10 TEAOC TOL EEUUNVOL) Bal 0YVOT)COVE TOV AVTIKELUEVOGTPEPT TG YOPOUKTIPO.
Me m C++ Ba aoyoinBeite oe mepiocodtepn éktaon oto pdOnua “Ilpoypappatioticég Teyvi-
k&G, 010 20 g€qunvo.

EminAéov, tovhdyiotov otny apyn tov eEdunvov, Ba mpocmepdcovpe dAa OGO LITAPYOLY GTN
C++ oAb oev ypetdletar va ta PAETEL KATO10G TOL TOPA Lobaivel TPOYPOUUUATIGUO Y10 TPMTN
@opd. I'o va 1o meTHYOVE 0VTO, BaL ¥PNCIUOTOGOVUE £VOL EKTOOEVTIKO o Onpa, Tov £yovpe
ovopdoet PZhelp, to omoio £xel KOTOOKELOOTEL E10IKA Y10l TIC AVAYKES TOL LB HLOTOS. APOV
KAVETE TO TPMOTO, POt 0TOV TPoYpappaticnd pe tn C++ kot to PZhelp, o cag eivat ebkoro
VoL AP GETE TO dEVTEPO TioW cag Ko va Tpoypappotilete oe C++. H petdfaon avtn yivetal oto
Kepdiao 9 avtov tov onuetwoewv. ['a pia minpn neprypaen g YAdcoag C++, avatpéte
o1 oyeTikn PipAoypoeio.

Ot emextdioelg Tov PZhelp o€ duTEG TIC ONUELOCELS YPAPOVTOL TAVTO LLE KEPAAAIO YPALLULATOL,
X M “evioAn” WRITE (1 avtictoym cvvdptmon Piprodnkng g C/C++ givor ) printf, pe
HIKPA YPALLULOTO, KOL TO OVTIKEILEVO-POT] LEG® TOV 0TO{0VL YiveTal 1 eKTVTT®OOT 6T C++ givat To
cout). Avtd eényel ywuti, m.y., 6T0 EMOUEVO KEPAANL0 01 TOTTOL int, char kat bool ypdpovTon pe
HIKPA YPAUUOTO EVO O TOTTOG REAL YpAMETOL LLE KEPAAAin: Ol TPAOTOL Evor TOTTOL TNG “KAVOVIKNG
C/C++” evd o tedevtaiog opiletar oto PZhelp (0 avtiotolyog tomog twv C/C++ ovoudletan
double).

To BonOnpa PZhelp etvar dwbéaio oe OAovg amd TV 16T0GEAIdA:

https://github.com/softlab-ntua/pzhelp
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Mmnopeite va to mpounBevteite (axoAovOnote TIc 00MYieg) Kat, av OEAETE, umopeite va cuveL-
opépete ot PeAdtioon tov. Ouwg, 0 amAovotepog TpOTOC Vo Telpapatioteite pe ) C++ kot 1o
PZhelp givat pécw tov vtoAoyloti novice. softlab.ntua.gr, Tov 0moio YpNOLUOTOOVLLE GTO
€PYOOTNPLO TOL HaONUATOG.

INa va ypayovupe kat va ektedécovpe Eva mpdypappo C++, n dadikacio Tov akorovBovpe
amotereiton omd Tpio Prparos

1. Xpnotpomoidvrag évav eneepyaoty| KeWEvo (text editor) mAnktpoloyobpe To KeIUEVO
TOV TPOYPAUUATOC GE Eva apyeio pe KatdAnén .cpp. [a mapddetypa, 6Tov VTOAOYIGTH
TOV EPYOCTNPIOL UTOPOVLE VO YPNCLLOTO|GOVUE TNV EVIOAN:

edit hello.cpp

Y vo dnpovpyncovpe €va véo apyeio pe dvopo “hello.cpp”, | vo enesepyactodue
éva oM vapyov apyeio pe avtd 1o Ovopa. dvowd Bo mpémel va yvopilovpe TOC Vo
YPNOUOTOIOVLE TOV EMEEEPYOOTI KEWEVO.

2. Kalovpe 1o petaylottiom g C++ yuo va LETAYA®TTICOVUE TO TPOYPUUILO GE LOPPT
EKTEAECIUN OO TOV LTOAOYIOTN. AVTO YiveTal pe TV EVTOM):

c++ hello.cpp -0 hello

1N omoia dnpovpyet éva extedécipo apyeio pe 6vopa “hello”. Av mapoieiyovpe v emt-
Aoyn “-0” kot to 6vopo “hello” 6To TEAOG TG EVTOANG, TOTE TO OVOLLO TOV EKTEAEGILOV
oL TapayeTol Eivar cvvnBmg “a.out” — OGS, 6TO TEPPAAALOV TOVL EPYOGTNPIOL TOV
pofnuatoc to exteAéoipo ovopdleton “hello. exec”. Av 1 LETOYADTTION OMOTOYEL, T.).
yti vEdpyovy AGON 6TO aPYKO TPOYPOUUE, B0 ELPAVIGTOVY UNVOLOTO COAALATOS TOV
Ba pog KaBodnynoovv va 610pODOGOVUE TO TPOYPOUIE LOG KOt VO EXVOSOKLULAGOVLLE.

3. Extelovpue 1o apyeio “hello”. Avordymg pe T0 vToAoYloTikd mepBailov 6To omoio ep-
yolopooTe, 0VTO UTOPEL Vo Yivel Pe d1APOopovs TPOTOLS (AKOUN Kol LE TN XPNON TOV TTO-
VIIKL00). ZTOVEC VTOAOYIGTEC TOL TPEYOLY Linux (ev yéver mopailayéc Tov Unix), 1 evIoAn
Yo TNV EKTELEGT] TOL apyeiov gival:

./hello

EVO 010 TEPIPAALOV TOL pyactnpiov Tov padnuotog, 6mov Bupilovpe 0TI TO EKTEAEGIUO
npdypappo ovopdletal “hello.exec”, n avtiotoyn evioAn givat:

run hello.exec

To 11 Ba akorovOncel e€aptdrot amd o TL Kével avtd T0 TPOYpappa: iowg pog {nndel
Vo TANKTPOAOYNGOLUE KAmola dedopéva Kot {6mG ERPAVIGTOOV KATOW OTOTEAEGUOTOL.
Eniong, eivon mBavo 1o mpodypappo va pn 00vAEYEL GOGTE, dNANON Vo UV KAVEL avTo
oL OEAaE OTOV TO YPAYOLLE, KOl KOTO GUVETELN VO TPETEL VAL TO d10pHDOGOVLE, VO TO
LETAYAWOTTICOVHE Kot TAAL KO VoL TO EAVATPEEOVLE.
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KEDAAAIO 1. EIXAI'QI'H

[TAnkTporloynoTe KOl EKTEAECTE TO TOPAKAT® TPOoypappate C++:

#include "pzhelp”

PROGRAM { // hellola
WRITELN(”hello world”);

}

#include "pzhelp”

PROGRAM { // hellolb
WRITELN(”hello”, "world”);

}

#include "pzhelp”

PROGRAM { // hellolc
WRITE(”hello ”); WRITELN(”world”);

}

#include "pzhelp”

PROGRAM { // hellold
WRITE(”hello”, "world”); WRITELN();

}

#include "pzhelp”

PROC hello () {
WRITELN(”hello world”);

}

PROGRAM { // hello2
hello(); hello(); hello(); hello();

}

#include "pzhelp”

PROC hello () {
WRITELN(”hello world”);

}
PROGRAM { // hello3

int i;

FOR(i, 1 TO 20) hello();
}

#include "pzhelp”

const int n = 20;
int i;

PROC num_hello () {
WRITELN(i, "hello world”);

}

PROGRAM { // hello4
FOR(i, 1 TO n)
num_hello();

#include "pzhelp”

PROC hello () {
WRITELN(”hello world”);

}

PROGRAM { // hello5
int n, i;
WRITE(”Give number of greetings”,
"then press <enter>: ");
n = READ_INT();
FOR(i, 1 TO n)
hello();

#include "pzhelp”

PROC hello () {
WRITELN(”hello world”);

}

PROGRAM { // hello6
int n, 1i;

n = READ_INT();

WRITE(”Give number of greetings then press <enter>: ”);

if (n < 0)
WRITELN(”The number”, n, "is negative”);
else
FOR(i, 1 TO n)
hello();




Kepdaiaro 2
Aopn TpOYPAPpPOTOG

H C++ elvar o yYAOOOO TPOYPOUUOTIGHOD, ONANOT [ TUTTIKY YADCOW (e QLGTNPOVS
GUVTOKTIKOVG KOVOVEG) LLE TNV OTTO10 TEPLYPAPOVLE TOV TPOTO EMiAVONG VO TPOPANLLOTOG.

H meprypaen avti tov akyopibpov (tpdmov eniAvonc KAmolov TpofANLOTOS) Kot YEVIKK TOV
TPOTOL TTPOLYLATOTOINONG KATOHG EPYAGIOG OO TOV VITOAOYLIOT) AEYETOL TTPOYPOLLLLLAL.

Mopaderypo:
#include "pzhelp”
PROGRAM // examplel
EMKEQAAIOO
{
REAL r, a; /" Xperalovror 000 uetafintés: oxtiva kol gupado
omiooeig
WRITE(”Give the radius: ");
r = READ_REAL(); // Eloodog oxtivog
a = 3.1415926 * r * r; /] Ymoloyiouog eufodod
WRITELN(”The area is:”, a); /! Eupavion omoteléouarog
EVTOLEG
}
ocopa = block

‘Eva anhd tpoypoppa ypoupévo og yaAwosa C++ amotedeitarl omd tpio focikd Eexwpiotd
HEPT, OOV L0 GLVTAYT] LOYEIPIKNG:

» Emixepoiioo (6vopa tov goyntov): Ovopa tov Tpoypapupatog (e0® cav oyoAlo, PA. mo-
POKAT®).

* Aniwoeig (VA mov ypetdloviar): AvayvmploTikd ovopato HeTaBANTOV, d10dIKAGIOV,
K.0.K., Tov Oa ypnopomomBovv (declarations).

* Evrolég (0dmyieg yia poyeipepa): Tt B€lovpe va extedeotel (statements).

O1MAGGELS KOt 01 EVIOAES YpAPOVTOL LECH OE AYKIoTPO Kot oynuotilovy amd Kotvol 1o “coua’
tov Tpoypaupotos (block).

11
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[Tapatnpnoeis:

* Ta dyxiotpa ypNoHELOVY WG TOPEVOEGELS TOL LTOONAMVOLY TNV APYN KOl TO TEAOG TOV
ocmpatog (block).

* XyoMo (comments) mov dwofalovior aALd de petaepdlovral (dnAadn ayvoodvial) amd
tov compiler vadpyovv dVo eW®V. To TPMOTO amMd AVTE PAIVETOL GTO TPOTNYOVUEVO TOL-
paodetypa: Eextvovv pe // ko ekteivovrot péypt To T€Aog ™S Ypouuns. To devtepo €idog
GYOM®V UITopovV VO EKTEIVOVTAL KOl GE TEPIOCOTEPES YPAUUES: EEKIVOVV LE /* KO TE-
AELOVOLV UE TNV TPMTN EUGAVION TOV */ oV akolovbel. [a mapaderypa:

/* Avto eivou €va GYol0 TOAADV Ypoumv.
20veyileTor Kol TOpOKAT®.
Arouo ouwsg K1 av gaiveton vo, mepigyel o /* ayoiia uéoco. tov,
TEAEIOVEL TV TPOTH POPC, TOV EUPAVICETOL OOTEPGKI Kol KAOETOG,
oniaon oty apyn TS ETOUEVHS YPOLUUNG...

*/

IMvpilovtag 610 TPAYPALILO TG TPOTYOVUEVNG GEMONG, TPOGEETE OTL GTNV EMKEPAUAIOQ
TOV, TO dvopa Tov Tpoypdppatog (examplel) givar oe oydA0 piog ypopuns. Eivor moiv
cLVNOGUEVO GTNV apyn TOV TPOYPAUUAT®V Vo, TOTofeTOOVTOL GYOALN TTOV VO TEPIEXOVY
TO OVOLLOL KO TO GKOTO YP1OTG TOL TPOYPALUIATOS, TOVG GLYYPAPEIS TOVG, TUXOV GTOLKElN
TVELLLOTIKAOV SIKAIOUATOV, K.AT.

* O Aé&eic pe évtovn ypaon ovoudlovtal deopevpéveg AéEelg (reserved words) 1 AéEelg
KAewd (keywords) kot Bewpovvtarl éva cOppforo n kdOe pio (PROGRAM, REAL, WRITE,
KAT.). ZOUTTOUATIKG GTO TPONYOOUEVO TOPAOELY Lo OAEG 01 AEEEIC KAEIOLA NNTAV YPOLLLLLE-
veg pe Kepaiaio ypappata, Bo dovpe Opmg 0Tt vTdpyovy Kot AEEELS KAELOH YPAUUEVES
ue meld ypdppota (.. int) kot 6TL 1 S1kpiomn PETOED KeaAoimV Kot Tel®V YPOUUATOV
elvar onpavtikn ot C++.

e Ot petafintég r kot a ivor ovopata TeEPoY®V LVAUNG. ZOUEOVA UE TIG ONADGELS TOL
TPOYPAUUATOS, G€ KAOE pio amd avtég Tig peTaPANTEC pmopet va amobnkevtel évag mpay-
patikdg oplpog (REAL). Ot petafAntég mpémet va dniavovtot tptv xpnoytorombovv. Ta
ovopatd toug (avayvopiotikd — identifiers) o emAEYEL 0 YPNOTNG, OEV LITOPOVV OUW®G
va givon deopevpéves AéEels.

* HevtoM) WRITE(”Give the radius: ”) gupavilet otnv 006vn ) cvpPorocepd “Give
the radius: ” (mpocoyr|, VIAPYEL EVA KEVO SIAGTNLO LETA TNV AVO-KAT® TEAEIR). AVTO
elvar évo Voo TPOG TO YPNOTH TOL TPOYPAULATOS, MOTE Vo EEPeL TL Tov {nteitan va
KOVEL GTT) GLUVEYELQL.

* HevtoA r = READ_REAL () ; 01aalet amd 10 TANKTPOAOYL0 Evay Tporyotikd aptOpd (tov
0Tto{0 TPEMEL VO TANKTPOAOYNGEL O XPNOTNG) Kot ToV ovadETel (OnAadn tov amodnkedet)
o1 HeTaPAnT .

* Heviohja = 3.1415926 * r * r; vmoloyiletl 10 epPadd evdg KOKAOL LE OKTIVO I Ko
10 amodnkevEel 6T peTaPANT a. Xpnoonotel Tov tono a = wr2. Yrokoyilel mpmdra 0
Oe&l LEAOG YPNOIUOTOLDVTAG TO TTEPLEYOUEVO TNG BEoNG LV UNG TTOoV ovopaleTat r (dnAaon
v aktiva). Enerta amobnkevet 1o anotédeopa otn 0Eon pviung mov ovopdletot a.
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* H evtol) WRITELN(”The area is:”, a); eueavilel oty 006vn tpmdTo T Gupforo-
oelpd “The area is:” Kou 6TI CUVEXELWD, SITA TNG, TO TEPIEXOUEVO NG METAPANTAG
(= B¢omg pvnung) pe 6vopa a. ‘Etot gpoaviletor n Ty tov pfadod tov KOKAOL.

2.1 Xovraén Tov mPoypapupaTog

Onwg ldape, og Eva amdo Tpdypappo Tponyeitor n emke@oAida kot akoAovBel T0 Kupimg
ocopa. Mg 11 oelpd TOVG, 1 EMKEPOAIDN KOl TO GMOWUO TOL TPOYPAUUATOS OTOTEAOVVTOL OTTO
GAAOL IKPOTEPOL TUMLOTO KOl 1) GUVTOEN TOLG TTPEMEL va. TePLypapel avorvuTikotepa. [ va un
ypedleTon vo AELE Kol VO YPAPOLLE TOAAG AOYL0L, YPNGILOTOLOVUE £VOV E101KO GLUUPOAGUO Yo
VoL TEPLYPAYOVE TN GVVTOEN TV TUNUAT®V TOV amoTteAovV €va Tpdypappa. O cupBoAMopoc
0VTOG OVOLLALETOL GUVTUKTIKO S1AypO L.

g éva cuvTaKTIKO ddypoppa 6,1t BplokeTon péca og KOKAO 1 o€ oA givar cupPfolo g
YAOooOG Kot epeoviletal 6To Kelpevo OTmg £xeL, eva 0,TL fpiokeTal o opBoydvio givar fonon-
TIKN évvola oL ypelaletol mepontép® eENYNON, T.Y. UE VO GALO GLVTAKTIKO Oldypoppo (Tov
pmopel va epeavifeTon To TPy 1 apyoTeEPQ).

program

—— program_header [—{ block |—

Onm¢ gaiveTon 6TO TOPATAVE GUVTOKTIKO SLAYPALLLLO, EVO TPOYPOLI EEKIVAEL LLE TNV EMKEPOL-
Ada tov (program header) kot akolovBei to cmpa (block). Kot ta dvo etvar péoa oe opboydvia
KOUTIH: TOL GUVTOKTIKG dlaypdppiata Tov T teptypdeovy Ba do8obv apéowng petd. To fEAN opi-
Couv TN oE1pd e TNV OTOT YPAPOVTOL T LEPT] TOV GLVTOKTIKOV dtarypappatos. To apiotepdtepo
Béhog opilel TV apyn TOL GLVTOKTIKOL OLOYPAUMOTOS KO TO deE10TEPO 0pilet To TELOG TOV.

Emwcepolrida (program header)

Eivat 10 Tpdto mpdypo mov cuvovtaue oe kibe amAd Tpdypappo Kot to mo evkoro. H
oVVTOEN TNG EMKEPAAIOAG elvat:

program_header

w "pzhelp" ){ (new—1line) ){PROGRAM}

Avtd mov givon péoca og oA KovTid TPEmEL Vo YpapToOV akpimg €101, pe eEaipeon 1O
“(new-1ine)” mov cvuPoAilel v ahloyn YpouUnS Tpw T AéEn PROGRAM. TIpocéEte Ot T
VoL TOV TTPOYPEUIATOS, TOV OTTMG EimapLe Eival YOO, OEV GUUUETEXEL OTN GUVTOEN TNG EML-
ke@aAidac. Ta oyola, 6mwg Kot ot “Agvkol” yopaktpes (dNAadn Ta KEVEL SOUGTAHOTO, Ol OA-
AayEQ YPOUUNG, K.AT.), 0ev gpeavifovtol oto cuvTokTika dwypappata (pe egaipeon omdvieg
TEPWTAOCELS, OTMOS 1 QALY YPUUUNG TTOVL HOALS €1dape). Ot mpoypappatiotés eivor eAevBepot
VO PN OLOTOL0VV AEVKOVS YOPAKTNPES Ko GYOAa (GYed0OV) dmov BEAovv. Emtiong, dev eivat vmo-
YPEOUEVOL VO, YPAYOUV GYOAL0 LE TO OVOLLO TOL TPOYPAULOTOS GTNV EMIKEPUAION 0VTOD, givat
OL®G delypo KOANG TPOKTIKNG VO, TO KAVOUV.




14 KEDAAAIO 2. AOMH IIPOI'PAMMATOX

XAapv GLVTOMING, GTA TPOYPAUUATO TOV TEPIEXOVTAL GTO VITOAOUTO TMOV GNUEUDCEMV, N
ypouun #include ”pzhelp” cvyvd Oa mapaleinetor.

Kvpro oopa (block)
Metd v emikeporida akorovbei To cmpa (block) Tov mpoypdppatoc, Tov LE T GEPA TOL
amoteAeiTol od TO TUNHO ONADMGE®MY KOl TO TUNHO TOV EVIOADV, Lo o€ dyKiotpa. Ot dnAo-

oelg mov Ppiokovian péca og éva block Aéyovtar Tomkég (local) yuoti ioyvovy povo pésa 6to
eo0mTEPIKO 0TV TOV block.

block

local_declaration D C statement

-+ Lo

[Ipocé&te Tovg dVO “KHKAOVS” oV oynuatilovy To BEAN GTO TOPATAVE GLUVTAKTIKO O1d-
ypoppa: €va block mepiBaiietor vTOYPEOTIKA OO AYKIGTPO KO TEPLEYEL TPMTO TIG TOTIKEG
OMADGELS Kot LETA TIC EVIOAES. MTOpPOUV VoL VITAPYOVY 0GEGONTOTE TOMIKEG ONAMGELS (UNOEY,
pio M TEPIEGOTEPECS), 1 piol LeTd TV GAAN, KOl OT1) GLVEXELD 0GECONTOTE EVTOAES (UNOEY, tia M
TEPLOCOTEPEG).

Etvor dvvatdv éva block mov kavel kdtt moAd amdo va un yperdletol vo xpnoILOTOMGEL
HETOPANTES. TNV TEPIMTOON AVTY), OTMOG PAIVETOL GTO GUVTOKTIKO SLAYPOLLLLLO. LTTOPOVLLE VO, TTOL-
poaAetyovue TeEAElmG TIC TOTIKEG ONAMGELS Kol va, TeEpAcoLE Katevbeiay oTig eviolés. Emiong,
etvar duvatdv va block va punv €yet kopio evtoAn, av kot oty tepintwon ot To block pdiiov
d¢ Ba eiva ko TOA yprGLULO.

Tomucéc OnAmoelg (local declarations)

10 PéEPOG TV TOTIKMOV dNAdoewv £vog block opilovpe (dnAdvoovpe) didpopeg LeTafintég
Kol otafepEc Tov Oal YPNOIUOTOCOVLLE 6T GLVEYELX, LEoa 6To block. Ba Eektvnoovpe amd )
ONAmon peTaPAnTav.

Onwg Eépovpe €va KOUUATL TOL VTOAOYLOTY| EvOL 1] LVALT TOVL. ZTN UV TOV €VOG LTTO-
Aoylotig amofnkevetl dtapopa peyedn (dedopéva) yro va pmopet va to emeEepyaletol. e Eva
TPOYpappa, To. LEYEON OV pHog evOla@Epovy kot Tov BEAovpe vo KpotnBody 6T pviun tov
VIOAOYLIGTY Yo emeepyacio, amrobnkebovion oTic HETAPANTEG.

Oa povtaocTovpe KAOE peTafANnTh cav éva “KovTaKt LVAUNG” TOV VITOAOYLGTH, TO OTTOL0 TE-
pLéxel dedopéva. Ag TAPOVUE YO TAPASELYLO TO TPAYPOULO TNG OPYNG TOV KEQUANIOV, TOV
ntdetl amd To YPNOTN TO UNKOG TNG AKTIVAG EVOS KOKAOL Kot viroAoyilet to eufado tov:

PROGRAM { // examplel
REAL r, a;

WRITE(”Give the radius: ");
r = READ_REAL();

a = 3.1415926 * r * r;
WRITELN(”The area is:”, a);

[TpocéEte ta e&nc:
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* Xpelaomrape oo “kovtdrio pviung” (LetaPAnTég) Yia vo amobnkevcove TV axtiva
Ko 70 EUPadd Tov KHKAOV. ZTa 000 0L TA KOLTAKLN OMGOLLE TO OVOLLOTOL I KOl & OVTIGTOLYO.

e H petafint r maipvel tnv Ty g pe Vv €VIoAnN r = READ_REAL();, n omoia {ntd and
TO YPNOTN TOL TPOYPAULOTOG VO TANKTPOAOYTGEL EVAV TPAYLATIKO aptOpd. X1 cuvéyeLa,
N HetafAnt a maipvel v TN TG HE TV EVIoAn a = 3.1415926 * r * r;. o va
VTOAOYIOTEL M TIUN TOL a, 0 LIWOAOYIOTNG XPELETAL Vo avaTpEEEL OTN VAU TOV, OTN
petafAnT r, yio vo Boun0ei mowa T €€l 0MOGEL 0 XPNOTNG.

310 HEPOG TV TOTIKAOV ONAmoemv Tov block, 0nwg einape, Tpénet va opicovpE TIC PETO-
BAntéc mov Ba ypnopomomcovpe. O oplopdg yiveron pe ™ dSNAwon:

REAL r, a;

2TV TOPATOVE® YPOLLLT, I KOl a £IvaL To OVOLLOTO TV dV0 HETAPANTOV, SNAadN T avoyvm-
plotikd pe ta omoia Pagptifovpe T1g Oéoelg amodnkevong ot pvnun. Onwg 6e GAa To avayvopt-
OTIKA, EMTPETOVTOL YPAUUOTO LIKPA Kot KeQaAaia (ov Bempovvtor dapopetikd), ta ynoeio 0
®¢ 9 kaBMG Kot M KAT® TovAa (Yapaktnpog vroypdupiong — underscore). Opmg yio avayvopt-
OTIKA dgV TPEMEL VoL YpNGLomotovvTot decpevpéves AéEets. Ta avayvopiotcd apyilovv mdvta
HE YPULLLLOL.

O 1t0mog REAL TTpocdiopilel To medio duvatmdv TH®V kdbe piag amd Tig 000 petafPAntéc. Xm
C++ yperaletor va dnAdvoope yioo kdbe petafAnt Tt Tipég Oa amodnkevoviol oe owThyv, m.Y.
apOpol axépatot | TPOYUATIKOL, YPOLLLLOTO KoL YOPOKTIPES, K.AT.

Ba Eexvnoovpe pe Tovg €€NG AmrAoVS TOTOLG:

Amhot tomot | Xprion 2ol

int ['o amoBnkevon akepaiov apd- | Aev umopel euokd vo oamodnkevtel
pov 0600MTOTE PEYAAOG 0p1OUOG

REAL o amoBnkevon mpayuatikov | Aev umopel @uokd vo amobdnkevtel
ap1Bpov 0TMO10GONTOTE APLOOC

char "o amobrjkevon yopakTipo Agg mivaxa ASCII 6to mapdpTnua

bool ['o amoBrjkevon Aoywng tiung | Moveg dvvatég Tyég true, false

[Ipocéte 011, amd aTOVG, LOVO 0 TOTTOG REAL YPAPETOL LE KEPOAIOL YPOLLLOTOL.

I'evikd dtav BEAovpE Vo ONADGOVE TOAAES LETAPANTES KOL SLOUPOPETIKMYV TOT®V, YPAPOVLLE
IMADGELS OTTMOC Ol TOPOUKAT:

int i, j, k;
REAL X, vy;
char ch;
bool passed;
int m;

Edd dnAdvoupe 611 Ba ypnoyoromacovpe Tpelg petafAntég i, j kot k yuo akepaiovg (tomov
int), 6vo peTaPAnTég X, y TOTOL REAL, o petafAnt) ch tomov char, puo petafAnt passed
TOTOL bool kot GAAN pia LeTaANTH m TOTOL int (ov Oo pmopovoape, av OELapLE, vo TV elyope
Baier padi pe tig i, j o k).
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Ag movpe Alya Adywa yia Tov 100 bool (cuyvd to drafdlovpe “Boolean”, amd 0 dvopa tov
ayylov Mabnuatikod George Boole, OspeMmot| ™ dAyefpag TV AoyiK®OV TIHdV). MetapAntég
aVTOV TOV TOHTOL UTOPOVV VOL TAPOLV LOVO 6V0 dLVOTEG TIES: true (aAnOngn “var”) kou false
(yevdng N “oxt”).

[No mapdoetypa, £otm OTL PTId)VOoLUE Evay KATAAOYO pe @ottnTés. [ kdbe pottnty| umo-
POVLE VO KPATNOOLLE ol LETaBANTH TOTOV bool pe dvoua passed mov Oa pog AEgt av 0 Qot-
¢ mépace to patnua “Tlpoypappatiopnoc Hiexktpovikomv Ymoroyiotdv”. Av n passed xet
NV TN true tote 0 EOUNTNG TEPAGE TO HABN IO, AAAMG (0v ONAaON 1) passed £yl TNV TN
false) 101€ 10 YPWOOTAEL.

Evtoléc (statements)

Ot evtorég mov PBpiokovion péca og €va block ypdpovtar pe T oepd mov BEAovE va Tig
exteLéoel 0 VToAoyloTiG. Ot mepiocdtepec amAég evToAEG ot CH+ TEAEL®VOLV pE Eva EAANVIKO
EPOTNATIKO ; (YVOOTO Kol g semicolon), avtd dpwg elvar HEPog TG GHVIAENS TV EMUEPOVS
evtorav. Ilepiocdtepa ya Tig evtorég g C++ Ba dovue apydTEP, GTI GUVEYELD OLLTOV TOV
KEPOAOIOV KOl OTO ETOUEVO KEPAAOLAL.

Y& mToAAG onpeia LEGH GTO TPAYPALLLLL UTOPOVUE VO TPOGOHEGOLE GYOMA, ONAadN ETeEnyN-
LATIKEG PPAGELS, TOV deV peToppalovtal amd Tov compiler, kKot eumAovtilovy TEPYPAPIKA TOV
KOO Tov Ttpoypdlppatds poc. Ta oxdio avtd, OTtmg sinape, ival dvo edav: gite apyilovv
LLE TOVG YOPOKTPES // Kol EKTEIVOVTOL PEXPL TO TEAOG TNG YPAUUNG, Eite YphpovTon HEGH OE
kaB€Tovg Kot aotepiokovs, m.y. /* Avto eivou évo. oyoiio */. Av ko C++ gmrpénel oyoMa
o€ 014popa GNUEIN TOL TPOYPAULATOS, KAAD Eval OVTA VO, LTaivouy o€ EEYMPLOTEG YPAUUES (1)
070 0g&l AKPO LG YPOUUNG).

2.2 Tivonpaiver 0p06 Tpoypoppa

"Eva mpoypoppa yio vo Aettovpyel cmotd, dnAadn, yio vo Sivel To. avoUEVOUEVO ATOTEAE-
opoto wpémetl va etvar opBo (correct). Arakpivoope tpia enineda opfodTTOC:

* LUVTOKTIKI] 0pOOTYTO.

‘Eva mpoypoppa yio vo gival GuvtakTikd opfo TpEmeL VoL VTOKOVEL GTOVG GLUVTAKTIKOVS
KavOVES TNG YAOOGCOS TPOYPOUUUOTIOHOD oty omoia ypdeetot. OTmg otn QLOIKY Hog
YADGGO Yo Vo vl po TpOTOcT) OMOKANPOUEVT TTPETEL VO TEPIEXEL VITOKEILEVO, POl
KO OVTIKEIUEVO (T, U1 CUVTOKTIKG 0pOn mpdTaon: “suéva yio Toipvovy TPEXELS’, EVD
GLVTOKTIKA 0pOY|: “0 GKVAOG TPMEL AOVKAVIKO™), £TGL KOL GE L0 YADGGO TPOYPOLLLLLOTL-
GUOV TO TPOYPOLLLLOL, TO OVOUATO TOV UETARANTAV, TO, VITOTPOYPUULUATO KOL Ol EVIOAES
OV YPNCLUOTOLOVUE GE AVTO TPEMEL VO VITOKOVVE GE OPIGUEVOVS GUVTOKTIKOVG KOVOVEG,
GTOVG GLVTAKTIKOVG KAVOVES LE TOLG 0TT010VG £YEl 0p1oTel N YAOooO. MAMGTa, 01 KavOVeS
ool glval TOAD TO AVGTNPOL OO TOVE GUVTUKTIKOVS KAVOVES TG PLUGIKNG LOG YADCTOG
KaODG 0 VTOAOYIGTNG OEV £XEL TIG IKAVOTNTES TOV AVOPAOTIVOL LVOAOD TOL OKOLLOL KOl 0LV
KATL eV givarl amdAVTA GVVTOKTIKA 0pO pmopet vo KataAd et Ti onpaivel Kot vo Tpoympn-
cerapaxdte. Evag tpdmog mov opiloviat 01 GLVTAKTIKOT KavOVES EIVOL LLE TAL GUVTOKTIKL
dwyphppata (eidape peptkd mapadetypota Kot o SoVpE TEPIGGHTEPO GTN GLVEYELQ).

To cvvtakTikd dtaypappoto 6o UTopovGOV VO EPAPLOGTOVY KOl GTIC PUOIKES YAMGOECS.
INo mapddetypa, yro v EAAnvikn yAdooa otnv omtoia cuvibmg o TpodTtact amotedeiton
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amtd LOKEINEVO, POl KO OVTIKEIREVO (0C VTOBEGOLVE QVGTNPA LE AVT TN CEPA), Oa
UTOPOVGALE VO, YPAWOLLE:

npdTaon
——— VOKEIHEVO pr|LLOL ovTiKeipeEVo

* Nonpoatikn opotnro.

21N QLOIKN HaG YA®GGa o TpdTaon yio vo ivar opbn dev apkel va givanl cuvTokTiKd
opbOn, Ba pémet va givor Ko vonpatikd opOn (mw.y. 1 tpdtact: “o okOAOG TPMOEL TO omitt”
dev givon vonuatikd opbn mapodTt gival cuvtoaktikd opdn). ‘Etol ko oto mpoypdupotd
nog pmopel TapOAo OV £XOVUE GUVTOKTIKA 0pOEC ONAMGELS Kol EVTOAES, QVTEG VoL U
cuvdvalovrol pe cmatd Tpomo. Iy, dev emtpénetan va mtpocBécovpie o Evav apliud éva
ypbppo g aApapntov. 'Evag dAlog Pacukcog kavovag sivon Tog 6,t1 ypelaldpacte o€ £val
TPOYPOLLLO TPETEL TPMTO VO, SNAMOEL.

* Ynpoocioloyikn opdotnro.

Mo potacmn propet va givar onpactodoykd Aovloacspévn Topdtt ivot Kot GUVTOKTIKA
KOLVOTLLOTIKA 0pON, .. AE® “dMGE POV TO LOADPL” EVD TNV TTPayLOTIKOTTO YpELAlopLon
™ youuo. ‘Eva mpdypappa, avtictowyo, propet va kdvel kdtt mov gueig ogv Bélovpe 1
dev mepuévoope. Tétola AaON eivon onpovtikd Kot 0yt anAdg TapaPAEYES VONUATIKEG 1)
TOPOPAGEIC GUVTOKTIKES. LVVETMS, AVTA To. AAON givor AaO KoKoy oyed1AGHOD 1) KOKNG
VAOTOMGNG TOL TPOYPELUATOGC.

Yta poypappato C++ o compiler pmopei va eEAEyyet yia ta 600 TpdTa eminedo opBOTNTOC,
Y10 TOPAOELY L

* dev pog emrpémel vo TopaAeiyovpe To AyKIGTPa OV TEPIKAEIOVV TIG ONANDGELS KO TIG
eVToAEg evog block, kot

* dev pag emrpémel va tpocBécovpe og Evav aptBuod Eva ypappo g aApopitov.

Otav o compiler dwumictdoet této1o AaBog Pydlet oty 006vn £va pvopa (error message)
OV TEPIAAUPAVEL TN YPOLUY] TOV TPOYPALLOTOS OOV BpiokeTal To AdBo¢ kat pia (Tbavn) me-
pLypapn ToL AABOVG, YWPIC VoL OAOKANPMCEL TNV HETAYAMTTION TOV Tpoypdupatog. [Ipénet va
e&orerpBovv Gha ta AdBn ov Bpickel o compiler Tptv va oOAOKANP®OEL 1| LETOYADTTION TOV TTPO-
ypdupatoc. To tpito dpmg eninedo opBOTNTOG TPEMEL VO TO EAEYEOVE Epeic pe doKUES (testing)
n/xan pe eraAnfevon (verification). 'Etot, ta onpacioloyikd AdOn ivor ta mo 60GKoAN VoL EVTO-
mioBovv.

[MopadeiypoTo CLVTOKTIKOV SL0YPUULATOV.

Ag dobpe Tdpa £va Alyo To TOAVTAOKO GUVTOKTIKO O1AypOLd, OVTO OV OVTIGTOLYXEL OTaL
avayvVOPIoTIKA (ONAadT, T.)., GTO OVOLLOTO, TOV YPTCILOTOIOVUE Yo TIC LeTaANTES). Otmg gai-
vetal oto oynpa 2.1, éva avayvopiotikod (identifier) mpémet vo Eexvaet pe ypappo g oAgop-
TOV KOl Uropet va meptéyet ypappoto, ynoeio kot underscore. 1o oynua 2.2 divoviot ta 6.0. yio
10 Ypappa (letter), SnAadn Eva omd Ta ypdupato T adgafntov, kot to yneio (digit), SnAaon
éva and ta ynoeia and 0 €wg 9. Ilpénet va tovicovpe £dd 6tL 1) C++ givon case-sensitive (Omwg
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identifier
— letter ~
letter PR
digit
. O\ )
\Z/

Zyua 2.1, Avayvopiotiko (identifier).

letter digit

Symua 2.2, Tpappa (letter), ymoeio (digit).

ka1 C oA avtiBeta omd v Pascal), dnAaon daxpivel o kepaiaio amd o pukpd ypappato.
"Etot, m.y. PROGRAM kot program Oewpohvtal 000 dtapopeTikég AEEEIS amd Tov compiler.

Ot deopevpEVEG AEEEIC OEV UTOPOVV VOl YPTCIUOTOINO0VY MG avayvVOPLoTIKA (Kol 0T O€
(QOIVETOL OTO GLUVTOKTIKO SLAYPOULLLAL). AVOPEPOVLLE EOD EVOEIKTIKA OEGUEVIEVEG AEEELG: PROGRAM,
int, REAL, WRITE, while, do, return. O katdAoyoc OAmv Tov decpevpévav Aééewv givat ap-
KeTO peyarvtepog (PAETE TapapTnua).

[Topadetypato opOdV avayvopioTIK®OV: [Topadetypato AavOacUEVOV aVayVOPIGTIKOV:
X

bob 2ND

AbF M.A, I

SKOYLIKOMYRMINGOTRYPA E+4

A98 BA(3)

M6_7L int

Hoavotovilovpe: Xto cuvtaktikd dwypaupata 6,tt fpioketal péco o KOKAo 1 ofdi gival
oVpuPoro TG YA®ooag eve 0,Tt eivar péoa oe opBoydvio elvarl Bondntikn €vvola mov ypeld-
Ceton mepontépm e€nynomn: m.y. Ue Eva GALO GLVTOKTIKO dtdypappa. (T'a To TANpN cuVTOKTIKG
Sty pAppaTo Tov VTOcLVOLOL TG C++ mov e&etdlovpe o€ aVTO TO PAONpO, OEC TO TAPAPTNLLAL.)



2.3. ANAGEZH TIMHY XE METABAHTH 19
2.3 Ava0Oeon g o€ petafint)

O perafintéc (variables) stvar ovopata mov divoviat o€ meployeg e wvnung tov H/Y, ot
omoieg uropovv va amodnkevovv dedopéva. Mia petafintn propel va £xel 014Qopeg TIEG ) Ko
Kopd Tiun (0101t .y 0ev TG £YOVUE AVABEGEL Koo TIUN aKOUO — OTNV TEPITT®OT avTh o
etvar AdBog va TpooTaBfGOLLLE VO YPNGILOTO GOV LE TNV TN TNG). [l amhég petafAntég ypn-
GLOTOLOVE OVAYVOPLOTIKE. YTTApYoLuV OUMG, OTmg o dovpe apyOdTEPO, KOl TO TOAVTAOKES
petofAntéc. Avafétovpe 1 eky®povpe (assign) TWES 6TIG LETOPANTEG He TNV EVIOAN avdDe-
on¢ (assignment statement), TG 0moi0C TO GLVTAKTIKO Oldypoppe dideTon Tapakdatw. Ot évvoleg
variable ko expression o opto0ovv emakpIPmdg apydTEPO, LE GUVTOKTIKA SLOYPALLLATOL.

assignment_stmt

—— variable @ expression @

>V mopandve cuvtaén, variable eivol n petafAnt oty omoia 6EAovUE VO ODGOLLE TN,
Ko expression givat o (Lobnuotikn) tapdotoon (Ekepaon). H mopdotacn expression amoti-
pdtat Kot 1 Tn ekyopeitor ot petaPfAntm variable. H mapdotaon o mpémet va Exet pia Tiun
7oV va gtvar cupPoaty) pe Tov TOTo TG petafAng (va Bpioketon, SnAadt|, LEGH 6TO TESTO TIUDV
™G): 0EV UTOPOVUE T.X. VO EKYMPNCOVUE TPAYUATIKEG TYES O AKEPALEG LETAPANTEG, OVTE VL
avabécovpie TIHEG GALeg amod TiC true kot False og petafAntéc tomov bool.

AMG Oe mpémel va Egyvape OTL Yo vo avalfEGOVIE GE LETAPANTY TIU TPETEL TPADTA 1) LLETOL-
BAntn va €xet NAwBel. [No avtd Kot 1 ONA®ON LETAPANTOV TNV APy TOL KOJIKO, GTO TUNLLOL
TOV ONAOCE®V elval amapaitn.

Mopadeiypato evioddv avdbeong:

X = 2;

pi = 3.1415926;

done = true;

d ="'b’";

z1 = (-b + sqrt(b *b -4 *a *c))/ (2 * a);
counter = counter + 1;

210 TPAOTA TEGGEPO TOPASETYIATO, Ol EKQPAGELS elval otabepég mapacTdcels (constants).
210 dV0 TEAELTAIN, O1 EKPPAGELS ELVOL TTLO TTOAVTAOKEC, YPTCLULOTOLOVV TIUEG ALV LETAPANTOV,
aKoOUN Kol TNV T oS ™G HeTaPANT oty omoia Ba yiver n avabeon. IIpobmotiBevron
(QLOIKA ONADGELS, T.Y.:

Anlooeig (declarations) petafintaov:

int x, counter;
REAL pi;

bool done;

char d;

REAL z1, a, b, c;
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>tV eviolj avabeongzl = (-b + sqrt(b * b - 4 *a * ¢)) / (2 * a); mov ldape Mo
AV, 1 TPAYLOTIKY LETOPANT 21 VTOAOYILETOL YPTCILOTOIDVTAS TIG TILES TV TPOLYHOTIKOV
petafintav a, b kot c. H cuvaptnon sqrt (x) vmoroyilelt v tetpayovikn pila tov opiopatdg
™G X, EMOUEVAC M TN TS z1 elvarl mBavag pio and T1g pileg g devtepoPfdbnag e&icmong
az? +bz+c=0.

To mo a&lompdoekTo OUWMS AT TO TAPUTAVE® TOPASEYIATO EIVOL TO TEAEVTOIO, GTO OTTO10
N ékepaot oto 0e&10 HEAOG TG avdBeong ypnoomotel v 01 T pHeTaPANTI OV EkypEiTOn
070 aploTEPO UEAOG!

counter = counter + 1;

Agvmobécovpe OTL, TPV EKTEAESTEL VTN 1] EVTOAN avdBeomc, 1) TYN TG LETAPANTNC counter
etvan 6. [Ipdto vroAoyileTon 1 Ek@paon 6To deEIO HEAOG, YPNOLOTOIDOVTOS TV VITEPYOVGO TIUT
™G HetafAng: To amotéleopa etvar 6 4+ 1 = 7. Z1n cuvéyeta, avTtd T0 AmOTEAEG LA EKYOPEITOL
ot petofAnt) counter, N TN ™G omoiag aALACel Kot yiveTor 7 (1] TOALL TN TG TPOPOVDS
ybvetan ko dgv glvar duvatd vo amokatactadel, mopd povo pe véa avddeon). H copmepioopd
OLTAG TNG EVTOANG HaG AEEL VO TOAD CTUOVTIKG TPy LoLToL:

* Kd&be popd mov ektedeitar, n Ty TG counter av&avel Kotd pio Lovada, apa ol EVTOAEG
QTG TNG LOPPNG EIvOL TOAD YPNOUES OTOV BELOVLE VOl XPNCILOTOMGOVIE KATO10 £100C
LLETPTTI] GTO TPOYPOAUUA LLOGC.

9

* To ocvpuporo otV evioln avdéBeong dev mpémel va 10 PAETOLUE ®G TO GOUPOAO TNG
ootntag ota podnuatwd! Ipaypotikd, n 1oé6tto counter = counter + 1 oto po-
Onuotikd eivol advvato va aAnbevel omoladNmToTE Kot av ivot 1 T TG HETAPANTNG
counter. [TOAAEG YADGGEG TPOYPOULUUATIGHOD YPNGILOTOOVV JOPOPETIKO GUUBOAO Yo
Vv avdBeon axpPog yo vo pn yivetar avti n ovyyvon (m.y. otnv Pascal to copporo g
avaBeong givar “:=").

Apyomomoelg HeTaAnToV

Kdé0e petafintn mov ypnoyomoteitat mpénet va onimvetat. Opmg, 1 T e 0ev pmopet va
ypnotpomromBel av dev mponynOet kKamoa avébeon oe vt T petafAnTr| (dNAadT n HeTaPANnT)
dgv umopel va eppaviferal, m.y., 010 0eE10 PEAOG KATO0G 0vABEGNC 0LV TTPONYOLUEVMG OEV EYEL
EUPOVIOTEL 0TO aploTEPO PELOG KATOL0G AAANG avdbeong). H mpotn gopd mov avatibeton Tiun
oe pio petafAntn Aéyetor cvyva apyukoroinon (initialization) tng petafintmg.

Y1t C++, 1 apywomoinon piog petafintig etvat duvatd va yivel cuyypdvmg pe ) SAmon
™. ['o Tapdderypo oto TURpO TOTIK®V INAdoemV evog block pmopovpe va ypdyoope:

int x, counter = 6, z;
REAL pi = 3.1415926;
bool done = true;

HE OmOTEAEGHO OAEC Ol HETAPANTEG EKTOG OO TIC X KOL Z VO 0PYLKOTOM B0V OTIG TIHEG TOV
dtvovtar Katd ™ onAmon tovg. [Ipogavdg, 0 TOTOG TOV EKPPACEMY TOV UPYLIKOTOLOVV TIG LLE-
TaPANTEG TPEMEL VAL GUUP®VEL LE TOV TOTO TOV LETAPANTOV, OTS 6TIG avabécels. Ot Tipég v
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HETOPANTAOV X KOl Z, TOV OV APYIKOTOL0VVTOL, £E0KOAOVOOVY Vo UV UTopoHV VoL YP1NCLULOTOL-
nBovv mpwv yivel avdabeon ce avTéC.

Avamopdotaon ded0UEVOV Kol EDPOC TIUMV

To £0pog TV oV pmopel vo amobnkevtel Yoo ke TOmO dedopévmv ot C+ eEoptd-
TOL YEVIKGA amtd TO €100G VTTOAOYIGTI] TTOL YPNGLOTOLOVNE. [la Tapddetypa, Yo aképaiovg apid-
LOVG, Ot TIHEG TOV TUTOL int gival cuvNO®G 6TOVG oNUEPIVOVS VTTOAOYIOTEG amd -2147483648
(INT_MIN = —23b) péypt 2147483647 (INT_MAX = 23! — 1) kou amwoutovv 32 bits (Sipia) ot
pviun. BéPaia ekppdoape 10 €0pog TV TOAVOV TIHOV TOV LETAPANTOV LE OEKUOIKES TILES,
aAAG 01 aképatotl amodnkevovtol ecmtepika (internally) wg dvadukoi apiBpoi kat to TANB0G TV
dwbéotpmv bits yio v anobrkevomn kdbe TomoL (gv mpokeéve 32) eivon ekeivo mov kabopilet
TIG LEYIOTEG KO TIG EACLYIOTEG EMTPENTOUEVES TIULEC.

INT_MAX: 0111 ... 1
INT_MIN: 1600 ... O

H avamapdotoon tov aképoiov aptlBudv otn Lvinun tov vroloylotn yivetor cuvilwg o€
“courAnpopa oc tpog 2. To apiotepdtepo (most significant) bit ypnoiponoteital yio 10 Tpo-
onupo: 0tav gival 1 o aplBudg etvor apvnTiKog VM SopopeTiKd eivar BeTikog 1 undév. Tleproco-
Tepa 010 padnua “Aoywkn Xyedioon” tov lov e&apnvov. H avamapdotacn tov TpoyloTikdv
apBuov (kivntg vrodiactoAing — floating point) givatl apkeTd mo moAvTAOKN. Oa avapep-
Bovpe o€ avtVv 610 KEPAANL0 6.

2.4 Emxowvovia pg to ypiot): €i6000G Kot ££000G

INa va etvat xpnotpo éva TpOYPOLLLLOL, TTOL EKTEAEITAL GE KATO10V DVTOAOYIGTN, TPEMEL VO, OLA-
InAemidpd pe to meptPaAiov. Avtd cuvHBWS YiveTal LEGH EWOIKAOV GLOKEVMV TOV OVOUAlovTat
oVOKEVES £16000V/eE000V (input/output devices — /O devices). H 006vn tov vtoroyiot) gival
pio GLoKELT €£000V KO TO TANKTPOADYLO Lo GVGKEVT £16000V. Ta TEPIGGHTEPQ TPOYPALLOTOL
OAANAETIOPOVY pE TO TEPIPAALOV dtaPdlovTag dES0OUEVA OO KOO0 GUCKELT 16000V KO TTol-
poLGLALOVTOG TO OMOTEAEGLOTO TNG EKTEAECNG TOVS GE KATOW GLOKELT £E0J0V.

2.4.1 ’'Efoodog otnyv 006vn

> avt6 10 onpeio Ba eEnynoovpe TIC EVIOAES £000V WRITE kot WRITELN TOV GUVOVINGOLLE
0TO TPOTO TOPASELYHO AVTOV TOV KePaAaiov. TIpv amd dha Opmc Tpénel va avoADGOVE TV
évvola ™G cvpPorocelpdg (string).

Me avomnpd opiopd ot cupPorocelpéc (strings) elvan menepacuéveg akorovdieg amd yopa-
KTNPEG TOL OAPa1|TOV TG YADGGOG Hag. To adpdpnto g yAwossag Oa to dovue apydtepa. To
pUovo mov ypelaldHacTte o€ 0VTO TO GNUELO Elval OTL TA Strings HTOPOLV VO TEPLEYOLV YPALLLOTO,
ymoia, oouPoia, onueio otiéng ko Kevovg yapoaktipes. Ot otabepés cupPporocelpéc mepikiei-
OVTOl TAVTOTE G€ €10ayYMYIKA (quotes). Ta mapoamdve e€nyovviot ToAD amAd e TO TOPUKATM
OTAOTOMUEVO GUVTOKTIKO O18ypoLpLpLoL:
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string_constant

character

OO

Mepkd napadeiypata strings givor o e€ng:

"Hello world!”
"01 apiBupoti mou pag svolagepouv €ival to 17 kai 1O 42.”"

mnrnr

000 =) 000 "

O avoyvodotng ag dlatnpnoel 6T Pvnun Tov 0t (6mmg 6To deHTEPO TAPASELYIO) TO String
umopel va meptéyetl ko ynoeia 1 (6nwg 6to Tpito Tapaderyo) UTopel va ivarl KeVO.

2TIG TPOTYOVUEVEG TOPAYPAPOVS GUVAVTICALE TNV £VVOLNL TNG EKPPOoNG (eXpression) Kot i-
dope OTL avapEPETOL OE APOUNTIKEG 1] AOYIKES TTOPACTAGELS TOV ATOTEAOVVTAL OO aPLOUNTIKES
N Aoywcég otabepés, petafAntég ko podnpatikovg teleotés. H tiun pog apbuntikng tapdoto-
ong etvar évag apluog eva pog Aoyikng mopdotoaon eivar true 1 false. [1pv mpoywpnoovyle,
Oa TpocHicovpe Eva axoun €idoc Ekppaong: Tic cvpPorocelpég (strings). Ot Tipég Toug giva
otabepéc cLUPOAOGEIPES, OTMC AVTEG TTOL Eidale Taparave. [TepiocdTepa yia Tic cuUPorocEL-
pEG (.. TL TOTOVL elvat, TMOG KoTtaokeLAlwm petafAntég cupPoA0GEPES, K.AT.) Ba dovuEe apKeETA
apyoTEPO, YO TNV MPO OU®G Elval OMUAVTIKO VO TIC GUYKOTOAEYOVUE OTIG EKPPAGELS Y10 VOl
pumopovpe va gppavitovpe unvopatao otny 00ovn.

O1 evtOAéC WRITE Kot WRITELN.

Katd v extéleon tov nepIocdTEP®V TPOYPAUUATOV, TO ATOTEAEGLOTA TOPOVCIAlovTaL
07O XPNOTN LEG® TNG 000VNG TOL VTOAOYLSTY. [0l TO GKOTH AVTO YPNGLOTOLOVVTOL Ol EVTOAES
WRITE kot WRITELN. H cUvtaér| Toug TeptypaQETOL GTO TOPUKAT® GUVTAKTIKO O16ypoLpLpLoL:

write_stmt

@ expression
— G OO
WRITELN

H ypfion tov evtol®v WRITE kot WRITELN yivetol ypa@ovtag LEca o€ TapevOEGELS TIC K-
epdoelg ot TéEG TV omoiwv elval emBLUNTO Vo TAPOLGLACTOHY 6TV 006VN Kot ywpilovtag
avtég petald touvg pe koppata. Katd v ektéheon vroAoyilovral TpdTa Ol TIHEG TOV EKQPA-
CEMV KOl 6T GLVEYELN YiveTou 1] TOpovsiosn. Av 1 T piog Ekppaong etvar cupforocelpd, ot
YOPOKTPES TNG EKTVTTAOVOVTOL AKPPDG OTTMC givat. Av 1 Tiun elvat apOunTiKn, T0TE EKTLTMOVE-
Tl 6€ 0EKOOIKT avaTapAoTacT] (0T OnAadn Exovue cvuvnbicel va PAEToVE TOVS aPlOUOVC).
Av n Ty gtvor Aoy, tote ekTummveTon “true” N “false”.
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[No va yiver katavontdg o tpdmog mov yivetal  TapovsiaoT), oG PAVIOAGTOVUE OTL LTAPYEL
otV 006vn 1oV LITOAOYICTN o VTOBETIKN YPaPida, HECH TNG OTOI0G YIVETAL 1] TOPOVGINoT
TV anotedecpdtov. H ypagida avtr ovopdletat Kot dpopéag 1 deiktng (cursor) ko, Kotd
OLIPKELD TNG EKTEAEGNC TOV TPOYPAULATOS, GLYVA EREOVILETAL MG VO TETPAYOVAKL TTOL OV
BooPnvel. H ypapida pmopet oe kdbe onpeio g 006vng va ypayet Eva yopaktinpo Ko, Kaoe
Qopd oV YpapeL £va yapakTpa, TPoYwPa po 0Eom deEotepa. Apykd PpickeTon oTNV TAVE®
aplotepn Yovia g 006vns. o kdbe pra Ekepoon mov divetat oe pia evtoAn WRITE 1] WRITELN,
QoD TPAOTO VIOAOYIGTEL | TIUN TNG EKPPAGNS, 1 YPAPION YPAPEL EVOV-EVOV TOVS XOPOKTNPES
TOV OVTIGTOLYOLV G€ aVTN TNV TN. [a mTapddetypa, av n T g EKppacng eivat 1 cupPforo-
oelpd "Hello world!”, 10te | Ypogida Bo ypayel TpmdTa TO YopaKtipa H, Ba tpoympnoet pia
0éom oe&idtepa, Ba ypdyet To yapaktipa e, o Tpoywpnoel GAAN po BEom de&ldTepa, K.0.K. Yo
OAOLG TOVG YOPOKTPES CLUTEPIAAUPOVOUEVOL KOl TOV KEVOD SGTAUATOS. MOAG Ypdwyet Tov
terevTaio yopaktipa ! (Bovpoaotiko) Oa mpoympnost pio 0€on de€idtepa Kot o GTOUATHOEL

H pévn dwpopd avépeoa otig evioréc WRITE Kot WRITELN givat 61t 1 WRITELN, a@ob mo-
POVGLAGEL TIG THES OA®V TOV EKQPACE®V TOV Bpickovion avipeca oTig Tapevhioels, Tonobetel
™ Ypaeida 6TV opyn TG ETOUEVNG YPOUUNG oty 006vn. AvtiBeta, N WRITE a@nVveL T Ypopida
070 oNUEI0 OTOV Exel pETaPEPOEL, LETA TNV TOPOVGINOT) TG TEAELTALNG TIUNG.

[ToAAEC @opég etvar emBLUNTO VL ELPAVIGTOVV TNV 006VN TEPIGTOTEPEG OO pioL TYUEG OAAL
va punv “koAAncovy” peta&d toug. o to Adyo avtd, 6ty Tepintmon mov divoviot TEPIGGOTEPES
TIUEG Y10 EKTOTTOGT 6TV 10100 EvTOAT) WRITE 1) WRITELN, EKTUTTAOVETOL £Va KEVO O1doTn o LETAED
TOV SL0O0YIKDOV TIUDV.

Ag dovpe pepkd amAd mapadeiyparta ko, 0e&id, Tt eppavifetor otnv 006vn.

* WRITELN(”Hello world!"); Hello world!
WRITELN("”Hello”, "world!"); Hello world!
WRITELN(”Hel”, "1lo wo”, "rld!”); Hel lo wo rld!

* WRITE("”Hel”); Hello world!

WRITELN(”10”, ”"world!”);

* X = 6, X =6
WRITE("”x"); 3*x-1 = 17
WRITE("” = "); X*(x+1) = 42
WRITE(X);

WRITELN();

WRITELN(”3*x-1 =", 3*x-1);
WRITELN(”x*(x+1) =", x*(x+1));

* WRITE(4); 42
WRITELN(2); 42
WRITELN(4, 2); 666
WRITE(6); 6 66
WRITE(6);

WRITELN(6);

WRITE(6, 6);
WRITELN(6);
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[Ipocélte 611 M eviodn WRITE(”X"”); enpavilel oty 000vn 10 Yopaxtnpa “x” (ywrl ep-
eavifovtal To TeplEXOpeEVa. TNG GVUPOAOGEPAS “X” akplPdc OTtmg elvat). Avtibeta, 1 evioAn
WRITE(X); vmoioyilel v T ¢ apOuntikng Ekepaons x (dniadr| Ppioket and v avri-
otoym Béon pvAung TV TN Tov £xel N LeTaPANT] X) Kot epu@avifel oV 000vn T0 0moTéEAE-
opo: 6. ITapopoimg, mpocééte 1 eppaviCovv oty 006vn o1 dvo televtaieg Ypappég Tov Topa-
delypotog: mpdta pio cupforocelpd mov ePEAVILETOL WG EYEL KO 6T GLVEYELD ol aplOunTIK
EKepoon, Tov vroAoyiletan kot epPavileTorl T0 ATOTEAEGUA TNG.

2.4.2 Mopgeomoinon ££060v

[ToAAég popég BELOVLE 1 ££000G EVOG TTPOYPAULATOG VO £XEL GVYKEKPLUEVT] Lopon. [t Tapd-
detypa, etvon mhavo va BEAovpe o1 apBpoi Tov VToAoYILEL TO TPOYPAUUA HOG VO EpQavilovTol
LE TEGOEPX OEKAOTIKA YN 1o Kol 6®GTH 6TOLYIoUEVOL. AVTO UTOPOVLLE VOL TO TETHYOVLE GVVOVU-
Covtag Tig eVTOAEG WRITE Kot WRITELN pie tn AEEN-KAE101 FORM.

21V amhovoTEPT LOPON TNG, | FORM epgavilel 1o TpmdTo TG Optopa 6t 0e&td dKpn evog
“KoVTION” OV €YEl TAATOG TOGOVG YOPAKTPES OGO £ivat 1 T TOV dEVTEPOL OPIGHATOC.

WRITELN(”X =", FORM(42, 8)); X = coceow 42
WRITELN(”y =", FORM(-324, 8)); Y = ceew-324
WRITELN(”z =", FORM(17, 8)); Z T oo 17
WRITELN(”w =", FORM(0, 8)); W S 0

Ot apBpoi 42, —324, 17 xon 0 gppaviCovror de€1d oTot(IoHEVOL e TAATOG 8 YOPOUKTNPES.
Y10 aplotepd kdBe aplOpov cCLUTANPOVETAL O KATAAANAOG 0p1OUOg KEVAOV dtaoTnpdToVv (Yo
1 O1ELKOAVVGN GOG, TO KEVA OLGTNLOTOL TTOL EIGAYOVTOL OO T ¥pN oM TS AEENG-KAE1DT FORM

[

eppavitovrar g “.”). To 1610 pmopel va yivel ko yio ) popeomoinon dedopévav aAiov THToL:

WRITELN(FORM(”hello”, 8)); ~.hello
WRITELN(FORM(”what”, 8)); cuoowhat
WRITELN(FORM(”do”, 8)); e do
WRITELN(FORM(”you”, 8));  feew you
WRITELN(FORM(”think?”, 8)); —think?

Mia dgbtepn pope1| TOV FORM LG EMLTPETEL VO TPOGIOPIGOVLE TOGA deKAIKE Yynpia EvOG
TPOYLOTIKOV aptBpov BEAovE Vo ELPOVIGTODV.

WRITELN("”Temperatures”); Temperatures

WRITELN(”------------ £ 1
WRITELN(FORM(”Athens”, 10), FORM(100.0/3, 6, 1)); woooAthens L.33.3
WRITELN(FORM(”Rome”, 10), FORM(100.0/4, 6, 1));  coceow Rome ..25.0
WRITELN(FORM(”Paris”, 10), FORM(100.0/6, 6, 1));  cccweo Paris ..16.7
WRITELN(FORM(”London”, 10), FORM(100.0/15, 6, 1));  oo..london ...6.7
WRITELN(FORM("”Moscow”, 10), FORM(100.0/-24, 6, 1)); oo..Moscow ..-4.2

2.4.3 Eic060¢ 00 TO IANKTPOALOYLO

210 TEPIGCOTEPQ TPOYPAULATA YPELELETOL O YPNOTNG VA EIGAYEL EGOUEVA. XTO TAPAIELY LN
™G aPYNG TOL KEPAAAIOV, 0VTO £YLVE LLE T cLVAPTNOT READ_REAL (00 A GOVLE EKTEVDS Y10
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TIG GLVOPTNOELS Kot TIG dladikacieg tng C++ apyodtepa). H cuvdptnon avtn pmopel va xpnoipo-
o Oel 6€ OTOLOONTOTE EKPPOCT] KO EYEL OC OMOTEAEC LA, EVOIV TTPAYLATIKO ap1Ouo. Tov aptOpud
avtd Tov {NTdet amd To YPNOTH, 0 0Toi0g Ba TPEMEL VL TOV TANKTPOAOYNGEL, GE OEKUDIKT LOPON.
Ag dovpe T cupPaivel 0Tav exTEAEiTAL TO TOPAdELY O TNG OPYNG TOL KEParaiov. Apiotepd &i-
voi 0 Koowkog Kot 0e€1d 0,11 fAmel 0 xpriotng oty 006vn. Yroypappiopéva givar avtd tov o
YPNOTNG TANKTPOAOYEL Ko TO OUPOAO “ 1 onuaivel 6Tt 0 xpnotng matdel To TAnKTpo “Enter”
(M “Return”).

PROGRAM { // examplel Give the radius: 10 J
REAL r, a; The area is: 314.159260

WRITE(”Give the radius: ");

r = READ_REAL();

a = 3.1415926 * r * r;

WRITELN(”The area is:”, a);
}

Apyikd, To Tpoypoappa epeavitel oty 006vn to unvopa “Give the radius: ” ko1 otn ov-
véyea mepéverl omdkpion amod to ypnotn. H avopovn avt opeiletot 6t cuvaptnon READ_REAL.
H ypaopida (cursor) avafooprvel. H cuvaptnon READ_REAL “mepiével” Tov ¥pnoth va. E.0ayd-
Y€L AmO TO TANKTPOAOYIO £vOV TPAYHOTIKO aptBud Kol Hetd vao Tatnoel To TANKtpo “Enter”.
Mol oupfet avTo, 11 GLVAPTNON EMOTPEPEL MG ATOTEAEGLLO TOV aplOUO TOV TANKTPOADYNGE O
YPNOTNG, 0 0moiog avatibetan otn pHetafAnT r. mn cuvéyeln YIvETOL 0 VTOAOYIGUOG TOV EUPa-
S0V KOl 1| ELPAVIOT) TNG OEVTEPNG YPOUUNG TNS ££600V.

AmpocodkNTN 100005 — COAALO EKTEAECTG

Av 0 xpnog avti va TANKTPOAOYNGEL TOV TPOryLaTKO oplOpo ov Exet (nnOel mAnktporo-
YNoeL KatL GAAO, Y. YpAupota avti yneiov, 1ote 0o cuuPel éva oc@dipa exktéleong (runtime
error). O vtoAoy1otig o eppoavicel Eva KATAAANAO URVLLO GOEAALOTOG Kol B0 OTALOTACEL TV
EKTEAEGT] TOL TTPOYPAUOATOS. AV EEUPEGOVLLE OTL TO TPOHYPALLA JEV TPEXEL TTLAL, TITOTO TPOYIKO
dev &yet ovpPet... O ypnotg pmopet va 1o extedécel Eovd Kot va gloaydyst avty T eopd Evav
£YKVPO TPAYHOATIKO aptOuo.

Av OL®C 0 YPNOTNG TANKTPOAOYNGEL TPAOTO LEPTKA KEVEA SLOGTNLLALTO KOLL GTT] GUVEXELN OMGEL
Tov aplBud mov tov {nreital, 10te de cvpPaivel oA exTéEAEONG: 1| READ_REAL TPOGTEPVAEL
TOL KEVA OLOLGTNHOTOL GTIV 0Py KOl TPOYMPAEL 6TV avdyvwon tov aplfuov. To 1610 copPai-
VEL KOl 0V 0 YPNOTNG TOTNOEL LEPIKES POPEG TO TANKTpO “Enter” mpiv ddoel Tov apBpd: Ko
o€ LTIV TNV TEPINT®ON, | READ_REAL TEPIUEVEL VTOUOVETIKA. QAL EKTEAEOTG GVUPaivel
OTAV 0 TPAOTOG YOUPUKTPAG LETA OO 0GAONTOTE KEVE SLOGTHLATA 1) AAAAYES YPOUUNG (dNAadn
moTnHota Tov TANKTpoL “Enter”) dev Eexivd kdmotov £ykupo Tporypotikd aptiud.

Eicodoc axéparov apBumv Kot yopoaKtnpmv

Kat’ avaroyio pe ™ cvvaptnon READ_REAL, ot Guvaptioelg READ_INT kot getchar dia-
Balovv axépatovg aplBpovg Kot xapaktipes, avtictoyyo. ['a Tapdderypo, To TopaKIT®O TPO-
ypoppo dtaPdlet 0o axépatovg LeTa&d TV omoiwv TapepPdAietal Evag xapakTmpag (To cOu-
Boio pog Tpaéng) Kot vroAoyilel To amotédespa TS TpdEng avts. H evioAr switch ypnot-
pomoteiton yio va d1okpivel TEPUTAOGEIS avaioya Le To GOUPOAO TG TPAENS oL £xel elcoyOet:
0o TOPOVCIOGTEL AVAAVTIKA GTO ETOUEVO KEPAAOLO — Y10, TV OPO., ETIKEVIPMOEITE GTNV £16000
TV 0e00UEVAOV. AeELd paivovTol TPELg 1000 IKEG EKTEAECELS TOV TPOYPELLLOTOC:
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PROGRAM { // operation 8+9 J
int first, second, result; The result is: 17
char operator;
102-201
first = READ_INT(); The result is: -99
operator = getchar();
second = READ_INT(); 6*7 J

The result is: 42
switch (operator) {
case '+’: result

first + second; break;
case '-': result first second; break;
case '*’: result first * second; break;
case '/’: result = first / second; break;

}
WRITELN(”The result is:”, result);

}

Ag g€etdioovpe 10 dgvTEPO TTOPAdELYpa. O ¥pNoTng TANKTPOAOYNGE “102-201" Kol TATNOE
10 mAnkTpo “Enter”. H evtoAn first = READ_INT(); odPoace Evav aképato apBuod (tov 102)
Kal Tov avébeoe otn petaPAnt) first. T cvvéyela, 1 evioln operator = getchar();
duapace Eva yapaktinpa (tov “-”) kol Tov avébece ot petoAnTt operator. Téhog, 1 evioAn
second = READ_INT(); duwiPace évav aképaio apfud (tov 201) kot tov avébece ot pe-
tafAntq second. [Ipocélte OTL 0 YPNOTNG OE YPEIECTNKE VO TATHOEL TPEIS POPES TO TANKTPO
“Enter”, pio yio ka0e cuvéptnon €166060v mov kANnOnke. Avtd Oa eEnyndel apéowg topa.

Evdidpecoc amobnkevtikdg yopog — buffer

[ToAAég popéc Eva mpdypappa wov daPdalet dedopéva amd 10 TANKTPOAGYLO HAG aiveTat
0Tl cupmepLpEpeTal ampdcpeva. [a Tapdaderypa, evod tepipuévovpe 0TI N ektédeon Ba oTapor-
O€l KOl TO TTPOYpappa Bo TEPUEVEL TO ¥PNOTN VA TANKTPOAOYNGEL KATO0, OEOOUEVA, OVTO OE
ovpPaivet. 'H kot to avtifeto, | EKTELEST) GTOUATA KO TEPIUEVEL VEQ OEGOUEVA EVM VOLILOVUE
ot awtd dg yperaletar. 'H, axopa yepodtepa, coppaivel kmoo cdipa ektédeong yroti ta Og-
dopéva ov dafdlovrar dev givar avtd mov Oa mepyévape. o va eEnynBodv T€totov gidovg
OTPOCUEVEG CUUTEPIPOPES TPEMEL VAL YIVEL KATOVONTOG O TPOTOG LLE TOV OTO10 E1GAYOVTOL GTNV
TPOYLOTIKOTNTO TOL OEGOUEVA OTTO TO TANKTPOADYLO GTOV VITOAOYIOTY.

Meta&0 tov TANKTPOAOYIOV Kol TOV TPOYPAUUATOS HaG, TapeUPBAALETOL Lo KOTOYMDPNON O
évav evoldpeco (Tpocsmpvo) amodnKevTikd ymdpo, Tov Aéyetar buffer. Znv apyn g ektéreong
TOV TPOYpAaupaToc, o buffer ivat ddetog. Otav o ypnotg TANKTporoyel KATL, AVTO amodnKey-
et avtopata oto buffer, ko dtav 1o Tpdypappa yperaletar vo oafacetl dedopuéva omd To
TANKTPOAOY10, To (TG ovclaoTiKA amd To buffer. H amofnkevon twv dedopévav otov buffer
YIVETOL GTNV TPOYUOTIKOTN T OTAV O YPNOTNG TATHOEL TO TANKTPO “Enter” ko Oyt pe ke yopo-
KTNpa Tov TANKTPoAOYEl (avtd elvar foAukd Yo va pumopel 0 xpnons va dtopbmvet Tuydv Adbn
7OV KAveL 6Ta dedopéva 160000, .. ofnvovtag pe to TAnktpo “Backspace” 1 “Delete”.

Otav og éva TpOYpaULO EKTEAEITOL T.Y. M| GLVAPTNGT READ_INT (TopOLOL0. GUUTEPIPOPE
€xel ko 1 READ_REAL), 10 tpdypappa (nta and to buffer dedopéva yia va to dwpdoet, ep-
unvedovtog avtd og Evav aképato aplud oto dekadikd cvotnua. Av o buffer eitvan doetog,
TO TPOYPOUUO “TIOYDOVEL” KO TEPIUEVEL OTO TO YPNOTH VO TANKTPOAOYNGEL dedopéva. MOAG o
YPNOTNG TO KAVEL Ko TaTHGEL TO TANKTPO “Enter”, ta dedopéva mov TANKTpoAdYNGE amodnKeny-



2.4. ENIKOINQNIA ME TO XPHXTH: EIX040% KAl EE0A0X 27

ovtat otov buffer (cuuneprrapfovopévov kot tov “Enter”, mov givan o yopaxtipog “end of line”
N “téhog ypappng” kot copforileton pe '\n’ otn C++ — mep1ocoOTEPA Y10, TOLS EOIKOVE YOPOL-
KTNpeg o€ emOpeVo kediaio). H cuvaptnon READ_INT mpoympdel opécmg noig otov buffer
VILAPYOLV SESOUEVA TTPOG AVAYVMON.

211 ovvéyela, 1 READ_INT e&etdlet Evav-évay Toug yopaktnpes mov Ppicket atov buffer. Av
elvat Keva SloTAOTO 1) YOPOUKTAPES OALOYNG YPARUNG (eV Yével “Aevkol yapoktnpes” — white
space), Tovg TPOCTEPVAEL Kol cLVeYILEL Le Ta vITOAOITO TEPLEYXOLEVA TOVL buffer, av vdpyovv.
Av ot Swdkacio avtr o buffer adeidoet, Tote Kol TAAM TO TPOHYPOAp “TTOy®VEL €S GTOV
0 XPNOTNG TANKTpOoAOYNoEL VEL dedopéva kat o buffer Eavayepioel. MoOMg 1 READ_INT Bpet
éva yopaktnpa mov dgv givar “Aevkdc”, apyilel v avdyvoon Tov aképaiov aptBpod. Av o
XOPOKTNPOS oV dafdotnke eivar ynoeio, cuveyilel va dafalet yapaxtipeg péypt va Ppet kit
7oV ogv gival ymeio. MOAG cupPel avtd, 1 READ_INT gpunvevet Ta ynoeio wov dtaface wg Evov
aKEPAo oplBUd 6TO OeKAOIKO GUGTNLO, TOV OTTO10 KOt EMOTPEPEL. AvtiBeta, av 0 TPMTOG Un
“AevKOC” YapakTPOC OV Eivol Ynoeio, TOTE OTMG EXOVUE TTEL TPOKVTTEL GPAALO EKTEAEGTC.

Ao to Topamave KotadoBaivovpe Ot petd v extédeon ¢ READ_INT o buffer dev sivan
avaykaoTikd adstog. (I'a v axpifeto, petd v extédeon g o buffer dev ivar moté ddetog.
Mo dwofactodv Ta yneio Tov aptBpod, o YopakTpag GAAIYNG YPAUUNG ToL BpicKETOL GTO
téA0G Tov buffer — avtdg mov TomoBeTOnke ekel dtav o ypnotg ndnoe “Enter” — won icmg
Kol GAAOL YOPOKTIPES TTOV TPONYOVVTOL AVTOV eV TPOKELTAL VO Sl acTOvV amd T READ_INT.)
Ta dedopéva mov Tapapévovy otov buffer eivon dtbéoipa Ko pmopovv va ypnotpomonfodv oe
EMOUEVES EKTEAEGELS TOV GLVOPTIGEMY E1GOO0V.

Av10 akp1pmg £ytve 610 TPOYpao operation mov ldape Tptv Atyo: n Tp®@TN READ_INT
ntael and to ypnotn vo TAnkTpoAoynoet dedopéva. O ypnotg TAnKTporoyel “102-201 47,
OU®G M TPp®TN READ_INT daffalet povo to “102” kot to petatpénel 6Tov aképato aptfud 102 o
omoiog TeMKA ekywpeiton ot petafAnt first. Metd to 1€hog g mpdTNG READ_INT, Tal d¢-
dopéva mov £yovv mapapeivel otov buffer eivar “-201 1. X1 cuvéyela, n cuvaptnon getchar
SwPalet Eva yopaxtnpa, Tov Tp®dTo Tov Bpickel otov buffer, oniadn o cupPolro “-” (Tpocoyn:
M getchar dgv TPoomePVA TOVG “AEVKOVS” YOPAKTNPES, OTMG 0t READ_INT Kot READ_REAL).
Topa o buffer mepiéyet “201 4. H devtepn READ_INT Safdlet 1o “201” Kot TO PETOTPEMEL
otov aképato apduo 201 o omoiog exympeiton ot petafAntn second. 1o téAog, otov buffer
€xel petvel Hovo o yapakTipos aAlayns ypouung «“ 4. IipocséEte 0t To MpdYpoppo “ndywoe”
puovo pio popdi: m getchar kot 1 0gvtepn READ_INT Pprikav dedopéva atov buffer kat mpoym-
PNCOAV GTNV AVAYVOGT TOVG YOPIG VoL SIKOYOLV TNV EKTEAEGT TOL TPOYPAULOTOG.

Kabdpiopa tov buffer

Agdovpe tpa Eva mpdypappo Alyo amlovotepo omd 1o operation, mov {ntd amd To ¥pNoT
Vo apBpovg kKot toug abpoilel. Mia mpdt mpocdyyion eivar avtn) Kot, de€ld, dvo cevdpla
EKTELEOTC TOV:

PROGRAM { // additionl First: 8.
int first, second; Second: 9.4
WRITE(”First: ”);  first = READ_INT(); Result: 17
WRITE(”Second: ”); second = READ_INT();
WRITELN(”Result:”, first + second); First: 222 444 4

3 Second: Result: 666

To TpdTO GEVAPLO EKTELEGTC PAIVETOL PUGIOAOYIKO, OALA TL GLUVEPT GTO deVTEPO; AV £xETE
KataAdpet Tog Aettovpyel o buffer kot READ_INT d¢ Oa cog etvor d0oKkoAo va deite Tt €yve. O
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XPNOTNG, OV Kot €10€ To Pvupa “First:” dgv TEPLOPIGTNKE GTO VO TANKTPOAOYNGEL LOVO TOV
TPAOTO aplOUd: HETE amd avTdV EPaAe Eva KEVO SLAGTNILA KoL EYpoye Kot Evay 0e0TEPO aplud.
Avtd éuewvav otov buffer kot n dedtepn READ_INT d€ YPEBOTNKE VO TOYDGEL TO TPOYPOULLLLOL
kot va {ntnoet véa dedopéva. Apa, apécms et To d0evTEPO unvopa “Second:” ep@aviotnke
TO OOTELEG O TNG TTPAENG.

O empeng avayvootng iomg TpoPfAnpatiotel o€ avtd to onueio amd 10 YeYovos 0Tt VILdp-
Y€l £va LOvo WRITELN 610 mpdypoppa, avtifeto Opms epeavilovtol Tpes YPOUUES OTO TPMOTO
0eVAP10 EKTELEONG Kol dVO 6TO 0e0TEPO. H Ypapida (cursor) LETOKIVEITOL GTNV EXOUEVT YPOLUUN
™G 006vNg Oyt novo dtav ektedeotel piot WRITELN oALG Kot OTAV O XPNOTNG TOTNOEL TO TANKTPO
“Enter”. Avto e&nyel Yol 6T0 TpdTO GEVAPLO EKTEAEGN G TOL “First:” kot “Second:” guavi-
Covtau o€ pio ypopun to kabéva, pali pe tov aplfud mov TANKTpoAoYEL 0 ¥pNOTNG, KOt Y10Ti GTO
deVTEPO oEVAPLO eKTELEONG TO “Second:” kot to “Result:” gupavifovtor oty 010 ypouun.

Mmopolpe vo, KAVOULE KATL GE ALTO TO TPOYPOLLD, DGTE O YPNOTNG VO VITOYPEDVETOL VO,
dmoEL Eva LLovo apliuod kabe popd; I'evikd 0V ITOPOVLLE VOL DTTOYPEDGOVLLE TO YPNOTI VO EXEL TN
oLUTEPLPOPA Tov BELovE! AVTO TOL pITOPOVLLE OLMG VO KAVOLLE givat, av elpocte Giyovpotl 6Tt
o buffer &ye1 dedopéva mov dev Ta yperaldpacte, va ta Kabapicovpe. H dadikacio SKIP_LINE
Kével akpiag ovTo:

PROGRAM { // addition2 First: 8.
int first, second; Second: 94
WRITE(”First: ”);  first = READ_INT(); Result: 17
SKIP_LINE();
WRITE(”Second: "); second = READ_INT(); First: 222 444 4
WRITELN(”Result:”, first + second); Second: 111 .

} Result: 333

Balovtag tnv evioAn SKIP_LINE(); peta&d tov 000 READ_INT, T ddopEVO TOL £XOVV
napopeivel oto buffer petd v mpdTN READ_INT kabapilovv kot o buffer adeidler Ko woAl.
2T0 TPMTO GEVAPLO EKTEAECTG, OVTO OEV EYEL KOO OVGLUGTIKY oNUocio (Ta TEPIEXOUEVO TOV
buffer mov kaBapilovv givar “ d7). 10 0£0TEPO OUMG, AVTO EYEL OG ATOTEAEGLA VO 0yvonBovv
T0o Tapomaviclo dedopéva ©“ 444 17 ka1 0e0TEPT READ_INT va {ntioEL €K VEOL €vav 0KEPOLO
apOud and to ypnotn. To anotéAecpa mov tpokvmtet givar 222 + 111 = 333.

[Ipocéte 0TL 610 oNUEio TOV YpNGYLOTOMGOE T SKIP_LINE gipaote BEParot 6T1 o buffer
dev etvan adetog. Av v kaAéoovpe kot o buffer etvar adetog, Tdte T0 TPOYPAUUA Ba “TarydoEL”
Kot 1) SKIP_LINE Qo meptével va TANKTPOAOYNGEL O XPNOTNG OEOOUEVA Y10l VOL TO olyVOGEL OA!
Avctoymg dev vtapyet Tpoémog va eEAEyEovpie av o buffer elvar 1 oyt ddetoc.

2.4.4 AvokotevOvovon €16000v Kot €000V

Y76 puoiKoAoyIKéG GUVONKES, 1| OIKOYEVELD TV EVTOAMV 5000V OV £ldape eppavilovy ta
amoteAéopato oty 006vn kat ekeiv TOV GLVOPTNGEDV £16000V dtafdlovv Ta dedopéva amd
T0 TANKTPOoAOY10. [ va eiplacte o akpiPeic, ot evrorég eE0dov eppavifovy Ta amoteréopata
oTNV TUMIKN 6VoKeLT] ££000v (standard output device — stdout) kot 01 GLVAPTNGELS EIGOO0V
Swpdalovv Ta dedopéva amd TNV TLTKY GVOKEVT] €16000v (standard input device — stdin),
OUMC, LTTO PLGLOAOYIKEG GUVONKEG, 01 0VO AVTEC GLOKEVEG OVTIOTOLYOVV GTHV 000VN KoL TO TTAN-
KTPOAOY10.
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O mpoypoppotiotg eival dvvatdv vo avakatevdivel (redirect) v €lcodo kot v €060
TOV TPOYPAUUOTOC KOl VO XPNCLOTOMGEL apyeia Kelpévoo (text files) avti tov TAnktporoyiov
Ko g 000vng. Avto yiveton pe Tig evtoAég INPUT kot OUTPUT. To mapakdte mpdypapipa dtod-
Cer v €10000 T0VL 0md TO apyeio “file-to-read-from. txt” Kot epeaviCel To amoteAéopatd
ToV 070 apyeio “file-to-write-to.txt”.

PROGRAM { // redirection

int n, i, sum = 0;

INPUT(”file-to-read-from.txt”);
OUTPUT(”file-to-write-to.txt"”);

n = READ_INT();
FOR (i, 1 TO n)

sum = sum + READ_INT();
WRITELN(sum);

}

Otav avaxkatevfhvoope v €000 e TNV EVTOAT OUTPUT TTPETEL VAL EILOGTE TOAD TPOCEKTL-
Kot ywoti 1o apyeio oto omoio avakatevBovovpe TV £6000, av 11ON VITAPYEL, YOVEL TA TPONYOV-
HEVOL TEPLEYOUEVAL TOV.

2.5 ApOunTikég Ko AOYIKES TOPUOTAGELS

Mia mapdotaon (Ekppacrn — expression) Umopel yevikd va, amoteheiton amo:

» otaBepég (constants), m.y. 42, 3.1415926
* uetaPAntég (variables), m.y. r, passed

* ovvoptnoels (functions), m.y. sqrt

* teleotég (operators), my. +, -, *

* BonOntcd cvpPora, m.y. TapevlEcElS, KOPUOTA, KA.
Eniong mpénetl va emonpdvovpe toug eENg 0V0 KAVOVEG:

* Mo TopdoTtaoT TPETEL VO YPAPETOL KOTA TETOL0V TPOTO MGTE VO UV VILAPYEL apglBoAio
ywo ™ onuacio e Avtd SlevkoADVETAL e TN (PNON ToPEVOEGEWDV.

* OvmopevBéoelg mpémet va givan “kard Quyopéves” (balanced). To TAn0og twv deldv ma-
pevhécemv mpénetl va etvat i6o pe to TAN00¢ TV aplotepdv mopeviicewv. Kdbe mpodbepa
NG TOPAGTACNG TPEMEL VO, TEPLEXEL TOLAAYIOTOV TOGEC 0eE1EC TapeVOETELS 00EG Kat apt-
oTEPEG.

Ta dVo onuavTiKOTEPD 10N TOPACTAGEMY ivat o1 aplOUNTIKES Kol 01 AOYIKES TOPACTAGELS.
O1 TPpMOTEC £YO0VV MG AMOTEAEGLLOL TIUEG TOV TOT®OV int 1 REAL, OnA0dN aKEPALOL 1] TPOYLOTIKOT
appoi, evd ot de0TEPES £X0VV MG ATOTELECLLA TILEG TOV TUTTOL bool, dnAadn true 1 false.
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2.5.1 ApOunTtikég mpaEels Kol TopaoTACELS

Ag Eexviioovpie pe TIG aplOUNTIKEG TAPUCTACELS, Ol OTTOIEG £XOVV MG OMOTEAEC LA, TYLES TTOV
elval axépatot | Tpaypatikoi apbuol. 'Eva tpdto mpdypa mov mpénet va yivel capég etvat ott,
oV Kot oTo Lafnpatikd ot aképaiot aplfpol ivol VTOGHLVOAO TOV TPUYUATIKOV 0POUDV, GTIG
TEPLGGOTEPEG YADGGES TPOYPOUUOTIGHOD Ol AKEPOLEG TLLEG KOl O TPAYUATIKEG TIUEG €IVl OV-
ClOoTIKA 000 dtokpitd cuVOAL. AnAadn givor da@opeTikd To “0” amd 10 “0.07, to “1” and To
“1.0”, 10 “42” amd 1o “42.0”, K.0.K. Ta mpdTO Elvon aKépaieg TIHES, TOTOL int, V(D To devTEPQL
elval mpaypatikég THé, Tomov REAL. H Bacikn tovg dtapopd Bpioketal 6To Tl 0 VTOAOYIGTNG
YPNOLOTOEL TEAEIMG SLOPOPETIKY AVATOPAGTACT Y10, TO. LEV Kol Yl Ta. 08. YO mpoimobécelg
etvar duvatd va petatpanel (TOHOTA) Hio akEpotn T G TPAYUOTIKY, ONAddn To “42” va
yiver “42.07, 6mwg Ba dovpe mapakdte. To avtiotpogo (mov eniong yiveton Vd TPOHTOOEGELS
avtopato otn C++) dev elval KA TPOKTIKY.

2T1C amAEG aplOUNTIKEG TAPAGTACELS PN CLLOTOLOVVTOL TEVTE E101KA GOLPOAN, T OTTOT10L OVNY-
KOVV 0T0 aAQA&PnTo TG YA®OTOC, Tov ovopalovtol aptOunTikoi TEAECTEG.

Teleotg | [Ipdén

+ [Ip6cOeom

- Aoaipeon

* [ToAAamAacloopnog

/ Awipeon (akEpoun Kot TPoyLOTIKY))
%1 MOD | Aképoto vTOAOITO

Ot ap1Buntcol TEAEGTEG AVTIOTOLYOVV OTIS Pacikég aplBuntikés Tpa&elc mov yvopilovpe
oamd to podnuatikd. Mmopovv va EQapUOGTOVV GE TEAOVIEVO OV £iVOL 0TOI0LVONTOTE ap1D-
puntikoH TOToL, dNAadn int 1 REAL, £KTOG amd Tov TEAectn % (1 aAAudg MOD) Ttov pmopel va
ePappooTel povo og axépata terodeVa, dnAadn TOTOL int.

Otav kot to 600 TeAovpeva gival Tov 1010V TOTTOV, TOTE Kot TO AmOTEAESHA Elval TOV {010V
tOmov. Otav dpmg to 000 teEAoVUEVO EIVOL SLAPOPETIKAOV TUT®V, dNANOT TO éva elval int Kot
T0 GAAO REAL, TOTE TPV Yivel | TpAén avtd mov gival int petatpénetal avtopota o€ REAL. Ag
SOVE LEPIKA TTAPUSELY LT ATADY OPOUNTIKOV TPAEEDV Kal, 0eELE, TO ATOTEAEGLOL TOV VITTO-
hoyiletar. [IpocéEte moleg TYég elvan axépatot aplBpol kot molég Tpaypatikol. XTnv televtaia
TPAEN YIveETOL QVTOUOTN LETATPOT TNG OKEPOLOG TIUNG 17 GTNV TPAYHOTIKN 17 . 0.

8 + 9 17

6 * 7 42

4.5 - 0.3 4.2
9.0 + 8.0 17.0
4.2 + 1 5.2
2 * 1.3 2.6
1.0 * 17 17.0

®a otabovpe Alyo mepiocdtepo oty Tpaén g daipeonc. [ToAdég popég ota padnuotikd,
avtipetonilovpe ) dwaipeon petacy axepaimv aplBudmy Kot T doipeon PETAED TPOYHOTIKMY
apOu®v o¢ Vv it Tpdén. [ va to Kavoupe avTo, OUMG, TPETEL EITE VO LETOTPETOVUE TAVTOTE
TOVG aKEPALOVS aplOUoVE GE TPAYUATIKOVG, £ite vo dexBoOe OTL KATOEG aKkEPOLES OOPECELG
etvar addvarteg, m.y. 1o 42 d¢ dupeitan pe 1o 17. H axépara dwaipeon (integer division), mov
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amd 10 Anpotikd Eyovpe pdbet 6TL divel TAiko kot vLOAOTO, eivar pia TPAEn ovolUcTIKA dl0-
(QOPETIKY OO TN SOIPEST TOV TPAYUUTIKOV aplOUdV.

>t C++ (0nwg ko ot C), 0 TEAEGTNG / pMoiponoteitat yio 600 6KomovS: OTOV EQUPUOCTEL
oe axépora TeELovpEVE VITOAOYILEL TO TAIKO TG aKépatag Oloipeons, VM OTAV EQUPUOCTEL GE
TPOYHOTIKE TeEAoVpEVA (1] 0€ £va OKEPOLO Kol £VOL TPOYLOATIKO, AGY® TNG QUTOUOTNG LETOTPO-
TG oL gldape) vroAoyilel To amotéAeoa TG TPAYLATIKNG dlaipeonc. O teleotng % (11 MOD)
epapuoletan povo oe aképoro TeELoLpEVA Kot vtoroyilel To vroAoto (modulo) g aképatag
owaipeong. Ag dovpE LEPIKA TapUdELyLOLTOL:

5/ 2 2

5.0 / 2.0 2.5

4.2 / 17 0.247059. ..

5% 2 1

-17 / 5 -3

-17 % 5 -2

17 / -5 -3

17 % -5 2

-17 / -5 3

-17 % -5 -2

3/0 CQAALO EKTEAEOTG
42.0 / 0.0 OQOALO EKTEAEONC
AvO TopaTnpNCELS:

o XV aképoata d1aipeST), TO TNATKO TPOKVTTEL TOIPVOVTOS TO OTOTELEGLOL TG TPOLY LLOLTIKG
dlaipeons Ko 0roKOTTOVTOG T0 KAAOHATIKO Hépog (dnAadh —17/5 = —3.4 ~ —3). To
vroAomo givar Této10 dhote Tavta vo .oyveL: (a/b) X b+ a%b = a. Akpipdg étot opileTan
Ko aképara dtaipeon ot C++. [Ipocéte 6T avTd pmopel v unv GUUTINTEL L AV TO TTOL
wepévate omd T pafnpatiKd, 6tav kdmoto omd To TEAOVUEVA £ival 0pvNTIKOL aKEPOLOL
appotl.

* H dwipeon pe 1o undév (axépaio 1 TPAyUATIKO) amoryopeVETOL Kot, av Yivel, odnyel og
COAALO EKTEAEOTC.

Topa Ba aoyoAnBodpe pe Ta péPn TOL ATOTEAOVV TIG APOUNTIKEG TOPACTAGELS:

1. Aképara otaBepd yopic Tpécnpo: 6mov to digit elval Eva amd ta dexadikd ynoeio 0, 1,
2,3,4,5,6, 7,8 kot 9 ka1 to non_zero digit etvan éva amd o ymeia ektdg TOL 0.

unsigned_integer

C digit 3
non_zero_digit
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IT.y. 3789, 24, 0, 100 aAAd Oyl OO7: 01 PUn UNOEVIKES akEpaLEg OTAOEPEG OEV LITOPOVV VO,
Eexvoov pe undév (o Adyoc mTov LITAPYEL AVTOC O TEPLOPIOUOG Ba pavel 6To KePAAto 9).

. ApOpog ympic Tpocsnpo: Or ool int kot REAL TEPTYPAOOLY TOVG OKEPOIOVG KO TPOLY-

Hatikovg aptBpovg avtictorya. Ot mpaypotikol apifpol pmopodv va ypapodv gite P 1O
ovvnOeévo Tpdmo N e ToV ekBETIKO. ZTOV cuVNBIGUEVO TPOTO, O TPAYUATIKOG aptOpdS
etvan évag apBpog mov amoteAeitan and Evav aképalo apBpd (to aképalo PHEPOG), T oe-
KOk VITOSIGTOAN (Tov cupPoAiletar pe pio tedein) Kot £va 1 TEPIGGOTEPO OEKASIKA
ynoio. H exBetucn ypaon eivon e§umnpetikn dtav dwoyeprlopoocte ToAd peydilovg apib-
HOVE 1 TOAD kpovg aptfpove. Avo mapadetypota eivor: 1.234E2 ko 23.456e-32. [Ly.
av OEAOVLLE VO AVOTOPOGTIIGOVUE TNV T TOV POPTIOV TOL NAEKTPOVIOL 1 omoia Etvan
1.602 x 107 161e ot C++ O yplyoope: 1.602E-19.

To “E” (xepaiaio 1 pkpd) onuaivel ekB€t pe Baon 10, onAodn o 1.602E-19 givar 1.602
@opéc to 10 otnv —19n dvvaun. O exBétng eivar axépatog.

unsigned number

unsigned
integer Y

digit

E unsigned /

integer

Mepwd mapadeiypata: 563.67E-6, 25E3, 6.9, 42, Oy1 OU®G .27, 0.3E*2 1 42. (dnAaon
LLE VTOOIAGTOAT] AAAG YWPIG KavEVE OEKAOIKO YNelo LETG amd QT V).

[TpocéEte 6t1 10 “E” etvan pépog g ohivtaéng twv apduntik®v otabepmv kot oyt apio-
UNTIKOG TEAESTNG. Agv pumopel va ypnoiporom el yevikd yio v dywon tov 10 og kdmoa
ovvoun. o mapdderypo, av ot petafAnTéc X kot n xovv Tic TG 4.2 ko 7, avtiotoya,
dev pmopovpe vaL ypayovpe “XEN” yio vo vmoloyicovpe T T 4.2 X 107. Obte “4. 2En”,
oVvTE “XE7”.

. Merafinti: Tnv évvola g petafAnNTNG TN YVOpicapE oo TO TPAOTO KIOAOS TOPAIELY L.

Ed®d Bo meproptotodpe 010 GUVTOKTIKO O1dypapLo, To omoio pag dglyvel OTL LIAPYOLVY
TOAG TtEPIocOTEPQ 10N HETAPANTOV ad OVTEC OV €ldape pEYPL TOpa. Ot amAég peTa-
BAntég mov £xovpe oM det eivar ovoparta (avoyvopiotikd — identifiers).



2.5. APIOMHTIKEY KAI AOI'IKEY [IAPAXTAYELY 33

variable

e identifier ~

— variable @ expression @
— variable @ identifier
— postfix_expr {_>} identifier
@ variable @
O

unary_expression

Avt ™ oTyun) 0 HOG EVOLOQEPEL VO EMIKEVIP®OOVUE GTN ONUAGIN TOV GAA®V E0GV
petafAnTov: Ba Tig yvopicovpe g ETOUEVO KEQAANLO OTOV GLVOVTI|GOVIE TOVG THVOKES
(arrays), T1g Oopég (structs), T1g evaoelg (unions), Kot Tovg dgikteg (pointers). ‘Eva Opog
TOAD EVOLOPEPOV YOPAKTNPIOTIKO OVTOD TOV GLVTAKTIKOV OlYPAUUOTOS Etvan OTL givat
avadpouko (recursive), SMAaON avToOVOEOPLKO: 1 cvuvtaén ¢ variable opileton ypn-
GLLOTOLOVTOG TNV 101 TNV évvota variable! H debtepn ypappn, yio mtapddetypo, Aéet 0Tt
umopove vo etiacovpe pia variable av Eekivioovpe amd pio (GAAN) variable kot mpo-
c0écovpe oto TéAOG pia Ekppaom péoa o aykOies. H mpotedevtaio ypapun Aéel ot
uropovue va etidovpe pio petapfint falovrag pio (6GAAN) petapfintn avdpeco o€ mo-
pevOéaels. Me avtdv tov 1pomo e€ocpariletar Ot o1 Tapevhéoelg Ba etvar kald (uyiopé-
veg!

%

[Mopadeiypata yio petofAntés:

ub40

a[i]

dp[i+3][]-1]
myself.age
person[2].sex
a2a[7+din[j]]
x.a[7+z[8+1[3]]]
myself.birthdate.year
*(p+5)

[ToAAEC Popég eivar eDKOAO G€ £va GLUVTOKTIKO OLAYPOALLLLOL VOL AVTIKOTOGTHGOVE TV OVOL-
opoun pe BEAN mov oynuatifovv KOKAoLg. AAES POpES, OU®G, avtd givor advvato va
yivel Ilpoomabnote av BéleTe, Yoo doknon, va OTIAEETE £vol U1 AVALOPOUKO GUVTAKTIKO
Swqypappa yio tn variable. Av Aginel n wpotedevtaia ypouun (avtn pe tig mapeviéoelg),
yivetatl. Me autv, Opme, etvar advvaro... Agv gitvar Suvatdv va OTIAEETE GLVTOKTIKO O1d-
YPOLLLO TOV VO TEPTYPAPEL TIG KAAA QuytoUéveg TapevOEGELS TOV Vo unv eivat ovadpoptkd!
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arithmetic_expr

arithmetic_expr

arithmetic_term [—

arithmetic_term

arithmetic_term

0908

arithmetic_factor |—

arithmetic_factor

unsigned_number ~

~

— variable

— call

O

arithmetic_expr @

Zyua 2.3, ApOuntikéc mapacTacELS.

4. ApuOunTiki napaotact: To cLVTOKTIKA dtypaUpaTe Tov @aivoviol 6To Zynua 2.3
opilovv v évvola ¢ apBuntikng Tapdotaong (arithmetic expression). Eivot emiong
aVaOPOLIKA, GAAG aLTH TN POPA €IVl EPPEGH AVAIPOUIKA, ONANOT YO TOV OPIGUO TNG
apluntikng mapdotaong (arithmetic expr) amorteitor n €vvola tov apBuntucod 6pov
(arithmetic_term), yio. Tov optopd TV aplfunTikod 6pov amatteitol 1 £vvola Tov apib-
untikov mapdyovta (arithmetic factor) kot yio tov opiopd tov aptfuntikod mapdyovia
amouteiton n apOunTiky topdotacn. O Adyog Tov amottovvTal OAC QVTO TO GUVTOUKTIKE
Slayphpupato etvar yioo vo yivel Gopig 1 TPOTEPALITNTO KOl 1| TPOCETUIPIOTIKOTITO TMV
TEAECTMV.
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Me v évvola g mpotepordTnTOS (precedence) pmopodpe va avapepfolie 6€ KATL TOV
yvopilovpe omd To podnuatikd: oe pio aplOunTikn TopdoTtoct), 0 TOAAATAACIUGHOG “OE-
vel” o woyvpd amd v tpodcheon. Avtd onuaivel 6Tt 6tav PAémovpe “x+2*y” karto-
AoPaivoope “x+(2*y)” kot Oyt “(x+2) *y”. O TeAeGTNG TOV TOALOTAAGIOGLOV, AOUTOV,
Exel peyaAvTEPN TPOTEPOLOTNTA AO eKelvov TG TpocBeonc. o v axpifeta, ot “moA-
Aamhactactikol” (multiplicative) teheotég g C++ (*, /, % Kot MOD) £yovv peyorvTepn
TPOTEPOLOTNTA OO TOVG “Tpocbetikone” (additive) Teheoté (+ kat -). Avtod givar epea-
VEG KOl 6T GUVTOKTIKG dtarypdppata 6to Zynqua 2.3: pio apfuntikny tapdotacn propet
va glvar éva aBpotcpa Opwv, Tov kabévag pumopel va eivat £va YvOUEVO TOPAYOVI®V.

Me v évvola TG IPOCETUPLETIKOTITAS (associativity) pmopovpe emiong va ovoeep-
Bovue og kdtL Tov Yvopilovpe amd to pobnpatikd: oe pio akoAovbio TpocHicewv Kot
aQUPECEMV, 01 TPAEELS EKTEAOVVTOL OTO aPLoTEPA TTPOG Ta. OeELd. AVTO onpaivetl 6Tt 6T
BAémovpe “x-2+y” kataloPaivoope “(x-2)+y” Kot Oyt “x- (2+y)”. Ot telectég ™G TPod-
oBgong Kot g apaipeong, Aowmov, sival aploTepa mpoceTarpieTikoi. To id10 kot ot “moA-
Aamhactaotikol” teleotéc. Kot mdAl ovtod eivot EpQavEég oTo GUVTOKTIKA 010y PALOTO GTO
yMua 2.3: og éva dBpotspa, o aplotepdg Tpochetéog eivar aplOuntikn tapdotacn (Tov
UTopEl Kot TAAL va givat aBpotspa) v o deE106 etvat 6pog (Tov pmopet va etvat yvouevo
AL OYL ABPOLG L, EKTOG OV YPTCLULOTOMGOVLE TOPEVOECELS).

[Topadelypato aplOunTIK®OV TOPUCTACEDV:

X*2 + y*3

f(x, 3 + a[i].bc)

3*a/ 4%n

-5/3 * bla + 7 * (-5/3 * blu) / f(7, x)

To tpito mapddetypa eival IGOSLVOALO LE:

((3 *a) / 4) % n

Me Bdon v TpoTEPUIOTNTO KOL TNV TPOGETUPLOTIKOTITO TOV TEAEGTAOV UTOPOVLE VO
epunvevcove cmotd Kabe apduntikn mopdotacn. H cepd 6pmg pe v onoia 0 vroro-
y1otG Bo EKTEAEGEL TIC TPAEELS YO TV AMOTIUNOT TNG TapdcTacng dev opileTon Tavta
TAPOG Amd TOVG KOVOVES TPOTEPOULOTNTAG KOl TPOGETAPLOTIKOTNTOC. [0 Tapddetypal,
OTNV TPAOTN OO TIG TAPOTAVE® TOPUCTAGELS, O VITOAOYICTNG ivat yevikd eAebBepog val
VTOAOYIoEL TOL X *2 Ko Y * 3 e 0ot oepd BELEL (Ko 0T cvvEyetlo va afpoicel To amoTe-
Aéopata). H oepd mov Ba emdélet dev emnpedlel To AMOTEAEGUA GE OVTO TO TAPASELY LA,
apyotepa Opms Ba dov e OTL 1) GEPE ATOTIUNONG KATOIES POPES ELVOL GNUOVTIKT Kot OEV
npémel va Bewpovpe 6edopéEVo 0TL o1 TPAEELS Ba ekTeAovVTOL A apPlLoTEPA TPOG TAL dEELA.

2.5.2 Aoywkég mpagels Kol mapaoTaoELs

MéyprTopa Exovpe Oel TIG AOYIKEG LETAPANTES, TOV UTOPOVV VAL £XOVV LLOVO dVO TIUES: true
n false (tHmov bool).

* AnAoon petafAnmg tomov bool, m.y. bool state;

* Exyopnon tung o€ avtny, m.y. state = true;
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e autd 10 onueio Ba pincovpe yuo Aoykég mapaoctdoelg (logical 1 boolean expressions),
oL oYNUATICOVTOL XPNOILOTOIOVTOG TEAEGTEG CVUYKPIONG Kol AOYIKOVG TEAECTEG.

Teleotég ovykplong (comparison operators)

Teleotg | XOykpion
== ico
< UIKPOTEPO
> UEYOADTEPO
<= nkpotepo M i6o
>= peyoAvTepo 1| {60
I= dtbpopo

[TpocéEte To supPolopd Tov TEAESTN EAEYXOV 16OTNTOG: “=="" (dMAO {60V — TO AMAS icoV

ypnopomotleitol dmmg eidapLE Yo TV VIOAN eKy®pnong). Eniong, mpocsééte 10 cuppfoiouod ya
70 014popo: “!1=" (Ot ioov, KBS T0 Ba dovpe o€ Ayo OTL pNGUYLOTOLEITAL V1oL TN AOYIKN
apvnon). Le dAheg yYAwooeg (T.y. otnv Pascal) ypnowonoteiton o tehestng “<>" y1a 10 014.(0po.

€y
!

Ot napactéoelc mov oynpatifovral e TOVg TEAEGTES GUYKPIONG EKPPALOVY AOYIKES TPOTA-
GELG, 0OV M TN piag oVYKpLong umopel va givor povo true 1 false. Mmopovpe va cuykpi-
voupe aptBnovg, xopaKTnpeg N akopo Kot Tig Aoyikég TES (omdte woyvel false < true). To
OTOTEAECLO TV GLYKPIGEWV GLVNOM®G TO YPNCYOTOOVUE o€ pio evToAn if, while 1 do ...
while, LTOPOVUE OUMG KOL VO TO EKYMPTCOVLE GE i AOYIKN LETOPANTY:
state = 5 > 1,

recent = year >= 2010,

H éxkppaon 5 > 1 givor adnOng (yrati to 5 etvon peyolvtepo tov 1), dpo n Aoy petafAntm
state 0o AdPel v Tiun true. X devTEpT EKYDOPNOM, 1 TN TOL B TAPEL N pLeTafAnTh recent
e€optdror amd TV TN TNG aKEPOLNG LETAPANTAG year .

Aoywkot teheotég (logical operators)

Yrdpyovv Tpelg Aoyikol TEAESTEG, TOV dEYOVTOL TEAOVUEVE TOTOV bool Kol EMGTPEPOVY
amotélecua Tumov bool. o va KataAdBovpe ™ onuacio Tovg, Hog xPelaloviol ol TIVOKES
ainOsiog (truth tables) tov Aoywdv npdéemv:

* Aoyko6 “kar” (&& 1 AND): H Loy mapdotaon “p && q” elvail aAndng povo 6tav Kot ot
Vo Loyikéc TapacTdoels p Kot q etvor aAnbeic.

e Aoywko “n” (| | 1 OR): H Aoy mapdotaon “p || g” elivar wevdng poévo 0tav kot ot Svo
AOYIKEC TAPOCTAGELG P KoL g Eivat WEVLELG.

* Aoywn apvnon (! M NOT): H Loy mapdotaon “!p” sivar oAndng poévo av 1 Aoyikn
TopdoTocn p eivot WELONG.

p q p && q p q pIlq p 'q
false | false | false false | false | false false | true
false | true false false | true true true | false
true | false | false true | false true
true true true true true true
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e avtifeon pe T1g mpaelg && kat | |, mov givor dvadikég (binary) onladn oéxovion 6vO
teAOVUEVE, M TPAEN ! d€xeTon Eva TEAOVEVO (unary).

[Ipotepardtnra Ko TPOGETAPLGTIKOTNTO OTIS AOYIKES TOPUCTAGELS

>10 Zynua 2.4 opiletarl n ovviaén tov Aoyikdv mapactdoewv (logical expressions), mov
néA amoteAovvTaL omd Loykovs 6povg (logical terms) kot Aoywkovg mapdyovtes (logical factors).
H Aoy dpynon €xetl peyoldtepn mpotepatdOTNTo 0md OAOLS TOVS TEAEGTEG GUYKPLONG KO TOVG
000 A0YIKOUG TEAEGTEG, EMOUEVAS Elval LITOYXPEWTIKO Vo, BdAove TapevOEselS dTav YPAPOLLLE,
.y ! (a<b)”. Ot TeLleoTEG CUYKPIONG EYOVV UEYOADTEPT] TPOTEPALOTNTA OO TO AOYIKO “Ko”,
TOV LLE TN GEPA TOL EXEL LEYUAVTEPT] TPOTEPALOTNTA ATTO TO AOYIKO “N”. O1 00O AOY1KO1 TEAEGTEG
etvar aprotepd mpooetaipiotikoi. Ot teAecTtég cOYKPIoNG OEV €ival TPOGETAPIOTIKOL, ONAAON
amoyopeVETOL VO YPAYOLLE TT.Y. “a < b < c¢” (avtd mov evvoohe cuVNO®G 6T paBNUOTIKG
pe aut v mopdotaon ypdeetar oe C++ wg“a < b & b < ¢”).

[Mapadeiypata AOyIKOV TaPACTACEWDV:

X ==y && z < afi]
Ildone && b || 3/c == d+1

To tehevtaio mapaderypa ival 1IGOdVVAUO pE:

(('done) && b) || ((3/c) == (d+1))

OrAoywcol TeheoTég “&& Ko ot C++ (6mwg kar ot C, avtifeta 6pwmc amd v Pascal)
&xouv pia WrontepOTNTA. AV TO OMOTEAECA TNG TPAENGS Vol YV®OOTO 0md TO TPDTO KIOAOG TE-
Aovpevo (mpocéte 0L false && x == false kol true || X == true OmOONTOTE KO OV
glval 1 TN TV X), TOTE TO SEVLTEPO TEAOVUEVO OEV UMOTINATOL KOOOLOV. AVTO HaG EVOLUQE-
PEL, LY. GTNV TEPINTTOGCT] TOV TEAELTAIOV TAPOSEIYLLATOG TOPATAV®. AV 1 LETAPANTY € EYEL TV
TN UNOEV, TOTE TEPIUEVOVLLE 1] OTOTIUNGT) TG TOPAGTACNG VO 00N Y1OEL GE COAALO EKTELECTG
(dwipeon pe 10 unodév). Avtd opwg de Ba cupPet av 10 amotéAespa TG AOYIKNG TOPAoTAONS
“Idone && b” eivon true, yloti tOte TO 0e0TEPO TEAOVUEVO TOV ‘| |” d€ B vITOAOYIOTEL (TO
TEMKO amotédeopo Oa eivor mpoeavag true og Kabe mepintmon). O TpOTOC VTOG LITOAOYIGHOD
TOV AOYIKOV eKQpacev ovopdletatl Bpayvkokimon (short-circuit). OAlot o1 vTdOLoITOL SLAUSL-
KOl TEAEOTEG TOL EYOVUE OEL OC TOPW, GE ovTifeon pe Tovg “&&” kat “| |, vwoAroyilovv mhvTa
KoL T0L V0 TOVG TEAOVLEVOL.

“l |”
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logical_expr

logical_expr

logical_term

logical_term

logical_term

—

logical_factor

D (&

false

b

logical_factor

variable |

call

-/

] arithmetic_expr

000000

arithmetic_expr L/

Zymua 2.4, Aoyikég TopacTAGELS.



2.6. TA ITPOTPAMMATA XE PASCAL
2.6 To mpoypappata og Pascal

poypappa examplel, el 11

program examplel (input, output);
var r, a : real;
begin
write(’Give the radius: ');
read(r);
a := 3.1415926 * r * r;
writeln(’'The area is: ', a)
end.

[poypappa operation, oeh. 26

program operation (input, output);
var first, second, result : integer;
operator : char;
begin
read(first, operator, second);

case operator of
"+’ 1 result
-" 1 result

first + second;
first - second;

"*7 1 result := first * second;
/" i result := first div second
end;

writeln(’'The result is: ', result)
end.

IMpéypoppo additionl, oeh. 27

program additionl (input, output);
var first, second : integer;
begin
write(’'First: ');
read(first);
write(’Second: ’);
read(second);
writeln(’Result: ', first + second)
end.

poypappa addition2, cei. 28

program addition2 (input, output);
var first, second : integer;
begin
write(’First: ');
readln(first);
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write(’Second: ’);

read(second);

writeln(’Result: ', first + second)
end.

2.7 To mpoypappata og C

poypappa examplel, el 11

#include <stdio.h>

int main () {
double r, a;

printf(”Give the radius: ");
scanf("%1f"”, &r);

a = 3.1415926 * r * r;
printf(”The area is: %1f\n”, a);

return 0;

[poypappa operation, oeh. 26

#include <stdio.h>

int main () {
int first, second, result;
char operator;

scanf(”%d%c%d”, &first, &operator, &second);

switch (operator) {
case '+’: result = first + second; break;
case '-’: result = first second; break;
case '*’: result first * second; break;
case '/’': result = first / second; break;

}
printf(”The result is: %d\n”, result);
return 0;

}

Mpéypoppo additionl, oeh. 27

#include <stdio.h>

int main () {
int first, second;
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printf(”First: ”);

scanf(”%d"”, &first);

printf(”Second: ");

scanf(”%d"”, &second);

printf(”Result: %d\n”, first + second);
return 0;

[poypoppa addition2, cei. 28

#include <stdio.h>

int main () {
int first, second;
printf(”"First: ");
scanf(”%d"”, &first);
while (getchar() !'= ’'\n’); // dev vmapyer aviiororyo s SKIP_LINE oty C
printf(”Second: ");
scanf(”%d"”, &second);
printf(”Result: %d\n”, first + second);
return 0;
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Kepdaiawo 3

AONEG EAEYYOV

Ot evtoA£G TOL TPOYPAUUOTOS EKTEAOVVTOL GLVIOWE amd TNV apyn KEXPL TO TEAOG, LE TNV
010 oepd mov gpeavifoviotl 6To KeEPEVO TOL TPOYPAUIATOS. AVTo givan emBountd povo o€
TOAD oAl Tpoypappata. Ot dopEG EAEYYOL TPOTOTOLOVV TN GEIPE EKTELEGNG TMV EVTOA®DV TOV
TPOYPALLATOG (dNAadn T po1] ELEyov — control flow) katd T foOANGT TOL TPOYPAUUATIOTY].

3.1 Aoywkd dwypappoto

[ToAAol xpnoomolovy Aoyika owaypappato pons (flow charts) yio va mweprypdyovv tn pon
eAEYYOV EVOG TPOYPAULATOS, dNANOT| TN GEWPA LLE TNV 001 YIVOVTOL 01 SIAPOPEG AELTOVPYIEG TOV
wpoyphupatoc. Ta Aoyikd dtorypdppato 0ev TPEREL VO, GUYXEOVTOL LLE TO, GUVTOKTIKO Ol0yPALL-
poto Tov eldape 6To TPOoNYoOUEVO KEPAANLO: EKEIVA TEPLYPAPOLV TN cVVTALY Uidg YADCO,
EVD TOL AOYIKG S10rypALILOTO TTEPTYPAPOVY TN POT| EKTEAECNG TWV TPOYPUUUATOV.

Ta Bacikd cOPPOAN TOV ¥PNGILOTOIOVVTOL GTA AOYIKA dtoypapLpaTo eivat:

To oval kovti ypnoponoleitor oe OAL To AOYIKA dtorypap-
pato: pio eopd pe ™ AEn APXH, 6tav cvpPoriler v
apyN TOL AOYIKOD S0y PALLOTOG, KO TOVANYIGTOV GAAT Lo

ue ) AéEn TEAOZ, 6tav suuPoAilet to Té€A0G TOVL.

210 €EAY®VO YPAPOVTOL GUVOTTTIKG AEITOVPYIEC OAOKANPES
N dadkaciec, Tov dev emeENyodvTaL e AETTOUEPELEC.

>t0 0pfoydvio TOPAAANAOGYPOUUO OVOYPAPOVTOL OTTAEC
EVTOAEC.

oy 10 pouPo ypdpovial EpOTNOELS (TT.). GLYKPIGES) OTOV M
amavtnon givot vor 1 Oyl. Xpnolomoteitol yio Aoyikn oo~

v KAMGOwon avdAioya pe v oAnBoTtiun e cuvOnKne.
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To mAdyo maparnroypoppo cvopporiler I/0 Aettovpyia:

glte Vv €l00d0 dedoUEVOV GTOV VTOAOYIGTY|, OTOV TTEPLE-

el ™ AéEN AIABAZE, gite v €£000 TV amotelecpdTov,

otav mepEyel T AEEN TYTIQZE. £’ avtd katoypdpoviat
ovopata peTafAntdv ota omoia Oo KataywpnOodv Ta dedo-
HEVO, N TOPACTACELS TIUES TV OTolmV eupavilovtal otV
¢€odo0. Emiong, 1o mAdylo TapaAAnAOYPOLLLO YPTCILOTOET-
Tan Yo v SNAmBet 6Tt ppaviletatl oty 006vn (€060 yevi-
KOTEPQ) KATOL0 UNVOLLOL EMEENYNULATIKO Y100 TOV YPNOTN, ElTE
dyvomotikd Adbovc.

J Xpnowomoteitar yioa Bpdyo FOR pe petafint eréyyov

i =1 (edd i) mov kvpaiveTon petaEd piog apykng Kot piog te-
i <= 10 AMKNG TG (800 1 kot 10) Ko oEAVETOL 1) LELDVETOL [LE
1= i+1 l Koo Prpa (0 +1). O apBudc TV emavalnyewv eivon

TMEMEPACUEVOS KOl YVOOTOG TN OTIYU| oL apyilel vo eKTe-

] Aeitan o Bpdyog.

3.2 XovOetn gvrom

Yvyvl 0T GUVTOKTIKA SlarypdpLptota (Kot 6T avTioTo o AOYIKA SlorypapLpLata pong) TV do-
LAV EAEYYOL TOV B0 GLVAVINGOLUE GE ALTO TO KEPAANL0 aateitat piia Ldvo evioAn (statement).
Av o mpoypappatiotig 06Ael og ekelvo TO oNUELD VO EKTEAEGTOVV TEPLGGATEPEG OO ia EVTOAEG,
€XEL TN OLVOATOTNTO VO (PN CLUOTOCEL TNV 6VVOETN evTol] (compound statement) wov cuvHE-
TEL TEPLIOCOTEPES EVIOAEC OE Ui, ZVVTOKTIKA, 1| 60VOeTN evioAn €xel T popen tov block mov
eldape ot cedida 14 kot avtypaeovue £00.

block

local_declaration 3

SO o

Ta dykiotpa 611 cHVOETN EVIOAN €ivor TO avTioTOLO TV TOPEVOESEWDV, OTIG UPIOUNTIKES Kot
TIG AOYIKEG TOPOOTACELS: TEPIKAEIOVY TEPIOGOTEPEG EVIOAES TTOV BELOVLLE VO GUUTEPLPEPOVTOL
¢ pio, amAn evtoAr. v apyn evog block, mpv Tig EVIOAES TOL TO AMOTEAOVV, UTopoHV VoL YpaL-
@ovV INAdGELG o1 omoieg eivan Tomikég (local), dnAaodn opatég LOVO GTO ECOTEPIKO AVTOL TOV
block. (H onAmon tomik®dv petafintdv otig cuvheteg eVvIOAES eivar 1810{TEPO YOPAKTNPLOTIKO
¢ YAdooog C kot Tov amoyovav te. Xe YAwooeg cav v Pascal tomikég onimoelg yivoviot
UOVO GTO GOUATO VITOTPOYPOUUUATOV. )

e pio ouvheTN EVIOAN, OTMG EITALLE KO GTNV 0PYT TOL KEPOANIOV, Ol EVIOAEC EKTEAOVVTOL
N pio pHeTd Vv dAAN, pe T olpd mov epgaviCovrat.
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3.3 Amdé@aocn, £Leyyog ouvONKNC

Mo Aqyn aropdcemv Kot Tov EAeYX0 GLVONK®OV LITAPYOLY dVO OOUES EAEYYOV: 1 EVIOAN
if xoi m gviodn switch. Mg yprion avtdv, 0 TPOYPAUUATICTAS UTOpEl va opicel OTL KAmoleg
evtoAég Ba ektelobvVTAL LOVO OV KATTOwo GLVON KT givatl aAnOmg.

3.3.1 H gvtoin if

H dvvatdmra emhoydv givar factkn oty kataokev evog tpoypdppatog. [pénet va &i-
poote o€ Béon va Taipvovpe AmoPAcELS TG LOPENG: AV 0 AOYOPLOGHOG GOV TNV Tpamela £xel
TOVAQYLOTOV X EVPD, TOTE £XELG OIKaimpA avaANYNS x evpd ard T0 ATM. Avtd amortel v 1Ko~
VOTNTO TOL TPOYPAUUATOS VO GLYKPIvEL PHeTaPANTEC, oTabepéc Kol TYWES EKPpAcE®Y, ONAodN
OTNV 0LGI0 VO ATOTIUE AOYIKEG TOPACTAGELS, KO ETELTO VAL EKTEAEL KATO1EG EVTOAEC VALY LE
TO OMOTELEGLLAL TNG OTOTIUNOMG.

To cuvtaktiKo didypappa g evioing if givar to akdiovbo:

if stmt

expression @ statement
C{else }—{ statement

KOl TOL 0VTIGTOT(0 AOYIKA SLoypALLLLATO PONIG, AVAAOYQ OV VTTAPYEL 1] OYL TO TPOUIPETIKO GKEAOG
else, sivor Ta akdérovbo:

true true

expression expression

statement statement statement

v v

H mo amin popen g if sivon m.y. n €€ng:

e if (amount >= x) amount = amount - Xx;
e if (amount >= 1000000) WRITELN(”Found a millionaire!”);

210 TPAOTO TOPAOELY LD, OV 1] GLVON KT “amount >= Xx” givol aAnONG TOTE eKTELEITOL 1) EVTOAN
“amount = amount - x;”, ev@d av 1 cuvONKN glvarl Yyeudng TOTE N EVTOAT TN deV EKTEAEITOL.
210 0e0TEPO MOPAOELYLLQ, OV 1) GLVOT|KN “amount >= 1000000 givor aAnOng T0TE eppavileTon
otV 006vn 10 unvopa “Found a millionaire!”.

Metd and pia evtoAn if, n extéleon tov mpoyplppatog cuveyiletal He TIC EVTOAEG TOV
Emovrot.

Onwc mpoxvmtel amd TV mopdypo@o 3.2, 1 EVIOAN oL eKTEAEITAL LITO GLVON KN UTopEl val
etvar ouvletn evtoln (compound statement). Ag doOpe pepikd mopadsiypoTo:
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e if (x*x + y*y == z*z) {
WRITELN(”Found a Pythagorian triple:”, X, vy, z);
s = (z-x)*(z-y)/2;
WRITELN(”Did you know that”, s, "is a perfect square?”);
}

« if (a !'=0) {
REAL d = b*b-4*a*c;
if (d >=0) {
REAL x = (-b+sqrt(d))/(2*a);
WRITELN(”Found a solution:”, x);
¥
}

AAG pmopel va givor Kou 1 ouvOnkmn mo obvetn Omwg eldape oty Topdypapo 2.5.

e if (year >= 1901 && year <= 2000) WRITELN(”We’'re in the 20th century!”);

e if (year % 4 == © AND year % 100 != 0@ OR
year % 400 == O AND year % 4000 != 0)
WRITELN("”d1oektOo £€T10¢");

Eniong, 6Ttm¢ mpok0ITEL 00 TO GUVTOKTIKO S1AY PO, N EVTOAN 1f pmopel va mepthapPavet
TPOULPETIKA Kot £va 6KEAOG else. Avtd exteAeital 6€ mePInT®ON TOL 1 GLVONKN elvar YeLONC.

e if (grade >= 5) WRITELN(”You passed the exam.”);
else WRITELN(”I'm sorry, you failed.”);

e if (x % 2 == 0) WRITELN(”You have an even number:”, Xx);
else WRITELN(”You have an odd number:”, x);

* if (ch >= "A’ & ch <= ’Z’) letter = ch;
else WRITELN(”Not a capital letter”);

[Ipocéte 011, 6TO deVTEPO TOPAIEY LA TAPATAV®, 1] CLVONKT “X % 2 == 0 aAnBevel Otav
0 aKépaog apBudg x ivan dptiog. Ev yéver, n ouvOnkn “a % b == 0 aAnbevel 6tav o apBudg
a otpeiton (axkpPog) amd tov b.

BeBaimg, ota 600 okéAn g if pmopei va etvar polacpéveg (nested) kot GALeC eviorég if.
H nepintwon mov pia dedtepn evrorn| if eppaviletot 6to okélog else gival ToAd cuvnoicpévn:
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e if (x > vy) WRITELN(”I win”);
else if (x < y) WRITELN(”You win”);
else WRITELN("We’'re tied”);

AOY® TV 1O10THTOV TNG OMKNG d1dtagng, To 1010 amotélespa Bo LITopoVCANE VO EYOVLE [E
TPl S10POPETIKG cvveyOpeva if:

e if (x > y) WRITELN(”I win”);
if (x <y) WRITELN(”You win”);
if (x == y) WRITELN("We're tied”);

Av10 {omg va @aivetatl opopeOTEPO GTNV OYN, OUMG, GE VTNV TNV TEPITTMOOT OTOTILOVVTOL
TAVTO KOl O TPELS GLYKPIGELS, EVO GTNV TEPITTMOOT TOL TPAOTOV (PpwAlacuévov) if amotipudTon
puévo pio (otnv KaAdtepn epintmon) 1 600 (o1t XeWPOTEPN).

[T dVoKOAN otV Kotavonon ival 1 TepinT®on Tov vdpyel OAAGHEVN evioln if oto
TPAOTO 6KEALOG €VOG ALOL if:

e if (x>0)
if (y>0) WRITELN(”first quadrant”);
else if (y<0@) WRITELN(”fourth quadrant”);
else WRITELN(”on the x-axis”);

e ot TV mepintwon tpénet vo Bupdpoacte 0Tl Eva else avTioTol el 6TO TANGIEGTEPO (TPON-
yobvuevo) if mov dgv €xel ON avtiotolyiotel o GALo else. Anlodn, N TAPATAVE® EVIOAN Etvat
1oodhvaun pe v akdAovdn (ov eivar TpoTunTé Yol dev TapePUNVEDETOL EVKOAN):

e if (x>0) {
if (y>0) WRITELN(”first quadrant”);
else if (y<0) WRITELN(”fourth quadrant”);
else WRITELN(”on the x-axis”);
}

Kot S1popETIKN ad avTnv (oTnVv omoio To uvopato tov epeaviovral eivol esQaipéva):

e if (x>0) {
if (y>0) WRITELN(”first quadrant”);
}
else if (y<@) WRITELN(”fourth quadrant”); // should be third quadrant!
else WRITELN(”on the x-axis”); // should be second quadrant!

[IpocéEte OTL EYOVLLE YPNOUYLOTOUGEL T1) GTOLYLON £TGL MGTE VAL POIVETOL EDKOAOTEPO OO0 else
avtiotoryel og moto if. Avtd givol TOAD KoAN TPAKTIKY Yot KAVEL TOV KMOKO TOAD TTO V0L
vayvooto. H otoiyion opmg dev adddlel oe timoto Tov TpOTO e TOV OTOI0 O HETOYAMTTIOTNG
katohafaivel To TPOYPOUUd paG. Av 0 TPOYPApUATIOTG BEAEL TPAYLATIKA VO YPAWEL TV TE-
Aevtoia omd TIG TPELS EKOOYEC, TOTE EIVOL LITOYPEMUEVOS VAL YPTCLUOTOMCEL AYKIoTPO (oHVOET
EVIOAN), Y10 TOV 1010 AOYO OV EIVOIL VTTOYPEMUEVOS VAL XPNCULOTOMGEL TAPEVOEGEIC 0TV OENEL
VO TUPOKALWYEL TV TPOTEPALITNTA TOV TEAECTMV OTIG TOPACTACELS,
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3.3.2 H gvtol switch

2TV TPONYOULEVT] TOPAYPOPO TAPUTNPNGOUE TNV EENG SVUVTAEN:

* if (Aoyikn mopdotaon) . ..

else if (Aoywkn mopaotoon) ...
else ...

OOV TO ATOCIOTOMTIKA avaPEPOVTAL 6€ o (amAn 1 oOvOeTn) evtoAn. [lapadetypa:

if (month == 1) WRITELN(”Iavouapiog”);
else if (month == 2) WRITELN("®egBpouvdprog”);
else if ...

else if (month == 12) WRITELN("”AekéuBplog”);
else WRITELN("”dkupog upnvag!”);

H mponyodpuevn ypaer| eivor moAdmTAoKN Kot KaAO givol Vo amo@evyeTol, 1010iTEPA OTAV Ol TPOG
eEétaon Loyikég ekppacels sivar moAréc. EmmAéov, 660 peyarhtepn elvain Tiun g petaAnNTg
month, 1060 TePlocdTEPEG CLYKPIGELS Bl YperacTovV HEXPL va. Bpebel 1 eviodn mov Ba extede-
otel.

I 6Aovg avToHg Toug AOYoLG dTaV BELOLLE VO YPAWOLLLE KATL GOV TO TOPATAVED YPNCULO-
TOLO0VUE L0 TO GUVTOUT| EVTOAN: TNV switch, 1 omoio cuvodeveTal omd v evioAn break. Ta
OYETIKO CLUVTOKTIKA SlarypApLOTa Etvat:

switch_stmt

switch a expression @

case} constant H@L switch_clause

switch_clause

switch_clause
break_stmt

statement break_stmt
( D S AN ()

H evtoAn switch dev umopel va aviikataotioet OAEG TIG EVTOAES TG Lopenc if . . . else if
...else if ... mpocpépetar OUMG YO TAPASELYLOTA OTIMG TO TAPOUTAV® LLE TOVG UNVEC, TO OTTO10

pe ™ Pondetd g ypapetan mg eENg:
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* switch (month) {

case 1: WRITELN(”Iavoudpirog”); break;
case 2: WRITELN("®eBpoudproc”); break;
case 3:

case 12: WRITELN("AegkepupBprog”); break;

default: WRITELN(”dkupog unvag!”); break;

Katd v ektéheon g switch amotipdton n EKppact mwov divetal (0® 1 petaffAntymonth).
21N GLVEXELD, OVOAOYOL LLE TNV TN TNG, 1| POT] EAEYYOV LETAPEPETAL GTO OVTIGTOLYO case, OV
vrdpyetl. Ilpocééte 011 KGbe case akolovBeiton amd axpPadg pio otabepn Ekepoon. Av dev
VILAPYEL 0vVTIoTOLYO case aALA VTLapyEl okéAOG default, 1 pon} EAEYYOL LETAPEPETAL GE AVTO.
AwopopeTikd, av oOniadn dev vtapyel ovte okéhoc default, 1dte ) ektédeon cvveyiletar pe v
€VTOAN ov akoiovbel T switch. H evtoAr] break oto téhog (1 kot evdldpeca, 6mwg 0o dodpe
apyotepa) Kdmolov amd to okéAN Tov switch (switch clause) mpokaiel To T€A0OG TNG ekTELEONG
NG EVIOANG switch Kot LETAPEPEL TN pOT) EAEYXOV GTNV EVIOAN TTOV EMETOL.

AALO mopdoetypa, 6To omoio eaivetal 0Tt TPy omd Eva okéLog (switch clause) pmwopovv va
VIAPYOVV TEPIGCOTEPO. Case:

* switch (month) {
case 1: case 3: case 5: case 7: case 8: case 10: case 12:
WRITELN(”31 days”); break;
case 4: case 6: case 9: case 11:
WRITELN(”30 days”); break;
case 2:
WRITELN("”28 or 29 days”); break;

Av kdémoto oxélog Tov switch dev teppatifetar pe v evtoAn break, avtd onpaivel 6t
pomn eréyyov dev mpémel va Pyel amd v eviodn switch 610 T€A0¢ 0VTOD TOV GKEALOLG (OTTMC
B cuvéBave av vnpye kel N €vioAr| break) aAld vo GuVEXIOTEL KOl GTO OUECMG ETOUEVO
okéA0G. [Tpocé&te 011 O€ Yivetan TAEOV EAEYYOC YO TV TN TNG £EKPPaoNG ToL switch. Agite, Yo
TAPASELY O, TAOS OVTO UTOPEL VoL YPNOLUOTOMOEL YioL VoL LETPTIGOVUE TIG LEPEG TOV OTOUEVOLY
péyptL v TpoToxpovid. Ymobétovpe 6Tl  onpepivi nuepopnvia divetor amd Tig HETAPANTES
day kot month kot 6ti 10 TPEYOV £10G O€V givar diceKTo.)

* remaining = 0;
switch (month) {

case 1: remaining = remaining + 31; // ovveyiler...
case 2: remaining = remaining + 28; // ovveyilel...
case 3: remaining = remaining + 31; // ovveyilet...
case 4: remaining = remaining + 30; // ovveyilet...
case 5: remaining = remaining + 31; // ovveyilet...
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case 11: remaining = remaining + 30; // ovveyilet...
case 12: remaining = remaining + 31; // ovveyilet...

}

remaining = remaining - day + 1;

Y10 tedevtaio okélog, gite falovpe break gite Oyl to amotéleoua givat To 1810, apoOv 1 pon
eAléyyov og avTd 10 onueio Pyaivel amd To switch.

10 mopomdve Tapddstypa, 1 TIUn TS LeTaPANTG remaining Eekvd and pundév. X ov-
VEYELWD, OVAAOYQ LLE TNV TN TNG LETAPANTNC month HETAPEPOLOGTE GTO AVTIGTOLYO CKEAOG TOL
switch, to omoio mpocHétel ot petaPfAnT remaining To TAN00G TV MUEPOV TOV OVTIGTOL-
xov uva. Opwg, n éAhetyn break pog petagépet oTadloKd Kol 6€ OO TO, ETOUEVO GKEAN, LE
OTOTEAECUA VO TPOCTIOEVTOL TOL TANOT TOV NUEPOV Kol OA®V TOV EMOUEVOV UNVAOV, HEYPL TO
TéA0G TOL £T0VG. H gvioAn oto téhog Tov switch agaipei Tig nuépeg mov £yovv TapéAbel amd
TOV TPEYOVTO U VOL.

3.4 O enavainaTikol poyor

H npaypartikr dHvopn Tov NAEKTPOVIKOD VTOAOYIGTN Elval 1 ETAVAANYY. TNV EVOTNTO OLTY
e€etdlovtar o1 dopég eAéyyov e Tig omoieg oynuatifovtol Bpoyor (loops) ota mpoypaupoTaL,
OnAadn axoAovBieg evtoAmv mov emavorapfaveton | ektédeot) tovg. Ot dopég avtég eivan ot
€VTOAEC FOR (ko for), while kot do . .. while.

3.4.1 Evtom FOR

H evtoAn FOR (ue kepalaio) mov opiletal oto PZhelp ypnoyonoteiton dtav to mAn0og tev
EMAVOANYEMV TOL TPEMEL VAL Yivouy givat 6tafepd Kot yvootd ) otiyun mov apyilel n exktéleon
tov Bpoyov. H yevikdtepn evtoAn for (ne pikpd ypappata) tg C++ napovoidleton otnv Evo-
mra 9.4.) To cvvtaktkd ddypappo T FOR givat To akdAovBo.

FOR_stmt
identifier @ range @ statement [—
range

m /{STEP } | expression T
—— expression H expression

To avayvoprotiko (identifier) ovopdlel tn perafinty eréyyov (control variable), dnAaon
pio amAn peTaPANT] — GVVIRO®G OKEPULOL TOTTOV — M TIUN TNG Omolog LETOPAAAETOL KATA TN
JupKeL TNG EKTELEOTG TOL PpOYov. Ag EeKtviicovpe e Eva AmAd TopadstyLaL:
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PROGRAM { // counting
int 1i;
WRITELN(”Look: I can count!”);
FOR (i, 1 TO 10) WRITELN(i);

3

Look:

© 0N Ok WN R

[N
(o)
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I can count!

H Ty g petafAnmg eléyyov i kopaivetal péoca otny meproyn (range) “1 TO 10”. Apyika
maipver v T 1 ko dtadoyikd avédvetor Katd €va, éog v tehMkn Tyun 10. Kabe popd, n
EVIOM “WRITELN(1);” 010 GOMO TOL BPOYOV EKTLAMVEL TV TPEYOLGO TIUN TNG LETAPANTNAG 1.

"Eva Ayo o ovvOeto mapdderypo vroloyilel Kot EKTUTOVEL TIG SVVAUELS TOV dVO0 PEYPL TO

219 Ed®, T0 cdpa Tov Bpdyov eivor pia ovvOeTn violn.

PROGRAM { // powers_of_two
int i, p = 1;
FOR (i, 0 TO 10) {
WRITELN(2, "A", i, "=", p);
p=p"2
}
}

(T va eipoocte cmotol, 1 evtoAr] WRITELN Qo Tummoet
KeVA dlaotnUaTo YOP® 0md TO YOPOKTHPA “A’, T Omoia
udAdlov Bo OEAaLE VO TOPVYOVLLE. )

270 =
271 =
272 =
2hA3 =
2N4 =
2N5 =
276 =
27T =
2/8 =
279 =
2710 =

512
1024

[TpocéEte 6T 6¢ KABE EmavVAANYN 1 TIUN TG LETAPANTNG p dmAactaleTal, EEKIVOVTOS amd
mv Ty 1, pe amotéreopa ka0 popd mov PTével N EKTEAEGT 6TV €VTOAT] WRITELN va €yovpe
p = 2%, Mia tétota oygon, mov 1oyvel oe KGbe emavainym tov Ppdyov, ovoudletal averloioTn
10V Bpoyov (loop invariant). Oa UAGOVLE TEPICGOTEPO Y10 AVAAAOIMTES GTO KEPAAMLO 8.

[Ipwv mpoympnoovpe o€ o evitapépovta Tapadeiypata Bpoywyv, ag avapepbovue Ayo ota

€lon meploymv (ranges), TaAL pe mopadelypaToL:

e -10 TO 10: apyifovtog and to —10, n T TG petafAntig eEAEyxov Ba avEavetal Katd
éva éwg to 10. To cuvohkd minbog emavainyeov eivar 21 = 10 — (—10) + 1. Tevikd
oe pio weployn g Hopens “lower TO upper” dmov apyikd oyvel lower < upper To

TAN00¢ TV emavaAnyE®V 1GovToL e upper — lower + 1.

* 10 DOWNTO 3: apyilovtag amd to 10, n Ty g petafAntng eAéyyov Ba petdveTAL Kotd
éva €0¢ 1o 3. To cuvolkd TA0og emovalnyemy eivor 8 = 10 — 3 + 1. Opoiwg pe mptv,
Yl TNV TEPLOYN TNG LOPONS “Upper DOWNTO lower” dmov apyikd i1oyvel lower < upper
T0 TAN00¢ TV emavaANyE®V 1GovTOL e upper — lower + 1.

* 1 TO 20 STEP 3: apyilovtoc amd to 1 1 Tiun g netafAng eAéyyov Ba av&aveton Kot
3 ¢ to 20. MoAg Ty g petaPfintg vepPet o 20, ) extédeon Tov Ppdyov dlakd-



52 KEDAAAIO 3. AOMEX EAEI'XOY

ntetal. To cuvolkd TAN00¢ emavalyemv o T Popa elvar 7 (ot TIHEG TG LETAPANTNG
e réyyov Ba etvar, dradoywkd, 1,4,7, 10,13, 16, 19).

* 100 DOWNTO 50 STEP 5: apyilovtag omd to 100 n Ty g petafAntig eréyyov Oa
pewwveton katd 5 £og 1o 50. To cvvolikd mAnbog eravainyewv Ba etvar 11 (ot Tiég g
petafPAnmg eAéyyov Ba eivar, dtadoykd, 100, 95,90, 85, 80, 75, 70, 65, 60, 55, 50).

Boaowkn mpdbeon evog mpoypaplaTiot| Tov ypnotponotel évav Bpodyxo FOR gival o aptBpdc
TOV EMOVOAYEDY VO EIVOL YVOGTOG €K TV TPOTEP®V, TPV ApYIcovV o1 emavainyelc. ['a va
ovpPet avto:

1. Agv mpénet va oAAACer 1 Tiun ™G petaPAntng eréyyov péca oto Ppoyo:
FOR(i, 1 TO 10) {
if (i > 5) i = 20; // Koxn 10éa!

WRITELN(i);

}

2. Agv mpéner va oAAGLeL | Ti Tov dve opiov tov Bpodyov, pésa oto Ppdyo:

n = 10;

FOR(i, 1 TO n) {
n--; /) Kaxn 10éa!  Awxduo. yeipotepo: n++;
WRITELN(i);

}

3. Agv mpémet va aAAGCel | Ty Tov Pripotog, pésa 6to Ppdyo.

[Hapanpnoeis:

* Av o¢ éva Bpoyo FOR ot axpoieg TYES TNG TEPLOYNG TNS METAPANTIG EAEYYOL elvan {oEG,
TOTE TO SOUO TOV Bpdyov eKTEAEITAL OAKPIPDOG pio pOPd.

* Av og éva Bpoyo FOR ot akpoieg TIHES elvan T€T01EC MOTE Vo unv opilovv meployn v )
petafAnt eréyyov (m.x. 5 TO 3111 DOWNTO 10), TOTE TO GO TOL PPOYOL OEV eKTEAEITAL
Kopio popd.

* H evtoAn FOR, 6nw¢ vAiomoteital oto PZhelp, mpocmadei va UTOdIGEL TOV TPOYPOALLUATIOT
Vo EPAPUOCEL KATOWN 0o TIG TPELS KAKES 10EEC TTOL avapEPONKaY Tapamdve. Avtd sivat
mopopoto pe v eviol for g YAwooag Pascal. [IpocéEte dt1 | evioAn for g C++
(ko g C) dev kdvovv kapiao tétown tpocmdbeia (BA. Evotnta 9.4).

YmoAoyiopog ToporyovIikon

To mapayovtikd evog puotkov aplfuov n ival 1o YIVOUEVO OA®V T®V BETIKGOV PUOTIKOV 0p1-
UdV oV dgv vepPaivovv to n. Anladn:

nl=1x2x3x...Xn

Apyucn Ty givar to 0! = 1.
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To wpdypappa wov akorlovdel ntdel amd To ¥PNOTN VO TANKTPOAOYNGEL VO PUGIKO aPlOpd
n Kot EKTVTOVEL TNV TIUn Tov n!. Ag&ld PAETETE KATOL GEVAPLO EKTEAEGNG TOV.

PROGRAM { // factorial Give n: 1.
int n, p, 1i; 1! =1
WRITE(”Give n: ”); n = READ_INT();

Give n: 44
p = 1; 41 = 24
FOR (i, 2 TOn) p=p * i,
WRITELN(n, "! =", p); Give n: 7.4

} 71 = 5040

(H &vtoA] WRITELN 0o TumdGEL £vo KEVO S1AGTNUO TPV Ao Give n: 121

TO YopakTpa ‘!’ mov udAiov Bo BOEAALE VO TOPUYOLLE. ) 12! = 479001600

O vrohoyiopdg yiveton pe to Bpodyo “FOR (i, 2 TO n)”. H apywkn tiun g petafintig p
elvan 1. Xe kd0e emavdAnymn tov Ppodyov, OGS, 1 TIU 0VT TOALUTAAGLALETOL PLE TV TPEOVTOL
TN TG HETAPANTAG AEYY0L i. Emopévac, n availoimn Tov Bpdyov eivar 6T1 6T0 TEAOG KAOE
emovaAnyng Ba woydetnoyéonp =1i!=1x2 x ... X 4.

To Aoywd d1dypappio Tov avTIGTOL EL GTO TUNILO TOVL TOPUTAV® TPOYPALLLATOS OOV YiVETOL
0 VTOAOYIGUOG TOVL TOPOYOVTIKOV POiVETOL GTO aploTePd oyfia. To Aoyued didypappo 6to de&1d
oynuo etvar 16odvvapo Kot deiyvel avalvtikd ™ Asttovpyia tov Bpdyov FOR: apyucomroinom,
éleyyog opiov, ahEnon g petafAnNTg EAEYYOVL.

A&lompooeKTo elval EMIONG OVTO TOV TOPATIPOVUE GTO TOPUKATMO GEVAPLO EKTEAECTG TOV
TPOYPAULATOG VITOAOYIGHOD TOL TOLPOYOVTIKOV:

Give n: 17 J

17! = -288522240

To amoTéAEGO TOV EKTVTIMVEL TO TPOYPOAUUN Elval TPOEAv®G Adbog: n Tun tov 17! dev
pmopet va givar apvntikn. Av kdvoupe Tig Tpdaselg, Oo dodpe o6t 17! = 355.687.428.096.000.
Ouwg, o apBpdc awtodg tvor vrepPoikd peyddog yia va yopéoet o€ pio petafAnt tomov int
ot C++. Ouunbeite 6T 0 TOTOG AVTOG UTOPEL VOL AVATAPAGTIGEL AKEPALOVS APOOVS peTAED
TOV TIW®V INT_MIN Kot INT_MAX Kot 0Tt GTOVG OIUEPIVOVS VITOAOYIGTEG apyLTEKTOVIKNG 32 bit
givo ouvOwg INT_MIN = —231 = —2.147.483.648 wou INT_MAX = 231 — 1 = 2.147.483.647.
To yeyovoc avtd TpEmel var pog KAveEL TPOoEKTIKOVG: dtav vtoloyilovpe aplOuntikd omotelé-
opoTo, TPEMEL VO PPOVTILOVUE MOTE TO OmOTEAECUO KAOE TPAENC TOL EKTEAOVLE VO, UTOPEL VoL
avamopactadel omd Tov TOTO SEG0UEVOV TTOL YPNGUYLOTOLOVLLE!
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doMacpévor Bpdyot: apyilm va PAET® aoTepAKL...

>to mapadeiypota Tov akolovbolv eEnyeital | Asttovpyio pOMacpivov Bpoymv (nested
loops). 10 Tp®dTO ad T PAETOVUE OTL VILAPYEL Eva eEmTEPKO “FOR (i, 1 TO 5)” ko
éva e0TEPIKO “FOR (j, 1 TO 10)”. O1 600 poAacpévol Bpoyot EXoVV PUGIKH JLLPOPETIKES
petafintég ehéyyov (1 kot j, e6m).

PROGRAM { // star_rectangle KAk kK kK Kk
int i, j; *okkokokkkok kK
FOR (i, 1 TO 5) { Kk kkkokokokkk

FOR (j, 1 TO 10) WRITE("*"); Kk kkhhhkk*k
WRITELN(); Kk k kK kKKK
}
}

[Na kéBe pio emavainyn tov eEmtepkon Bpdyov exteleiton OAOKANPOG 0 £6MTEPIKOS PpO-
YOG Kot ot cuvéyeln arlrdlovpe ypopun. Kédbe emavainymn tov ecwteptkon Ppoyov eKTuTMVEL
éva aoTePAKLl. Apa, cmoTd PAETOVUE TEVTE YPapUES (YioTl TOGESG efvatl Ol ETOVOANYELS TOL eEm-
TEPIKOV Bpdyov) mov KaOe pio amd avTéc £xel déka aoTEPAKL (Y1OTL TOGEG EIvaL O1 ETAVAUANYELG
TOV £0MTEPIKOD PPOYOVL).

210 TOPOUKATO TPOYPALL, ALTO TOV OAAALEL ElvaL 1) TEPLOYT TOL EGMOTEPLKOV BPOYOV, TOL
TOpa yivetor “FOR (j, 1 TO 2*1i)”. IIpocéEte OTLTOPO TO AVE® OP1o EEOPTATOL ALTTO TNV TN TNG
petaPANTG eEAEYYOL TOV eEmTEPTKOV PpoYoV, dpa Oe Ba exTeLeTTEL TO 1010 TANOOC EMAVOANYEDV
TOV E6MOTEPIKOV Ppdyov o€ KAOE EmavAAnyn TOL EEMTEPIKOD.

PROGRAM { // star_triangle **
int i, j; * ok kK
FOR (i, 1 TO 5) { N
FOR (j, 1 TO 2*i) WRITE("*"); * K Kk Kk k kK
WRITELN(); Rk
}
}

Tnv tpo™ Popd (1 = 1) Ba yivouv 2 x 1 = 2 emavaryelg kol n TpodTH Ypouun Oa £xet
dvo aotepdkia. Tn debtepn @opd (1 = 2) Ba yivouv 2 X 2 = 4 gnavaAyel, dpa T€coepa
00TEPAKILA, K.0.K. HEXPL TNV TEAELTALN POPd (1 = 5) Tov Ba yivouv 2 X 5 = 10 emavalqyelg Kot
Ba ekTuT®BOVV Ok acTEPAKLOL.

Ntopwvo: o Tpdn yevon TG TOAVTAOKOTNTOG. ..

Mairov yvopilete 1o emtpaméllo oy viol vIopve. Xty topoadocloKy] ToOL HopeY|, TO VI-
pwvo maileton pe 28 opboymvia koppdrtio. Kabe koppdti yopiletal og 000 TeTpAymva Kot 6€ KAOE
TETPAYOVO epeavifetor Evag aplBpdc and teleieg, and to undév £moc to €5l Kdbe cuvdvacog
Vo aplBumv gpeoaviletar akpBag pio eopd, dNAadN vdpyel £vo KOUUATL PE TOVG aptOpong
(6,6), éva koppdtt pe toug apBpovg (5,6), éva koppdtt pe tovg apdpodg (2,4), kAt Ko-
Od¢ T KoppATIOL EIVOL GUUUETPIKA, OV £XEL CNUOGTO 1 CEPA LE TNV OTOI0 AVOPEPOVILE TOVG
apBpodg evog koppation: to (2, 4) givat to id10 pe to (4, 2) kat, avbaipeta, OTAV OVaEEPOLL-
OTE 0€ KOUUATIO B0 TPOTILAE VO YPAPOVE TPADTO TO HKPOTEPO O TOVS dvo apduove. To
TAPOO0GLOKO GET TMV 28 KOUUATIOV VIOUIVO QOIVETOL TAPOKATO.
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Edd o¢ 0o acyoinBovpue pe to mog maileTor T0 VIOUvo 0AAL LOVO LLE TO VO LETPT)CGOVLLE
OGO OLPOPETIKA KOUATIO vITdpyovv. Eimape 6t 610 Tapadociokd 6eT vdpyovv 28 koppdrio.
Ouwg, dev vdpyel KAmolog 101aitepog AOYOS o1 aptBpol Tov ypaeoviol Tdve oTo VIOUVO Vo
OTOUOTAVE 0TO 6. AC QAVTACTOVLE VO GET KOUUOTUOV VIOUVO 6TO omoio ot apifuol eival 6to
dtotnua oo 0 mg n, Yo Kamoto puotkd aptdpd n > 0. To mopakdto Tpdypapo LETPAEL TOGO
SLPOPETIKE KOUUATIO DTTAPYOVV KoL, GUYXPOVMGS, Ta ERPavilel oty 0006vn. Ae&ld patveton Eva
OYETIKA LIKPO GEVAPLO EKTEAEONG TOL (1 = 3) KOl APESHOC HETE PepIKA akOpo oevapla (n = 6,
n = 17, n = 42) an’ dnov £rovv maparelpbel 01 TEPIGGOTEPES YPOUUES LE TOL KOUULATLOL.

PROGRAM { // domino?2
int n, count, i, j;

WRITE(”Give n: ”); n = READ_INT();
count = 0,
FOR (i, © TO n)
FOR (j, 1 TOo n) {
WRITELN(i, j);
count = count + 1;

}
WRITELN(”Total”, count, "pieces.”);

Give n: 6 Give n: 17 J

00 00

6 6 17 17

Total 28 pieces. Total 171 pieces.

w

Give n:
0]

W NDNRPRRPRPRRPROOOGOGO O
W N WNRE WDNR

3
Total 10 pieces.

Give n: 42 4

00

42 42

Total 946 pieces.

Ot petaPAntég eAéyyov TV 600 POALGUEVOV BPOY®OV AVTIGTOTXOVV GTOLG dVO 0p1Bpong
mov eppovifovtatl move oe Kabe koppdtt. H mpdtn petafint (1) kopaiveton omd 0 péyprn. H
dentepn OLm¢ (j) Kopaiveton amd i péypt n, £Tol ®oTE va 1oyvEL TivTote 1 < j, COUEOVA UE
™ GVUPOCT) TOL KAVOUE OTL YPAPOVUE TAVTO TO IMKPOTEPO APOUO TPATO.
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Agvmobécoupe TOPA OTL HOG EVOLOPEPEL LOVO VO, LETPTICOVLLE TO KOLLLLATLO KoL 0L VOL TOL ELL-
eavicovpue otnv 006vn. H Tpopavig Ao elval vo apatpécovpie T ypoupu| “WRITELN(L, j);”
oo 10 moPATAve TPOYpaa. MTopovue OU®S Vo ¥PNGUYLOTOUGOVUE KOl TO TOPUKAT®, Ol0-
(QOPETIKO TPOYPOLLLLOL, TTOV LETPAEL TAL KOUUATLO XOPIg va To omaplOpel TOGO avaAvTIKG:

PROGRAM { // dominol
int n, count, 1i;

WRITE(”Give n: ”); n = READ_INT();

count = 0,

FOR (i, 0 TO n) {
WRITELN(”In”, i + 1, "piece(s) the largest number is”, 1i);
count = count + i + 1;

}
WRITELN(”Total”, count, "pieces.”);

H Aertovpyia tov mpoypduparog Paciletar oty 10éa 0Tt Yoo KAOe apOud ¢ amd 0 €wg n
VILAPYOLY OKPPAC ¢ + 1 KOUUATIO GTO GET TOV KOUUATIOV LOG OV EYOVV aVTOV ToV apiud
®¢ peyolTepo (dnAadn ot de&id Béom, cvppmva pe ™ ocvpPocn pag). Apa, apket va abpoi-
covpe 6Aa avtd Ta ¢ + 1 Yo Oha ta ¢ omd 0 €wg n. Ta va dodpe éva oevaplo ekTEAEONG TOV
TPOYPALUATOC:

Give n: 6

In 1 piece(s) the largest number is @
In 2 piece(s) the largest number is 1
In 3 piece(s) the largest number is 2
In 4 piece(s) the largest number is 3
In 5 piece(s) the largest number is 4
In 6 piece(s) the largest number is 5
In 7 piece(s) the largest number is 6

Total 28 pieces.

Kat tdpa gipocte €topot yio 1o endpevo Prua. Emotpatevovtag to podnuotikd pog, 0-
KoAo BAETOVUE OTL OVTO TOV VTOAOYIGOLLE LLE TO TPONYOVUEVO TPHY PO Oev gival TimoTa GALO
amo 1o:

n n+1

1 2

countzg (z’—i—l):g i:<n+ )2(n—l— )
1=0 i=1

Mmopolpe EMOUEVMG VAL YPAWOLLE TO TOPUKAT®D TPOYPULLLLO TTOV UETPAEL TOL KOUUATIO Y PN OL-
pomowmvtag angvbeiog avtodv ToV TOTO:
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PROGRAM { // domino0 Give n: 6.
int n, count; Total 28 pieces.
WRITE(”Give n: ”); n = READ_INT(); Give n: 17 4
count = (n+2)*(n+1)/2; Total 171 pieces.
WRITELN(”Total”, count, "pieces.”);

} Give n: 42 4

Total 946 pieces.

"Exovpe Aowmdv tpia mpoypappata, to domino2, dominol, kot domino® wov kévouv akpimg
70 1010 TPAypa (ov EE0PEGOVLE TAL EVOLAUETT UNVOLLATO TOV EKTVTTAOVOVV): VITOAOYILOVV TO TAN-
00G TOV KOUUOTIOV G €va 6T VTOHVO Yia pia dobgica Ty tov n. Ta tpio avtd Tpoypdppato
vroAoyilovv TV i61a Tipm (count) 0AAG LLE TPELS OLAPOPETIKOVS TPOTOVG:

n

count = Zzl — Z(H_l) _ (n+1)2(n+2)

i=0 j=i i=0

domino2 dominol domino®

"Exovpe Aowdv tpla mpoypdppato wov kévovv v ida doviewd. Eivar avtd 1coddvapa;
Amo pio dmoyn vat, gival 16oovvapo, agod vroioyilovv v dwa Ty, Amd pior GAAN dmoyn
OUMC, LITAPYOVY LEYAAES OLOPOPES OVAUEST GE AT T Tpio TPpoypappata. [a vo T doluE,
0 TPOOTAONGOLLLE VO, TOL EKTEAECOVLE Y10l OUPOPETIKES KOl OYETIKA LEYOAES TIUEG TOV N OE
éva dedopévo onuepvo H/Y kot ag HeTprioovpe To ¥pOvo mov KAVOLV Y10 VO EKTVTTMGOLYV THV
andvinon. (Gopilovpe OTL Y10 PEYAAES TIUEG TOV N UTOPEL | OdvInon va punv elval coot Adym
TOV TEPLOPLIGUEVOV EVPOVE TILMV TTOV UTOPEL VAL AVATOPACTNHGEL O TOTTOG int, L TO OIS OEV EXEL
oY£0T LE TNV TOYVTNTO VTOAOYIGHOV T®V TPAEEMV.)

* Ta n = 20,000, to domino2 ypedletal YOpw oto 1 degvtepdrento, evd ta dAla VO
TPOYPAUUATO STVOVV TNV OTAVTINGT AUECOC.

* ['len = 200, 000, To domino2 yperdletor yOpw ota 2 Aentd, To dominol Afyo millisecond,
evd To dominod divel v amdvinon apésmg.

* e n = 2,000,000, to domino2 ypeldletar yOpw oTic 2,5 dpeg, To dominol peptkes
dekadec millisecond, evd T0 domino® AL 6ivel TNV AmAvVINGN AUECHG,.

* Twn = 200, 000, 000, To domino2 Ba ypelaldtav tepimov 3 xpovia, To dominol yperdle-
ta epinmov 2 devtePOAETTA, VD TO dominol eEakoAovBel va divel TNV amdvinom apésmd.

[Noti cvpPaivouy 6Aa awtd; Ag Tpoomadncovpe va petpioovpe moceg mpdéelg yperaleTon
va Kével kGBe TPOYPAULLA, MG GLVAPTNOT TOV 7, KOL Y10 VO, OITAOTO|GOVLE TO TPAYUOTO OG
TEPLOPIGTOVLE OTIC ERPaveElG Tpdelg (ONAadT| m.y. ota cOUPOAN + Kol * OV QaivovTal GTO
TPOYPOLLLLL), TAPOTL O VTOAOYIGTNG Oal YPENCTEL VO KAVEL Kol 1) ERLPAVELS TPAEELS (.. Y10 VL
avéNoet Tig LeTafAnTtég ehéyyov Twv Bpoyxmv N Yo va eAéyEet av £xovpe vrepPel Ta OPLA TOVC).
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* To domino2 extelel pio mpdcbeon yio kdbe emavaiAnym tov ecwteptkov Ppdyov. Aedo-
HEVNG TNG TIUNG TOL %, 0 E0MTEPIKOG PpOY0g emavarapPavetor n — i + 1 opéc. Apa, To
oLVoAKO TAN00¢ TphEewv Ba eivar:

n n+1
1)(n +2
Sn—iv1)=Yi= (n+ D42 525040

, , 2
1=0 =1

(Pvokd o710 1010 cupmépacia Ba elyape KaToANEEL av eiyope okepTel OTL Ba ypelacTOHY
t60eg TPochHicelg Lovadmv aote Eektvavtag omd To 0 vo KataAnEetn Ty g LETAPAN TG
count TN COGTY ATAVINON.)

* To dominol extedel OVO TPochicels Yo KaOe emavdinyn Tov Bpdyov. Apa, T0O GLVOAKO
mAn0og tov mpdéemv Ba etvar:
Y 2=2(n+1)=2n+2
=0

* To domino® extelel mavta Tpelg TPAEELS: 000 TPOGHETELS Ko £VOV TOAAOTANGLOGLO.

I va suykpivovpe AodV T0 YPOVO EKTELECTG TV TPLOV TPOYPUUUATOV, 0V VTTOBECOVLLE
Ot KGO Tpa&En yperdleTon kdmolo cuykekpuévo xpdvo otov H/Y pag, mpémet va cuykpivoupe
TIG TPELG GLVAPTNOELS:

 fa(n) =0.5n* + 1.5n + 2,
s fi(n) =2n+ 2 xu

* fo(n) =3

Yo TG (OYETIKG LEYAAES) TILES TOV 1 IOV UAG EVOLAPEPOLV. O SL0pOPES GTO YPOVO EKTEAEGNC
TOV TPUOV TPOYPUULATOV TOV TOPOTPNCOUE EENyovvTal amd TO YEYOVOS OTL TO 1 ePPOVIfETON
HE O10POPETIKO €KBETN OTIG TPEIG CUVAPTNCELS KOL, PUOIKE, 0 OPOG LE TO UEYOADTEPO EKOETN
elval avtdg TOL KupLapyel OTOV TO N LEYOADVEL VYV, GTN LEAETT TN CLUTEPLPOPAS EKTELEONG
TOV TPOYPOULATOV, KPATAUE LOVO TOV OPO TTOV KLPLapyel Kot ayvoov e TOGO TOVG VITOAOUTOVG
OpovS 060 Kot T0 6TaBEPO TOAAATANGIACTIKO TOL GUVTEAESTH. Aépe Aowmdv ToTE OTL:

1 f2 givan O(n?) 1 teTpoyoviKny O TPOg T0 N,
* 1 f1 etvar O(n) 7 YpOpUIK ©G TPOG TO N, Kot
* N fo eivar O(1) 1 otabepn og Tpog 1o n.

Me avtov tov tpomo yopaxtnpilovpe ™ moAvmlokéTnTe (complexity) T@V TPLUOV TPOYPULL-
pdtwv domino2, dominol kot domino®, dnAadn TV ToyVTNTA Pe TNV omoio vroAoyilovv v
amdvtnon: 1o Tpdro givar O(n?), 1o devtepo O(n) xou 1o tpito O(1). Iepiocdepa Yo Vv &v-
Vool TNG TOAVTAOKOTNTAG TOV aAYOpiOU®V Kol TV TPOYPaUIATOV Bo 0oVLE 6TO KEQAALo 15,
uéypL ToTE OPmS O XPNOOTO GOV E APKETES POPES TO cupforopd Of. . .) Tov pdhg pabape.

Eivor Aoy 1coovvapa ta tpio mpoypappota; Ao pio GAAN droyn oy, oev gival, apov
&xovv telelimg d1apopeTiKy ToAvmAokdtnTa. Eivor modd onpovtiko yio kédbe vroroylotikd mpo-
BAnua mov pog dtveton va pmopoHe va Bpickovpe 6yt 0molo0MToTe TPOYPOLLLLO TOL VO TO ADVEL,
OAAG TO TPOYPOLLLLAL LLE TN LIKPOTEPT] OVVATI] TOAVTAOKOTNTA (ONAGON TO YPIYOPOTEPO SLVATO
TPOYpoppa). Xe avtd Ba empeivoope ToAD oto pddnpa tov lov e&opnvou!
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<G>

vo oyt

Zyqua 3.1, Ardypoppa pong yuo To while loop.

Y

3.4.2 Evtoi while

H evtoin while ypnoonoleiton 6tov 10 TAN00¢ TV emavalyemv o Eva Bpdyo dev eivar
YVOOTO TPV TNV €KTEAEGT] TOV. To GLVTOKTIKO SEYPAUUA TNG Elvar TO €ENG:

while_stmt

’ GXpI'GSSiOH @ statement |[—

H extéheon tov Ppodyov while yivetar og e€ng (PA. To didypappa pong oto oxfua 3.1):

1. Amotydton 1 Aoyikn EKQpoon.

2. Ed&v n Aoy Ekppoaon gival wevdng, o fpdyoc while teppatifeTon Kot 1 EKTEAEST) TEPVA
GTNV EMOUEVN EVIOAT] TOV TPOYPAULOTOG,

3. Ed&v n ovvOnkn etvar aAnOng, exteleiton | evioAn mov PBpickeTor 6To oMU Tov Bpoyov.

4. H extédeon emavorapfdaveral amd 1o TpmdTo Prijo.

Ag Eextviioovpe TaAL pe Eva omAO TopAdEly o, OEAOVILE VO EKTUTMGOVUE TIG OVVAELS TOV
dvo péypt to 10.000.000. Oa pmopovoape va vworoyicovpe moOces eival, mbavmdg pe yopti
Kot LOAVPL, TPV apyicovpe vo eKTEAOVUE TO BPOYO KoL VO YPTGLLOTOCOVLE TO FOR 1OV €i-
dape oty Tponyovuevn mopdypoeo. Eivar dpmg evkorddtepo va ahddEovpe 1o powers_of_two
(ogh. 51) ko va YpAWOLLE TO TAPUKAT® TPOYPOLLLLOL:

PROGRAM { // powers_of_two_2 200 = 2 2A12 = 4096
int i =0, p=1,; 2A1 = 2 2A13 = 8192
2hA2 = 4 2N14 = 16384
while (p <= 10000000) { 2/A3 = 8 2715 = 32768
WRITELN(2, ”"A", i, "=", p); 204 = 16 2/A16 = 65536
p=p*2;, i=1+1; 2N5 = 32 2A17 = 131072
} 2N6 = 64 2N18 = 262144
} 2AT7 = 128 2N19 = 524288
2N8 = 256 2N20 = 1048576
(Eavd, n evtol WRITELN Qo Tummoel Keva dwo-  2A9 = 512 2A21 = 2097152
oTHHOTA YOP® Ao TO YOPOKTpa ‘A, To omole. 2710 = 1024 2A22 = 4194304
naAlov Ba Béhape va amo@hyovpe.) 2A11 = 2048 2/A23 = 8388608
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Teppatiopog: o€ otapatobv O To TPOYPAppaTO!

Méyprtopa, mptv dovpe TNV evtoAn while, yio OAo ta Tpoypdppote wov Oa propodsape vo
YPOWOLLLE EILACTE GTYOUPOL OTL GTOUOTOVV, Py N Ypryopa. Av Balope TOAAOVS POAIUCUEVOVES
Bpoyovg FOR iomg ypelaldtay va TEPIUEVOVIE TAPO TTOAD LEYPL VO TEPLATICTOVV (AETTA, DPEGS,
népec, unveg, oAdkAnpn ) Lon pog, moArég yheties, iowg kKot meprocdtepo and ™ {1 Tov
CUUTTOVTOG YO KOO TPOYPAATa), ElHOoTE Glyovpot Opmg 0Tt kdmote Oa Teleiwvay. Xpn-
GULOTOLMVTOG LOVO TNV EVTOAN FOR 0V PZhelp, pe v omoia eivar yvawotd €€ apyng to minbog
TOV ETOAVOANYE®V, OV Elval SLVOTO VO YPAYOLLE TPOYPOLLLO TTOV VO UV TEPUOTICETOL.

Me 10 Bpoyo while aAralovv 6Aa avtd. Dovtacteite TO TAPAKAT® TPOYPOLLLOL:

PROGRAM { // line_punishment I must not tell lies
while (true) WRITELN(”I must not tell lies”); I must not tell lies
} I must not tell lies

... OVVEYILETOL Y10, TAVTOL

H ovvOnKkn true givatl mpo@avdg maviote aAndng Kot dpa o cdpa Tov Ppodyov Ba extedeiton
en’ amepov. Avtd Bo £xel MG AMOTEAEGLOL VO TUTTAOVOVTOL GUVEYELDL YPOUUES, LEYPL O YPNOTNG
va Bapedel va Tig PAémer ko va Tathogl “Ctr1+C” (“Ctrl+Break’ 1 0mol0vONTOTE GALO GUV-
SVACUO TANKTPOV KAVEL TO AEITOVPYIKO GVGTI IO TOV VTOAOYLOTI TOV VO GTOUOTI|GEL VO EKTEAEL
éva Tpdypappe — awtod Oa to cupBoiilovue 610 €ENG pe [Break] ).

Aryotepo mpo@avéG aAAG €El0OV AMEPO OTNV EKTEAEGN TOV €ivall KO TO TOPAKAT® TPO-
YPOLLLO, TTOV TPEXEL Y10 TAVTA OPig va eppavilel Timota oty 000v).

X
PROGRAM { // another_infinite_loop 17

int x = 17; 59
while (x > 0) x = (x + 42) % 2012; 101

¥ 143

INa va BefarwBovpe 611 0 Bpdyog avtdg dev teppatiletarl moté, Oa ¥PNGLOTONGOVUE Kot
ndAL v évvola ™G avairoioTng (invariant), Sniadn pio Aoywkn mpdtacn mov aAnbevel o
Kk&0e emavdinyn tov Ppoyov. [Ipocélte 6tL  Tun ™ petafAntig X elvar mwhvta BeTicodg Kot
TePLTTOC akéPotog. Mmopovpe va BePaiwBovue yio ovtod T0 YEYOvOg EMOy®YIKAL:

* Kot apynv woydet, yroti n tyun 17 eitvon Oetikdg meprrtdg axépotoc.

* Av n Ty tov x givar BeTIKOG TEPITTOC AKEPALOG, TOTE TO 1010 1oYVEL KOl Yo TNV TIUN
™G mopdotaong “(x + 42) % 2012” wov avartifetol 610 X o€ kGbe emoavainym. I'a
avtd gipoote PEParor emedn): (o) Ba eivan olyovpa petalv 0 kot 2011, ©g To vrdroto
g aképorag daipeong evog Betikov aképatov pe to 2012, (B) Ba etvar siyovpa mepittdg
aptuog, yati n T “x + 427 givor mepirtdg Kot TipvoLpE TO VITOAOUTO TG JaiPESNG
pe to 2012 mov givan dptio, ko (y) amd ta (o) ko (B) mpoxvmrel 6TL dev pmopel va etvar
unoév, apa to {nTovpevo.

Ao to mopondve Katalopaivovpe Ot kKamowa wpoypdhupata dev teppatifovratl kot avtd
eoivetal apécmc, OTM¢ 6to line_punishment. Kdamowa GAla dev teppatifovron kot avtd @ai-
veTol SLoKOAOTEPQ, OTTC 610 another_infinite_ loop. Ev yévet, dev elval dvvatdv va amo-
(OCGIGOVUE UE ALTOUNTO TPOTO AV EVO TPOYPOULO YPOUUEVO o€ pia YAdooo cav T C++ 1ep-
patiCetor 1 OxL, Otav Tpéet pe kdmota dedopévn eicodo. To mpdPAnpa avtd ivar yvootd wg
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apopinpa teppatiopov (halting problem) ko, dmwg eimape, amodeucvieTat 0Tt YeViKA dev ivat
EMADGILO — 160dVVauT 0poAoyia: Oev givor amokpicipo (decidable).

[Ipwrot apBpoi

Ot Bpoyor while pmopovv emiong va eival go@Maopévol (nested), dniaon va tomobetnbovv
péca og AAAOLS Bpoyovc. £To mopdoelypa Tov akoAovBel, Evac Bpoyoc while BpickeTon pmAla-
opévog péoa o éva Bpoyo FOR.

To mpoypappa epeaviCel otnv 006vn T0Vg TPOTOLG 0P1BLoVS PEYPL To 1000. Aupilovpe OTL
€vag ELOIKOG aplipog Aéyetal Tp@TOG (prime) av £xel akpPmg dV0 dapéTeg (Tn povada Kot
ToVv £00T0 TOV). [Ipocé€te 011, PAoel avTOL TOL OPIGHOV, TO 1 deV eivar TPMOTOC APOUOC.

PROGRAM { // primes 2
int p, t; 3 911
WRITELN(2); 5 919
FOR (p, 3 TO 1000 STEP 2) { 7 929

t =3, 11 937
while (p % t '= 0) t = t+2; 13 941

if (p == t) WRITELN(p); 17 947

} 19 953

} 23 967
29 971

31 977

37 983

41 991

997

To mpoypappa Eekvderl epgavifoviag Tov aptOud 2 (to pHovadtko aptio TpmTo aplfud) Kot
ot cvvéyela eEetdlel povo tovg mepttTovs appodc — “FOR(p, 3 TO 1000 STEP 2)”.
INo k4Be “vmoyMero TPOTO” apBUd p, Tpoomabel va Tov dlapécel e OAOVG TOVS TEPLTTOVG
apfpotg t, Eexvovtag and Tov “vmoynelo onpé” t = 3, uéypt va Ppel Kamolov t mov va
Tov Jwpel — “while (p % t != 0)”. Eivan BéParo 6t Oa Bpebeil tétotog t: otn yepdtepn
nepintoon o Ppodyoc while Ba otapatnost Otov yivel t = p. Av oouPet avtd, 101e 08 Ppébnike
KOVEVOS OOPETNG TTANV TOL 1010V TOL p, Gpa 0 p gival TPMTOG aPlOUOS Kot TPETEL VoL EKTVTMOEL.
AwopopeTikd, av Bpédnke kdmolog t < p wov va dtoipel To p, TOTE 0 p dev gival TPAOTOG aptOUoS.

O rmivaxog KaT® aplotepd delyvel TIG TIES TV UETAPANTAOV p Kol t Katd TN OdpKeLo TG
extéleong tov Tpoypappatog primes. Evag térolog mivaxog ovopdletal trace table. Otav exte-
Aovpe éva Tpdypappa pE To xEPL, Kotaokevdlovpe To trace table kat ypagpovue T eppavifeTot
otV 006vn (output).

p |t p| t pl| t p t 2
313 91 3 13 3 15 3 3
513 1] 3 5 17 3 5
Trace Table: 5 5 7 5 Output: 7
713 7 9 11
5 9 11 997 | 997
7 11 13 999 3 997
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Méy1610¢ KO1VOG d1aPETNG

O péyetog Kowvog drapéTng (greatest common divisor, ged) dvo aképatwv aptdudv givat o
HEYOADTEPOG AKEPALOG TTOL dlapel Ko Tovg 0V0. Eotw Aowmdv 611 divovtar dvo Betikol aképatot
a ko b ko avalnTovpe 1o PHEYIGTO KOO JOPETT TOVG,.

Mio Tpdn 10€a givor va Toparyovtomomcovpe ke Evav aplipuod og YIVOUEVO TPOTOV TAPOL-
YOvTov (amd To OedpnUo LOVOSIKNG TOPAYOVTOTOINGNG GE TPADTOVG, Yo KéBe BeTiKd axépaio
0VTO TO YIVOUEVO €lval LOVAOTKO) Kol VO, EVTOTICOVLE TOVS KOOGS TAPAYOVTES, ONANOT VAL OVAL-
YOULLE TO TPOPANLLO GE AVTO TNG EVPECENMS TPADTMV TAPAYOVI®OV. AVGTUYDGS, O AAYOPIOLOG AVTAC
dev etvatl KaBOrLov arod0TIKOS: TO TPOPAN LA TNG TOpayoVTOTOinoNg eival moAd SVGKOAO Kat,
ommg o dovue o peyoAdTEPO EEAUNVO, OV YVOPILovE KOV CNHEPO OV VTLAPYEL OAYOPLOOG
OV VO, TO ADVEL GE TOAVWOVVUIKO YPOVO, ™G TTPOG TO TAN00G TV ynoinv tov aplfuoy. Eeydote
emopEVMG 0,11 pmopel var pdbate 610 oyoAeio: av ot apBpol etvar ol peydiol ciyovpa o€ Gog
GUUQEPEL VO KAVETE TOPAYOVTOTTOINOT).

>mv ovvéyela, Oa TpoomadNcovUE TPMOTU VO OMGOVUE KATOLES aAYOPlOUIKEG AVCELS Yo
TO TPOPANUA TNG EVPECNG TOV HEYIGTOV KOOV dapETY), OGO TO dLVOTOV O ATOJSOTIKES, KOt
Katom Bo ddsovpe Eva TANPEG TPOHYPAUULD BAGIGUEVO GTNV KOADTEPT OO ALTES TIG 10EES.

"Evog anhdg adyopBpog mov vroAoyilel 1o pEY1oTo Kovo dtapétn eivan o €€1g, 6mov 1 ov-
vapTnon MIN EMGTPEPEL TN UIKPOTEPT| ATO TIG TOPAUETPOVG TG (TAPOUOIMS LITAPYEL KoL 1] MAX):

z = MIN(a, b);
while (a % z =@ OR b %z '=0) z=2z - 1;
WRITELN(Z);

H opB6tnta tov mapardve aryopiBuov stvar mpoeavig: Aev vdpyet aptOpoc w > 2z T€1010G
wote va dtopet kot Tov a kKou tov b. H molvmAokodtnta tov adyopiBuov sivar g tdéng tov
MIN(a,b) otn xewpdtepn mepintmon Kot avtd cvpPaivel dtav ot a, b givor TpdTOL PHETAED TOVG.
AKOUN OUOC Kol 6TV HEST TEPITT®OT 0 OAYOPIOUOC dev amodidel KaAd: av O HKPOTEPOC O
daupel axpdc o peyarvtepo, tote Yperdlovatl TovAdyiotov MIN(a, b) /2 emavolyelc.

[6éa 1: ged(a,b) = ged(a — b, b) ava > b
(ko avtiotoyyo av b > a).

XpNoIHoToI®VTAG TNV WO10TNTA QLT TOV €ival YVOGTH 0md T0. LoONUOTIKE, LTOPOVUE VO
piKpouvovpe ta opicpata (tovg aplfuoic TV omoimv To PEYITTO KOO dtonpétn avalntolue).
Enavaloppdvovrog, Oa ptdcovpe oe 600 icovg apiBuote, omdte o ged tovg Ha eivar o gavtdg
Tovc. Avtoc Oa ivar kKot 0 ged TV dVO apPYIKOV aplOudV.

e [ly.a=54,0=16
ged(54,16) = ged(38,16) = ged(22, 16) = ged(6, 16) = ged(6, 10) = ged(6,4) =
ged(2,4) = ged(2,2) =

Expetaiievopevotl avtn v 10€a, KataAnyovpe otov €N okyoppo:

while (a > @ AND b > Q@) if (a > b) a =a - b; else b = a - b;
WRITELN(a+b);



3.4. Ol EIIANAAHITIKOI BPOXOI 63

OTOL TO a+b otV TEAEVTAL YpOauUn etvar Eva TEyvaopa: ool Eva amd ta dvo eivar 0, To aBpot-
opo etval i6o pe o dALO, TOL givat 0 PHEYIGTOG SLOUPETNC.

000 ywo TV TOAVTAOKOTNTO, OVTH ivar TNG TAENS Tov MAX(a, b) Yoo Vv ¥elpdTepn mePi-
TTOOoN, 0tav Yo wapadstypa b = 1. Ildvioc, otn péon nepintmon o alyoplOlog Le TIg apatpe-
oe€lg elval KaAOTEPOG amd TOV TPONYOOUEVO OAYOPIOLLO.

[0éa 2: Behtioon tov Evkieidn.
ged(a, b) = ged(a mod b, b) ava > b
(ko avtictoyyo av b > a).

Av avti yio TOAAEG O1000YIKES APOIPEGELS YPNCLLOTON|GOVUE TO VITOAOUTO TNG OKEPOLOG
dwipeong a mod b, tote 1 Kapdid Tov aAyopiBpov yivetor ToAd mo arodotikn. Avtd Pacileton
oTNV TOPATHPNOMN OTL, av TO w dtopet To a ko to b ko a > b, 1d1e 10 W dropet ko o a mod b.

e I[I.y.a=>54,b=16
ged(54,16) = ged(6,16) = ged(6,4) = ged(2,4) = ged(2,0) = 2

e Tly a = 282,b = 18
ged(282,18) = ged(12,18) = ged(12,6) = ged(0,6) = 6

"Etot kataAnyovpe otov adyopiOpo tov EvkAieion yio 1ov vmoAoyiopo Tov HEYIGTOV KOVoU
SlupéTn, oL AmoTEAEL TNV Kapdld Tov TopakdTe Tpoypaupatoc. I[pocééte emiong ) ypnon
g mpokaopioévng cuvaptnong abs mov vtoloyiletl TNV amdALTN TIUN.

PROGRAM { // gcd Give a: 42
int a, b; Give b: 24 1
WRITE(”Give a: "); a = READ_INT(); gcd(42, 24) = 6
WRITE(”Give b: ”); b = READ_INT();
WRITE(”gcd(”, a, ”,”, b, ") = "); Give a: 14994 J
Give b: 51870 .
a = abs(a); b = abs(b); gcd (14994, 51870) = 42
while (a > @ AND b > 0) Give a: 83742
if (a>b) a=a%b; elseb =b % a; Give b: 17821
WRITELN(a+b); gcd (83742, 17821) = 1
}

(Kot A1, n evtoA] WRITELN Qo TUT®OOCEL TEPIGGOTEPQ
Keva daotpata an’ 6ca icws B BELaLEe 610 TOpATAVED
TOPAOELY QL. )

Y xewpdtepn mepintmon o akyopidpog Exet molvmhokotnTa TG TaENG Tov log(a + b). Xv-
vBwg, dpme, teppotiletan mo ypryopa. MAAoTa, T XEPOTEPT ATOS00T 0 AAYOPIOLOG TOV
Evideidn v mapovoidletl av ta a kot b ivar dvo dradoytkol 6pot g axorovdiog Fibonacci,
nov Ba dovpe oty enduevn Tapdypoeo. Tote, katd tnv ekTéAeon Tov Bpoyov, ot LeTAPANTEG a
Kol b O AapPavouv d1ad0ytka OAEC TIG PkpATEPES TIUEG TNG akoAovBiag Fibonacci:

° H.X.CL:F10:55,b:Fg:34
ged(55,34) = ged(21,34) = ged(21, 13) = ged(8,13) = ged(8,5) = ged(3,5) =
gcd(3,2) = ged(1,2) = ged(1,0) =1
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3.4.3 Evtom do...while

To tpito €idog Ppdyov eivar o Bpdyog do. . .while. Mowdlel pe to Bpoyo while, dOpuwg TOpa
N cLVONKT amOTIHATOL 6TO TEAOG KAOE emavaANyNG Kot Oyl 6TV apyn TG.

do_while_stmt

%do)ﬂ statement {while)@ expression %

H extéleon tov Bpodyov do . . . while yivetor g e€ng (PA. To dtdrypappa pong 6to oynua 3.2):

ExteAeitar n evioln mov Ppicketatl 610 ocdpo Tov Bpoyov.

Amotipdtal 1 Aoyikn EKQpoo.

Edv n Aoyum éxkopaon givor aAnbng, n ektédeon enavarapPaveton amd To TpdTo Prpo.
Edv n Aoywkn €kgpaon eivor yevdng, o Ppoyog teppatiletarl Kot 1 eKTELECT TEPVA GTNV
EMOUEVT] EVTOAT TOL TTPOYPELLATOG.

Ealh i e

Zynpa 3.2, Awdypappo pong yio to do . . . while loop.

O1evtodég 610 cOpa Tov Bpodyov do. . .while eKTEAOVVTOL TOVANYIGTOV L POPa. AVTO G-
Baivetl 010TL 1 AoyKN £KQPOOT OTOTILATOL 6TO TEAOG Kal Oyl otV apyn Tov Ppoyov. Emopévoc
avT0 10 £id0g PpoOYov givar 10avikd av pio ToLAdyIGTOV ETavaAnyn elvon emBount). opilovpe
ot avtifeta Aettovpyei ) eviod) while: H amotipnon g Aoyikng Ekppaong yivetal oty apyn
Kol EMOPEVOS Uopel va, Yivouv Undév emavaryeLs.

Ap1Opoi Fibonacci

H axolovBia tov apBuodv Fibonacci givat pia amod tig mo yvootés aptduntikés akolovdies:
0,1,1,2,3,5,8,13,21,34,55,89, 144, 233, 377,610, 987, 1597, 2584, 4181, . ..

EE opiopo?, ot dvo mpdtot apBpoi g axorovbiog eivar to 0 kot o 1. Kébe endpevog apiBpog
etvat 1o dBpotopa Twv dVO TPONYOLUEVDV:
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FOZO, Flzl
Fn+2:Fn+Fn+17 Vn € N

‘Ecto évag euowdg apBudg n € IN. Tlowog eivar o peyardtepog apBuog Fibonacci mov dgv
vrepPaivel o n; Anhaon, dedopévov 0Tt 1 akorovBia Fibonacci ivar avovsa, Tdg pmopovpe
va Bpodpe évav 6po Fj e akolovbiog tétolov dote £ < nxot Fiq > n;

To mapaxdtom Tpdypoppo AOveL akplBdg ovtd To TPOPANUa. Xpnouomrotlel 600 petafAnTtés,
previous kot current yu va amodnkedcel 500 d1000)1KoVG Opovg TG akoAovbiag Fibonacci
(éot® tovg F), ka1 Fjoq avtiotoya). 1N cvvéyela, vtoroyilel tov endpevo 6po (Tov avIIcTOol-
xel 610 Fj10) Kol TOV amofnkevel otn petafAnt next, abBpoiloviag tovg V0 TPOTYOLUEVOLC,
KO LETAPEPEL TOVG OVO TEAEVTOIOVS OPOVG TTOV ExEL Bpel PEYXPL TOPa (next KoL current) oTig
petoPAnTég current kot previous, gropndlovrog v exdpevn eraviinym. O Bpdyog cvveyi-
Cetal 660 0 6pog otn petaPAnti next dev vrepPaivel o n. Otav avtd copPet, n petafint
previous mEPLEYEL TNV OTTAVINOT] LOC.

PROGRAM { // fibonacci Give n: 204
int n, current, previous, next; 13
WRITE(”Give n: "); n = READ_INT(); Give n: 100 .
if (n <= 1) WRITELN(n); 89
else {

previous = 0; current = 1; Give n: 987 J
do { 987
next = current + previous;
previous = current; current = next; Give n: 1234567890 J
} while (current <= n); 1134903170
WRITELN(previous);
}
}
ABpo15TIKO TPOYPOLLOL

Oa avarntoéovpe Eva mpdypappo Tov abfpoilel 6Govg aptBpovg BELEL 0 ¥pOTNG KoLl GTO
téA0g mapovotdlel To afpoopa. To mpodypoppo avtd Oa ektedeital en’ dmepov, uExpt o xpn-
otg va Papedel ko va to otapatost m.y. motoviog “Ctrl+C” — . Avtd yiveton pe tov
eEwtepkd Ppodyo “do ... while (true)”.

>t petafAnt sum amodnkevetol To afpoioua Twv apldumv mov £xovv dobel. Apyikomoiei-
Tal oTNV apyn Kabe emavdinyng tov eEmtepikod Ppdyov, £tol dote kdbe dBpolon va Eexva
amd 1o Undév. T cuvéxeln, EeKva Evag POMAGHEVOS Bpoyos, e Tov omtoio dafaletol Evag
apOpdc ™ eopd ot petoAnti number kot aBpoiletat otn sum.

Metd and avtd dwPaletar Evog yopaktipog ot HeTafAnt) symbol. Avtd mov OéAovpe ei-
vai va suveyiletal n d0potom 660 o xpnotg divel “+’ ot B€om Tov symbol. Avtibeta, va oto-
LOTAEL KO VO EKTUTTAVEL TO AOPOIGHA OTOV 0 YPNGTNG OMGEL '=". AVTO TO TETVYOIVOLLLE LIE TN
ocuvONkn “while (symbol == ’"+’)” 100 pOAMOGHEVOL Bpoyov. Opwme, sivar mbavo o ypnog
Vo U1 dMGEL KATO10 ard avTd Tl 300 SOUPOAN, OAAG KATL S1APOPETIKO (T.). EVOL KEVO SLAGTNLLAL).
Ymv nepintoon ovt BELovEe va ayvoncovpe 10 GOUPOAO TOL £dWGE Kot VoL avalnNTHGOLVLE TO
enopevo mov Ba etvar '+’ 1 '=". AvTO EMTVYYAVETAL [LE TOV ECMOTEPIKOTEPO POALOGUEVO Bpdyo
“do symbol = getchar(); while (symbol != '+’ AND symbol !'= '=");”.
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PROGRAM { // bigsum 8+
int sum, number; 9=
char symbol; 17

6+
do { 3+
sum = 0, 12+
do { 21=
number = READ_INT(); sum = sum + number; 42
do symbol = getchar(); [Break]
while (symbol != '+’ && symbol != '=");

} while (symbol == "+");
WRITELN(sum);
} while (true);
}

[Ipocélre 0T, pe e€aipeon 1oV eEmTepKOTEPO PpdY0 ToV eKTEAEliTAN €’ Amelpov Kal Ha
umopovoe e&icov kald va ypoeesi pe while avti do ... while, ot GAlotl Vo Ppoyor BELovuE
VoL EKTEAOVVTAL TOVANYIGTOV o popd — eV €xel vONUo vo. aoTiunbet n cuvonkn mpwv va
dwPaoctel n Tiun ¢ petafAng symbol. I'ia to Adyo avtod, mpotipdpe to Bpdyo do . .. while
£00.

3.4.4 Evtolic break ko continue

[ToAAéG popég eivar emBuuntd vo otapatnoet Evac Bpdyog mpdwpa. Avto givor Wdlaitepa
YPNOLO Yo BpOYovg mov €10AA®G Ba ETpeyav en’ dmepov, Pplokel OP®MG KL GAAES eQOpPLLO-
véc. H evtoln break mpokalel Tov Gpeco teplatiopd Tov Bpodyxov puéco otov omoio Ppioketat.
Av Bpioketor péco 6€ TEPIGGOTEPOVS (POALACUEVOVS) BPOYOVS, TPOKAAEL TOV TEPUATIGUO TOV
E0MTEPIKOTEPOL ATO AVTOVC.

Mepikég popég emiong gival yp1GLLO VO GTAUOTHCOVIE VO EKTEAOVE TO GOUA EVOS BPOYOL
Kol vo, TpoYwpnoovpe Katevbeiav oty endpevn enavdinymn (av euoikd vdpyet). Avtod akpt-
Bog emtuyydveTol e TNV EVIOAY continue Tov, TAAL, Lo 0ONYEL GTNV ETOUEVT ETOVAANYT) TOV
€0MTEPIKOTEPOL BpdyovL HEGH GTOV 0TTO10 PpioKETAL, 1 GTOV TEPUATIGUO ALTOV OV OEV VTLAPYEL
EMOLLEVT EMOVAANYT).

break_stmt continue_stmt

o) =10

H artvyng ewkaocio...

‘Evag @ihog pag mov omovdalel oto Mabnuotikd oyvpiletor 6Tt Yo kébe mpmto apBud
p woydet (17p) mod 4217 # 42. Mag Aéel 61t €yl Kavet Tig Tpagels Yoo GAOVG TOVG TPATOVG
apBpovg p péxpt to 10,000 — kamov exel dpyroe va PAEmeL actepdKia Kot GTAUATNOE — KO
OTL aAnBevet Yo 6Aovc. Mog {ntdiet va tov Bondncovpie, eite amodetkvhiovtag Tl 1 EIKOGIN TOV
etvar cwotn, ite 61t givar AavBaopévn.
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['o va arodeiovpe 6T N ekacio Tov gival cmot ciyovpa Ba ypelactel va Eeckovicovpe ™
Oewpio apOumv pag (mov, eipncebw ev Tapddm, LdAlov ToTE dev Exovpe ddaybel 6To oYoleio av
kot Oa Enpene!) omoTe pog paivetar Aoykd va Eekiviicovpe Tpocsmadmvtag va. amodeifove 0Tt
etvar AavBaopévn. Oa ypdwyoopue Eva Tpoypoppa Tov 8o TpocTabncel va Ppel avTiTapadErypa.
(counterexample), dnAadn Evav TpdTO appd p téToov dote vo woydet (17p) mod 4217 = 42.
Av 10 TPOYpOppd pog Bpet TETo10 avTimapadetypa, Tote Exovpe 0gigel 0TL 1 ekacio TOV GiAov
pag etvar AavBaouévn. Av avtifeta eiplacte drvyot kot o avtmapaderypo o€ Bpebel, Ba Exovpe
pio moapoamdve EvoelEn 0t n ewacio pmopel mpaypotied v aAnedet kot Bo avaykaoTode va
EMGTPOUTEVGOVLLE TO LOOMULOTIKA LLOG Y10 VO, TNV OTOOEIE0VIE 1] Y10 VOL TNV KOTOPPIYOLLLE.

1t oel. 61 &ldape éva mpodypappa mov Ppickel Tovg TPdTOVG apBpods peypt to 1, 000.
Evkola pmopodie va To mpocaplocovpE va KAVEL TN dOLAELL Tov BEAovpE:

PROGRAM { // prime_conj
int p, t;

FOR (p, 3 TO 1000000 STEP 2) {

t =3,
while (p % t !'= 0) t = t+2;
if (p != t) continue;

if ((17 * p) % 4217 == 42) {
WRITELN(”Counterexample:”, p),; break;
¥
}
}

Tpomomolovue KoT™ apyf v TNV EVTOAT] FOR OGTE VO SOKILAGEL OAOVG TOLG OPIOLOVG P LEYPL
10 1,000, 000. Av to TpodYypappd pog amotouyet va Bpet avtimopddsrypo kot 6Ehovpe va dokt-
UAGOLE KOl e HEYOAVTEPOVS TPMTOVS APLOIOVG, UTOPOVUE VO, AVENGOVLE TO OPLO M KoL VoL
OVTIKOTOGTNGOVE TO Bpdyo FOR e Bpodyo while, £161 OOTE TO TPOYPOLLLLO VO [T) GTAUATIGEL
av o€ Bpet aviumapdoctypa (Le KivOuvo QUOIKA va. TPEYEL Yo TAP TOAD Kopd 1) Ko Yio ThvTa).

[Ipocélte v eviod) “if (p != t) continue;” 6TO ONUEIO TOL TO APYIKO TPOYPULLLAL
¢ oel. 61 KatardPatve 0Tt €iye eviomicel évav TpdTO aplBud Kot Tov EKTHTOVE. AV 1 TN TOV
t etvar dropopetikn Tov p avTod onpaivel 6Tt 0 aptBprdg p dev givatl TPAOTOG, dpa deV ExEL VO LA
VO GUVEYXIGOVLE OV TNV TNV ETOVAANYN TOL FOR Kot UTOPOVLLE VO TPOYWPT)COVIE GTNV ETOUEVN.
To vréAOTO TOLV GOUATOC (LETA TO continue) ekTeAeital Lovo av o apluog p etvar mpdTog,.

[Ipocélte emiong v evioln “break;” oto onueio mov to TPOYpapud pag xel fpet Eva
avtmopdoetypa. O eEwteptkdc Ppoyog FOR O¢ ypetdletal va EKTELEGTEL AALO KoL 1) EKTEAECT) TOV
npoypdupatog propel va teppatiotel. Emopévmg, pe v evioln break, avtd mov eiyape ypdyet
oV apyn ™G Tapaypdeov 3.4.1, 41t dnAadn otovg fpdyovg FOR to TAN0OG TV ETOVOANYE®DY
7oV yivovtan eivan otafepd Kot yvmoTo T otryun mwov apyilel n ektédeon tov Bpdyov, yperdleTon
va avofempnOet:

e éva Bpdyo FOR, 10 péyreto tAnbog emovalyemv mov Ba yivouv eitvar otabepd
Kol YVOOoTO TN oty mov apyilel n extéleon tov Bpdyov. O Bpdyog elval duvatdv
Vo TEPUATIOTEL Vopitepa PLe ¥pNion TS EVTOANG break.
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Extelovpe Aoumdv 10 TpOYPOUIA LOG KoL, LETE ammd Alyo OEVTEPOAETTA, EKTVTMVEL:

Counterexample: 95009

[paypatukd, PAEmovpe OTL 1GYVEL
17 x 95,009 = 1,615,153 = 383 x 4217 + 42

H ewacia tov gidov pag eivar Aavlacuévn.

3.4.5 Aw@opég petalv Ppoyov
1. FOR: O (uéy1ot0c) ap1fpog emavoAyemVy eival YvooTdC TPV TNV EKTELEST).

2. while: O (né€y10t0G) aplBUOG TV ETAVOANYE®DY OeV gival YvmoTOg amd mpwy. Tomg va un
YIVEL KOUio EKTEALECT] TOV CAOUOTOG TOVL PPOYOV, YTl TPOTA EAEYXETOL 1| GLVON KN KO
HETG EKTEAEITOL TO COLA TOV PPOYOVL.

3. do...while: O (uéy1oTt0Q) 0p1OUOS TV ETAVOANYE®DVY dEV £ival YVOGTOS omd Ttptv. [ivetan
OUMOG TOLAAYIGTOV UL EKTEAECT) TOV COUATOG TOV BPdYov, 0pov 1 GLVON KN EAEYYETOL GTO
TéA0G TOV PpoYOUL.

3.5 Tamnpoypappota og C

Hopadeiypata evrorowv if, ogl. 45
e if (amount >= x) amount -= x;
e if (amount >= 1000000) printf(”Found a millionaire!\n”);

e if (x*x + y*y == z*z) {
printf(”Found a Pythagorian triple: %d %d %d\n”, X, y, z);
s = (z-x)*(z-y)/2;
printf(”Did you know that %d is a perfect square?\n”, s);

}

e if (a '=0) {
double d = b*b-4*a*c;
if (d >=0) {
double x = (-b+sqrt(d))/(2*a);
printf(”Found a solution: %d\n”, x);
}
}

e if (year >= 1901 && year <= 2000)
printf(”We’re in the 20th century!\n”);

e if (year % 4 == 0 && year % 100 != 0 ||
year % 400 == 0 && year % 4000 != 0)
printf(”dioekto €tog\n”);
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e if (grade >= 5) printf(”You passed the exam.\n”);

else printf(”I'm sorry, you failed.\n”);
e if (x % 2 == Q) printf(”You have an even number: %d\n”, x);
else printf(”You have an odd number: %d\n”, x);

e if (ch >= 'A’ & ch <= ’Z") letter = ch;

else printf(”Not a capital letter\n”);
e if (x > vy) printf(”I win\n");
else if (x < vy) printf(”You win\n”);
else printf(”“we’re tied\n”);

e if (x >y) printf(”I win\n”);
if (x < y) printf(”You win\n”);
if (x == y) printf(”"We’re tied\n”);

e if (x>0)
if (y>0)
printf(”first quadrant\n”);
else if (y<0)
printf(”fourth quadrant\n”);
else
printf(”on the x-axis\n”);

MMopadciypata evior@v case, oelr. 49

¢ switch (month) {
case 1: printf(”Iavoudpiog\n”); break;
case 2: printf(”"®eBpouvdproc\n”); break;

case 12: printf(”Asképpprog\n”); break;
default: printf(”dakuvpog pnRvag!\n”); break;
}

¢ switch (month) {
case 1: case 3: case 5: case 7: case 8: case 10: case 12:
printf(”31 days\n”); break;
case 4: case 6: case 9: case 11:
printf(”30 days\n”); break;
case 2:
printf(”28 or 29 days\n”); break;

}
* remaining = 0;
switch (month) {
case 1: remaining += 31;

case 2: remaining += 28;
case 3: remaining += 31;
case 4: remaining += 30;
case 5: remaining += 31;

case 11: remaining += 30;
case 12: remaining += 31;



70

}

remaining -= day - 1;

Hoepadeiypata evrorav for, cei. 51

* [Ipoypappa counting

#include <stdio.h>

int main () {
int i;
printf(”Look: I can count!\n”);
for (i=1; i<=10; i++)
printf(”%d\n”, 1i);
return 0;

}
* [Ipdypappa powers of two
#include <stdio.h>
int main () {
int i, p;
for (p=1, i=0; i<=10; i++, p*=2)
printf(”2/%d = %d\n”, i, p);
return 0;
3
* [Ipdypappa factorial
#include <stdio.h>

int main () {
int n, p, 1i;

printf(”Give n: ");
scanf(”"%d”, &n);

for (p=1, i=2; i<=n; i++)
p*=1i;
printf(”%d! = %d\n”, n, p);

return 0;
}
* IIpoypappa star rectangle
#include <stdio.h>
int main () {
int i, j;
for (i=1; i<=5; i++) {

KEDAAAIO 3. AOMEX EAEI'XOY
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for (j=1; j<=10; j++)
printf(”*");
printf(”\n");
}

return 0;

}
* [Ipoypappa star triangle

#include <stdio.h>

int main () {
int i, j;
for (i=1; i<=5; i++) {
for (j=1; j<=2*i; j++)
printf(”*");
printf();
}

return 0;

}
* [Ipoypappo domino2

#include <stdio.h>

int main () {
int n, count, i, j;

printf(”Give n: ");
scanf(”"%d”, &n);

for (count=0, i=0; i<=n; i++)
for (j=1i; j<=n; j++, count++)
printf(”%d %d\n”, i, j);
printf(”Total %d pieces.\n”, count);

return 0;
}
* [Ipoypappa dominol

#include <stdio.h>

int main () {
int n, count, 1i;

printf(”Give n: ");
scanf(”"%d”, &n);

for (count=0, i=0; i<=n; i++, count+=i+1)
printf(”In %d piece(s) the largest number is %d\n”, i+1, 1i);
printf(”Total %d pieces.\n”, count);
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return 0;

}

 [Ipdypappo dominoO

#include <stdio.h>

int main () {
int n, count;

printf(”Give n: ");
scanf(”"%d”, &n);

count = (n+2)*(n+1)/2;
printf(”Total %d pieces.\n”, count);

return 0;

Mopadeiypata evrorov while, ogl. 59

» [Ipdypappa powers of two 2

#include <stdio.h>

int main () {
int i, p;
for (p =1, i = 0; p <= 10000000, p*=2, i++)
printf(”27A%d = %d\n”, i, p);
return O,

3

* IIpoypappa line punishment

#include <stdio.h>

int main () {
for (;;)
printf(”I must not tell lies\n”);
return 0;

}

* IIpoypappa another infinite loop

int main () {
int x = 17;
while (x > 0)
X = (X + 42) % 2012;
return 0;

}

* IIpoypappo primes
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#include <stdio.h>

int main () {
int p, t;
printf(”2\n");
for (p=3; p<=1000; p+=2) {

t = 3;
while (p % t !'= 0)
t += 2;
if (p == t)
printf(”%d\n”, p);
}
return 0;

}

e z=za<b®?a:b;
while (a % z '=0 || b % z != 0)
zZ--y
printf(”%d\n”, z);

* while (a > 0 & b > 0)
if (a > b) a-=b; else b-=a;
printf(”%d\n”, atb);

* [Ipdypappa ged

#include <stdio.h>

int main () {
int a, b;

printf(”Give a: ");

scanf(”"%d”, &a);

printf(”Give b: ”);

scanf(”"%d”, &b);
printf(”gcd(%d, %d) = ", a, b);

if (a < 0) a
if (b <0) b

-a;
_b,

while (a > 0 && b > 0)
if (a > b) a %= b; else b %= a;
printf(”%d\n”, atb);

return 0;

Hopadeiypata evrorav do . . . while, ogh. 65

* [Ipoypappa fibonacci

#include <stdio.h>
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int main () {
int n, current, previous, next;

printf(”Give n: ");
scanf(”"%d”, &n);

if (n <= 1)
printf(”%d\n”, n);
else {

previous = 0;

current = 1,

do {
next = current + previous;
previous = current;
current = next;

} while (current <= n);

printf(”%d\n”, previous);

}

return 0;
}
* [Ipoypappa bigsum
#include <stdio.h>
int main () {

int sum, number;
char symbol;

for (;;) {
sum = 0;
do {

scanf(”%d”, &number);
sum += number;
do

symbol = getchar();

while (symbol != '+’ && symbol !'= '

} while (symbol == "+");
printf(”%d\n”, sum);
}

return 0;

}

* [Ipoypappa prime_conj

#include <stdio.h>

int main () {
int p, t;

for (p=3; p<=1000; p+=2) {

KEDAAAIO 3. AOMEX EAEI'XOY
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t = 3

while (p % t '= 0)
t += 2;

if (p '=t)
continue;

if ((17 * p) % 4217 == 42) {
printf(”Counterexample: %d\n”, p);
break;

return 0;

3.6 To mnpoypaupata og Pascal

Mopadciypata evrorav if, oel. 45
e if amount >= x then amount := amount - X
e if amount >= 1000000 then writeln(’Found a millionaire!’)

e if x*x + y*y = z*z then
begin

writeln(’Found a Pythagorian triple: ', x, " ', vy, " ', z);

s = (z-x)*(z-y) div 2;

writeln(’Did you know that ', s, ' is a perfect square?’)

end

* { d and x must have been declared before! }
if a <> 0 then
begin
d := b*b-4*a*c;
if d >= 0 then
begin
X = (-b+sqrt(d))/(2*a);
writeln(’Found a solution: ', Xx)
end
end

e if (year >= 1901) and (year <= 2000) then
writeln(’wWe’’re in the 20th century!’)

e if year mod 4 = 0 and year mod 100 <> 0 or
year mod 400 = 0 and year mod 4000 <> 0 then
writeln(’dioekto €10¢Q’)

* if grade >= 5 then writeln(’You passed the exam.’)
else writeln(’I’''m sorry, you failed.’)

e if x mod 2 = @ then writeln(’You have an even number: ', x)

else writeln(’You have an odd number: ', Xx)
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e if (ch >= 'A’) and (ch <= ’Z") then letter := ch

else writeln(’Not a capital letter’)
e if x >y then writeln(’'I win’)
else if x < y then writeln(’You win’)
else writeln('We’’re tied’)
e if x > y then writeln('I win’);
if x <y then writeln(’You win’);
if x = y then writeln('We’’re tied’)

e if x>0 then

if y>0 then writeln(’first quadrant’)
else if y<0 then writeln(’fourth quadrant’)
else writeln(’on the x-axis’)

Hopadeiypata evtorov case, oeh. 49

* case month of
1: writeln(’Iavoudprog’);
2: writeln('®eBpouvdprog’);

12: writeln(’'AgkepPprog’)
{ Theres no default clause in Standard Pascal! }
3

* case month of
1, 3, 5, 7, 8, 10, 12: writeln(’31 days’);

4, 6, 9, 11: writeln(’30 days’);
2: writeln(’28 or 29 days’)
end

* { The remaining days calculation program cannot be written like this in Pascal!
Each case clause is separate and terminates. }

IMopaodciypata evrorav for, oeh. 51

* IIpodypappo counting

program counting (output)
var i : integer;
begin
writeln(’Look: I can count!’);
for i := 1 to 10 do writeln(i)
end.

* [Ipoypappa powers_of two

program powers_of_two (output);
var i, p : integer;

begin
p i=1;
for i := 0 to 10 do
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begin writeln(2, '~’, 1i, =',p);p:=p*2end
end.

* IIpoypappa factorial

program factorial (output);
var n, p, i : integer;
begin
write(’Give n: ');
read(n);

p = 1;
for i ;=2 tondop :=p * ij;
writeln(n, ! = 7', p)

end.

* [Ipoypappa star rectangle

program star_rectangle (output);
var i, j : integer;
begin
for i := 1 to 5 do
begin
for j := 1 to 10 do write(’'*");
writeln
end
end.

 IIpoypappo star triangle

program star_triangle (output);
var i, j : integer;
begin
for i := 1 to 5 do
begin
for j := 1 to 2*i do write(’'*’);
writeln
end
end.

 [Ipdypappo domino2

program domino2 (input, output)
var n, count, i, j : integer;

begin
write(’Give n: ’); read(n);
count := 0;
for i := 0 to n do
for j := 1 to n do
begin writeln(i, " ', j); count := count + 1 end;

writeln(’Total ', count, ' pieces.’)
end.
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* [Ipoypappa dominol

program dominol (input, output);
var n, count, i : integer;

begin
write(’Give n: ’); read(n);
count := 0;
for i1 := 0 to n do
begin
writeln('In ', i + 1, ' piece(s) the largest number is ', 1i);
count := count + i + 1
end;
writeln(’Total ', count, ' pieces.’)
end.

 [Ipdypappo dominoO

program domino® (input, output);
var n, count : integer;
begin
write(’Give n: ’); read(n);
count := (n+2)*(n+1) div 2;
writeln(’Total ', count, ' pieces.’)
end.

[Mopadeiypata evrorov while, ogl. 59

* [Ipoypappa powers of two 2

program powers_of_two_2 (output);

var i, p : integer;
begin

p:=1; i :=0;

while p <= 10000000 do

begin writeln(2, 'A’, i, " ="', p); p :=p *2; 1 :=1+ 1; end
end.

* [Ipoypappa line punishment

program line_punishment (output);
begin

while true do writeln(’I must not tell lies’)
end.

* [Ipdypappa another infinite loop

program another_infinite_loop ()

var x :@ integer;
begin

x = 17;

while x > 0 do x := (x + 42) mod 2012
end.



3.6. TA IIPOI'PAMMATA XE PASCAL 79

* [Ipdypappa primes

program primes (output);
var p, t : integer
begin
writeln(2); p := 3;
while p <= 1000 do
begin
t = 3;
while p mod t <> 0 do t := t+2;
if p = t then writeln(p);

p :=p+ 2
end
end.
e if a < b then z := a else z := b;
while (a mod z <> @) or (b mod z <> 0) do z := z - 1;
writeln(z)

* while (a > 0) and (b > 0) do if a > b then a := a - belseb :=b - a;
writeln(a+b)

* [Ipoypappa ged

program gcd (input, output);
var a, b : integer;

begin
write(’Give a: ’); read(a);
write(’Give b: "); read(b);
write(’gecd(’, a, ', ', b, ") =");
a := abs(a); b := abs(b);
while (a > 0) and (b > 0) do if a > b then a := a mod b; else b := b mod a;
writeln(a+b)

end.

Mopadciypata evror@v do . . . while, ogl. 65

* [Ipdypappa fibonacci

program fibonacci (input, output)

var n, current, previous, next : integer;
begin

write(’Give n: ’); read(n);

if n <= 1 then writeln(n)

else
begin
previous := 0; current := 1;
repeat
next := current + previous;
previous := current; current := next;

until current > n;
writeln(previous)
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end
end.

* [Ipoypappa bigsum

program bigsum (input, output)
var sum, number : integer;
symbol : char;
begin
repeat
sum = 0;
repeat
read(number); sum := sum + number;
repeat read(symbol) until (symbol = '+’) or (symbol = '=");
until symbol <> "+';
writeln(sum);
until false
end.

* [Ipoypappa prime_conj

program prime_conj (output);
var p, t : integer;
done : boolean; { there’s no break/continue in Pascal! }
begin
p := 3; done := false;
while not done and (p <= 1000000) do
begin
t := 3,
while p mod t <> 0 do t := t+2;
if (p = t) and ((17 * p) mod 4217 = 42) then

begin writeln(’Counterexample: ’, p); done := true end;
p = pt2
end

end.



Kepalaro 4

IpoyPOURATIGTIKES TEYVIKES

10 Ke@dAao avtd Oa avapepHolie Kot apynv oTo VITOTPOYPAULATO, ONANOT| OTIS O1adL-
KOG1EG KOl TIG GUVOPTNGELS LE TIG OTOTEG UTOPEL O TPOYPAUUATIOTHS VO SOUNGEL TO TPOYPOLLLLOL.
Méoa and ta vrompoypdppato Bo yevikehGovpe T SOUT TOL ATA0D TPOYPAULUTOS TTOL EIOOUE
oto Kepdrawo 2, Ba pidnoovpe yo 116 SNA®GES otabep®dv Kot TOT®V, Oa YVOPIGOLE TOVG
KOVOVEG EUPELELOG, T YEVIKA KO TOL TOTIKA dedOUEVAL. XTI GUVEXELD Ba avapepBovpe TePIAn-
TTIKA 6€ OVO CNUAVTIKEG TEYVIKEG TPOYPOUUATICUOD: TO SOUNUEVO TPOYPOUUOTIGUO (structured
programming) ko T Baduaio cvuykekpyievoroinom (stepwise refinement).

4.1 Aopn Tov TpoypappaTog, Cava

>V apyn Tov Keporaiov 2 avagepbnrape 6t doun evog amiol TpoypapUoTos TOL ToTE-
Aetton amd TV EMIKEPAMON TOV, TIG TOMIKES TOL ONAMGELS KO TO GO TOL. Todpa Ba puAncovue
YloL TN o LEYOAVTEP®V TPOYPAUUAT®V. Eva Tpdypappa yevikd amoteleitol amd £vo GHVOAO
povadmv k@odwka (modules), kéBe pia amod T omoieg Ppiokerar o Eva Eeywpiotd apyeio Tpo-
ypappotoc. H doun evog module divetor amd 10 TopoKAT® GUVTOKTIKO 1Y POLLLLLOL.

module

const_def
type_def ]_] < declaration D C definition D f program 1

"Eva module amoteheitan katd cepd anod:

1. dnrooelc otabepav Kot TOHTOV,

2. MNAOGELS VTOTPOYPAUUATOV, ONAAOT JLAOIKAGIDV KOl GUVOPTNCEDV
3. OPIGHOVG VTOTPOYPUULATOV, KO

4. tov opioud evog (amAov) TPOYPAULOTOG.

OMla o Topomdved GVOTATIKA £Vl TPOOPETIKE Ko UtopovV vo, Tapaieimoviat. To amdod mpo-
ypoppo, tov opiletar pe ) AEEN KAE1W1 PROGRAM TTPEMEL VoL VTTAPYEL OKPIPOC o€ Eva amd Ta
modules mov amotelobv 10 TPOHYpappa: ovTd givar To apykd onuElo NG EKTEAEONC.

81
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4.1.1 ZXraBepéc

Ot dnAocelg otabepdv Hotdlovy e TIG MMADGELS HETAPANTOV, T®V omoiwv Tponyeitol M
AEEN KAewdl const. Ouwmg, TpEmel VTOYPEMTIKA VO, GLVOOEVOVTOL OO APYLIKOTOINGT. XT1 CLVE-
YEWL, ATOYOPEVETOL T 0vAOeoN G€ 6TaBEPES: AV TEG O1ATNPOVV TNV TN TOLS KO’ OAn TN dtdpKela
0V TPoypappatos. H suvtagn g dMAwong otabepds eaivetor 610 akdAovho GuvtaKTiKo o1d-
Y POULHLOL.

const_def

value

50

%const} type [ declarator

[Moapadeiypata otabepnv:

const int N = 10000;
const REAL pi = 3.1415926535, e = 2.7182818284;

4

const char space = ' /;

2T1¢ mapamdve ONAMGELS, Ta N, pi, e kat space dev eivan petafintéc. Eival cuvovopa tov
avtiotorywv otafepmv 10000, 3.1415926535, 2.7182818284 kot ' .

Ot otabepég umopovv va ypNoILoTomBovy 0TovdNTOTE GE £val TPOYPOLLO, OVTL TOV GTO-
BepdV TapacTAGEDV TOL ERPavifovTat 6To 0E10 HELOG TOV 0piopov Tovg. Efval yprioiues 6tav
.. elvar mBavo ot TiéG TouG Vo ALAEOVLY GE EMOUEVT] EKOOYN TOV TPOYPULLLATOG.

Yrdpyovv kot tpokabdopiopéves otabepés, Omwc ot INT_MIN kot INT_MAX.

4.1.2 Anroocseig TOTOV

271G ONADGCELS TUTI®V CLYKATAAEYOVTOL 01 SNAMGEIS CLVOVOL®V TOT®V, KOOMG £TioNg Kot
o1 ONAmoelg ouvhetv THnOV: arapluncewv (enumerations), dSopaVv (structures) Kot EVOGEMV
(unions). Tovg cvvBeTOLG TOTTOVS B TOVS APr|coVLE Yo To Kepdioto 13.

O1 AdoEIS CLVOVOLOV THTOV HLOLALOVY KO QVTEG IE TIC ONAMOELS LETAPANTOV. AVTH T
Qopd ponyeitar n AEEN KAWL typedef Kot dev mpémel vo vdpyel apykonoinon. H cvvtaén
™G ONAWGNS GLVAOVOLOL TOTTOV PAIVETOL GTO AKOAOVOO GUVTOKTIKG SLOYPOLLLLOL.
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type_def

(( typedef } type declarator

— enum_def

— struct_def

4 union_def /

[Mopadeiypato SNAOGE®V TOTOV:

typedef int number;
typedef bool bit;

Y116 Topamdve dNAMGELS, To. number Kot bit dev givon petafintéc. Eivar cuvavopa tov
TOneV int kot bool, avtictora. Metd amd avTtég TIC ONAMGELS, UTopel KAVELS va YpAyEL:

number n;
bit b;

Ko vo, OnAdoet 500 véeg HeTaPANTEG: TN n pe TOTO number (dNAadn int) kot tnv b pe Tomo bit
(onAaod1| bool). Ta cuvdvvpe TOTTOV elval WIAiTEP YPNOIUE GE GUVIVAGUO LE TOLG GCVVOETOVG
TOTOLG KOl Y10, TNV KOTAOKELT apnpnuéveV TOToV dedouévav (abstract data types).

Yrdpyovv kot Tpokafopiopévol THmol, Onmg I00UE GTO TPONYOVUEVO KEPAANLO, O1 OTTO101
elte etvan deopevuéveg AéEelg (m.y., int, bool, char) gite opilovtar and to PZhelp (m.)., REAL).

4.2 Awowkooisg

Ot cuVapPTNOELS KOt 01 S1OIKAGTEG Elval TOAD PUCGIKEG GTOV TPOYPULUATIGHO KO GTH GLAO-
copia oyediaong mpoypappdtov, oyt povo pe ™ C+H+ aArd Kot Pe TIG TEPLOGOTEPES YAMDGGES
TPOYPOUUATICHOV. Mepikég dadikacieg Kot cuvaptnoels PipAtodnkng g C++ givor mpokabo-
PIGUEVES, OTMC TT.X. 1| GLVAPTNGON sqrt Tov VToAoYilel TV TeTpayVIKT pila evog aplBuov. Xe
avTO T0 KEPAAOo O KaAdyoovpe pe peyoldtepn akpifela Tig S1001K0GIeS Kot TIC GLVOPTHGELS
7oL 0pilEl O TPOYPOUUATIGTIG.

4.2.1 IloOg oMiaveTon Kol KOAEITOL P10 OLOOLKAGLO,
['a va kaAéoovpe (call, invoke) o dwadikacio (procedure), SnAadr| yio va TPOKAAEGOVLE

™V EKTEAECT TNG, OTTAA YPEdleTon VO, ETIKOAEGTOVUE TO GVOUA TNG KOl VO YPAWOLLLE LEGO GE
TapevBESELS TIG TAPAPETPOLS (OV LITAPYOVV) LE TIG 0Toleg BEAOVLE VO TNV KOAEGOVLLE.



84 KEDAAAIO 4. [IPOI'PAMMATIXTIKEY TEXNIKEX

call

expression
— | identifier @ @

['o va dnAdcovpe pia dtadikascio, ypnNoUoTolovUE TNV decevuévn AéEn PROC akoAovBov-
pevn amd 1o dvoud g kot AMota tov TapapéTpmv. Metd v emike@aiida g dadkaciog,
aKoAoVOEL TO GMOUA TNG S1001KAGING, TOV OTWS KL TO GMOLO TOL TPOYPALLATOG TTOV EIOALE GTO
Kepdiato 2, amoteleiton amd SNAOGCELG TOTIK®OV HETARANTOV Kot EVTIOAES. To KOPLo TPOYPALLLAL
elval Katd Kamolo tpdmo 1 kvupra (main) dladikacio evog module, and v omola Eexvael M
extéleon).

proc_def

—— proc_header [—| block |-

proc_header

C )
-/

type |- declarator
%pnoc} identifier @ @

[Tpwv Tpoywpncovpe 6e £va TaPASELY LA, 05 ODGOVIE LEPTKOVS XPNOILOVG OPLGHOVG:

* Eppélera (scope) piag petafAntig (1] YeVIKOG vOG OVOLOTOG) Vol TO KOUUATL TOV TPO-
YPOLLLOTOC GTO OTTOL0 EMTPETETOL 1] XPNION TNG.

* Tomwkég (local) petaPAntéc eivar o1 petafAntég mov SnNAdvovToL HEGH GT SLOOIKOGTOL Kot
&xouv gupéreta LOVO HECH GTO GO0 TOV SLOOIKACIDV.

* I'evikég (owkovpevikég, global) givor ot petafAntég mov eivar E£m amd T dladikacia, 6To
e€mtepkd enimedo Tov module, kot Eyovv epPérera oe oAdkAnpo 1o module, Sniadr| o
OAeG TIG O1001KAGTIEG KOl GTO KLPIWS TPOYPOLLLLAL.

* O apaueTpotl oty emkePoiion piog dwadikaciog Aéyovror Tomikég (formal), evd avtég
7oL dlvovtol oty KANon g Aéyovion paypatikés (actual). Otav yivetor n kKAnon g
Slod1KOGI0G TPETEL O TPAYUATIKEG TOPALUETPOL VO OLVTIGTOLYOVV pio TPOS pia otn oelpd
KOl GTOV TUTO LE TIC TUMIKEG TOPOUETPOVE.
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Kot topa éva amdd mapdaderypo ypnong owdikaciog. To mapakdtm mpdypappo eppaviCet
otV 006vn pia Kopt TooTAA pe éva 0€vipo. Xpnoiponotet ) dladikacio 1ine mov eupavilet

v Kapto pio-pic ypoppr.

PROC line (char border, int n, char inside, int m, char outside) {

int i; t----mmmme - +

| |

WRITE(border); // apiotepd miaioio | @ |
FOR (i, 1 TO m) WRITE(outside); I ee@ I
FOR (i, 1 TO n) WRITE(inside); | eeee@ I
FOR (i, 1 TO m) WRITE(outside); | @eceeee I
WRITELN(border); // delio mloioio | 0Ceeeeee@ |

} | @eeeeeeeeee |
| @eCeEEeEEEEEA |

PROGRAM { // tree_postcard | #it#t |
int i; | HitH |

| #it# |

| |

line(’+’, 15, '-', 0, " '); // wlaioio, mpwty ypouur
line(’|’, 15, ' ', 8, ' '); A ERREEEEEEEEE *
FOR (i, 1 TO 13 STEP 2) line(’'|’, i, '@', (15-1i)/2, " ');
FOR (i, 1 TO 3) line(’|’, 3, '#', 6, ' ');
line(’|’, 15, " ', 0, " "),
line(’+’, 15, '-', 0, ' '); // mwloiolo, televtaia ypouun
}

Ynrdpyovv 000 Tpdmot yia va dtofdoet Kot va KatoddPel Kaveic outd TO TPOYPOLLLLOL:

* Top-down: dropdlovtoc TpdTa TO KUPLO TPOYPUUUN Kot HETE TN dtadikacio 1ine.

* Bottom-up: dwopdlovtag mpdta T dtodikacio line kot HETA TO KOPLO TPOYPOLLLLAL.

[Ipocélte 0TI, GOUPMOVO [LE TO CUVTOKTIKO SIUYPOLLO TOV OMCOUE TNV APy TOL KEPAAAIOV,
o1 dtadkacieg ypaeovtal Tpwv To KHplo mtpoypaupa. Emopévmg, to top-down avtiotoryel oe
OVAYV®OON TOV KEWEVOD OTOV TOL TPOYPAULOTOS OO KATM TPOG T TAVM Kot To bottom-up
avTIOTOlKEL GE avayvmon omd Tive TPOS To, KATO.

Oleg ot ypoppég amod TG 0moieg omoTeAEITAL 1] KAPT TOCTAA TOAPAYOVTOL Ao TN Stodikacio
line kot glvat g popene:

n+2m+2

A
\4

H dwdkaocio 1ine €xel mévte mapapéTpoug:

* border: o yopakTpos wov epeavileTton ota 6Vo dkpa g ypouuns (b), y. " |,

* n: 70 TANOOG TOV ENAVOAYEDV TOV YOPOUKTIPO TOV EUEAVILETAL GTO HEGO TNG YPOLLUNG.
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* inside: 0 YOPOKTAPOC TOL EUPAVICETOL N POPEC GTO HEGO TNG YPOUUNGS (1), Ty. '@,

* m: 70 TAN00G TOV EMAVOAYEDV TOV YOPAKTPA TTOL eRQavileTar ekatépmbev Tov HEGOL
™G YPoppUng, Ko

* outside: 0 YopaKTNPOG TOL EUPAVICETAL M POPEG €1G SMAOVV, EKATEPMOEV TOL UEGOV
™mg ypappung (o), Ty,

[Ipocé&te 6T1L TO KOPLO TPOYPOpLLO KOAEL TN dtadikacio 1ine yio va LQovIicel OAES TNG YPOUUES
NG KOPT TOOTAA Kol OTL Ol TOPAPETPOL KAOE KA oG OlapEpouy. Xe KAOe KAN O, TO GUVOAKO
mAn0og yopakmpwv k4B ypappng n + 2m + 2 givar mévta ico pe 17, 1o embBountd mAdrog
¢ Kapt mootdh. Eniong, mpocééte 011 1660 M dadikacio 1ine 660 Kot 10 KOPLO TPOHYPOLLLLN
&xouv pia axépota tomkn petafAnt pe dvopa i. Ot 600 avtég petafAntég elval S10popETIKES
(ONAad1 avTioTooHV GE dVO IAPOPETIKEG BEGEIS LV UNG) KO OEV TPEMEL VAL TIG UTEPOEVOVLLE.

4.2.2 IleprocoTEPES KAMGELS OLUOIKAGLAOV

H epférera tov yevikdv petafintav eivar 6o 1o mpodypappo. H epféreto evdg tomikov ovo-
potog (m.y. petafintig n tapapétpov) eivar to block péca oto onoio avtd dnimvetat. Opwmg,
ot epPéreteg ot C++ givan ev yéver pohmacpéveg (nested). Avtd yiveran yuoti éva module (n
epPéreta mov opilel Ta yevikad ovopata) pmopet va mepi€yxel moAAd block, m.y. oto copata do-
SKACIMV KOl TOL Kupimg Tpoypdupatog, kot kdbe block umopel va mepiéyer dAia block mov
enpavifovral Héca Tov ¢ GVVOETEG EVTOALS.

Ta wpoPiquata apyiCovv Otav ce pia MNAwon peTafAnNTNg 1| TOPAUETPOL ypnotpomotndel
éva dvopo Tov MM vapyel o€ pio eEwtepkdtepn epPéreta. Avtd AEyeTol GVYKPOLGT OVO-
patov (collision of names). H 60ykpovon ovopdtov emitpénetan, eivar xprioyun Kot cvpPaivet
ovyvd yiati ta block (ko 1dtaitepa To GOUATA TOV SLUSIKACIDV KO TWV GUVOPTNGEDV) AVTITPO-
oOTEVOVV OvVEEAPTNTEG AgtTOoVPYies Kot Ypdpovtat aveldptnta 1o £va amd 10 GAAO0, N KOl 0o
JLPOPETIKOVG TPOYPUUUOTIOTEG TOV JEV Elvar Aoykd va mepévovpe 0Tt Ba £xovv cuvevvon et
Y0 VoL ao@OYOLV VoL 0GOLV OTIG LETAPANTEG TOVG TO 10100 OVOLLATAL.

Otav vdpyel cLYKPOLGT OVOLATOS, TO GVOLLO TOV SNAMVETOL 6TO E0mTEPIKOTEPO block Kpv-
Berto dvopa mov dnidvetal oto eEmtepikdtepo block. Me avtdv tov tpodmo, avoiyet pia “tpomo’”
oV eupéreta g eEMTEPIKNG LETAPANTNG: OTO E6MTEPIKO TNG TPOTAG, TO OVOUA TAPLOTAVEL T
HETOPANTY] TOL ONADVETOL ECOTEPIKA KOl OEV VTAPYEL YEVIKA TPOTOG VO, ovopepBov e ot le-
TaPANTN OV INADOVETOL EEMTEPIKAL.

To mapaxdro Tapdderypo xpnoyLomotel emitndeg o id10 OVOULOTO Y10l YEVIKES KO TOTUKEG LLE-
TafANTéC, KabmS Kot Yo TapapETpous dtadikacidv. H extéheon Tov mpoyplupatog pe 1o xépt
eaivetal 0e€ld. TlpocéEte 6T KAOe epPédela mepi€yetl Ta ovOUATO (TOPAUETPOV KO LETOPAN-
TAOV) oV glval TOTIKA péca o€ avtnv. [Ipocééte emiong 0TL S10POPETIKA GTIYUIOTVTO TG 1010G
euPérelag (.. OV dadOYIKEG KANGELS TNG SLodIKOGIOG p42) OVTIOTOLYOVV GE OVO SLUPOPETIKGL
trace tables. To kOplo mpdypappa proc_example 0@ Oev £xel KovEVa TOTIKO OVOUa, YU AVTO
dev vapyet avticToyo trace table.

Ievicéc petafintég eivar ot a, b kol ¢ wov opilovtal oTnv apyr TOL TPOYPAUNATOS, EEM
amd TG dradKacies kot 1o KOplo mpodypoupo. H dtodikacio p42 €xel mopapétpoug y Kot b, mov
opilovtal otV emkePaAid TG, KO TOTIKY LETAPANTN ¢, TOV 0pileTan 6TV apyn TOL CAOUNTOG
™¢. Edd £yovpe dVo cuykpovoelg ovopdtmv: b kot c. H dadikacio p17 €yet mapapétpoug a Kot
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X, TOV 0pilovTal 6TV EMKEPAAIdQ TNG, Kot TOTIKY peTaPANTY b, Tov opileTon otV apyr| TOV
ompatodg . Kot edd £yovpe 600 cuykpoOcelc ovopdtmv: a Kat b.

[TpocéEte OT1 pia dradkacio (1 kot To KOPLO TPOYPOLLU) UTOPEL VO YPNCUYLOTOGEL KOl VOL
oAAGEEL TNV T Lo YEVIKNG HeTaBANTS (1 omoio Tpopavads dev EOVAONAMVETOL GTO E0MTE-
pcd G, Yiati tote Ba MTov Tomikn kot Oyt yevikn). o mapdderypa, n avédbeona = a + b;
GTO GO0 TNG OLOIKAGIOG P42 AVEAVEL TV TN TNG YEVIKNG LETAPANTIC a.

int a, b, c; Trace tables
PROC p42 (int y, int b) { Global | a | b | c
int c = 42; : 23
4
WRITELN(a, b, c, y); °
a=za+b;c=c+1;, b=c+b;y=y-1; 17 b
WRITELN(a, b, c, y); : -~
21317
}
_ . pa2_ |y |[b|c
PROC p17 (int a, int x) { 171 3 |42
int b = 17;
in 16 | 46 | 43
WRITELN(a, b, ¢, X); pa2 y|b|ec
p42(b, x); 314 |42
WRITELN(a, b, c, Xx); 2 |47 |43
}
PROGRAM { // proc_example Output
a=1; b=2;,c=3;
p17(b, c); pa2(c, a); 21733
) 1 3 42 17
4 46 43 16
2 17 3 3
4 4 42 3
8 47 43 2

* Tvmkég ko Tpaypatiké rapapetpor: O mopdpeTpol TOL YPAPOVTUL EVTOS TV TAPEV-
Béocewv oty emkepaiioa g dadikaciag (ot OMMAwon), ovopdalovtal Tomikég (formal)
TOPALETPOL, EVED OVTEG TOV YPAPOVTIOL GTO ECOTEPIKO TMV TOPEVOECEWDV GTI KANGN TOV
ovopdlovral Tpaypatikés (actual).

* [Mopdaperpor kot Tomkés petafintéc 1 yevikég petofintés: Oa pnopovoe Koveic va
okePTel OTL Bo NTav KaAN 10€a avTi Vo YpNOYLOTOLEL TOPAUETPOVG KOl TOTIKES LETOPAN-
TEC, VL KAVEL OLEG TIC LETAPANTESG TOV YEVIKEG, £TGL OOTE VO €IVl 0POTES TAVTOV LEGO GTO
TPOypappa kot vo kepdicetl eveM&la. YTapyovv Adyot yio VoL PN GLOTOOVUE TOPOLUE-
TPOVG KO TOTIKEG PeTafANTES OTav pmopovpe: [ va mpoctatedcove KAmolo dedopéval
amd to va aAAOLWOEL 1 TIUN TOVG GTO COUA TNG ddKAGiNG, Kl {omg Yo v unv e&dryet
1N dwdKocio TEPIOCOTEPES TANPOPOPieg amd OGeC elvar avaykaiec. Avtég elval onpavti-
KEG aPYEC OTNV KATOOKELT] AOYIOUIKOV YVMOTEC MG “amOKPLYT TANPOPOpLOV” (0eg Kot
OVTIKELLEVOGTPEPT] TPOYPOUUOTIGUO).
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310 GO TOL KOPLOV TPOYPAULOTOS GTO TOPATAVED TAPAOELY L KOAEITOL 1) OladtKacio p17
LLE TTOPOUETPOVG TIG YEVIKEG LETOPANTES b Kot c. AvTéG, OmmG elmoLE, Eival Ol TPAYRATIKES TTa-
PApETPOL, AVTES ONAAOT TTOL divovTtat 6TV KANoN g dtadikaciog. Ot Tipég Toug avirypleovtan
OTIG TUTIKEG TOPURETPOVS A KOL X, OVTIGTOLYO, OVTES ONAAOT TOV SNAMVOVTOL GTNV EMIKEPOL-
Ada g dadikaciog pl7.

[Tpémet va Bupdpacte 6Tt 01 TVTIKEG TOPAUETPOL P0G S10d1KAGTIOG Kot Ol TPOYLLOTIKES ToPEL-
LETPOL TTOL divovTal 6€ KAOE KAON TNG TPEMEL VO GUUP®VOLV 6TO TANB0G KOt GTOV TOTO TOVG,
dtapopeTikd vdpyet type mismatch.

4.3 Xvuvoptioelg

Ot GVVAPTNOELG GLVTAGGOVTAL LE TOV 110 TPOTO OTMG Ol SLUOIKOGIES EKTOC OO TNV EMIKE-
@aAida. Edd ypnoipomolovpe v decuevpévn AEEN FUNC, akolovBolevn amd Tov TOTO TOV
OTOTEAEGLLATOG TG CLVAPTIOMG, TO OVOUE TNG KOl AMlGTO TV TOPARETPAOV. META TNV EMKEPQ-
AMda tng cvvaptnong akoAovdel kot ThAL TO GO TNG.

func_def

—— func_header || block |—

func_header

C )
-/

type |—| declarator

{FUNC)% type [—{ identifier @ @

EmumAéov 610 oo TNG CLVAPTNONG TPETEL OTMGONTOTE VAL EMGTPEPETOAL 1) TULY TOV OLITO-
TEAEGOTOC. AVTO YiveTal e TNV EVIOAN return, 1oL TPOKOAEL TV GUECT] EMOTPOPT| OO pia
ocuvdptnon. H evtoAn avt| npénel vo akorovBeiton amd pio mapdotocmn, n owoia divel To amo-
TEALEGLLO TNG GLVAPTNONG KO O TOTOG TNG TPEMEL VOL GUUPMVEL L€ TOV TUTO TOV ATOTEAEGLLOTOG
NG GLVAPTNONG, OTMG SNADVETUL TNV EMKEPAADAL.

return_stmt

expression

O

[Ipocélte 6T M evioAn return pmopet va ypnoporombei kat xwpig mapdotacn (amotéde-
OLLOL) Y10 TV QUECT) EMGTPOPN Omd pia dtadkacio 1] amd To KOPLO TPOYPOLLLLAL.
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& aVTd TO aAO TPAYPOLLLLOL TTOL AKOAOVOEL £yovpe pia cuVaPTHoN TOL PPIoKEL KOl EMOTPE-
(ELTO LEYLOTO KOWVO O1onp€TN dV0 aplfudv, ¥pNOILOTOIOVTOS TOV 0AydpiBo Tov Evkieion mov
eldape oto mponyovuevo kepdiaio. H Pacikn dtapopd petald pog cuvaptmong Kot oG oto-
dkaoiog lvat OTL 1] GLVAPTNOT EMGTPEPEL PiaL TN O OTOTEAEGLOL KOL 1] TULT THG GLVAPTNONG
umopet va ypnotpomromei péca oe o TopaoToon.

FUNC int gcd (int a, int b) { Give x: 42
a = abs(a); b = abs(b); Give y: 17
while (a > @ AND b > 0) gcd(42, 17) = 1

if (a>b) a=a%b; elseb =b % a;
return a+b;

3

PROGRAM { // gcd func
int x, y;

WRITE(”Give x: "); X READ_INT();

WRITE("”Give y: "); vy READ_INT();

WRITELN(”gcd(”, x, ",”, y, ") =", gcd(x, y));
}

(Kot éAr, n evtol] WRITELN Bo TumdGEL TEPIOTOTEPO KEVE O10L-
otuata an’ 6ca icmg Ba 0EAaLE 6TO TOPATAV® TOPASELYLLA. )

4.4 Aopunpévog TPoypPUUpRATICHOS

Oa movpe Alya Adyla yio To dopnuévo Tpoypappatiopd (structured programming). H 19e-
oA0Yiet TOV SOUNUEVOD TPOYPAUUATIGHOV VTTOSTNPILEL OTL Yo KAOE aveEdpTnTn CLYKEKPUEVT
Aertovpyla mpémel va ypayoovpe pio aveEdptnn swdikacio. o tpénet Lowmdv va, avaAdovpe
000 yivetol To TPOPANUA pog 6e aveEapTnNTo VITOTPOPANUATH KOt Yio TO Kaféva amd avtd va
YPAPOLUE KATO10 VITOTTPAYpappa (dadikacia 1| cuvaptnon). Eniong mpénet va amopedyeton n
YPNOMN TAPEVEPYELOV. AVTO onUaivel OTL KAOE LVITOTPHY PO TPETEL VOL KAVEL L0 GUYKEKPLULEVN
Aertovpyia, yopic va enmnpedlel To kKupimg TpoOypappa 1 GALa vrorpoypaupata. H erucovavia
TOV EMUEPOVS HOVAS®V (TEpacUa TIH®V K.AT.) yiveton pe xpnon mopapétpov. Etot, to mpd-
YPOLUO YIVETOL EVOVAYVOGTO Kot Elvar EDKOAN 1 LETAPOPE KoL 1) XPTOT) TOV VITOTPOYPOUUUATOV
o€ GAL0 TpOoyphupaTOL.

» Eivai sukoAddtepo va ypdyovpe Eva dounpévo mpdypappio, eneldr] ToATAOKA TPOPAN-
HaTo SIGTMOVTOL GE £VOV oplOUO IKPOTEPMV, ATAOVGTEP®V EPYACIAOV.

* Eivar eukodotepo va aviyvebovpe AGOn o OOUNUEVO TPOYPOLLLLOL.

* 'Eva oyetikd mheovéxtnpua eivar o ypovog mov eotkovopeitan pe SopnpUEVa TpoypappaTo.
Mmnopotv va d1opfwBovv 1 va tpomomtomBovv mo gvkora. Otav £xovpe KATOOKEVAGEL
L0 S1dIKaLG 10, TOV KAVEL KATL GUYKEKPIUEVO, B0l LITOPOVLE VAL T PN GLULOTOLOVUE GE AALNL
TPOYPAULATO JiYWOS VO CTOTAAGLE XPOVO GE GUYYPOPT VEDV VITOTPOYPOUUUATOV.
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4.5 Avantoln pe padpiaio cuykekpipevomoinon
(Program development by stepwise refinement)

Y kd0e mpoPAnpa mpémetl va kabopicovpe To €E1G TPOKEEVOL Vo ovarTOEoVE Evol TPO-
YpoppoL

* Amo6 mov (TAnKTporOY10, apyeia) Oa slcaydyovpe o dedopéva Kt Tmg Oo ta amodnked-
GOVLLE.

* Me motov 1pémo Oa eneEepyactodpe ta dedopéva (AlyoptOpoc tov TpoPAnUaTog).

* [To¥ Ba mapovoidcovpe Ta aroteléopata (006vn, apyeio) Kot pe w0V TPOTO.

[Na T1g avdyKeg oVTOV TOV CNUEUDCEOY TO KAOE KOUUATL OYESIOCUOD EVOC TPOYPELLOTOG
elval oyeTIKA amAd. 11 G0YXpovn TEXVOAOYia AOYIGHIKOD, OL®S, TO KA népog pumopel va givat
TOAOTAOKO, OTTMG TOAVTAOKT] Uopetl var etvar ko 1) peta&h Toug ETKOVOViaL.

Ewcaymyn kat éAeyyog dedopévmv

* Emiléyovpe 1pOTO 0vayvemong 0E00UEVOV.

* EAéyyovpe v opBotnTa TV ded0UEVOV, EPOGOV £xEL TpoNYNOEl EMTKOVOVID LLE TOV XPN-
G1T1 Y10 TIG OOLTGELS TOV TPOYPAUILOTOG.

* Av 70 GOVOAO T®V JESOUEVDV Elvat 0pBO TPOYMPOVILE GTNV TEPAUTEP® EMEEEPYAGIN TOVG,.
* Awagpopetikd teppatiCoope (halt) v ektéleon Tov Tpoypdppatog 1 eLAkd divovpe )

dvvoTdTNTO GTOV YPNOTN Vo EAVaTpPosTadncEL.

AlyopiBuog — Enelepyacio dedopévav

Yuvn0wg oyxedtdlovpe 6to yapti po adyoptBukn Adon kot Enerta Tpoomadov e vo TV LAO-
TOUGOVLE LLE TPOYPOLULUOTIOTIKES EVTOAES YpNoILoTOIOVTAG Babuiaio cvuykekpievoToinon.

4.6 Tlapovcioon Kot cuvTI|p1GY)

Ye avtd 10 KePdAawo yvopicape dvo peBodd0Vg avATTLENG TPOYPAUUAT®OV: TO SOUNUEVO
TPOYPAUUATICHO Ko T fabiuaio cuykekpipevomoinon.

Qotoom, aveEapttog pebodoroyiag, KAOE TPOYPUUUATICTNG B0 TPETEL VO ETOUDKEL T TPO-
YPOAUUOTA TOV VO GLYKEVIPDOVOLV TO TOPOKAT® TOLOTIKA YOPOKTPLOTIKA:

* Avayvoocpdtyra (readability). ‘Eva npoypoppa mpénet va givat ypoppévo Kot T€T010
TPOTO MGTE VO vl EDKOAN KATAVONTO 0O AAAOVS TPOYPULUUATIOTES, 1] Kot otd ToV 1010
TOV TPOYPOUUOATIOTH] LETE At KOPO, LE TNV AVAYVOOT] TOV MG KELUEVOL KO LOVO LLE QVTY).
H avayvooiuomrta evog Tpoypapatog ivot cuvaptnon ToAAGY TopoyOvVI®mV, OPIGUEVOL
a6 Tovg omoiovg eivat ot e&NG:
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— AmhétnTa (simplicity). Meta&d 6v0 S10popETIKMOV TUNUATOV KOOKO TOV ETAVOVY
10 1010 TPOPANU Bo Tpémel vo emALyetal o amAovotepos. H emloyn avt) ela-
y1oTomolEl TV mOAVOTNTA VTOPENG TPOYPAUUATIOTIKOD GOAAUATOG, 1) ool £tvat
HEYOAVTEPT OGO AVEAVEL 1] TOAVTAOKOTNTO TOV TPOYPLppaTos. Duoikd, 1 amrhdtnTa
Ba pémet va Bucraletarl 0Tav 1o avTdAAaya KpIveTal 0EIOAOYO, T.Y. L0 CTLOVTIKT
avénon otV TayvTTo EKTELEOC, HElmon 6To uEyeBog Tov kMK, EE0IKOVOUNON
UVAUNG, K.AT.

— Emioyn ovopdrov (naming). H cwotr emloyr| ovopdtov yo Tig LeTAPANTES, TIC
TAPOUETPOVS KO TO, VIOTPOYPAppaTa givorl Waitepa onpavtikn. To ovopota wov
divovtal 6Ta oVOyVOPLOTIKE TPETEL VOL ATTOKAADTTOVV TO TEPIEXOLEVO 1] TN AEITOVP-
yia Tovg. ' To AOY0 awTd, 0 TPOYPAUUATIGTNG 0V TPEMEL VA TEPLOoPileTaL GE Alyoug
UOVO YOPOKTIPEGS, Y10 VO KAVEL OTKOVOLLID TNV TANKTPOAOYNOT|. TO CYNUATIGUO JLE-
YAA®V OVOUAT®OV UTOPOVV VO XPNGILOTOIOVVTOL KOTAAANAC XOPOUKTNPES VITOYPALL-
pong (underscores) 1 evaAroyn meldv Kot Kepaiaiov ypappdtwv yio ) ertioon
G VALY VOGIULOTNTOG, TT.).

monthly_income incomeBeforeTaxes

H yprion endvopwv otabepdv eniong S1EVKOAVVEL TV OVAYVOGILOTNTO TV TPO-
YPOUUATOV.

— Xroiyon (indentation). H cwot otoiyion 1oV evioAdV d1e0K0AOVEL TOAD TNV Ko
TOVON 0T TOL TPOYPALATOS. [0 To AOY0 avTd Ba TPETEL VaL PN GLOTOOVVTOL KEVA
OLGTNATO GTO E0MTEPIKO GUVOET®V OOUMY TOV TPOYPAUUOTOS, TPOKELUEVOD VL
otoyilovtal de€iotepa Ta oToryeia wov Tig amaptilovv. O axpiPng aplduog Tov Ke-
VAV SOGTNUATOV TOV TPETEL VO APNVEL O TPOYPUULATICTNG EIVOL 1KY TOV ETIAOYT,
po KOTAAANAN Speg Tipn tvor and 2 oc 4 dtuctipata.

H otoiyion tov evioAdv pumopet va yivel pe ToALoVG TpOTOVS, 0 TPOTOG OmG oL Oal
0KOAOVOEL O TPOYPOUUUATIOTNG TPETEL VO VAL GUVETNG 0T TPOYPappatd Tov. [Ta-

POKAT® TOPAOETOVLE TOV TPOTO GTOIYIGNG TOV YPNGLLOTOLOVUE MG T TO TAEIGTOV
G€ QVTEG TIG ONUELDCELS:

Hpoypaypa | VIOTPOYPULLLLOL

PROGRAM { PROC ... { FUNC ... {
oniwoeig oniwoeig oniwoeig
EVIOAEC EVIOAES EVIOAEC

} } }

ATAEG eVTOAEG

if (...) evroin while (...) evioin FOR (...) evioin

else evioln

do &vioin
while (...);
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XHvOeteg EVIOAEG

if (...) { while (...) { FOR (...) {
EVIOAEC evIoléc EVIOAEC
} } }
else {
EVIOAES
}
do { switch (...) {
EVIOAES case T : EVIOAEG
} while (...); case Ty : EVIOAEG

case T, : EVIOAES,
default I EVIOAEG, 11

}

— Xyolio (comments). KdOe avtotedég TUnpa Tov TPOoypAUILOTOS TPETEL VAL GUVOOED-
eto omd oxdAo Tov eEnyovv T Asttovpyia Tov. Ta oydia tpémetl vo avtipetomilo-
VIOl OG VO AVATOGTAGTO EPOG TOV TPOYPALUATOC, VAL YPAPOVTOL GLYYPOVAGS LE TO
TPOYPOLLLLLO KO VO, EVI|LLEPDOVOVTAL, OV OVTO OOLTEITAL, [E KEBE TpomoToinct TOoL.

Zyxola gtvon amapaitmto vo ypaeovtat:

* XV opyn TOL TPOYPAULATOS Kol KADE VTOTPOYPAUUATOC, EENYDVTOC TN AEL-
Tovpyio AVTOV, T.Y. TOPAUETPOL E1IGOO0V, OUTOTEAEGLO, K.AT.

* X1ig nAdoels otabepdv Kot HETAPANTOV, EENYOVTAG TO TEPIEXOUEVO AVTAOV.

* Xe kabe TUN U0 TPOYPALLLLOTOC TTOV EMTEAEL pLaL EEXMPIOTN KoL U1 TPOPOIVT| AEL-
Tovpyio.

* Yrta {, } ko else, Otov dev €ivol TPOQAVES GE TOLEG OOUEG TOV TPOYPAULOTOS
OVTIGTOLYOVV.

[Ipémer dpmg vo onpelmbel 6t 660 KahodeyobEVO eivar Eva KOAOYPAUUEVO GYO-
Mo, GAAO TOGO EVOYANTIKO €lval Vo KAKOYPOUUEVO, AAVOOGUEVO 1 TOPATACVITIKO
oxOMo. Oa TPEMEL VO ATOPEVYOVTUL T TEPLTTA GYOALL, ONAAOT QLT TOL £ENYOVV
TPOQOVEIG AelToVpYies, KOOMG Kol TO KPLUTTOYPOUPIKE GYOALN, TOL GNUAIVOLY KATL
HUOVO Y10 TOV TPOYPOULOTIGTY| TTOV TO £YPAYE.

o OuukoTNTO TPOS TO YpNotn (user friendliness). Koatd v ektéleon Tov Tpoypdupatog,
0 ypnotng Ba mpénetl va kabodnyeitar TAPOS 0md TO TPAYPAULO LE KOTAAANAG Unvo-
pota ko odnyieg. Andadn, n xpnom Tov TPOYPAUUATOS Bo TPETEL Vo, vt duvatn Ywpig
TEPAUTEP® TPOPOPIKEG 1) YPOUTTEG OONYIES.

* Adunon (structuring). @a tpénet va akoAovBoHvTal o1 0pyEG TOL SOUNUEVOL TPOYPOULLLO-
TIopov, dnAadn:
— Kd&Be aveEdpntn Aettovpyio va vAomoteitanl mg EeY®PLOTO VITOTPOYPOLLLLAL.

— Na yivetar Aedoyiopévn ypnon KoBoMKOV LETAPANTOV Kol TOPEVEPYELDV HETOED
SLPOPETIKMV VITOTPOYPOLLUUATOV.

— No pn yivovtotl Aoyikd GApOTO GTOV KOJKO.



4.6. [IAPOYXIAXH KAI XYNTHPHXH 93

— No amopevyovtal SuoVONT TPOYPOUUUOTICTIKA TEYVACUOTOL.

* Texkpnpioon (documentation). To Tpdypappa Oa Tpémel va cuvodeVETOL OO KATAAANAES
0onyleg Kot mePLypopr| TG AELTovpYyiag Tov.

» Yuvtipnon (maintenance). To mpoypappa Oa tpémet va propei vo tpomomonel oto péA-
Aov, av domiotmBel n avdykn dtopbwong ceoipdTmy.

* Evnuépomon (updating). To mpodypappa Oa tpémet va umopei vo tpomomon et oto péAlov,
oV TOPOVGIUCTEL AVAYKN Vo, ovavemBel 0 kKOG ToL Kot Ta. amonkevpéva dedopéva e
TV ELPAVIOT] VEDV 1] SLOPOPETIKADV OTOLTI|CEWDV.






Kepararo 5

Ilivakeg (arrays)

5.1 Ewoayoym

Suyva, KOTE TNV KOTOOKEVT EVOG TPOYPAULOTOS, £XOVUE UETOPANTES TOV 1010V TVTTOV TTOV
BéLove Vo OLOOOTOGOVUE. AVTO EMTVYYAVETOL [LE TNV JOUN TOV Tivaka. AOUNUEVY] NETO-
BAnt1 (structured variable) Aéyeton  petafAnt mov pmopel vo amodnkevel por GLALOYY Ao
Tipég dedopévarv. Katd avturapddeon pe tov amdd tomo (int, char, bool, REAL), 0 TOTTOG piaG
dounpévng petaPantig Aéyetor dounpévog Tomog dedopévov (structured data type). ‘Eva mopd-
detypa elval o wivakag (array). O wivaxkog propet va amodnkevel pio. cuALOYN amd TIES dedO-
LEV@V.

O mivakag etvor por petafint pe deikteg (indexed variable) mov pmopet vo amodnkevet
TOALG oTol el TOV GG Exovv OAa ToV 1010 TOmO. [1Y. avti va ypnoiponotodpe 5 petafAntég
a0, al, a2, a3, a4 fa PTOPOVCALE VO ONADGOVE:

int a[5];

Topa Exovpe éva duvatd epyadeio ota yépta poag. Mmopovpe va avoaeepbolie € 0TO1001-
TOTE GTOLYELO TOL TTivaKa YpnoLpomoldvtag .. a[ 3], emmAéov Opmgkoali], a[i+1],a[i-k],
KA.

H dnAwon mvékov yivetor akpipog 6mmg Kot 1) SNA®GCT amA®V HETARANTOV, OU®G LETA TO
Ovopa Tov ivaka TomofeTovpe HEcH o€ 0yKOAEG TO TAN00G TV ototyeimv Tov. [1pocéste 6TL N
apiBunon tov petafAntodv Eekvaetl amd To pnoéy Kot oyt amd to Eva. Ot empépous petafAntég
TOV TOPATAVE Tivoka etvarotal0],a[1],a[2],a[3],a[4]. Aevurdpysta[5] kot eivar AdBog
V0L TO YPNGLLOTOU|GOVLLE.

O 10mog otoryeiwv tov mivake umopel va givar omotoodnmote Pacikdg TOmog (int, char,
bool, REAL) KaO®dG Kot KATO10G AAAOG TOTTOG TTOL £XEL OPIGEL O YPNOTNG 1 KATOL0G SOUNUEVOC
TOM0G. Mepikd mopadelypato SNAMONE TVAK®OV:

REAL a[10], x[100];

int b[20];
char c[30];

[No va exyopnoovpe TIHES 6ToL GTOLYEID TIVOKO LTOPOVLE VA YPOWOLLLE:

95
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al[l1] = 4.2,

a[2] = 2.9 + x/2;
a[3] = READ_REAL();
a[9] = a[1];

b[2] = b[2]+1;
c[26] = 't’;

[Tapatnpodpe OTL N EKYOPNON TIMOV 6T oTOLYElN TTivaKa YIVETOL OTTMG aKPPDOS Kot OTIG
amAéc petaPAnTéc.

[No va dovpe, SpmG, TOPO TMOG EKYWPOVUE TOAAES TILEG GE EVA TTVAKO 0Tt TO TANKTPOAOYL0
(SwaPacua mivaka).

Ocwpovpe 0Tt £yovpe Tov mivaka int a[100] ;. To diPacua déka akepainy Kot N EKY®-
PNOT TOVS GTO SEKO TPMTA GTOLYEID TOV TOPATAVE Tivaka YIVETOL ¢ EENG:

FOR (i, © TO 9) a[i] = READ_INT();

Mmnopovpe eniong vo YPNCILOTOUCGOVUE TOVG EENG EVOALAKTIKOVS TPOTOVG dloAGHATOC
TOV TivaKoL:

* Edo mpmta dtoPdletar o péyebog tov mivaka (n)

n = READ_INT();
FOR (i, © TO n-1) a[i] = READ_INT();

* Edd ypnopomoteitar  yevdoegicodog x = 0 wg ocuvOnkn teppatiopod (g onuetmdel
OUMG OTL OEV VITAPYEL EAEYYOG LITI®G O ¥PNOTNG Ooel mepiocdtepa and 100 otoryeia: og
QTN TNV TEPITTMOT TO TPOYPOULO B0 TEPUATIOTEL e LHVOLO GPAALOTOG)

X = READ_INT(); i=0;
while (x !'= 0) { a[i] = x; 1 = i+1; x = READ_INT(); }

5.2 IlgprocidTEPa Y10 TOVS TIVOKES

Yvvnoiopéveg TpAEelg Kot EVIOALS:

* a[k] = a[k]+1;
To mepieyopevo al k] tov mivaka otnv k-ootn Béomn avihveton katd 1.

* a[k] = a[0]+a[n];
To otoryeio a[k] Tov mivaka TPOKOTTEL WG AOPOIGHLA TOV N-0GTOV KOl TOL TPADTOV GTOL-
xelov Tov mivaka.

* FOR (i, © TO 99) WRITELN(a[i]);
EnavaioapBdver tnv evioAWRITELN(a[i]) 100 popég eppavilovtag otnyv 006vn ta 6Tot-
yela Tov mivoka amd a[0] wg a[99], éva o KGO Ypopuun.
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* FOR (i, 0 TO 99) a[i] = READ_INT();
EnavaioapBdvel v eviod] a[i] = READ_INT(); 100 @opég yepilovtag Tov mivako amod
a[0] wga[99] ue Tyég amd o TANKTPOAdY10, pic amd KAOE Ypopun.

* af[k] > a[k+1]
Amotipdral n £ékppaon (expression): “etvar to k£-00T0 6TOUYEIO TOV TiVOKE @ LEYUADTEPO
TOV €MOpEVOV GToLYElOL TOL B0V Tivaka;”

* Apywkomoinomn (ne punoevika) evog Tivaka,

FOR (i, © TO 9) a[i] = 0;

* Evpeon ehayiocTov dedopuévov

X = a[0];
FOR (i, 1 TO 9) if (a[i] < x) x = a[i];

5.3 TI'pappikn avalitnon

[Topdoerypa:

Avalmon apiBuod cg LovodldoTaTo TivaKo:

PROGRAM { // linsearch
int x, n, a[100];
// drreg oniaaelg
/] Titdog emikepalioo,
/] oonyieg ato ypnotn
X = READ_INT();
// ofaoua tov mivako
// waluo atov mivoka yio. Tov X
// mwopovaiocy amoteAeouaTOV

}

Mia duvartr cuykekpipevomoinon yua “odfacpa mtivaka, WAELO, TapovGiooT) AToTELEC LA
TV’ glvar Kot 1 akoAovon:

* n = READ_INT();
FOR (i, ©® TO n-1) a[i] = READ_INT();

i=0;
while (i < n AND a[i] != x) i=i+1;

if (i < n) WRITELN(”To Bpnka otn 6¢on”, 1i);
else WRITELN(”Aev 10 Bpnka”);
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EvoAlaxtikoi tpomot yio tnv avaltnon otov mivaka Kol Topovsioon:
e i=0;

do if (a[i] == x) break; else i = i+1;

while (i < n);

if (1 < n) WRITELN("To Bpnka otn 6&on”, 1i);

else WRITELN(”Aev 10 Bpnka”);
*i=0;
do if (a[i] == x) found = true; else { found = false; i = i+1; }

while (NOT found AND i < n);

if (found) WRITELN(”To PBpnka otn 6&on”, 1i);
else WRITELN(”Aev 10 Bpnka”);

* i = 0; found = false;
do if (a[i] == x) found = true; else i = i+1;
while (NOT found AND i < n);

if (found) WRITELN(”To PBpnka otn 6&on”, 1i);
else WRITELN(”Aev t0 Bpnka”);
i =20;
do { found = a[i] == x; 1 = i+1; }
while (NOT found AND i < n);

if (found) WRITELN(”To Bpnka otn 6&on”, i-1);
else WRITELN(”Aev 10 Bpnka”);

PROGRAM { // linsearch
int x, n, a[100];

int 1i;
WRITE(”Ance TOV 0plBud mou BEAerg va Bpeig: ”); X = READ_INT();
WRITE("”A0ce TO TMANBGOC Twv otolxetlwv Tou mivaka: ”); n = READ_INT();

WRITELN(”Ance ta”, n, "otoixela tou mivaka:"”);
FOR (i, © TO n-1) a[i] = READ_INT();

i=0;
while (i < n AND a[i] != x) i=i+1;

if (i < n) WRITELN(”To Bpnka otn B6¢on”, 1i);
else WRITELN(”Aev 10 Bpnka”);

H pébodog avalnmong oe mivako Tov YpnoLUoTooape AEYETAL YPUPUIKY avali)tnon,
yoti SuvnTika TpEmeL vo eheyyBovv OAa Ta oTory el Tov ivaka (1 Tov apldud) Kot apa. omo-
ToOVTOL SVYNTIKA an + b PrAuata, 6mov a, b otabepéc (taén peyébovg n dniadn O(n)).
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5.4 Avoeowi) avalitnon

Yrhpyet OLm¢ Kot o yp1yopog tpdmog avalnnons n ovaotkn avalntnon (binary search)
mov yperdletar duvntikd a log, n + b vmoloyiotikd Prpata, (O(logn) N taén peyébovg logn),
etvar dniadn oAl mo ypryopn péBodog ya peydra n. [Ipodmobétel dpwg 611 0 Tivakag &i-
vat Non tagwounpévog, m.y. o€ avgovoa ddtatn. H yevikn 10éa eivar “owaiper kot kvpigve”
(divide and conquer): Atapodpe Tov wivako og 6vo piod, eAéyyovpe (GLYKPIVOVTOG e TO pE-
caio otolyeio) og mowo oo Ba mpémel va eivar 0 X Kot VTOSPoVUE aVTd TO PEPOS TAAL GE
dvo wod, k.0.k. Emedn oe kdbe emavdinyn o mivakog poipaletor ota dvo Kot cuveyileton M
avannon o6to £va. amd o dLO UIGH, EAV TO APYIKO UNKOG Eival 72, 1| avaliTNoT TEAEUDVEL GTNV
xeWPOTePN mepintwon (worst case) o log, n enavainyelg (oto &N Ba yphpovpe amid logn
avti v log, n).

Inueidvoope 0@ 6Tt 0 AoyapBpog pe Baon 2 evog aplBuon eivat (YOVIpKA) To UAKOG TNG
SVASIKNG TAPAGTAGNG TOV Kot OTL 1] dtaipeon evOg SLOSIKOV Ol 2 IGOOVVALEL LLE OTOKOTY|] TOV
terevtaiov Tov bit. AkohovBel Tpoypappa dSvadikng avalntnong:

PROGRAM { // binsearch
int x, n, a[100], i, first, last;

WRITE("”A®cE TOV OplBpO mou B€AELg va Bpelg: ”); READ_INT();
WRITE(”Ace 10 TMANBOC Twv otolxXelwv Tou mivaka: ”); n = READ_INT();
WRITELN(”Awoe ta”, n, "otoixeia tou mivaka oe av&ouvoa celpd:”);

FOR (i, © TO n-1) a[i] = READ_INT();

// Owaiper kou yaoyve!
first = 0; last = n-1;
while (first <= last) {
mid = (first + last) / 2;
if (x < a[mid]) last = mid-1;
else if (x > a[mid]) first = mid+1;
else break;

}

/] amoteléauata
if (first <= last) WRITELN(”To Bpnka otn 6&on”, mid);
else WRITELN(”Aev 10 Bpnka”);

Ag 000E OVO EKTELEGELS OVTOD TOV TPOYPAULATOS:

* 'Eoto 011 £rovpe dtofdoel amd 10 TANKTPOAOYLO TNV TOPAKATO SOTETOYUEVT) CEPA N =
10 axépormv apOudv:

3 15 17 21 29 31 37 39 45 55
Kot £€0T® 0Tt avalnrodpe tov apBud x = 37. And tov mapoakdto mivaka yvov (trace

table) mapatnpovpe TN S10d0y TILOV TV HeTafAntov X, first, last, mid, a[0], a[1],
...,a[9]:
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x | first | last | mid | a[O] | a[1] | a[2] | a[3] | a[4] | a[5] | a[6] | a[7] | a[8] | a[9]
421 0 9 3 15 17 | 21 | 29 | 31 | 37 | 39 | 45 | 55
5 4
6 7
6 5
6

KOl TO OTOTEAEGLOL TOV EKTLIIMVETOL EVOL:

To Bpnka otn B€on 6

* Av avtifeta avalnrodoape Tov aplud x = 42, o avtioToryog Tivakog yvov Bo nTov:

x | first | last | mid | a[0] | a[1] | a[2] | a[3] | a[4] | a[5] | a[6] | a[7] | a[8] | a[9]
370 0 | 9 3 | 15 | 17 | 21 | 29 | 31 | 37 | 39 | 45 | 55
5 4
8 7
7] 8

Kol T0 amoTéAespa Oa Tav:

Agv TO BpAKa

5.5 IToAvora6TOTO TIVOKES

"Evog mivakag pmopet va €xet OGS Kot TEPIGGOTEPES OO i S10GTAGELS. ZvviOmG, YpPNOLO-
TO10VUE d101d0TaTOVG TTivakes. 'Evag didtdototog mivakag opiletar Balovrag 600 {evyn ayKvidv
ot MAwon Tov. To TpdTo avticToryel 610 TANBOG TOV YPAUUDY EVD TO deVLTEPO GTO TANHOG
TOV GTNADV.

int a[10][16];

Opioape Omradn Eva mivaka dVo dactdoewv, Tov &xet 10 ypappés (pe ogikteg 0 emg 9) kon 16
otAeg (pe ogikteg 0 €wg 15).

H ypnon, tpodcPaon (access) yiveron pe a[i][j]. (IIpocoyn: Oyt pe afi, j] to omoio eivon
oNUACIOA0YIKO AdBoc otn C++!)

Mmnopovpe va defacovpe ta otoryeio evog mivaka amd To TANKTPOAOYI0 Eva TPOGS £Vl ..
oG £§Ng:

FOR (i, 0 TO 9)
FOR (j, © TO 15) a[i][j] = READ_INT();

Me tov mapandve tpomo dtafdlovpe Eva-Eva ta otoryeio Tov mivaka, ekvovtog and To
oTOYED TG TPMTNG YPOUUNG, oTn cuvéyeln oafalovpe tor oToryEior TG OEVTEPNG YPOLUNG,
K.0.K. LEYPL KOL TNV OEKATN YPOLLUT.
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Yvvnoiopéveg TpAEelg Kot EVIOALS:

alk][m] + 1;

afk][m]

* a[k][k] = a[i][k] + a[n][k];

« FOR (i, © TO 99) FOR (j, © TO 99) a[i][j] = READ_INT();
AwBaletar o Tivakag amd 10 TANKTPOAdY10.
* FOR (i, 0 TO 99) {
FOR (j, O TO 99) WRITE(FORM(a[i][]j], 4));
WRITELN();
}

EpeaviCeton o mivaxog otnv 006vn.

5.5.1 IToihomraowoopog mivakov (matrix multiplication)

"Exovpe éva mivaxa a, S0ctdoewv m X n kot £vo tivaka b, dtuctdoewv n X q. O wivakog ¢
7oL Ba TPOKHYEL OO TOV TOALUTAAGLUGHO TOV dVO QVTOV TIVAK®OV Ba £l S1UCTAGELS M X ¢.
To otoyeio ¢;; tov mivako diveton omd Tov TOTO:

n
Cij = E it brj
k=1

A y
. n

m i m

O avtioTor0g KOAKAG TOL dlevepYel TOV TOALATAAGLOGHO diveTal Tapakdtw. [Ipocoyn oto
yeyovog 0TL 1 apibunon tov ypopuov Kot Tov otnAav otn C++ Eekvd amd to undév ko oyt
amd 10 éva (0nwg cuvnOmS ota LaONUATIKE).

REAL a[m][n], b[n][q], c[m][q];

FOR (i, 0 TO m-1)
FOR (j, 0 TO g-1) {
c[i][3] = o;
FOR (k, © TO n-1) c[1][]j] = c[i][j] + a[i][k]*b[k][]];
}
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5.5.2 Maoywka teTpayova. 10 9] 3[22]16

17111] 5| 4123
Moyik6 tetpaymvo Afyetar £vag 010140ToTog Tivakag, ueyé- 4181121 61 0
Oovg n X n mov mEPEYEL OAOVG TOVG PLGIKOVG APOLOVG ATd 112019113 7
70 0 puéyprkarto n? — 1 kar &xel v 181010, T0 AOPOIGHO. TV ST 99111514

YPOUUDV, TOV CTNADV Kol TOV doyoviov vo givat otabepo.
n=135, aBpocua =60

Mo ™V KeTaoKELN HOYTIKAOV TETPAYOVOV LE TEPITTO N LIAPYEL £VOC OTAOS OAYOP1OLOC:

H tomoBémon tov apBudv otov mivaka yivetat pe avéovca Gelpd.

Apyilovpe, Totobetmvtag Tov apBpd 0 otn pecaio ypoppn g teAevtaiog oTnAnG. X ov-
VEYELOL KIVODLLEVOL TTPOG TOL KAT®™ Kot §eE1é TomofeTovpe Tovg apduoig 1,2, ... n? — 1 otig ddeteg
0éce1c Tov cuvavtape. Av kotd tnv kivnon pog Pyodue E€m amd 1o KAt PEPOS TOV TVaKa TO-
mobeTovE TOV OPIOUO GTNV TPAOTN YPOUUN THS avTioToymg othAne. Ouoimg, av Byovdue amd v
de€1d peptd Tov mivaka tomrofeTode Tov aplOUd GTNV TPOTN GTHAN THG AVTIGTOLYNG YPOUUUNG.

TéMog, av KAmo10 TeETPAY®VO £lval N1 KATENUUEVO 1 av Byodpe amd Ty KAt de&1d yovia
TOV Tivakoa, o aplBpnog Tomobeteitan aploTepd amd TOV APEGMOS TPONYOOUEVO aplOud.

3
0 0 0 0
1 1 1
2 2
3 3 3 3
4 514 514 514
0 0 6|0 610
1 1 1 1 7
2 2 2 2
3 913 10]9 3 10]9 3
514 5/4 514 11154
6|0 60 6|0 6|0
1 7 1 7 1 7 1 7
8|2 8|2 8|2 2

To mapakdto Tpdypappo NTAEL Amd TOV YPNOTN TV TN TOV 1 (TOV TPENEL VAL EIVOIL TEPITTOG
ap1Ouog amd 1o 1 €mg 1o 19) Kot eKTLTMOVEL £voL PLaYIKO TETPAY®VO peYEBovg n X n.

PROGRAM { // magic
int a[19][19], i, j, k, h, m, n;

WRITE(”Give an odd number (1-19), n = "); n = READ_INT();
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i=n/2; j=n; k=0;
FOR (h, 1 TO0 n) {
j = 3-1; a[i][j] = k; k = k+1;
FOR (m, 2 TO n) {
j = (3+1) % n; i = (i+l) % n;
a[i][]j] = k; k = k+1;

FOR (i, ©® TO n-1) {
FOR (j, © TO n-1) WRITE(FORM(a[il[jl, 4));
WRITELN();

5.6 AALLOL TOKTIKOL TUTTOL

Amoap1Buntotl tHmot

Anddvovton omd epdc omaplOudvtag OAeC Tig dSuvatég Tnéc. H dudtaln £xet onuaocio.
e enum fruit { appricot, apple, orange, pear, banana };
fruit f = apple;

if (f == banana)
if (f >= apple AND f <= pear)

* enum color {white, red, blue, green, yellow, black, purple};
enum sex {male, female};
enum day {mon, tues, wednes, thurs, fri, satur, sun};

enum operator {plus, minus, times, divide};
enum boolean {my_false, my_true};

Kavéva 6vopa dev pmopel va eppaviotet oe 0o ONAmoelg Tommv. ['a va SnAdcovpe pio pe-
TaBANTN amaplOunTov TOTOL UTOPOVE OTAG VO XPNCUYLOTOMGOVLE TO GVOLO TOV ATaPlOUnTon
TOTOVL, T.Y.

color c = green;
day today = mon;






Kepalaro 6

AprOunTikotl vroroyiopol

6.1 Ewoayoym

Oa acyoAnBovpe He TOV XEPIoUO TPOYUATIKOV TIUOV KOl YEVIKA LE oplOunTikohg VToAOYL-
GLOVG,.

O tOmO¢ REAL S10pEPEL 0O TOVG AALOVG OTAOVG TOTTOVG 6TO OTL OeV elvar TakTiKOG (ordinal).
Ot mpaypatikol apBpol (Yevikadg) dev maptotdvovtot e akpifelo aAld e Kamolo Tpooeyyl-
OTIKN TN vIdpyel dopopd petald dakpitov (discrete) Kot cuveydv (continuous) peyeddv.
[No va Tapactcov e TPpayHatikovg ypnotporotoiLe ite otabepd onpeio vrodtactoAng (fixed
point) 1 ktvntd onueio vrodwuotoAng (floating point). Ztn devtepn mepinTmon, N TapdoToon
amoteAeiton amd dvo aképata pLEpPN: Tov ekbétn (F, exponent) kot tn pavtico (M, mantissa). H
T ToL TpaypaTikod aptduov eivar M x 107,

Av mpocBétovpe (1] yevikd kdvovpe aplOunTikKéc Tpaselg pe) aplBpovg mov dapEPovy on-
HavTikd o€ TéEn peyébovg, cuvniBwg mpokvIToLY OPOUNTIKA AGOT, TT.Y.

1000000 + 0.000000001 = 1000000

H ouvéptnon round(x) divel tov TANGIEGTEPO AKEPALO (GTPOYYLAOTOINGT), EVD M trunc(X)
T0 OKEPOLO PEPOG TOL = (amoxomnn). Ot cuvaptioelg floor (x) kot ceil(x) emoTpEPOLY AVTi-
OTOL(0L TO LEYOAVTEPO OKEPALO TTOL OEV VILEPPAIVEL TO X KO TO PKPOTEPO OKEPALO TTOV OEV LTTO-
Aeimeton tov x. To floor (x) deépel amd To trunc(x) av o x givor apvnTikdg aptBude.

6.2 M£0000C VTOAOYIGHOV TS TETPOYOVIKNG pilog

Oa avartoéovpe Evay ahyopOpo yio va Bpickovpe TV TETpayVIKn pilo VOGS Tpary LA TIKOD
aplOpov  (Yopig va YPNOUYLOTOGOVUE TNV TPOKOOOPIGUEVT) GUVEPTNON Sqrt).

‘Eoto y wo pocsyyion g v/ and kato (nhadn y < +/x). Tote n 2 Oa givon emiong
TPOcEYYIoN TG /2 aAAG and Thve (dniadn 2= V). Kat ovtiotpoewg: Av y > +/z, 1018
% < V2. T va Tapovpe pia KOADTEPN TPOGEYYIoN, SYNUATILOVUE TOV HEGO OPO AVTAOV, SNAadh:
s+ 2.

Me avt ) Bactkn 1éa, 1oL 0 adydpiBpog:
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Apyilovpue pe o orotadnmote mpocéyyion (éotm m.y. 1). [Tapdyovpe o akoiovbia Tindv
y; (emavarapfdavovtag v mapamdve 1éa) tov Tpoceyyilovy ) pilo tov X: yo = 1 Ko 4,11 =
l( 4z
2 Yi - yi)

Hopadetypo: V37 = ~6.0827625. Tipée tov ¥ 19 F ~10.473 F ~7.003 + ~6.143 +
~6.08306 F ~6.08276 - . ..

nueioon:

H péBodog avt etvar yvoot| og pébosog tov Bapviwviov yio Tov vmoAoyioud g teTpa-
yovikig pilac. Kataypdonke yio mpdtn @opd ota ypoartd tov Hpwvog tov AleEovopémc, mov
é0noe tov lo pu.X. audva, Kot yU' avtd cuyva ovopdleton kot og pébodog tov ‘Hpwva. Efvar gt
O mepintmon g (Hetayevéotepng Katd 16 aumveg) yevikodtepng peboddov Newton-Raphson,
n omoia mpooeyyilel pe ovykAivovsa akolovBio pia pilo omolanconmote e€icwong tov THTOV
f(x) =0, 6mov 1 f eivan cvveyng suvaptnon. Edd emdéyovpe f(y) = y* — x yio 3008V .

YAomoinon pe xpnomn cuvapTnong:
FUNC REAL sqroot (REAL x) {
const REAL epsilon = 0.00001; // IE-5
REAL older, newer = 1;
do {
older = newer;
newer = (older + x/older) / 2;
} while (NOT ( /* ovvOnkn tepuotiouod */ ));
return newer;

}
Topa 8o culnoovpe 1 GLVONKN TEPUATIGLOD LITOPOVLE VO YPT|CLLOTO|COVLIE.

EvoAlaxtikég cuvOnkeg teppatiopon

1. Mg petpnt (n=0; Ko n=n+1; og kabe enavdinymn, while (n <= 20)). Meovéktnua:
"Evog amolvtog aptOuog eravarnyewv divel vtep oAtk akpifn 1 aveETapKOS akpiPn Tpo-
céyylon Kot ovt e€optdton amd To peEyedog g €166060v.

2. newer * newer == X: ZNUOGLOAOYIKA AavOacuévn cuvOnkn. Ot Tpaypatikoi apiBuol
amofNKeLOVTOL KATO TPOGGEYYIGT KOt (PO Y10l TPOYUATIKOVG OEV £XEL VOTLLL 1] GLVONKN
a=>b@nladna —b=0)0AAda — b < e | pdAhov | a — b |< €, Gpa:

3. fabs(newer * newer - x) < epsilon. Amdivtn cvykhon. Opwmg, mhAtl, N oot T
g TpoccEyyiong eEaptdtat omd To péyebog g 16630v.

4. fabs(newer * newer - x) / newer < epsilon. Xyetikn cOykiion. Todpa kaAdTepa.
AL Y100 TOV DTOAOYIOTY] £XEL VOT|LLOL VO, SIOKOWOLLLE TIG ETOVOANYELS OKOUT] Kot €0V OEV
elpaote Kovtd ot pila, EPOGOV SVO SLUOOYIKEG TPOCEYYIGELS OEV SLOPEPOVY G LOVTIKA.

5. fabs(newer - older) < epsilon. Amdivtn ovyKkAion katd Cauchy.
6. fabs(newer - older) / newer < epsilon. Xyetikn oOykion katd Cauchy.

7. Zuvovaopol omd T Topanive, Ty, 1 Kot 6.
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6.3 IIpokaBopiouéveg cuvapToELS

Tomog

2UVOPTNOELS ToOmog opiopatog anoTEAEGIaTOC oo
abs, fabs int, REAL d10¢
(amoAvTO)
sin, cos, exp, log, sqrt, atan REAL REAL o€ OKTiVIO
(u) (ovv) (exb) (log) (piCa) (t0&e9)
trunc, round REAL REAL

floor, ceil

6.4 YToAOYIONOG TPLYOVOUETPLKAV GUVUPTI|GEMV

Hopaderypa: Ymoloyiopdg suvnutdvovu pe to ovamruypo Taylor

o0 2
;T
cos(a) = -V’
2i+2 2i 2
—i (<) — [(—1)i= =
vei=it L )M e = T Gl e e
2
OUVENAOC: n =n + 2; newterm = —oldterm x

nx(n+1)

FUNC REAL mycos (REAL x) {
const REAL epsilon = 1E-5;
REAL sgx = x * x, term = 1, sum = 1;

int n = 1;
do {
n=n+2;
term = -term * sgx / (n*(n+1));

sum = sum + term;
} while (abs(term/sum) >= epsilon);
return sum;
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Avaopoun (recursion)

7.1 Ewoayoym

Apketd TpofAnuato Avvovtat edkoAo e TN forfela avadpoutKdv S1od1KaGLOV 1 avadpo-
HIKOV GUVOPTICEMV.

Avadpopukég S10d1kacieg 11 CLVOPTNOELS £Vl OVTEC TOL KAAOVV TOV £00TO TOVG pio 1] Kot
TEPLGGOTEPEG POPEG TPOKEYEVOL VO ADGOVV GYETIKO LITOTPOPANLLATA.

210V 0p1opd NG OVAOPOUIKNG SL0OKAGTOS SLOTIGTAOVOLLE OTL TO aPYIKO TPOPANLA O106TA-
Tl € KPATEPO TPOPANUATA TOV 1010V THTOV UE TO aPYIKO.

H péboodog g avadpoung, yio mopdoetypa, umopel va xpnoonombet yio tnv evpeon Ohwv
TOV TOPAyOVI®V £vog aptBpov. To amiodotepo mapddetypa eivatl 0 VITOAOYIGUOS TOV (Taparyo-
VTIKOV TOV 1) n!l:

nl=nxn—1)xn—2)%--x2x%1

Avadpopkdg opltopog:

o =1
(n+1)! = (n+1)=*nl, Vn e N

7.2  YmoAoYIGHOG TTOPAYOVTIKOV

H ocvuvéptnon mov ypnoipomotodpe eivor avadpoptkt|, apov kaiet Tov eavtd g (pe pkpod-
TEPO OPIOUNL).

FUNC int fact (int n) {
if (n==0) return 1; else return fact(n-1) * n;

¥

Kion: if (n>=0) result = fact(n);

BAémovue 611 010 copa (Eviorég) ™ cvvaptnong fact vrdpyel KANon awtng g 010G
g ovvdptnong fact (Yo pkpotepn Spmg mapapeTpo). Otav 1 eKTELEST] TOV GOUATOS POAGEL
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070 onueio avtd, TOTE dPACTNPLOTOIEITOL VEO OvVTiYpaPO TG cuVApTNoNG (1] dtdikaciag avTl-
oTolY®G). Anhadn KAt TNV eKTEAEOT] TPEMEL O emMeepyacTng va BupdTat, yio TV ETGTPOPT,
Oyt povo og moto onueio £ytve  KAon g dadikaciog (1 cuvapTNong), GAAA Kol amd Tolo
avtiypao (m.y.) avtng. Anpovpyeitat €1t po otoifa (stack) amd avtiypaea g dwadkaciog.

Mopaderypo:

"Eoctm 011 6éhovpe va vtorloyicovpe TO TopayovTikd Tov akepaiov 3, TOTE:

To kvpimg mpdypappa koel fact(3) ovveyilet vToAoyIGHOVE.

1. fact Kaksiifact(2) ovveyilel Tov thokoylcué, eMGTPEPEL 6
2. fact K(l?\.Si\l%aCt(l) ovveyilel Tov vIco?»oytcu('), EMOTPEPEL 2
3. fact K(xkaiifact(O) ouvveyilet Tov DIcokoytcu('), emotpépet 1
4. fact vnokoiyiga fact(0) — emotpépet 1 —j

Agv apxel avadpoptky] Ao, TpEmel va vITdpyel Kot EAEYXOG TEPUATIGLOV. Mia dtodikacio
oL KaAel Tov eaTd TG e’ dmepov givar (cuvnbwc) dypno.

7.3 ApwOpoi Fibonacci

Ot apBpoi Fibonacci opifovrat avadpopukd g e€ng:

Foio=F,+ F,1, VneN

FUNC int fib (int n) {
if (n==0 OR n==1) return n; else return fib(n-1) + fib(n-2);
}

Kion: if (n>=0) result = fib(n);

Av10 givor mopdoetypo un amodoTikng xpnong g avadpounc. Iapokdto eaiveton 1o 6¢-
VIPO KANCEWMV TN GLVAPTNONG Yo TOV VITOAOYIGHO Tov Fib(5). I1oceg popég voAroyileTon 1
TN g fib(1);
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fib(5)

ﬁb(él)/\

fib(3)
/\ /\

fib(3) fib(2) fib(2) fib(1)

fib(2) fib(1) fib(1) fib(0) fib(1) fib(0)

N

fib(1) fib(0)

7.4 MEYI6TOS KOWVOS O1apETIG

Avadpopukn viormoinomn tov EvkAeidion AdyopiBuov:

FUNC int gcd (int i, int j) {
if (i==0 OR j==0) return i+j;
else if (i > j) return gcd(i%j, j);
else return gcd(i, j%i);

7.5 Muw ovvaptnon tapopora pe avtiy T0v Ackermann

Ag do0pE pia cuvapTNon Tov opileTal He TO TEPITAOKT AVAOPOUN:

Z(i,j,O):j—i-l, Z(i,O,l):i, z(i,0,2):O, Z(i,O,n+3):1,
2(i, 7+ 1,n+1) = z(i,2(i,4,n+ 1),n), Vi, j,n € N

FUNC int z (int i, int j, int n) {
if (n==0) return j+1;
else if (j==0)

if (n==1) return i;
else if (n==2) return 0;
else return 1;

else return z(i, z(i,j-1,n), n-1);

}

KMon: if (i>=0 AND j>=0 AND n>=0) result = z(i,j,n);

[Ipoonabnote va vmoloyicete z(2, 3, 4).
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7.6 AporBaio (tavtdypovn) avadopoun

Kavovikd éva vrompdypappa emtpémetor vo KAnOet edv Exet nom oniwbel. Qotdco, vap-
YOV TEPIMTAOGELG TOV OVO LTOTPOYPAUUATO OAANAOoKaAOVVTOL: aVTO Aéyetanl apolPaio avo-
dpoun|. X C++, n apoPaio avadpoun vrootnpileTar Ypaeoviag TNV KEPOAN TOV dEVLTEPOL
VIOTPOYPAUUATOS (XWPiG TO GO TOV) TPV 0o TO TPMOTO LIToTpdypoppo. H idia kepain mpo-
QOVOG emOVOAOUPAvETOL PETH, OTOV 0pileTal Kol TO GMUM TOV SEVTEPOV VITOTPOYPELLLOTOG.
OAAG Ko petd, padi e To oo Tov.

FUNC int f2 (int n); // function prototype

FUNC int f1 (int n) {

if (n==0) return 5;

else return fi(n-1) * f2(n-1);
¥

FUNC int f2 (int n) {
if (n==0) return 3;
else return fi(n-1) + 2*f2(n-1);

YroAoyiote 10 F2(3).
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OpOomta

8.1 Ewayoym
Onwg éyovpe MM e€nynoet, dtakpivovpe tpia enimeda opHOHTTOG:

* YUvTOoKTIKT 0pOoTNTO.
* Nonpoatikn opfotnro.

* Ynpoaocoioyikin opdotnro.
>to mpoypappata C++ o compiler eEAéyyet Ta dvo TpdTO ENimeda opOOTTOC. TT.)X.

* Agv pog emrpénet va mopalelyovpe o AyKioTpo TOV TEPIKAEIOVY TIG ONADMGELS KOl TIC
EVTOAEG €VOG UTAOK. (GUVTOKTIKA AGOM)

* Agv pog emrpénet vo Tpochiécovpe 67 Evav apluo Eva ypdupa tov oAgafrtov. (vonua-
TIKA AGON)

Ed® 8o cu{ntoovpe mepIoGOTEPO V1o TI GNUOGIOA0YIKT 0pBOTNTO, TOL PLGIKA EAEYYETAL
OYETIKA e KAamoleg Tpodiaypapés. To tpito eminedo opBOTNTOC EAEYYXETONL L DOKIUEG (testing) 1)
pe emainBevon (verification).

®a cv{ntoovue v emoindevon opBoTNTOG VITOTPOYPApUAT®Y, 01 LEBOdOL, OUMC, EPap-
puolovrtan yevikd Kot 6€ OAOKANPOL TPOYPALLLOTOL.

[evik®g, emdidKovVUE £va TPOYPOUULLO VO EXEL OTTAT] OOUT], VO ATTOTEAEITAL OITO OOLKA GTOL-

xela (building blocks), vrompoypdppata exavaypnoyonotovpeva (modules) yio ta omoia £xet
yiver 101 awotnpn emainBevon opBoTnTOC.

[Mog pmopobpe va amodeiovpe Ot pra dadikacio 1 omoio GYEOAGTNKE Yo (ol AsrTovpyio
TPAYUOATL TV VAOTOLEL;
[Mapdderypa:

Na emainbevoete OTL TO TOPAKATO VTOTPOYPOLLO VTOAOYILEL TO YIVOUEVO OVLO PLGIKMV

aplOpoV.
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FUNC int mult (int x, int y) {
int i, z = 0;
FOR (i, 1 TO x) z = z+y;
return z,

¥

Ioyvpropog: H cuvaptnon vworoyilel Tpdypatt To YIVOUEVO dV0 PLGIKMV OPIOUMV.

[Tog pmopode va, Befarwbovpe dtL aAnbevel o 16 LPICUOG;

o) Le doKInEG:

1. extéleon pe To YEPL Yo O18PopeS TIHEG, Tivakag yvav (trace table) m.y. mult

X|y| z|1
516 0
6
12
18
24
30

hn B~ W N =

2. Eumepwn dokun pe extédeon amd tov H/Y yuo dibdpopeg Tiéc. (Ze peyoalvtepn
Swdwacio Balovpe ko unvopato €600V Yoo EAeyyo g pong). Ot dokiuég giva
YPNOUES Yo vo. Bpiokovpe AaOT. Agv eivan Opmg EexdBapo mTOGEG OOKIUEG TPETEL
va Kavoupe yio va feParwbovpe 0Tt To TPHYpappa Eival GmGTO.

B) Oswpntikn pébodog: Madnpatiki eraifgvon opdotntos.

Avti Yo ouyKekpipéveg TIHEG Omwg ot 1EB0do (), €00 OOVAEVOVUE LLE CUYKEKPIUEVEG
WOOTNTES TOV YOV 1 KO GYEGELS LETOED TOV TYL®V, 01 onoieg ovoudlovtal fefarmcsrs
(assertions), Kot woyvovv Tavta 6tav 1 diepyacio (process) TAveL GE £va OPIGUEVO ON-
peio. Xy mepinton enavainmtikov Bpodyov, N efaimon oty apyn TOL GOUATOS IoYVEL
TvTo OTav 1 JlEPYNsia OTAVEL (Kot TAAL) GTNV 0pYY] TOL COUATOS KOl AEYETOL AVOALOT-
o1t BePaivwon Bpodyov (loop invariant assertion).

Zovoypdeovpe To TpOypappa pe oxOdAla-apBpovg oto onueio wov Bo fdrovpe Pefardoerc:

FUNC int mult (int x, int y) {
int i, /*1% z = 0; /*2%
FOR (i, 1 TO X)
/*3%) z = z+y /*4*/;
/*5*%/ return z;

3

2T0 SUUYPOLLLLOL TTOL OKOAOVOEL TEPLYpAPOLIE OAOVG TOVE SLVATOVS TPOTOVE POTIC TOVL TPO-
YpaupaTog:
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” Eicodog

* Metd v apykomoinon, Tpv Tov fpdyo

Avorhoio péoa 6to Bpoyo (apyn)

9 Méoa 6o Bpdyo (TEhog)
©

-~ "E€odog

[Tapatnpnon:
‘Eoto 2o n apyun Ty tov z. H petafint z petafdariieron and 1 for loop mg e&ng:
(’Yl(l 1= 1) 21= 2o + Y
(vwi=2)z=2+y
(vwi=3)z3=20+y

(Vwi=n)z,=z,-1 +y
Me np6cbeom katd péAn €xovpe: z; = 2, + Y * i, Apa z; = y * 1, 010TL 25 = 0.
Ot BePorwoerg etvar:
/1.2 >0,y > 0: BeBaioon eic6d0v. */
/¥2.x2>0,y>0,2=0.%
$3.2>0,y>0,z=yx (i —1) xari < z. Avarroiot Bpoyov. */
4. 2> 0,y >0,z=yx1*
/5.2 >0,y >0, z =y * x. Befaimon e&d6dov. */

H emaAnBevom mpémet va yiver yio 6Aovg Tovg duvatohsg TPOTOVS PONG TOL TPOYPELLATOC,
omh:1—2,2—-3,2—-5,3—-4,4—3,4—5.

e 1 — 2: Ipopavéc: x, y apetdfinta. Xto 2z ekyopnonke n tyun 0.

e 2> 3ix,y, zauetdfInto. ¢ = 1, ovvendci — 1 =0 apa z = 0.7 = 1 < x, adlhoudg d¢
Ba NTav o€ awtd TO onueio N depyacia.

* 2 — 5: Agv gktedeiton o copa Tov Bpoyov, apa x = 0. z,y, 2: ApeTdfAnNTA. ZUVETMOG
z=xxy oot =0x*xy.

e 3 — 4: x,y auetdfAnto. véo z =mald_z + y, Gpa ToAd 2z =véo 2z — .
Toyve: oo _2=(i — 1) x y, dpa véo_z-y=(i — 1) * y, Gpavéo 2z =1 x y.

* 4 — 3: u6évo 10 © aAAael: véo i =maMo i + 1. Toyve: 2z = woMo i x y. Apa z = (Véo i —
1) % y Eniong: i < x, aloudg dev Ba fitav o€ awtd T0 onpeio 1 diepyaoia.

* 4 — 5: Téhog extédeonc Bpdyov. Apa i = x.'loyve: z =i x y. Apo z = = * y.
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dvoikd, To TOo EVOPEPOV, AP Kot o dVOKOAO, €lval va Bpodue TiG amaitovpeveg Pe-
Boawwoelg. H ocupfovin pov eivan va apyilete v xotackevn| Pefoaidoemv and to téA0G (Tpog
™mv opyn), OAaon and avtd mov BEAeTe va amodeitete, v PePainon eEddov.

AALo TTapaderypa:

Ymoloyiopdg duvdpemy pe tnv uEB0do Tov ETAVIALUPOVOLEVOL TETPOYWOVIGULOD

Béa: y° = (y°)* = (2 *y)? = y' + °,

yt =yl ay = () xy = xy)?xy = (1) *y)°xy =y xy? =y’
Maog ypetdletor OnAadn 1o dvadikd avamTuypa Tov ek0ETn, m.y.:

6 o¢ Bdon 10 =110 o€ Bdon 2, 11 o€ Bdon 10 = 1011 o¢ Pdon 2.

FUNC REAL power (REAL y, int j) {
/*1*/ REAL x=y, z; int i=j; /*2%/
if (i<0) { /*3*% x=1/x; i=abs(i); }
/*4*/ z=1;
while (i>0) {

/*¥5%/ if (i%2 '= 0) z=z*Xx;
/F6F/ x=x*x; i=i/2; /*7%*/

}
/*8*/ return z;
}
MéBodog o)
Trace Tables
power | y | ] x| i z
power | v | j X |1 z 211 2111
316 316 1
1 2
913 41 5
9 8
81 |1 16 | 2
729 256 | 1
729 6561 | 0 2048
2048 4194304 | 0




8.1. EIXAI'QI'H 117

Mé0oo0oc B)

Poéc ko BePardoeic:

/* 1.y is real and j is integer: BePaimon eic6dov. */

/*2.(x =y)and (i = j) */ @—
/%3, < 0) %/ 3
/* 4. (y/ = 2"y and (i > 0) */ (4)—
/*5. () = z* ) and (i > 0) : Avarlhoiot Bpdyov */ (5)
/% 6. (yF = = % ') if even(i), (4 = = % 1) if odd(i) */ o
[even = apTi0G]
/¥ 7. y7 = 2 % 2' */ [xou 611g 00 TEPMTOGELS, S1OTL YEVIKDG: (7)
wk — (wQ)k/Q — (wQ)kdiVQ — ,wk mod 2]

/* 8. y7 = 2z : BeBaioon e£6Sov. */

Agv apkel va amodeiEovpe v opBOTNTO GE TEPITTMOOTN TEPUATIGLOV. ATOUEVEL VO, OTOOEL-
Eovpe 0TL M dtepyasio avth Ba otapatost karnote. H anddeién opbdmrag oe mepintmon tep-
HATIGHOV Aéyetal pepk opBotnTa. ['o v ohkn} 0pBoTNTA Ypetdletal kot anddeln teppa-
TIoHOV.

YovOnkn teppaTiopov (termination condition) Aéyetan pua yvnoing eBivovca Hetikn ov-
VEPTNO™M TOV £YYVATOL TOV TEPUATIGUO. LTO TOPATAVE® TAPASELYLLOL 1] CLVONKN TEPULATIGLOD TOV
Bpoyov etvar n cuvaptnon 1 (otapatdel 6tav i=0). Me 1é€101€G EMAANBeVGEIS aoYOAEiTAL O KA~
300G ¢ A&LONOTIKNG Znpacioloyiog.

To tehevtaio mapadetypa mepi€yet loop powiacpévo péca oe loop.

PROGRAM { // nest
int a, b, /*I* k = 0; /*2%
FOR (a, 1 TO 100) /*3*/
FOR (b, 1 TO 100) /*4%*/
k = k+1 /*5% ;
WRITELN(K); /*6*/
3

Poéc ko BePardroeic:
/* 1. BePaiwon e1c0600v: integer declarations */
/¥2.k=0%
/*3.a <100, k =100 % (a — 1) */
/¥4.5 <100,k =100 (a — 1)+ (b—1) */
/¥5.k=100% (a—1)+b*
/¥ 6. k=100 % 99 4+ 100 = 10000: BeBaimon e£6d0v */






Kepaioro 9

Ano t0 PZhelp ot C++

10 KeQAANL0 aVTO YiveTon pio otadakn petdfocn ot C++, aprvovtog wico pog to fon-
Onuata wov opilovtal oto PZhelp. YrevBopileton 011 01 emektdoelg Tov PZhelp (6o dnAaon
TPOGOEGALLE Y10 EKTOOEVTIKOVS AOYOLG Kol OgV vITdpyovV 6Ty oAl C++) ypdpovtot Tavto e
KeEQoAi ypappaTo, T.Y. N “EVIOM]” WRITE. 11 GUVEXELN TOL KEPOAOIOV TEPLYPAPETAL O TPO-
TOG L€ TOV OTO{0 O TPOYPOUUUOTIOTHG UTOPEL VAL “UETAPPACEL” OAES TIG EMEKTAGELG TOV PZhelp
oe anin C++. Omovdnmote divetal KMOKOG 6 dVO GTNAEG, 1| OPLOTEPT] GTNAN AVTIGTOLEL GE
amAd k®oKa C++ kot 1 0e€1d 6TOV 16000VOUO KMOKA e xprion tov PZhelp, m.y.

#include <iostream> PROGRAM { // hello
using namespace std; WRITELN(”Hello world!"”);

}

int main () {
cout << "Hello world!” << endl;

}

2uyypOVOC, GTN GLVEXELX TOV KEPAANIOV, TEPTYPAPOVTOL LEPTKA OLKOUT] XOPOKTNPLIOTIKA TNG
C++ ta omoia eivatl KaAd (0ALG Oyl amapaitnTo) va yvopilel Kaveic dtav apyilel va mpoypopl-
paticet.

9.1 Tvomow dcdouévamv

Evo péypt topa eidape povo téooepic amiovg tomovg dedopévav (int, REAL, char kot
bool), n C++ dwbétel o @avopevikny TANOmpo TET0IWV TUTOV. LIV 0VGin, Ol JLPOPETL-
Kot TOmot giva dvo: aképatot (int aAld Kot char) kot Tpoypotikol apbpol, oe avamapaotaom
KNG vtodtaotolng (float kot double). H C++ 6pmg vrootnpilel moAAEG TapailayEg ov-
TAOV TOV 000 BACIKOV TOTOV, TOL SPEPOLY 6TV VTOPEN TPOST|Lov (signed 1) unsigned) Kot
oto péyebog (short, Kavovikd 1 long).

Oramhoi Tomot dedopévmv mov vrootnpiler n C++ divovtat 6tov mivaka mov akolovdel. Amd
TV TPOG TAL KAT®, O1 THEG QVTAV TWV TOUTMOV YPTNCUOTOI0VV GTOIIOKE TEPIGGOTEPT) LVILUT Y0
™V avanopdotacn Tovg. Ot AEEELG TOV Vol GNUEIOUEVES LE OYVOTEPA YPAULOTO UTOPOVV VOl
TOpaAEiTOVTOL (PUOIKA GTNV TEPIMTOOT TOV signed int pmopel va mopoieimeTon povo N pia
amo T1c 60 AEEELG).

119
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char signed char unsigned char
signed short int unsigned short int
signed int unsigned int
signed long int unsigned long int
float
double
long double

O yapoakmpeg elvatl otnv TPaypotikoOTnTa aképotot aplfpoi: Kabe yapaktpos avTioToryel
OTOV K®OIKO UE ToV 0moio avtdg avtimpocwneveton otov mivaka ASCIL INa mapddetypa, av n
petaPAnT ¢ £xel MnAwOel e TOmo char, ot TapakdTe avabécelg etval 1IG0OVVOLLES:

c ='a’;

c =97"; /o ASCII kwoikog tov ypouuotos ‘a’ givor 97

O1 818popot THTOoL axepaimV SPEPOVY MG TPOG TO EHPOS TIUADV TOV UTOPOVV VO, CLVOITTOL-
pactoovv. ['a mapdderypa, o TOMOC unsigned char pmopei va avomapacTNOEL TIC TIEG Ad
0 éwg 2° = 255, o Tomog signed char Tig Tég and —128 = —27 mg 127 = 27 — 1, evd
0 TOTOG int, GTOVG CNUEPIVOVG VTTOAOYIOTEG, Umopel GLVINOMG Vo AVATOPACTNGEL TIUEG OO
—2,147,483,648 = —23! o 2,147, 483,647 = 23! — 1. O tomor float, double kot long
double dtapEPovV O)L LOVO OC TPOG TO EVPOG TOV TPOYUATIKMV TIUDV TOV UTOPOVV VO 0LVOTTOL-
POGTNGOLV, CALA KOl WG TPOS TV aKpiPela TG avomapdotaong (SnAmdn YovIpikd, ™G TPog To
TAN00G TV dekadIK®V Yneimv Tng mantissa, LETO TNV VTOSUGTOAN).

9.2 IIpoéypopupa Kol vTOTPOYPARNATO

Evd péyprtopa éxovpie dtakpivel sapmg to Tpoypopie (PROGRAM) 0td ToL VITOTPOYPEpLLLOTAL,
oniaodn Tig dadikacieg (PROC) kat Tig cuvapTnoels (FUNC), otnv C++ Oda to mopamave givol
TNV TPAYUATIKOTNTO GUVOPTHCELS.

* XT0V OPIGUO T®V GLVOPTNCE®V O€ Ypetdletar n AéEn-kAedi FUNC:

int f (...) { FUNC int f (...) {

3 b

* O1 01001K0G1Eg Elval GUVAPTGELS TOV EMGTPEPOVY TOV €101KO TUTO void. O THmog avTog
onpoivel 6t M v AOY® GUVAPTNGON OV £XEL KOO OTULOVTIKT TANPOPOPIN VO EMGTPEVEL,
amAG EMOTPEQEL.

void p (...) { PROC p (...) {

b b

* Téhog, T0 KUPIOE TPOYPOUULA EIVOL KL ALTO Uiol GUVAPTNOT TOL PEPEL TAVTOTE TO E1O1KO
ovopa main. O 1OHmog mov EMOTPEPEL TPEMEL VAL £fvor Ant KoL 1) T TOL EMGTPEPEL Elval
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0opaTn OO TO AEITOLPYIKO GUOTNUO LETA TNV EKTEAEGT TOV TTpoypaupotos. Kotd oop-
Baon, avt) N TN VTOOMADVEL OV 1) EKTEAECT] TOL TPOYPAUUATOS OAOKANPOONKE PLG10-
Aoywcd (Tyun 0) M pe kamolo cdApo extédeong (Tiun odpopn tov 0).

int main () { PROGRAM { // example
// Ipooupetiké oty C++ }
return 0;

}

9.3 AvdOeon

¥t C++, n avéBeon dev eivonr evrodn! Eivon pia mapdotaon mov n arotipunon £xet dvo
emmtooelg (side effects) otV ektédeon 1oL TPOYPAUUATOG:

* Apevog mpokadel v avaBeon g Tung mov Ppicketal 6to 0810 HEAOG oTN HETAPANTY
7oL PpickeTon 6TO APLOTEPO HEAOG.

* AQeTéPoV, OTTMC OAEC O1 TOPACTAGELS, LToAOYilet pio Tyun. H tun mov vroioyileton and
™V avadeon givor axpiPdg 1 T Tov avatifetol otn LETOPANTY TOV APLETEPOL LEAOVG.
Av16 onuaivetl 0Tt 0 kddkaG Tov akolovbetl etvan £ykvpog otn C++:

=17, y = x + 25;

y = (x = 17) + 25;
X =Yy = =0, y=0;2z=0;

X
z = 0; X
H npdm ypopun avabétel otn petafint) x mv tun 17 kot ot petafAnt y v tiun
42 (mov voloyiletatl o¢ to ABpoispa Tov 17, mov emioTpépel | Tp®OT avdbeot, Kol TOV
25). H devtepn ypopuun avabétel oTig Tpelg HetafAntéc X, y kot z v tiun 0. Avtd yive-
TOl V10Tl 0 TEAEOTNG NG avdBeong ival 0€ELd TPOGETUIPLOTIKOS, ONAGON 1 TAPAGTAOT
X =y =z = 0¢&varooddvaun pex = (y = (z = 0)).

Eniong, n C++ vroompilel 1electéc ovvOETNG avaOdeonS Yo kbOe TeELESTN LIE dVO TEAOV-
peva. H onuoacio tov teAectdv autov eEnyeitat oTig akdiovdeg 000 Ypappés:

X += 42;

i %= n+1;

X = X + 42;
i=1% (n+tl);

Ot 1eheoTég ++ KOl - - TPOKAAOVV adENom Kot peimon katd €va, avtiototya (To 1010 pe to
+= 1 ko -= 1). EpgaviCovtar pe 000 popeés: gite akohovBovv 1o teAovUEVO TOV PETAPAA-
Aovv (postfix), eite mponyovvtor avtov (prefix). Av ypnoyoromBovv cav eviolés, ywpic va
ypnopomonel 1o anotéAEGO TOL VITOAOYILOVV, 01 dVO HOPPEG Elval 1IGOOVVALLES:

i+, /E g ¥ ++i;

i--; /g% --i;

= i+1;

i
i=1i-1;

Av 6pm¢ 10 amotéleopo ypnotporomBel, ToTE 01 V0 LOPPEG SPEPOLY MG TTPOS TNV TN
TOV amoTeEAEGHOTOG. O TEAESTNG postfix emoTpEQPEL TNV TN 7Py piver 1| avEnon N 1 pelwon,
EVD 0 TEAeSTNG prefix emoTpEPet TV TN apod piver 1 avEnon N 1 peiwon.
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i=3; x = i++; i=38;, x=1; 1 = i+1;
i=13; x = ++i; i=3; 1i=1i+1; x = i;

Kot o115 800 amo T1g Tapamdve Ypoppés, ) netafAn i Oa £yt v tun 4 petd v ektédeon
T0VG. Opmg, HETA TNV EKTEAEST TNG TPAOTNG O TIS dVO, M TN TS HeTafAntng x Ba givon 3
(660 Mtav N Ty Tov i AP Vv avénon). Avtifeta, petd v eKTEAEST TG dEVLTEPNG, N TIUN
™G petaPAntig x Oa eivon 4 (60 ivon | Ty Tov i peTd Vv avénon).

[Tpocélte 6T CH+ amaryopevet T ¥p1oN TOPACTAGE®Y TOV PETAPAALOVY dVO POPES TNV
TN ™G 1010 petafAanec. H mopaxdto ypopur Oewpeitor AdBog Kot pmopei va £xel S10(popETIKO
OTOTEAECLO GE SLOPOPETIKOVS VITOAOYIGTES, OLUPOPETIKOVG LETOYAMTTIOTEG 1) KOO KOl GTOV
{010 VTOAOYIOTN KOl LETAYAWDTTIOTN, OV EKTEAECTEL TOAAES POPEC.

i = i++; // AdBocg!

9.4 Bpodyog for

H C++ vrnoompilet tpia €iom PBpdywv: while, do ... while (axpipdc 6nmg ta gidape 6t0
Kepdraro 3) kot for. Avtd to tpito €idog Ppodyov givatl ovolacTikd yevikevon tov fpdyov while
K, v Kot pmopet va ypnotpomoin el yio tnv vAomroinomn tov Bpdyov FOR tov PZhelp, £xel onpa-
vikég orapopéc. H ovvtaln tov Bpdyov for otn C++ kot 10 avtictoryo didypoppo pong etvon

T eENG:

initialization

T TN . expression
for ( initialization ; expression ; step ) P

Statement

statement

\ 4

T

\4

H apykonoinon (initialization) kot To Bpa (step) eivon mopacTAGELS GTIG 0Toieg GLVIOMG
yiveton kKamowa avdBeon. H apyucomoinon ektedeiton povo oty apyn tov Ppodyov, evd to Prina
exteAeitan 010 TEAOG KAOE EMAVAANYNG TOV CONOTOC. AV TaPAAEIPOOVV, TOTE BempoVVTOL KEVEG
(dnAaodn| de yivetan Kapio apykomoinom oty apy Kot Kapio evépysla 6to TéA0g kb emavain-
yme). Eriong, av mapareipOei n cuvOnkn (condition) evvoeital true. O Bpdyog for (;;)
glval GuvdvLpog e To while (true)

2TIC TOPOKATO YPOUUES QaiveTol TOg 1 evioln for g C++ pmopet va ypnolpomombet yua
va d®MGEL 1O 1010 amoTéAesLa e TV FOR Tov PZhelp.



9.5. EEO40%X XTHN OOONH 123

for (i=1; i<=10; i++) ... FOR (i, 1 TO 10)
for (i=8; i>=1; i--) ... FOR (i, 8 DOWNTO 1)
for (i=1; i<=10; i+=2) ... FOR (i, 1 TO 10 STEP 2)

[TpocéEte dumg 6TL oV ektédeom g For o TpoypoppaTioTg eivatl EAevBepoOg va petTa-
BaAirer 1660 TN “petafAnt eAEyyov” (mov oTNV ovGia, av LVILAPYEL, elval pio KO PeTaPANTY
Kot 0ev cuoyetiletat pe 1o Ppodyo), 660 Kat ta “opa’” Tov Ppdyov kor to “Pripa”’. Ko ta tpia o
Beopnoope kokég 10éeg oty Evomsrta 3.4.1. (Ed® kat’ e€aipeon éxovpe apliotepd KOOSO LE
PZhelp ka1 0e€1d koK o€ amAn C++.)

n =100, s = 1, n =100, s = 1,

FOR (i, 1 TO n STEP s) { for (1 =1; i <=n; 1 +=5s) {
/| WOAAES KaKES 10éeg poleuéveg! /] mwov duwg emtpémoviar oty C++/
n=n-1; s =s + 1; n -=1i; s++;
if (1 +s>n) 1=1; if (i +s>n)i=1;

} }

['a va metoteite 6T T TOpOTAVE vl KOKEG 10£€G, SOKILAGTE VO EKTEAEGETE LLE TO XEPL TO
npoypappa C++.

O tedeotg, (kopua) tng C++ pmopet va ypnoyomomOet yio va yivouv TeptocoTepEg apyL-
KOTOMoELS 1 Ppata og Kabe emovdAnyn tng for.

for (i=1, s=0; i <= 10; i++) s += i,
for (i=1, j=100; i <= j; i++, j--) cout << 1 << ' ' << j << endl;

(Tevikd, o Teleoc kOO LTOAOYILEL TO aplLoTEPO TOL TEAOVLEVO, VTTOAOYILEL TO dEELO TOL
TEAOVEVO KO EMGTPEPEL TNV TN TOV 05100 TEAOVIEVOU. )

Téhog, n C++ vootpiletl ) ONAmon petafAntov péca oty evtoan for, mw.y.
for (int i=0; i < 10; i++)

2ty mepinwon v, 1 peTafAntn i lvar opati LOVo HEGH GTO GO TOVL BPOYOL Kot deV
pmopet va ypnotpomonfel petd 1o TEA0G TG EKTEALECTC TOV.

9.5 ’'E&odoc atnyv 000vn

1t C++ vrdpyovv 000 aveEaptntol unyavicpol yia gicodo kot ££o0do (input-output) mTov
elval KoAG vo Unv pNoILOTOI0VVTIOL GLUYXPOVMG GE EVOL TPOYPOLLLLLOL.

O mpadtog unyavicpdg eivarl eyyevig ot C++ kat Paciletan otig poég (streams). o va
xpnopomomBel mpémel otV apyn Tov apPyYEIoL TPOYPAUUOTOS Vo ToToBeTBohV o1 akdlovbeg

d00 YPOUUEG:

#include <iostream>
using namespace std;

211 cvvéyela, 1 ££000¢ otV 000V YIvETOL LE YPTON TOL TEAEGTN << KOl TNG PONG Cout:
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cout << "Hello\n”; WRITELN(”Hello”);
VI

cout << "Hello” << endl;

cout << i+1; WRITE(i+1);

cout << 1 << " " << r; WRITE(i, r);

cout << c; WRITE(C);

O odebtepog unyaviouods ypnowonotel ™ Pipiobnkn stdio. h g yAowooag C (tnv omoia
KAnpovopei avtovsia 1 C++) kot Paciletor kat’ e&oynv ot cvvaptnon printf. lpw m ypn-
GULOTOWMGETE, TPEMEL VO TPOGOEGETE BTNV APy TOV apyElOL TPOYPAUUATOS GOG TIS aKOAOVOES
YPOUMEG:

#include <cstdio>
using namespace std;

H npdtn mapdpetpog g printf eivon pio cvpPforocelpd mov ovopdleton format. H cup-
Bolocelpd avth TEPIEXEL ALTA TOV OEAOVLLE VO EKTVTTOGOLLE. MTTOPEL VOL TEPLEYEL TO YOPAKTIPOL
oAhoyng ypopuns \n, av 6éhovpe va tpokaiécovpe oAdayn Ypoupune. Av péoa oto format -
eoviletal 0 YopaKT PG %, TOTE AVTOG £XEL E101KN CNUAGIN, AVAAOYO LLE TO Tl AKOAOVOEL:

* %d: otn 0éom TOL EKTLIMOVETAL 1] EMOUEVT] TAPAUETPOG TNG printf, mov mpémet va gival
évag axépailog aptOpdc.

* %C: ot 0éom TOL EKTLIMVETOL 1 EMOUEVT] TAPAUETPOG TNG printf, mov mpémet va givan
évag yapoakmpog (nAadn évag aképatog aplnog mov aviiototyel otov ASCII kwowo
EVOG YOPOKTIPQL).

* %1f: omn Bé0M TOV EKTLIMOVETOL 1) EMOUEVT] TOPAUETPOG TNG printf, mov mpémel va gival
Evag mpayoTikdg aptpnog Tomov double.

* %S: 011 B€0M TOV EKTLMOVETOL 1| EMOUEVT] TAPAUETPOS TNG printf, mov mpémet va elvan
pio cvpporocelpd.

[Ipocé&te 61 to format pmopel va meplEyel 0GEGOMMOTE POPES TO YOPAKTNPA % Ko, KOO
QOpPQ, EKTUTAOVETAL 1) EMOUEVT TAPAUETPOG TG printf:

printf(”Hello\n"); WRITELN(”Hello”);
printf(”%d”, i+1); WRITE(i+1);
printf(”%d %1f”, i, r); WRITE(i, r);
printf(”%c”, c); WRITE(cC);

H printf vrootnpilel TOALEC ETAOYEG Y100 T LOPPOTOINGCT) TOV TIU®V TOV Oa ekTLT®OOVV,
OGS Yo TOpAOELyLOL:

printf(”%5d”, i); WRITE(FORM(i,5));
printf(”%5.31f", r); WRITE(FORM(r,5,3));

AvatpéEte o oeAida eyyelpdiov (man page) g printf, 1 avalntiote ) oto Internet.
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[Ipocélte 0Tt pe v printf 1o format givor avtd mwov kKabopilet pe moia popen He extvmw-
000V 01 TPOC EKTOHTOON TIES. AVTO PATVETOL IOLOUTEPA BTNV TAPAKAT® EVIOAT], OTTOV YOUPOUKTNPES
KO aKEPALOL TVTAOVOVTOL LE OAOVG TOVG SVVOTOVS GUVOVAGHOVS LOPPADV:

/] o1 yopoxtipes eivor oxépaior! a 97 a 97
printf(”%c %d %c %d\n”, 'a’, 97, 97, 'a’);

9.6 Eic000g 00 T0 TANKTPOALOYLO

Kat yuo v €i6000 amd 10 mAnktpoArdyro, 6t C++ UTOpOVUE VAL YPTGLULOTO|COVLE TO LUN-
Yaviopo tov powv. H avéyvoon and 1o TANKTpoAdY10 YIVETAL LLE YPNON TOL TEAEGTN >> KO TNG
pomng cin.

cin >> i; i

cin >> r; r

/¥ kor poli ¥/

cin >> i >> r;

READ_INT();
READ_REAL();

c = getchar(); c
/* ¥
c = cin.get();

getchar();

[Ipocéte 61 TN CH++ dev VILAPYEL KATL avTioTOoYO LE TN SKIP_LINE T0U PZhelp. 11 0¢0m
¢ uopet va ypnoporomBet Evag Bpdyog (BA. Tapakdtw) N 1 axdOAovON (OLOAOYOLVUEVMG TPO-
LOKTIKY]) EVIOAN:

cin.ignore(numeric_limits<streamsize>::max(), '\n’);

Evolloxktikd pe t xpnon poov, yia To dtdPacua amd 10 TANKTPOAOYL0 Umopel Kot oAt
va ypnopomomBei n cvvaptnon scanf g Pifiodnkng stdio.h g C. H scanf Asttovpyel
Omwg Ko M printf ko n tpotn Tapduetpog (format) kaBopilet Tt mpdkertan va dafactel. Ot
VLOAOUTEG TOPAUETPOL OPMG TNG scanf mpémel va glval O€IKTES TPOS TG peTafAntéc 6mov Ha
amofnkevtovv o1 Téc. [lepiocdtepa Yo deikteg Oa Ppeite otnv enduevn evotnro.

scanf(”%d”, &i); i = READ_INT();
scanf ("%1f"”, &r); r = READ_REAL();

Mo v etloaymyn yapaxktnpov propel va ypnoyrorom et puoikd Ko cuvaptnon getchar:
c = getchar(); c = getchar();

/xn ¥
scanf(”%c”, &c);

Avti g SKIP_LINE pmopet va ypnopomromei Evag Bpdyog mov vo dtafdalet kot va ayvoet
OAOLG TOLG LITOAOITOVG YAPAKTIPES LEYPLKOL TV QALAYT YPOUUNG 0TO TEAOG TOL buffer e166d0v:

while (getchar() != '\n’"); SKIP_LINE();
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9.7 Asgikteg

AvoAvTiKN Tapovsiaor Tov delkTdV yivetar oto Kepdaio 14.

AgikTnG (pointer): ) d1evOLVON LG TEPLOYNG TNG LVIUNG dmov Bpioketon pia petafAnt. Ta
neplEXOUEVA TG B€omg pvnung 0mov deiyvel o deiktng p cvpuPoiilovtan pe *p. [N kGBe deiktn,
TPEMEL VoL SNADVETOL 0 TOTTOG NG BEong Lvnung 6mov awtdg deiyvel (m.y. delkTng o OKEPALO)

int *p; // n petafinty p eivor Oeiktng o€ aKEPOILO

/o oeiktng p tomoleteitor va Oeiyvel o€ KATOL0. OKEPOLO. UETAPINTH
*p = 42;

WRITELN(*p + 1);

Kevog dciktng (nullptr): eidkn Tiun oeiktn mov de deiyvel movbevad. (Zvyva epeoaviletan
Kol ®G NULL, 6mwg givor optopévn 6t YAOGGo Tpoypopotiopon C kot 6€ ToMATEPES EKOOCELG
g C++.) Amtayopevetol ) TpoSTELNCT TG LVIUNG LEC® EVOG KEVOD OETKTT).

int *p;
p = nullptr;
WRITELN(*p);  // id&bog!

AgKT006TNO6N: UTOpOLLLE VO Tdpovpe T devBuvon piag petafAntig (.. Yo va BdAovpe
KATO10V OeiKTn VoL OelyveL EKEL) e TOV TEAEGSTY &.

int x = 17, *p;

p = &x;

AT0OEIKTOO0TON: OT®G ldape, HTOPOLUE VO avapepBOVILE OTO TEPIEXOUEVO HLOG O1ED-
Buvong e Tov TeAecTn *.

WRITELN(*p); // tomwver 17, 010 TPONYOOUEVO TOPUOELYUO.

*p = 42;

WRITELN(X); // womwver 42, ta *p xou x eivor n idwo petofintn!

[Mopaderypa pe deikteg

PROGRAM { // pointers
int x = 42, y = 17;
int *p, *q;

*p=*p - *q;
*q = *p Yy,
q=p;
(*q)++;

po-= 3

WRITELN(X, Vy); // torawver: 23 425
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9.8 IIépoopa pe avagopd

210 TOPaKAT® TopAdELy Lo TPOYPAULaTo (nTeitat va 000el 0 aptBunTig X Kot 0 TOPOVOLLaL-
OTNG Y EVOG KAAGLOTOG. XT1 GUVEYELD, TO KAAG L ATAOTTOLEITOL (YIVETOL VAYW®YO) KOl EKTUTTMOVE-
tat. H dadikacio normalize givon aut) Tov Tpoyplatomolel Ty amAomoinot, ¥P1CLOTOIDOVTG
TN GLVAPTNGN VIOAOYIGHOV TOV HEYIGTOL KOvoL dlapétn ged (BA. ogl. 89).

FUNC int gcd (int a, int b);

PROC normalize (int &p, int &q) {
int g = gcd(p, q);

p/=9;, q/=g9;

}

PROGRAM { // simplify_fraction
int x = READ_INT();
int y = READ_INT();

normalize(x, vy);
WRITELN(X, Y);

}

To drapopeTikd o avTd TO TOPAdELypa ival 0T oL TapdpeTpot g dadikaciog normalize
epvoLy Kot avagopd (call by reference). Avtd onpeidverot and v Hrapén Tov cuuPoriov &
(ampersand) pmpooTd oo TO OVOLATO TOV TUTIKAOV TAPUUETP®V, GTNV ETKEPAAIDN TNG dLod1KaL-
oioc. To mépaoua kat’ avoapopd onuaivel 0Tt avtifeta pe to tépacua kat’ aéia (call by value),
OTNV TEPIMTMOON TOVL TEPACUATOG KAT  OVAPOPA OEV QVTIYPAPOVTOL Ol TIES TOV TPOYLUATIKAOV
TOPOUUETPOV GTIG TUTTIKES TOPAUETPOVS. AVTIOETO, Ol TPOYHOTIKEG TOPAUETPOL — TTOV TPETEL VL
elvan petaPAntég — tavtilovrar pe Tig TVTIKEG. Me avtdv Tov TpOTOo, 1 GLVAPTNON normalize
KaveL avaymyo 1o KAAopa p/q. Tn otiyun e kANong, ot TapapeTpot p Kot g TonTilovTal Le Tig
HETOPANTES X Kot y (avTioTO() TOV KUPIME TPOYPAUUATOC.

Av o1 TapapeTpot p Kot g 0V tepVovSaV KAt  ovapopd, TOte normalize Oa ékave avaymyo
T0 KAAOUO 0AAQ, PETG TNV EMIGTPOPN TNG, 1| Main d¢ Oa EPAene kapio dapopd oTIg TYES TOV
TOTKAV TNG LETAPANTAOV X KO Y.

Agikteg avti mepdopaTog e avapopd

270 TOPOKATO TOPASELY LA TOV EIVaL IGOSVVOALO LLE TO TPONYOVLEVO, Ol TAPALETPOL TNG GL-
vaptnong normalize givon deikteg mpog dVo aképateg LeTafintés. Me avtdv tov tpdmo, 1| oL-
VAPTNO™ AT KAVEL OVAY®YO TO KAAGLO TOL 0 aplOUnTG ToL delyveTol amd To OElKTn p KOl O
TAPOVOLOGTNG TOL deiyveTan amd 1o deiktn g. [Ipocélte T ypnom Tov TeElecTN & GTNV KANoN
g normalize péca 6t GuvapTnon main.
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int gcd (int a, int b);

void normalize (int *p, int *q) {
int g = gcd(*p, *q);

/=97 *a/=g9;
}

int main () {
int x, y;

scanf(”%d %d”, &x, &y);
normalize(&x, &y);
printf(”%d %d\n”, x, y);
return 0,

3

Y& ToOAEG YADGGeC Tpoypappatiopod (m.y. Pascal), oyt opwg otn C, dev etvan avaykaio n
YPNOT OEIKTMOV Y10l TO GKOTO aTO. YTTAPYEL 0 TPOTOC TEPATLOTOC KT’ avagopa (by reference)
Yol TIG TOPAUETPOVG TV VITOTPOYPUUUATOV, TOV KAVEL OLGLUGTIKG TO 1010 Tpdypa. Xt C++,
aTd YiveTon LEG® TOL TOTOV avapopag (reference type) — 10 TEPACHLA LE AVOPOPAL, TTOV EISALLE
€0m, glval pia povo epapproyn avtod TOV THTOVL.

9.9 Ilivokeg Ko dgiKTEg

"Ecto évag mivakag tplidv axepaimv kot £vag SelKTNg 6 aKEPOLO:
int a[3] = {7, 6, 42};
int *p;

O mapaxdto Tpelg avabéoelg ival 16oduvapes: 0Aec BETovv 10 Ogiktn p va dglyvel 610
TPHOTO oToLyElo ToL Tivaka (a[0]).

p = &(a[0e]);
p = &a;
p = a;

dNradn, évog mivakag eivatl ovsloTIKA £vag OEIKTNG 0TO TPAOTO GTOLYEID TOV.
H noapdotaon a[i] sivol icodvvaun pe * (a+i).

Ot mivaxeg Opmg etvan otabepoi deikteg, OnAadn dev pmopodv va aAddEovy Tiun:



9.10. XYMBOAOXEIPEX

int a[3] = {7, 6, 42};

int *p
int x;

&a;

p = &x; // owoto
a = &x; // laboc!

ApBuntiKn deKTdV

Yvveyilovtag T0 TPONYOUUEVO TOPAOELYLLAL:

WRITELN(*p);
WRITELN(*(p+1));
p = p+2;
WRITELN(*p);

/! tomawver 7
/! tomwawver 6

/) tomcver 42

129

oniaodn pe tov terectn TpoOcBeong (avtioTolyo, aPaipesnc) LTOPOVLE VO LETAKIVI|GOVUE £Val
delkn ya va deiyvel og enduevo (avtiototyo, Tponyovuevo) otoryeio evog mivaka. Opmc, pe
™V oplOUNTIKN JEIKTOV deV emTpEmETAl VO fyovpe € amd TOV TVOKO GTOV OTOi0 £JE1VE O

apyoc deiktnc!

9.10 XvpPorocerpég

Ot ovpPorocelpég dev glval TImoTa TEPICCOTEPO OO TIVAKES YOPUKTNPWV, ONANON 16000~
vapa, ogikteg og yapaktipec. [lepiocdtepa yio avTég, Kot yio xpoUYLES GVVAPTNOELS PA1001-

Kng mov tig enefepydloviat, oto Kepdioro 13.

INo va yvopilet éva mpdypapipo Tov tereldvel pia svpforoocelpd, otn C kot otn C++ yiveton
N ovppaon 6Tl HeTd TO TELOG TOV YUPOUKTHP®Y VILAPYEL O EWOIKOC Yopaktnpag '\0’ (dniadn o
yopoktipog pe ASCII kwdwd punodév).

char a[15] = "Hello world!”,

Avtrypagn copforocelpdg

void strcpy (char *t, char *s) {
while ((*t++ = *s++)

}

int main () {
strcpy(b, a);
printf(”%s\n”,
}

b);

1= '\0’);

b[15]; /afl2] == \0’
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Extonmon cupporoocelpdc

void putchar (char c);

void puts (char *p) {

while (*p !'= '\0@’) putchar(*p++);
}
int main () {
char s[] = "Hello world!\n”;
puts(s);

3



Kepaiaro 10

Ta&ivounon (sorting)

M amd T onpovtikdtepeg epapproyés tov H/Y givor n ta&vopnon (sorting) evog ypop-
piKoL ivaxo avdioya pe kémoto kpitnplo (avéovoa téén, areafnrtikd k.0.K.). Tomg kdmotog
avapot el yoti elvatl 1660 amapaitnty n peAétn g tasvopnong. H andvinon divetor amod
TNV TPAYHOTIKOTNTOL:

* O1 AéEeig o €va Ae&kd elvar TaSvounpéveg Katd aA@apntikn cepd.
* Toa ovopato oTov TNAEP®VIKO KOTAAOYO glval TaStvounuéva katd oApopnTikn cepd.
* Ot oelideg evag yypaeov lvar katd apOunTikn cepd dtopOpmpévec.

o XTIG TNAEMIKOWVMVIES KO GTO OTKTLO VTOAOYIGTMV 1| dlaxeiplon Kot 1 amobkevon TAn-
POPOPLOV GVVOSEVETOL GLVNOMG e aAyOp1OoVS TaSvOuNnoNg Kot €DPECNG aPLOU®V.

* ®opoteYVIKOL KOJIKEG amantohv Ly va adyoplBuovs ta&tvounong i evpeon aploumy.

Y116 Bphodnkeg eivar ta&ivopnpéva ta vapyovro Piiioa Kot dpOpa.

Kot o katdroyog eivar aveldviintoc.

Mo Bactkn dtadikacio mov clyovpa xpetaldpocte etvarn evaiiayr Svo TIHOV, GTNV TPOKEL-
LEVN TTEPITTOGT TOV TILAV TOV AKEPUL®V LETAPANTOV GTIC 0moieg delyvouv ta x kot y. [IpocéEte
OTL TO TEPACLOL TOV TOPAUETPOV GTY| OAOIKAGIOL Swap TPETEL VoL YIVEL KAT  avopopd.

PROC swap (int &x, int &y) {
int save;
save = X; X = y; y = save;

}

AALOG TPOTOC LAOTOINOMG, TOL UITOPEL VL EPOPUOGTEL LOVO Yo TNV AVTIHETAOEST) aKEPAL®V
aplOU®V Kol EKUETAALEVETAL TIC 1010TNTEC TOV TPAEemV T TPdabeong Kot TG apaipeong.

PROC swap (int &x, int &y) {
X=X+Yy,y=X-Y;, X=X-Y,;

}

131
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Me 1ov devtepo TpOTO O€ Ypetdletal Bondntikn petafinti oy swap. QotdG0 0 TPAOTOG £ivat
TOAD KAAVTEPOC O10TL EIVaL TTO AVOYVAGLOG, TO OTOOOTIKOC KOl OEV EIvOl EXPPETNG GE GG~
poto vIEEPYEIAoNG, OTAV Ol TYLEG TOV TPEMEL VaL avTipeTotedodv etvar TOAD peydieg xat’ amd-
Avto Tun.

10.1 Ta&wvopunon pe emroyn (selection sort)

[3¢a: Bpeg To pikpdTepo oToyEio Tov Tivaka Kol avTipetdBecé o pe exeivo mov Ppioketan
otV Tp®TN B€om. LN cLvEKELD, PPEG TO EMOUEVO LUKPOTEPO GTOLXELO KOl OVTILETAOEGE TO LE
exeivo mov PBpickeTon 61N devTEPT BE0M. Zuvéyioe £To1 puéypt va TavounBovv dha ta ctoryeio.

FOR (i, 0 TO n-2) {
int minj = i;
FOR (j, i+1 TO n-1) if (a[j] < a[minj]) minj = j;
swap(a[i], a[minj]);

}

AvoALoldTN: 6TO0 TEAOG TNG £-0GTNG EXAVAANYNG TOV EEMTEPIKOV BPOYOV, 0TI TPOTEG BECELS
Tov mivako péypt ko v a[i] PBpiokoviar ta ¢ 4+ 1 pikpdtepa oTotyeia oe av&ovoa Gelpd.

[IMR00¢ cuykpiceov: O(n?).

10.2 Toa&wvopnon pe ewoaymyn (insertion sort)

[8¢éa: TIpoonépace to TPOTO GTOYKEID. ZVYKPIVE TO OEVTEPO LE TO TPMTO KOl BAAE TO OTN
OoMOTH CEPA. ZVYKPIVE TO TPITO HE T OVO TPAOTA KOl BAAE TO TN CWOTH GEPA, K.0.K. X€ KAOE
Brua, cvykpivelg to 1-06Td oTOoKEID UE T TPOTYOOUEVA, TTOV Eivan oM TASvouUnUEVa, KOl TO
€10AYELG 0TI COGTN GEPA “ompdyvovtag” deEldtepa Ta GToLYElR TOV EIvat LEYOADTEPA TOL.

FOR (i, 1 TO n-1) {
int x = a[i], j = i;
while (j > © AND a[j-1] > x) { a[j] = a[j-1]; j = j-1; }
alj]l = x;

}

AvoAroimtn: 610 TEAOG TNG -00TNG ETAVAANYTG TOL eEMTEPIKOD PPOYOV, TO GTOLYEIN TTOV
Bpiokovtal otig mpdteg BEcEIS Tov Tivaka uEypt kon tnv a[i] eivon og avéovoa oelpd.

[IAR00¢ cuykpiceov: O(n?).

10.3 Ta&wvopnon euvcairioag (bubble sort)

To emdpevo Prpa yio tnv Ta&vounon etvai n déa 0Tt e TIG GVYKPIGELS Kol eVOALaYEC OEcemV
UTOPOVUE VO PEPOVLLE TOV UIKPOTEPO AP oTNV aplotepdTEPN BEGT, KOTOTV TOPOUOIME TOV
0evTEPO LIKPOTEPO TN deVTEPT Omd aploTeEPA BEOT, K.0.K. (YpelolONOCTE £TGL N EMAVOANYELS).
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Me pio Tpocbetn 10€a va GLYKPIVOVUE KOt VO EVOAAAGGOVE LOVO YELTOVIKG GTOLYELDL, KO-
TAAYOVUE O€ €va alyoplOpo ta&tvounong pe puoairioeg (bubblesort). I6€a.:

FOR (i, © TO n-2)
FOR (j, n-2 DOWNTO i)
if (a[j] > a[j+1]) swap(a[j], a[j+1]);

H ta&ivounon yivetan pe dtadoyikd nepdcpata. Me to tpmto népacua (i=0) o pkpdtepog
ap1OuoG KataAnyel otnVv aplotepotepn Béon pe (n-1) cuykpicelc, oAAd cLYPOVOC YivovTal Kot
GAAeC LETATOTIGELS TPOG TN CMOTH KATELOLVGT). XTO0 1-06TO TEPACLLA TOTOOETEITAL GTNV 1-00T
0éom 1o 1-0016 (o€ TAEN peyéBoug) otoyyeio. Av petprioovpe tov aplBpd v cvykpicewv Ha
dovpue 0Tt giva:

(n—1)+(n—2)+...+1_@_0(n2)

nueioon:
O(f(n)) onuaiver ta€n peyéboug f(n), ot otabepéc mapadeinoval.

Ag d00E p1oL EKTEAEST] TOV TPOTYOVUEVOL TPOYPAULATOS:
‘Eoto 6t apywcd Exovpe tov wivoka n = 7 aplBumv: 12 4 9 8 6 7 5.

Trace Table:

[i [ [af0][afl]|a[2]|a[3]]a[4] ] a[5] | a[6]

12 4 19 8 |6 7 |5
05 S |7
4 5 6
3 5 |8
2 5 9
1
04 12
1|5
4 6 8
3 6 |9
2
1 5 12
215 7 |8
4 7 9
3
2 6 12
315 8 |9
4
3 7 12
415
4 8 12
515 9 12
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To mopomdve aroteAéopato Topovctdloviol 6€ (o o CYNUOTIKN Hopen og e (Me
évtovn ypaon epgoavifoviol To oToryEin ToV EKAGTOTE £Y0VV GLYKPOEL Kol THAVOV aVTILETOT-
1e0¢l):

input: 12498675

12498657
12498567
12495867
12459867
12459867
1=0: 41259867

41259867
41259687
41256987
41256987
t1=1: 45126987

45126978
45126798
45126798
1=2: 45612798

45612789
45612789
=3 45671289

45671289
1=4: 45678129

1=5 45678912

21 puéBodo g PLCAAASAG OTTMG TV LAOTOINCANE TOPATAV®, 0 ApBIOg cuyKpicemV &i-
var O(n?) ywa k60e nepintoon. Edv otapaticovus thv enaviinym poig Pefaimbodue ot dev
yperdlovran mo dALeg EvOALaYES, TOTE 0 aplBUdS TV cuykpicewy Katd HEco 0po Ba stvar ToAD
HKpOTEPOG (0TNV KoATEPN TEpintwon O(n) otn yepdtepn dpwg repintwon o O(n?):

FOR (i, © TO n-2) {
bool swaps = false;
FOR (j, n-2 DOWNTO i)
if (a[j] > a[j+1]) { swaps = true; swap(a[j], a[j+1]); }
if (NOT swaps) break;
}
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10.4 Ta&vopunon pe cvyy®@vevon (merge sort)

Ynrdpyoov morrég uébodot ta&vounong: selection sort, insertion sort, bubble sort, merge
sort, quick sort, k.An. Onwg Ba dovpe pmopel va emrevyBet ahydpBuog mov taivopel Kot ot
xeWPOTEPN 0KOp TTEPiTT®OT pe apldpd ovykpicewv O(n logn). Eniong 0o arnodeifovpe 0Tt &i-
vt advvartov vo emitevydel adlyopiBuog (mov ta&vopel da cuykpicemv) pe pikpoTepo aptBud
ovykpicewv. H pnébodog ta&vounong pe osuyyovevon (merge sort, John von Neumann, 1945)
YPNOUOTOEL TN GTpaTNYIKT “draipetl Kot kupigve”. H kaAvtepn dvvorr vAomoinon etvar pe ava-
dpopn (recursion).

[Mopaderypa: Ta va ta&vopnow: 5, 7, 2, 13, 29, 3, 16, 17
1. dwpm og dvo: 5, 7,2, 13 ko 29, 3, 16, 17
2. ta&voum pe TV 101 10€a ko Ta dvo pépn (avadpoukd): 2, 5, 7, 13, ko 3, 16, 17, 29,
3. petd ovyyovedw: 2, 3, 5,7, 13, 16, 17, 29.
PROC mergesort (int a[], int first, int last) {
int mid;
if (first >= last) return;

mid = (first + last) / 2;
mergesort(a, first, mid); mergesort(a, mid+1, last);
merge(a, first, mid, last);

}

PROC merge (int a[], int first, int mid, int last) {
int b[last-first+1];

int i = first, j = mid+1, k = 0;

while (i <= mid AND j <= last) if (a[i] < a[j]) b[k++] = a[i++];
else b[k++] = a[j++];

while (i <= mid) b[k++] = a[i++];

while (j <= last) Db[k++] = a[j++];

FOR (i, 0 TO k-1) a[first+i] = b[i]; // copy back
}

H S1odwcacio mergesort ta&vopel to Tupa Tov mivoka a mov Ppioketol HeTodd Tov 0€-
cewv first kot last, copumepriapfavopévov. Atapet avtd to tunpe og 0Vo piod: ond first
péxprmid kot omd mid+1 péypt last. Ta&ivopet avadpopkd ovtd to 600 HGA KOl GT1 GUVEXELDL
TO, GLYYWVEVEL.

H ocvyyovevon tov 600 TaSvopnuévey Ie®VY TVAKOV € EVaY TIVOKO, TOV 6TO TEAOG vl
Kol aVTOC TaSIVOUNUEVOG, YiveTol pe TN dadikacio merge. Xpnotpomoteital évag fondntucog
nivaxag b. Zvykpivovtat £va pog Eva o avtioTorya ototyein TV 600 o®MV TIVAK®V Kot Kabe
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Qopd To pIKpOTEPO TOomoBETEITAN TPV TO GAAO GTOV Tivako b, péEYPL va. PTACOVUE GTO TEAOG
Kémoov and to 0v0 pied. Ot vTorowmeg B€GE1C TOL b GLUTANPOVOVTOL OO TOL GTOLXEIDL TOV
LLGOV IOV €V EYOVUE PTACEL GTO TEAOG TOV. TELOG, 1 EVTOAN] FOR avTlypAQEL TOV TOEVOUNUEVO
BonOntikd mivaka b otov a (copy back).

Kda0e ektéleomn g Sadikaciog merge kdvel mepimov T0GEC GLYKPIGELG OGO £ival To GTOLYEIL
Tov Tivako b, dnAadn last-first+1. Me ) dwdwocio mergesort €vag mivakag piKovg n
vrodiupeiton o€ §00 Tivakeg prKovg 1 /2 K.0.x., Snhadn tedetdvoupe og O(log n) Pupata dmov
YPNGLHOTOLEITON ETAVEIANUUEVOL T merge. £T0 i-00T0 Brpa 0 apyikdc Tivakag &xel yopiotel og 2°
uépn to. omoio omantovv 201 ektedécelc Tng merge yia vo. cuyymvevdovv ovd 50o. To TA0og v
oLYKpicE®V OV KAvouv OAEg oL merge evog Prpatog sivat ico pe n, apod kdbe pia draTpéyet
TANPOG o 0VO PéEPN oL NG avaroyodv. O cuvolikdg apBudc cuykpicewv, eETonévmg, sivat
O(nlogn).

Oa dovpe tdpa 611 0 O(nlogn) amotedel kot kKaT® 6pro (lower bound) g molvmhoké-
™tog (complexity) g Tagvounonc.

Ozopnpo: OnoocdNmote adhyoplOpog mov tavopel (OAeg TIC datdéetg amd) n aplfpovg ypeld-
Cetar TovAdyiotov O(n logn) cuykpicelg.

An6oln: H 10éa mpoépyetar and ) Oswpio inpogopiag (information theory). Me pia ob-
ykpion yopiloviar GAEG 01 OLVATOHTNTES GTO dVO. ZVVETMG 01 OLVATOTNTES UTOPOVV VAL TOPOGTOL-
BoVV e KATO10 OLOUSIKO SEVTPO ATOPAGEMV: T.Y. OEC CYNUA YOl L1, T2, 3. O eAdyioTOg apOndg
OLYKPIcE®V Elval dpa TO EAGYIOTO SLVATO VYOG SLOSIKOD OEVTIPOV TOL £XEL GTA PUAAL TOV OAEG
115 dvvatég petabéoels (n!).

Anrodn: TToAvmhokotto > logn! > (n/4)logn = O(nlogn) (Yo 6ka to n > 4). O
1 < Tg
/\

To < T3 To < I3
/\ /\

L1, T2, T3 1 < T3 1 < T3 T3, T2,T1
T T
Ty, X3, T2 L3, X1, L2 T2, X1, T3 L2, T3, X1

"Evog dAAog tpomog vo vAomomBovv ot merge Kol mergesort, Tov EKUETAALEVETOL TV OVTL-
otoyio LETAED dEKTMV Kol Tvakmv g C kot v aplfuntikn deiktov, eivat o e&ng:

10 dvodidc LoyapBpoc v apipod sivar (Tepimov) iGog pe To uiKog ¢ Svadikig Tov Tapdotacng. Otov
drapovpe Eva dvadtkd apBpo e 2 givat oa va SloypAQOvLLE TO TEAELTAIO TOV bit. Zuvendg o aplfudc dwupécemv
OV OTOLTOVVTOL Y10l Vo UNOeVIOTEL 0 aplBpdg eivot 100G e TO PKOG TOV, dNAAOT] e TO dLAdLKO TOL A0YApLOpO.
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PROC mergesort (int n, int *a) {
// n: winbog twv aroryeiowv mpog tadivounon
/) a: OElKTNG 01O TUNUO. TOV TIVOKO. TPOS TOLIVOUNGH

int mid;
if (n <= 1) return;

mid = n/2;
mergesort(mid, a); mergesort(n-mid, a+mid);
merge(a, a+mid, a+n);

PROC merge (int *first, int *mid, int *last) {
int b[last-first];
int *i = first, *j = mid, *k = b;

while (i < mid AND j < last) if (*1i < *j) *k++ = *i++;
else *ktt = *j++;

while (i < mid) *k++ *itt

while (j < last) *k++ = *j++;

i = first; j = b; while (j < k) *i++ = *j++; // copy back
}

10.5 Ta&wvopnon pe owopépron (quick sort)

Télog Ba dmdoovue kot TV 10€a ¢ Tasvounong pe dwpépion (quick sort, Tony Hoare,
1960). H ta&vounon yivetot pe epapuoyn g owdikaciog partition kot avadpopkn epop-
poyn g dwdkaciog quicksort og KaOe Eva omd To TPOKVLATOVTO TUNHOTA, LEYPLS OTOV KAOE
TUqpo yiver apketd pikpd (amoteleital amd £va LOVo GTotyElo).

PROC quicksort (int a[], int first, int last) {
int 1i;

if (first >= last) return;
i = partition(a, first, last);

guicksort(a, first, 1i); quicksort(a, i+1, last);

}

Me 1t Sodwcacio partition yivovion ta €€1g:

* Emidéyeton o kevipikn] Tiun X tov otoryeiov mov Ba ta&vounBovv (otnv mopakdto
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vAomoinom, 1o x givarl 1o pecaio otoryeio Tov mivaka, Bo propovoe OPMS va gival ). TO
TPADTO, TO TEAEVTOHO, 1 KOl EVa TVYOHO GTOLYKELD).

* Ta otoyeia dratpéyovion amd aprotepd pExpt va Ppedet kbmowo otoryeio a[i] >= x ko
amo o0&l uéypt va Ppebdei kamoro otoyegio a[j] <= x. Tote evaridooetal 1 O€om Tovg.

* H cdpwon amd de&1d kot aprotepd ko 1 evarioyn| eravoriapfavovtarl pExpig 6tov ot 60O
GOPAOGEIS cLVAVTNOOVY, InAadN pEYPL va yivel i>=j. Etol mpoxvmtovy dvo Tunpota: £va
(a6 ™ 0om j Ko apiotepd) e otoryeio TOv glval PIKPOTEPX 1 iG0L TOV X, Kot Eva (oo
™ 0éom 1 ko de€1d) pe otoryeia mov etvon peyardtepa 1 ica Tov x.

FUNC int partition (int a[], int first, int last) {
int x = a[(first + last)/2]; // emidoyn &evog aroiyeiov pivot
int i = first, j = last;

while (true) {
while (a[i] < x) i++;
while (x < a[j]) j--;
if (i >= j) break;
swap(a[i], a[]j]);
i++; j--;

}

return j;

}

Me ™ pébodo quick sort, otn yepdTepn mepintmon amorrovvrar O(n?) cvykpiceg. Onwg,
ot péon mepintoon anorovvrar pdvo O(nlogn) ocvykpicelg ko — otnv Tpdén — 1 pébo-
do¢ vt gtvat cuyva ypnyopdtepn and dileg kabapés Ledddovg Tavounong ToOALTAOKOTNTOG
O(nlogn), 6nmg n merge sort.
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Teyvoloyia Loyiopikov

H teyvoroyia Aoywopikot (software engineering) gival o kKAAS0G TNG TANPOPOPIKNG TOL
aoyoAeiTol e TNV AVATTTLEN TOL AOYICUIKOV. ZKOTOG TOV KAAOOL auToD VOl 1] EDPECT TEXVIKMOV
Kol gpyareiv, TV omoiwv N ypnoporoinon otny mapayyn Aoyispkot Oa eEacparilet yio 1o
TOPAYOUEVO TPOTOV:

* TaPAd0oT HECH GE TPOSLOYEYPOUUEVO YPOVIKA OPLaL,
* KOGTOG HECO GE TTPOOLOYEYPOLUUEVOL OPLOL

* KOAN TOWOTNTO

* alomotia, Ko

* dvvartn kot oyt domavnp| GLVTHPNON.

To Aoyiopiko Bewpeitarl aldomioto Otov TANPEL TIg TPOdYPAPES TOL, deV Tapdyel AavBacuéva
OTOTEAECLATO, OEV ALTOKOTAGTPEPETAL, TPOPaivel 6€ AOYIKEG EVEPYELEG OTAY aVTIUETOTILEL OTTPO-
BAETTEG KATOOTAGELS KOl GTOUOTAEL OTPOPAETTO LOVO OTOV 1) TOPATEPA GLVEYICT] TNG AELTOLP-
viog Tov givar evieAdg advvar).

H onpovpyia ko avartoén tov kKAGdov g te)voAoyiog Aoyioukol Bewpnnke amapai-
™ NN and 10 TéA0G NG dekaetiog Tov 1960. O Adyog Ntav OTL, avtifeTa Le TNV KATOGKELT
vAkoV (hardware) 6Tovg NAEKTPOVIKODG LITOAOYIGTEG TTOV YIVETOL e PLEYEAN EmTLY 0L KO 0ELOTTL-
oTio Ko pKpo KOGTOG, N KATaokeLN Aoyiopukob (software) mapovoidlel coPapotateg SuoKoreg
oL ToALamAactalovtal ducavaroya, KaOdc To uEyedog Tov AoYIGUIKOD aVEAVEL. ATOTEAEG LA
etvat va onpeidvovtol vtepPACELS GTO YPOVOIAYPOLLLLY KOL TOV TPOVTOAOYIGUO £PYmV AOYIG L
KOV K0l TO TOPOYOUEVO AOYIGHIKO VoL £ivoil KOKNG TotdTnTog, avaSlomioTo Kot TOAVSATAVO 6N
GULVTNPNOT| TOV.

To {ntovpevo amd v tEXVOAOYio AOYIoUIKOV ivon pio pefodoroyio KOTOGKELNG AOYIGLL-
«koV. H avantuén opwg pog tétotog pebodoroyiag amodeiydnke po ol S06KoAn vodeon. -
LEPOL LTTAPYOVY TOAAEG HEBODOLOYIES, KOMLA OU®G OEV Elval TEAELD KO EQAPUOCIUT GE OAEC TIC
nePMTOGELS. O1 TEPIEGOTEPES OO 0VTEG TIG LeBodoroyieg Bewpovv To AoyioHKd G Eva Broun-
YOVIKO TTPOIOV KOl TEPTYPAPOVV TNV KATAGKELT TOL € daKPLTES PAGELS. Ta poviéda avamTuEng
Aoyiopko¥ mov Pacilovtal og avtn ™ Prlocopio ovopdlovtol povréla kOkiov (o Aoyiopt-
ko0 (life cycle models). To vofabpo pog pebodoroyiag ivor whvta Eva povtélo kbkhov {mng.
Ot pebodolroyieg Opmg eumepiEyovy pebodoLS, TEXVIKES Kot epyareio Tov divovy KatevBHveelg
Yo TO TG TPEMEL VoL Yivouy ot epyacieg kbbe @dong tov kokAov (ong (PAére oynpa 11.1).
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MéBodoL diaxeipiong Mpétuna
(Management methods) (Standards)
MebodoAoyiee
(Methodologies)
TeXVikEG HEBOSOL EpyaAeia
(Technical methods) (Tools)

Movtéha kUkAou Twng
(Life cycle models)

Yymua 11.1. MeBodoroyieg avamTuENG AOYIGHIKOD KOt TO GUGTATIKE TOVG,.

11.1 Movtého KOKAOL LONG

Ta povrérha kokriov ong (life cycle models) mapéyovv oonyieg mov apopodv GTIG Epya-
oleg mov mpémet va yivouv o€ éva €pyo Aoyiopukov. Ot odmnyieg kabopilovv tn cepd TV &p-
YOOLOV QVTOV, TO, KPITHPLOL LETAPoong amd T pio epyacio 6Ty GAAY, TO EVOLAUESO TPOTOVTQ
KO TOL KPUTN P TEPUATICUOV Hog epyosiog. Exovv avartuyBet dtdpopa povtéda khkiov {ong.
1o oynua 11.2 anewoviletor To povtéro Tov Katappdarty (waterfall model), mov ywpilel tov
KOKkAo ComMg o okT® Qaocels. Kdbe pdon emeEepyaletor Ta omoTeAECUATO TG TPOTYOVUEVNG
@aong. To 1éhog kdBe PAaoNc oNUASEVETOL A0 i O100TKOGI0 ETIKVPMONG 1] EMOANBgvonCg, TNG
omoiog oKomOC etval va amaAeiyel 660 yivetan TeplocOTEPA AAON 0O T TPOIOGVTA AL TNG TG YA~
ong. OmcBodpounceig yro dtopbwon Aabov mepropilovtat av eivar SuvaTd GTNV TPOTYOLUEVT
povo eaom. Av kat £xel VTOOTEL HEYAAT KPLTIKT), TO LOVTEAOD OVTO LE SLAPOPES TOPAALYES ETvaL
exeivo Tov ypnoonoleiton 6Ty TPAEN oNUEPOL.

[ToAAG dAAa povTéLa Exovv TpoTadel ¢ EVOALAKTIKES AVGELS. To HOVTELD TG TPOTOTVTTO-
noinong (prototyping model) mpoteivel Tnv Kataokevn EVOC TPOTOHTLIIOL TOV GLGTHHOTOS OGO
yivetal mo ypryopa. To Tp®TOTUTO EKTEAEL OPIGUEVEC LOVO OO TIG AEITOVPYIEC TOV TEAIKOD
GLGTNLOTOG AOYICUIKOD Kot £XEl MG 6KOTd va amoktnOel umelpio Tov aQopd TV PIKTOHTNTO
TOV GLGTNIOTOG Kot TNV akpifela Tov Tpodiaypae®yv. H Katackevn Tov teAkod GUGTHUATOG
Aoylopko¥ pmopel va yivel HEo® TG KOTAOKEVTG Kol avafEDPONG TOAAMY TETOIWV TPOTOTV-
v, kabéva arnd To onoia facileror 6To Tponyovuevo. TEAOG, TO AVTIKEIRNEVOGTPEPES HOVTELD
(object-oriented model) £xel mepinmov Tic 1d1EC PAGELS OTMOC TO LOVTEAO TOV KOTOPPAKTT, VITO-
otNPilel TOV AVTIKELEVOCSTPEPT] TPOYPOUUOTIGUO KOL TNV EMAVOYPTCLULOTOINGT AOYIGHIKOV.

11.1.1  Avdivon

>t edon (M otig eacelg, avarloya pe tn pebodoroyia mov axorovdeital) avaivong mpo-
SypleovToL Ol AmoUToELS 0o TO cVGTNHA AoYiokoD, kaBopileTton dnAadT| i Ba kdvel G-
VOAIKA T0 ovotnua. H amdvinon og avutd 1o epdtNUa givor yevikd duoKolo va PBpedel kot va
katoypagel. To amotedéopato TG AoNG avAALONC AmoTEAOVVY £va. 100G £YYPapov cuuBoAaiov
avApeso 6ToV TEAATN KOl TOV KOTOCKEVAGTH AOYIGHUIKOV.



11.1. MONTEAA KYKAOY ZQHX

Anaittrioelg ané 1
To ouoTnua
Emkipwon \
Anaittioelg ané II
TO AOYLOMLKS
Emkipwon \/
MpokaTtapkTiki II1
oxediaon
EmnaAnéeuon \

Aenitopepniq
oxediaon

Iv

EmnaAnéeuon \/

KwdiLkomnoinon kat v

€KKkabapion

Aabwv .
‘EAeyxoq povadag \/

N

Zuvévwon VI

EmnaAninBeuon \

\

‘EAeyxoq yLa VII
TIpOAELTOUpPYia

‘EAEYX0G OUCTHUATOG

Ay

\

Aeitoupyia kat
ouvTthipnon

VIII

Enavenkipwon

Yymua 11.2. Movtédo Tov KatappaKT.
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11.1.2 Xyedioon

E&attiog tov peyéBoug tov Loyiopikov,  KATOGKELT TOL 0V HUopel va Yivel ympig va mpo-
vmdpéel kamola domn oyediaong tov. Katd tn @dorn avtn, 1o Aoyiopikod daipeitanr o€ evotn-
TEG, 01 0Moieg oyedtdloviat Kot apyoTePa KATOoKELALOVTOL Y®P1oTd. O SOUIKES AVTEG LOVA-
0€G dpovVTAL LLE TN GEPA TOVG GE AALEG AMAOVGTEPES, £TCL MOTE TO TOADTAOKO TPOPAN L
NG KATAGKELNG OAOKAT POV TOL GLUGTILOTOC AOYIGLKOD VO, LETATPOTEL GE TEPLGGOTEPQ OTAOV-
otepa TpoPfiuota. To oxéd10 Aoylopkoy pmopet va ival €ite apyITEKTOVIKO/TPOKATAPKTIKO
(architectural/preliminary software design), ondte givon pio Tapdotoon TG LOKPOGKOTIKNG d0-
UNG TOV AOYIGUIKOV, gite Aemtopepés (detailed), ondte avamaploTd T HKPOGKOTIKY] TOL dOuUT).

11.1.3 Kmodwkomoinon

21 aon g KmdKomoinong Hetappdlovtal o1 TEPYPUPES TOL GYESI0V AOYICUIKOD GE K®-
dwka. XKomdg TG Paong dgv eivan povo n mopaywyn ophod Kodika, oAANL Kol EVAVAYVOGTOV,
€UKOAOV OTNV KOTOVOTNOT| Kol KOAQ TeEKUNPLopévon. TETo10g KOG O1EVKOADVEL TOV EAEYYO
opBdtTTOC, TOV EVTOMIGHUO Kot ekKabdpion Aabmv kabmg kot ) cuviipnon. H edon g kmot-
KOTOINOMG AVOAICKETOL GE TPELS dPACTNPLOTNTES:

* YPAWYLO TOL KOOKO
* TeKunpioon, Kot
* ovvEvmon Kal EAeyyog opBoTnTOG.

11.1.4 "Eleyyog

H @don tov eléyyov opBdtTag Tov kddwka gival Wiaitepa onuavtikn. O kddwag dev glvat
apKeTO va ypaeel, Tpémel Kot va eAeyyBel n Aertovpyia Tov péca 6to cvotnua Aoyiopikov. Ot
OOUIKEG LOVADES, OTMG TPOKVTTOLY Otd TN GYESIOGT TOL AOYIGHIKOD, EAEYYOVTOL KOT  OpynV
YOPIOTA KO ETELTOL YIVETOL 1] GLVEVOON KoL 0 EAEYYOC TOL GLVOLOV. O EVTOTIGUAG KOt 1 EKKOL-
Bapion Aabdv givar e€apetikd dVGKOAN epyacio kot faciletor cuvnBwE oTNV eumEpia Kot
dwicOnomn TV TPOYPULLATICTOV.

11.1.5 Xvvmipnon

[Tapotito Aoyiopiko de eBeipetar, £xel avaykmn ard cuvinpnon. O 6poc avTdg xpNoILoTOoLEL-
TOL Y10l VO TEPLYPAYEL OAEG TIC OPAGTNPLOTNTEG TOV AKOAOVOOHV TNV TOPEA0CT) TOL AOYIGHUKOD
péypt v omdcvpotn Tov. Ot dpacTnpldTTES AVTEG ATOGKOTOVV GE OAANYEG L OKOTLO TN PeA-
T{OOT TOV AOYIGUUKOV, TNV TPOCAPLOYN TOV 6 VEa TepIBaiiovta kat tn d10pBwaon Tov.

11.2  Mn teyvikd (nmpoto,

Onwg kb Tapaymykn dadikacio, £T61 Kol 1) TEYVOAOYIN AOYIGUIKOD OVOTOPEVKTA 0LGYO-
Aeiton Ko PE opiopéva pn TeXVIKA (NTHLOTO, OmTOpoiT)TO OUMG Y10 T GMOOTH KOl OTOJ0TIKN
avATTUEN AOYIGIKOV.
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11.2.1 Awiknon ko opydvoon

H dwoiknon evédg €pyov Aoyiopkod arockomnel 6to vo tnpnbovv ot TtpoPrepbeiceg mpobe-
opieg mopadoong Tov £pyov, o TpoPAredeic mpodmoroyicpog Kat 1 TpoPrepbeica modtnta. Ot
npoPAéyelc yivovrat amd tnv idta T dtoiknon. Empépovg dpactnprotteg g d1oiknong etvoun
MM amoPAGE®V, 0 GYEIOGLOG, O OPIGHOS EPYACLAV, 1] ENLTIPNON KoL T cVVTOEN TOV EKBECEDY
Kol Tov avagop®v. H opydvmon g opddog avantuéng Aoyiopikov eivat erxiong wioitepa on-
HOVTIKT, KaBMG 1 KOAT GUVEPYOGIN KOl EMKOWVMVIO aVTNG TNG opadag mailel Kabopltotikd poro
OTNV OLOAN OTOTEPATOGT] TOV EPYOV.

11.2.2 Kootoroynon

H extipnon tov k6610V¢ TOV AOYIGHIKOD €lval éva amd T SOVGKOADTEPO Kot TAEOV EMIP-
pemn o€ AGON wpoPAnuata TG TEXVOAOYiaG AOYIGHIKOD. ATO TN o TAEVPA elvar amapoitnTo
va yiver por akpifng eKTipumomn tov KO0GTovg 660 T0 dLVITO VopitePa Katd TNV avamtuén Tov
Aoyopkod. Ao v dAAN Opmg axpiPng ektipnon sivol oAb 60Vckoro va yivel vopig yioti &i-
vat dyveoototl Tépo ToALOl TaPAyOVTEG TOV TEAMKA GUVEIGQEPOVY GTNV AHENGCT TOV KOGTOLG TOV
AOYIoHKOD Ko TOAD GUYVEAL EXOVV MG AMOTEAEGUA TNV LIEPPOGT TOV TPOVTOAOYIGHOV 1| TOV
YPOVOOLOYpApHaTOC. Ot TEXVIKEG TOV EY0VV OovoTTLYOEL Yia TV KOGTOAGYN O €ivon ®g emi TO
TAEIGTOV EUTEIPIKEG KO TOL ATOTEAEGLOTA TOVG QUG PN THGILAL.

11.2.3 Efaoc@aiion morotnrog

To Aoylopkod givar icmg 10 LOVAOIKO TEXVIKO KOTAGKEVAGIO TOL CNUEPO TOAEITAL YWPIg
eyyomon. O PBacikodg Aoyog eivor 0tL 1 e£00PAMOT] TNG TO1HTNTOS TOV AOYIGHUKOD ivar daitepa
dvokoAn. To TpdPAnpa EyKeElTan 6TO OTL OEV VILAPYEL AKOWA KOWVA OTOOEKTOC OPIGIOG TG TTOLO-
mrog, oev €xel Ppedel Teyxvikn mov va fondd oty emPoArn ¢ modTnTOC 6TO £PY0 AOYIGLUKOD
00TE AMOTELECUATIKOG TPOTOG Y10 TN HETPNON TNG TOLITNTAG EVOS TPOIOVTOG AOYIGUIKOD.

11.2.4 Awygipion oynuoTIcROV

To 6VVOAO T®V OVTOTATOV TOL OTOTEAOVV TO AOYIGLHUKO OVOUALETOL GYNUOTICUOG AOYIG L
KoV (software configuration). 11§ ovTOTNTEG VTEG TEPIAAUPAVOVTOL O KOOUKOGC, TOL EYYPOUPO TEK-
UNpi®ons Tov AOYIGHIKOV (TPOSIAYPOPES OTOLTHGEMV, TEPLYPUPES GYESI®V, EYYXEPIOL YPNONG
KOl £YKATAOTOONG, K.AT.) Ko T £Yypapo TEKUNpimong Tov £pyov (TAdvo Epyov, TAGVO EAEYYOL
opBotrag, k.Am.). Kédbe ovtomta £xet mbavog moArEg ekO0GEIC, AOY® TV 0ALOY®V TOL Yivo-
VIO 6TV apykn £€kdoon (010pHmon Labdv, avabempnoels, K.AT.), KOt KOTA GUVETELN KOl OAO TO
Aoylopuko €xel moALéC exdooelc. H diayeipion oynuatiopmv (configuration management) a.oyo-
Aetton pe 1 dwyelpton TV ovtoTHTOV AOYIGUIKOD KOl OA®V TV EKOOGEMY TOVG KOl EYEL MG
OKOTO 01 S1APOPEG OAAAYEC VO U] SNUIOLPYOVV GUYYLON, TOPEPUNVELES KOl TPOPANHOTA KATH
™V avantuén evog €pyov AoyIGHKOD.

11.2.5 Awnpooconsio avOpOTOV-GLGTIHATOS

e kdbe cvotua POCIGUEVO GE NAEKTPOVIKO DTOAOYIOTN €lval amopaitnTo Vo emttevydet
L0 ETIKOVOVIK OVALESO GTOV DTOAOYIGTH KOt TOVG avOpOTOLG TOL OaL TOV YPTGLULOTO|GOVV.
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To poro tov depunvéa mailel n dwampocwneio avlpdmov-cvuotiuatoc (man-machine interface),
ONA0OTN TO TUNO TOV DAIKOD KOl TOV AOYIGUIKOD TOL aVaAUBAVEL T GVVOEGT TOV YPNOTN LE TO
VIOAOYI0TIKO cVuoTN . To Aoyiopikd Tov Katackevaletat opeilet va gival 0ypnoTo Kot ALK
npog 1o xpno (user friendly). Ouwc, 1660 0 GYESIACHIC EVYPNOTOV Kol PLMKAOV J0TPOCH-
TELOV OGO Kol 1 VAOTOINGN ToVG Tapovctdlel TOAAEG SOVCKOALES.

11.3 Epyoieia

AlGpopa epyoareion SIEVKOADVOLV TO £PY0 TOV TEYVOAIY®V Aoyiouikov. Ta epyaieia avtd
YPNOYLOTOLOVVTAL GE OLAPOPES PAGELS TNG AVATTVENG AOYIGLUKOD KOl KATOTAGGOVTOL OTIG €ENG
KaTNyopies:

* gpyadeio avdAvong Kot EAEYYOV KOIKA,

* gpyodeia dlayeipiong, EAEYXOL Kot GUVTNPNONG,

* gpyadeio TPOSIAYPAPOV Kol 0VAALGNG ATOLTGEMV 1) GYEdiOV,
* gpyaAeio KOTAGKELTG KO YEVVIONG TPOYPAUUATOV,

* gpyalein TPOGOUOIMONG KOl LOVIEAOTTOINGNG, KOl

* gpyadeio vTOGTNPIENG Kot TEPPAAAOVTIO TPOYPOLLATIGLOV.
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Enclepyaoio KEUEVOL

Mio amd 116 o S100e00UEVEC YPNOELS TOV VITOAOYLIGTN €lval yia enelepyacio KEWEVOD.

Noa g drapdlovpe Ko enelepyalOUACTE YOPUKTNPEG — T.Y. TOVG LETPALE — UEYPLTO TELOG
tov apyeiov. H cuvdptnon getchar emotpépetl EOF 6tav mpoonadncovpe va dtofdcovpe mépa
oo To TEAOG TOV apyeiov.

Edv 1o xeipevo dev givan o apyelo, adlrd divetal amd to yprotn Kotevbeiov and to mAn-
KTPOAOY10, TOTE 0 YpNotng tpénet va motnoel <CTRL>+D (] <CTRL>+Z kan <ENTER>, c¢
nepPdArov Windows) yia va onpdvel 1o t€Aog Tov apyeiov.

int n = 0;
while (getchar() != EOF) n++;
printf(”%d characters were read.\n”, n);

210 enOUEVO TOPASEY LA OVTLYPAPOLLE TNV 10000 6TV ££000, 0odnKEVOVTAS TOVS YOPOL-
Kkpeg otn petaPintn c. H petafint oot npénet va £xel TOmO int yroti n) Ty EOF dev pmopet
va amofnkevbet og petafAnt tomov char.

while (true) {
int ¢ = getchar();
if (c == EOF) break;
putchar(c);

}

[oodbvapa, To 110 TUNHO TPOYPAUUATOS UTOPEL Va Ypapel wg e&Ng:

int c;
while ((c = getchar()) != EOF) putchar(c);

Evd akepaiovg (mov amobnkedovror ot petafint i) swPfalovpe péxpt 1o téA0g T0UL Op-
xelov kot enelepyaldpacte — m.y. TpocHiTovpe — mg e&NG:

int i, sum = 0;

while (true) {
if (scanf(”%d”, &i) !'= 1) break;
sum += i;

3
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Ed® dev umopet va ypnoyonomOei ) cuvéptnon READ_INT tov PZhelp, yati av mpocmadn-
GOVLE LE QLTNV VO O10PAGOVLLE TEPQ OO TO TEAOG TOV APy EIOV, B0 TPOKVYEL COAALLL EKTEAECT|G.
Avtifeta, n ovvaptnon scanf g BiProdnkng g C emotpépet To TAN0og TV petafAnTdV Tov
dwpdotniay. 10 Topandve Topddstypo o anotéhespd g ivor 1 (uovo to i dafdotnke)
EKTOG OV PTACANE GTO TEAOG TOV apyEiov.

To 1610 mapdderypa pmopei va ypapel 1codvvapo wg e&ng:

int i, sum = 0;
while (scanf(”"%d”, &i) == 1) sum += i;

12.1 Xopoxm)pes ko Ypoppég

To mapokdtw koppdtt Tpoypdupatog dofalel éva keipevo and v €icodo, PeTpdel Tov
aplOpd yopaKTP®V Kot ToV aptBpd Ypoppdyv, vrtoAoyilel Tov HEGo OpO UKOVS TNG YPOUUNG
Kol TOPOVGIALEL TAL AMOTEAEGLOTA GTNV 000VT).

int lines = 0, chars = 0;

while (true) {
int c = getchar();
if (c == EOF) break;
if (c == ’\n’) lines++; else chars++;

}

printf(”%d lines were read\n”, lines);
if (lines > Q) printf(”%0.31f characters per line\n”, 1.0 * chars / lines);

[Tpocélte 011 6 OVTO TO TOPASELY LA OE LETPALE TIG AAAAYES YPOUUNG MG YOUPUKTIPES.

210 TOPOTAV® TOPASELY LA, TPOGEETE TNV €kPpacn 1.0 * chars / lines. O moAlomAa-
ClOoHOG PE TO 1. 0 ypetdleton doTE 1 TYWN TG LETAPANTAG chars vo, LETATPATEL GE TPOLYHOTIKO
ap1Ouo, £T61 OGTE 6T GLVEYEL VO Yivel Tpaypatik (Kot Oyt aképata) dwaipeon. To 1010 pmopel
va yiver ot C++ e peratpom) Tomov (type cast):

(double) chars / lines

12.2 Aégeg

To endpeva mopadeiypato apopodv AéEets. Iy, pia AEEN opileTon ¢ TEMEPAGLEVT] OLKOAOV-
Oila ypoppudTov Tou aA@afTov Tov akoAoVOEITAL ATO OTOIOVINTOTE YOPOKTPA TOV JEV Elval
YPappo. Oa ¥PEWCTOVUE AOUTOV EVOV EAEYYO Y1 TO OV EVOG OPOKTNPAG TOV dtofdotnke eivat

Ypaupa 1 Oxt.
FUNC bool isletter (char c) {

return ¢ >= ‘a’ AND ¢ <= 'z’ OR c >= A" AND c <= 'Z’;

}
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To mopaKaT® TU RO TPOYPAUUATOG LETPAEL YOPOKTPES, AEEEIS Kat Ypauués. TIpocééte 0T
€0 UETPALE QKOO KO TIG AAAOYES YPOUUNG MG YOUPUKTIPES.

int ¢, lines = 0, chars = 0, words = 0;

c = getchar();
while (c != EOF)
if (isletter(c)) {
words++;
do { chars++; c = getchar(); } while (isletter(c));

}

else {
chars++;
if (c == '\n’) lines++;
c = getchar();

}

10 Topandve Topdostypa, sivol facikr avairoioTn tov eEwteptkod Ppoyov while o1t
&yovpe dafdocet Evav yopoaktpo mopandve (Urpootd) amd v €icodo, o omoiog Ppicketal
o1 HeTaPANTN ¢ (v QUOTKA VINPYE, OLPOPETIKA 1) LETAPANTN € TEPLEYEL TNV TN EOF). AvTod
yivetal yiati dev vapyel Tpoémog vo Katoddfovpe 0Tt pio AEEN tedeiwoe, ekTdG av dafdcovpe
TOV ENOUEVO OO ATV YOPAKTIPO KOl OIUTIGTMOGOVUE OTL OV €ivat YpELpLpLaL.

To mapokdto mapddstypo drafalet Eva kelpevo amd v €ic0d0 Kat, Yo kbbe AEEN ToL, e-
TPAEL TOCH YPAULATO QLT EYEL. ZVYYPOVOG, LETPAEL TOGEG AEEEIG VTLAPYOLV e TANOOG YPOLLL-
parov amo 1 péypt 20 kot oto T€A0G ep@avilel To ATOTEAEGUOTOL.

int i, c, freq[21];
FOR (i, 1 TO 20) freq[i] = ©O;

c = getchar();
while (¢ != EOF)
if (isletter(c)) {
int n = 0;
do { n++; c = getchar(); } while (isletter(c));
if (n <= 20) freq[n]++;
}

else c = getchar();
FOR (i, 1 TO 20) printf(”%4d words of length %2d\n”, freq[i], 1);
2VVAPTNON LETATPOTNG KEPAAOIMY YPOUUATOV GE UIKPAL:

FUNC char tolower (char ch) {
if (ch >= 'A’ AND ch <= 'Z’) return ch - 'A’ + 'a’; else return ch;

}
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2uvApPTNON HETATPOTNG KPDOV YPOUUATOV GE KEPaAoioL:

FUNC char toupper (char ch) {
if (ch >= "a’” AND ch <= 'z’) return ch - 'a’ + 'A’; else return ch;

}

12.3  Avtiotpo@n YopoKTNPOV KAOE ypappis

To mapokdto TpuqpHa Tpoypdppatoc dtopdlet éva keipevo amd v £10000 Kot epeavilel Tovg
YOPOKTNPES KAOE Ypapung o avtiotpon cepd. Ed® mpénet va amobnkevbodv ot xopaKktipeg
KGO ypopung, 6rmg dtafdlovtal, Kot kdvovpe TNy veodeom 0Tt To PEYIGTO TANOOC YOPAKTPOV
o€ pia ypapun eivon ico pe MAX.

const int MAX = 80;
int i, c¢, line[MAX];

while ((c = getchar()) '= EOF) {
int n = 0;
while (c !'= '\n’) { line[n++] = c¢; ¢ = getchar(); }
FOR (i, n-1 DOWNTO 0) putchar(line[i]);
putchar(’\n’");

}

12.4 Avolptmon Aé€emv

AMa Tpoypdppata eneEepyaciog Yyvouv yia S10popeg AEEEIG-KAELOIA TV OTOlV TIG ElL-
eavicelg HeTpohv 1 aviikafiotodv pe KATL GAAO, KAVOLV JIAPOPES GTATIOTIKES Y10 TO KEIUEVO
N aAAdlovv TN HOPPT) TOL KEWWEVOL KATO KATOO0V TPOTO T.Y. WHKOG YPOUUUDV, KEQAAATo-UIKPA,
TAN00G KEVDV, KEVES YPOUUUES, TAPAYPAPOL, GTOT 10T 06100 TEPO®PIOL K.AT.

[Mapdaderypa vpeong AéEnc-kAed100 og Keipevo:

/) Aéén-rAe1di Exer 3 yopoaxtipes
FOR (j, 0 TO 2) key[j] = getchar();

/€0t 1 TO UNKOS THS YPOUUNG
FOR (k, 0 TO i-3)
if (line[k] == key[0] AND line[k+1] == key[1] AND line[k+2] == key[2])
WRITELN(”keyword found!"”);
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Aounuévor Tomol

g auTO T0 KEPAANL0 TOPOoLGLAlovTaL Heptkol akdpo cVVOETOL TOTTOL dedoUEVMV, Ol 0TToioL
TEPLEYOVV G JOUIKA GLOTOTIKA AALOVG TUTTOVG KoL YU AT amoKaAovvTal dopunpévor Tomor. H
TEPLYPAPT OVOPEPETOL GTOVG TOTOVS GLUPOAOGELPDOV, EYYPUPDOV, EVOGEMY KOl apyEi®V.

13.1 XZvpPoroceipéc (strings)

Ye auTn TV evotnTa TEPLYPAPOVTOL 01 GLUPBOAOGELPES dmmg opilovTal Kot YPNGLOTOI0V-
vtor ot Biprodnkn g yAwocag C (mov dnwg ginape kKAnpovopeitar avtovota ot C++). H
B1pAoOnKn g C++ vrootnpilet Kot Evav GALo TOTO (KAGOT) GuvapTnoE®V L dvoua string,
pe tov omoio dev Ba aoyoAnBodpe og avtd T0 EAUNVO.

OrevopPorocerpéc (strings) ivor Tivakeg xopakpv (dnAadmn, Iodvuvapa OTmg e&nyndnke
o€ TPONYOVUEVO KEPAAOLO, OeikTEG O YapaKkTnpes). Katd cvpupaon, to téAoc piog cupforocet-
pag onuoatodoteital omd Tov 101kO yopaktipa '\0’, dnAadr to yopaktipa pne ASCII kwdwo
100 pe unoév. T MA®oN TV HETARBANTOV GUUPOLOCEPDOV OOV OEGUEVETOL O YDPOG ATOON-
KEVONG TOVG TTPEMEL VAL VITOAOYILETOL TO HEYIOTO TANOOG YOPAKTNPMV TOV UTOPEL VO TEPLEYOLV
aLTEG 01 GLUPOAOGELPES (cLpTEPLOUPBOVOUEVOL Kot TOV TEAMKOD YopaKTipo ' \0").

[Mapdaderypo SNAmoNG

char name[30], address[80];

Opilovtat dvo petafAntéc cvpforocelpés: n name Tov £xel UNKOS To TOAD 30 YapaKTpES, Kot
N address mov &yel UNKog to oA 80 yopaKTHPEC.

[Mapdoetrypa avayvoong Kol EKTOTOoNG

printf(”What’s your name?\n”);
scanf(”"%s”, name);
printf(”Hi %s, how are you?\n”, name);

[Na va ypnoywomomBovv ot mapokdtem cuvaptioelg tpénet va tponyndel otv apyn tov
TPOYPAUUATOC:

#include <cstring>

149
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* strlen(s): eMOTPEPEL TO UKOG TNG CLUPOAOCELPAS S.

[Mopaderypo
n = strlen(”ABCDEF"); /=6
strstr(s, key):emotpépetnullptr avn ovuporocelpd key dev eppoviletor 6Tn cup-

BoAocelpd s, SLOUPOPETIKG EMGTPEPEL EVAL OEIKTN GTOV TPMOTOL YOPUKTIPO TNG TPDTNG
ELQAvIoNg TG key otV s.

[Mopaderypo

char s[] = "It is raining today”;

char key[] = "aining”;

char *p = strstr(s, key); /p = s+7

strcat(t, s): mpocbétel (cuvevmvel) T cvUPorocelpd s 610 TEAOC TNG GVUPOAOGEL-
pag t. H televtaio mpénetl va d1afétel apketd ydpo £T01L MOTE Vo UTOPEL VoL YOPEGEL TO
amoTELEC A TG CLVEVWMONG (concatenation).

[Topdoetypa
char a[10] = "abc”;

strcat(a, "def”);/ a = “abcdef”

strcpy(t, s):aviiypdeet ) ovpforooelpd s ot cvpporocelpd t. H tedevtaio mpémet
va 0100€TEL APKETO YDPO £TGL MOTE VO UTOPEL VAL YOPECEL TNV TPDOTY GCLUPOAOCELPA.

[Topdoetypa

char a[10];

strcpy(a, "ding”);

a[1] = "o’;
printf(”%s\n”, a);// dong

strcmp(sl, s2):oVYKPIvel TIC V0 GLUPOAOGELPES GUUP®VA LE TN AEEIKOYPOPLKT] 10~
Tadn Ko emotpépet 0 av eivan ioeg, Betikd apBud av n s1 etvon peyolvtepn g s2, M
apvnTkd aptBpd av n sl eivor pkpoTEPN TG S2.

[Toapdoetypa

if (strcmp(name, ”"John”) == 0)
printf(”Hi John, how’s Mary?\n”);

n = strcmp(”ding”, ”dong”); /n <0
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13.2 Aopég (structures)

O tdmog ¢ dopng (structure) eivar £vag omd tovg Mo cVVOETOVE TOTOVG dESOUEVAOV TNG
C++. M doun| amotereiton amd Eva TAN00g EMUEPOLG HETAPANT®V, KAOE (o amd TIG OTmoieg
Umopel va lval 0To10VdNTOTE £YKLPOV TOTOV, OKOUA Kot AAAT dopn]. AVTEG O1 ETUEPOVG PETO-
BAntéc ovopdlovron wedia (fields) tng doung.

H dMAwon tov tomov piog dopung diveton amd To ToPIKATO CUVTOKTIKO OLQYPOLLLOL:

struct_def

declarator type

%struct)% identifier @ D %

O1 SOUEG YPNOYOTOLOVVTOL Y10 TV OROO0TTOINGT TV dEJOUEVMDV EVOG TPOPANULATOG TOV
amoteAoVV AoYiKEG ovtotntes. [ mapdostypa, oe Eva Tpoypappa dtayeiptong Tov apyeiov evog
oyoAeiov, amatteiton Yo kdBe podn va EEPOVLE TO OVOUOTETMVLLO TOV, T 01E0BVVGT) TOV, TO
AEQ®VO TOL, TNV TAEN Kot TO TURUA Tov, TN Pabpoioyia Tov, k.Aw. Ta dedopéva avtd, kibe
éva amd ta omoia, umopel vo mapoactabel pe por LETAPANTA KATAAANAOL TOTOL, LITOPOVV VO,
opyavwBoldv cg pa dopn yro kdBe pabntr. O TOmog awtng TS doung Ba pmopovce va givat:

struct student {
char firstName[20]; // ovouo

char lastName[30]; // exadvouo
int class, room; /) taén, tunuo
int grade[15]; // PoBuotl nabnudrwv

i
Av 0éhovpe va, SNAOGCOVUE P LETABANTH cLTOD TOV TUTOV, UTOPOVLE VO YPAWOLLLE:
student s;
H npoonélaon ota media Tmv Sopmv yivetor pe T0 GLUPOMOUO:
ooun] . WeAOG

INo mapddetypa, pmwopode Vo, EKTUTMOGOVE GTNV 000V TO OVOUOTETMVOLO TOV HodnNT S pe
TNV EVTOAN:

WRITELN(s.firstName, s.lastName);

KOl L€ TOPOUO10 TPOTO UTOPOVLLE VO EKYOPNCOVUE TOV aplOpd 3 6TO TEGIO TOL TAPIGTAVEL TV
T4EN ToL TOPATAVE HoBNTA:

s.class = 3;
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O tHmog ™G douNg, OTMG 01 TEPIGGOTEPOL TUTOL OEOOUEVMV, UTOPEL va. ypnoipomombel wg
TOTOG TOPAUETPOV EVOG VITOTPOYPAUUATOC 1) O TOTOG AMOTEAEGUATOS GUVAPTNONG. ¢ £val Lo
oLVOETO TAPAdEY A, 1| TAPAKAT®O cLVAPTNOT LVoAoyilel To péco Opo ¢ Paburoroyiag Tov
pofntn s mov divetor mg TOPAUETPOG,.

FUNC REAL average (student s) {
REAL sum = 0.0;
int 1i;

FOR (i, © TO 14) sum += s.grade[i];
return sum / 15;

}

Mua dopn| pmopel va mepiéyel og medio g pia dAAN doun. Ta va dovpe éva tétoto mapd-
detypa, Bo mpocsBécovpe otov TOMO student v nuepounvia yévvnong tov poabntr. [pota o
opicovpe €va vEo TOTO OOUNG Y10 TNV OVATOPACTOGT] TOV NUEPOUNVIDV.

struct date {
int day, month, year;

iy

> ovvéyewn Bo adddEovpe Tov opiopd Tov student mpocbétoviag Eva akdpa Tedio.

struct student {
char firstName[20]; // ovouo

char lastName[30]; // exadvouo

int class, room; /) taén, tunuo

int grade[15]; /" BoBuol naBnudrwv
date birthDate; /| quepounvia. yEVWnong

i

Av TOpo 1 PHETOPANTN S €lval TOL TOPATAV® TOHTOV, Y10 VO TOPOVCIAGOVUE LUE EVOVAYVOGTO
TPOTO TNV NUEPOUNVIO YEVVIIONG UTOPOVLE VO YPTGLLOTOGOVLE TNV aKOAOLON EVTOM:

WRITELN(s.birthDate.day, ”/”, s.birthDate.month, ”/”, s.birthDate.year);

[IpocéEte dTL VIGPYOLVY SO TeAEieC o€ KABE TEdio OV eKTLIOVETAL: KOT™ apynV Ppickovpe v
nuepopnvia yévvnong tov podnt, onAadn s.birthDate, Kot pHetd mwy. TNV NUEPO TOL PNVA
OV OVTIGTOLXEL G€ TV, ONANOY| s.birthDate.day.

Me ypnon S0U®V HTOPOVLE VAL OPIGOVLE Evay TOTO compleXx Yio TOVG UIYAOTKOVG aptOOVGE.
(H B1prodnkn g C++ opilet £vav T€1010 TOTO pE XPNON OVTIKEIUEVOV Kol UE TPOTO MOTE Ol
aplOuMTIKES TPAEELS VA YpAPovTaL TOAD TTLO KOUYA.)

struct complex { REAL re, im; };
211 GUVEYELN, LTOPOVLE VO OPICOVLE GVVOETEG TPAEELS LLE LLYAOTKOVG 0Pp1OLOVS (1S GUVAPTNOELG

7OV d€YOVTOL OEGOUEVA TOV TOTTOV complex ¢ TOPAUETPOVG. 'l Tapddelypa, 0 TOALOTANGLO-
oUOG yadkdV aptBpmv pumopel va vAomomBel wg €ENG:
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FUNC complex cMult (complex x, complex y) {
complex result;
result.re = x.re * y.re - x.im * y.im;
result.im = x.re * y.im + x.im * y.re;
return result;

}
EVA 1 CLVAPTNOT TOL VITOAOYILEL TO HETPO EVOC LYadIKOL aplBpod pmopel va ypoapel og:

FUNC REAL cNorm (complex x) {
return sqrt(x.re * x.re + x.im * x.im);

}

13.3 Evooeig (unions)

O tomog g éveeong (union) £xet akpiPmg v idto LopPn pe Tov TOTO TG douns. Ouwmc,
eva o€ pio doun pmopel Kaveic va xpnoUYLOTOMGEL GLYXPOVMSG OAo T Tedia NG, o€ pia Eveon
UTOPEL VO YPNOLUOTOCEL TO TOAD £val KAOe otiyun!

union_def

declarator type >
%union} identifier @ @@

O1 evGELG YPNOLUOTOIOVVTOL Y10 VO, EEOTKOVOUEITOL YMDPOS GTN ViuN, 0T T.Y. Yvopilovue
OTL kGmoto dedopévo Ba eivon eite aképatog aplOuog eite Tpaypoatikog (kat OEAovue vo ypnot-
LOTOMGOVLE avomapdoToot int kot REAL avtictolya), aAdd og yvopilovpe mowo amd ta 600.

union number { int i; REAL r; };

Mmropobpie T.y. va EEKIVIIGOVUE VO XPNOYLOTOLOVUE TO TTEDI0 I TNG EVEOONG, LE TNV TOPUKATM
avéOeon:

number n;
n.r = 1.2;
WRITELN(n.r);

KO OUECMG LETA UTOPOVLE VO AVOOEGOVLLE EK VEOV KOl VO OPYICOVUE VO YPNCULOTOLOVLE TO
nedio i g évoong:

n.i = 42;
WRITELN(n.i);
opwc, tote Oa eivan AdBog va Tpoomadnocovpe Vo EKTVTOGOVUE TO TTEDTO r!

WRITELN(n.r); // AdabBog!
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13.4 Apyeio (files)

Ta apyeia (files) etvar Sopnpévor Tomot petafAntov peyéBovg mov arotelovvral oand 6Tot-
xela TAnpogopiag (bytes), amodnkevpéva to éva petd to GAro. Tig meplocodTEPES POPES, Ta
otoyeio v Td lval AmOONKELUEVA GTNV TEPLPEPELNKT] LLVI U] TOV VTTOAOYLGTH], ONANOT| GE Lo Ot-
oKkéta 1 610 oKANPS dioko. Eivar modd cuvnBiopévn n ypnon apyeiov Keyévov, dniadn apyeimv
oto omoio To bytes Tov apyelov K®OKOTOIOVV YAPAKTPES, T.Y. COLPOVO LE TV KOOIKOTOINoM
ASCIIL Opwmg, yuo ke THmMO dedopéEVmV etvat duvartr 1 KOSKOTOINGT aVT®V LE bytes Ta omoia
umopovv vo, amodnikevdovv o apyeia, pe evBHVN TOL TPOYPOUUUATICTY.

"Evag 1poémog mpoomédacng Tov apyeimv gival o geiprokxdg (sequential), Sniadn| yio va wpo-
OTEAACOVLE KATO0 GTOLXEIO TPEMEL VL EEKIVIIGOVUE OO TNV apy1 TOL apyEiov Kot va dloTpé-
Eovpe 6Aa Ta Tpornyovueva. Iotopikd, Ta apyeio aviukotontpilovy T duvatOTNTA Ao KELONG
TANPOPOPLDY GE LOYVNTIKA UECH, T.Y. TOVIO, Y10 TO OTOi0 LOVO O GEIPLKOG TPOTOC TPOOTE-
haong etvar epiktoc. ‘Evag aAhog 1pdnog mpoonéhaong, eQiktog yo apyeio mov amodnkebovran
OTOVG GLYYPOVOLG VITOAOYIOTES, elval pe toyaio mpooréiaon (random access), 6Tav VEAPYEL M
dvvatotrta va peTafode oe omolodnTote otoryeio evog apyeiov oe otabepd ypdvo — dnwg
ovpPaivel kot pe Toug mivoakes. Xt cvvEyela Ba emkevipwBovpe 6T apyeiot GEPLOKNG TPOCTE-
Aaong, To omoia etval kol ToL amA0VGTEPA GTY| YPNOT).

Onwc ocopPaiverl ko pe v €icodo kot €000 (amd mAnKTpoAdylo kat 086vn), n C++ vmo-
ompilet 000 aveEAPTNTOVG UNYAVIGLOVG Yo TNV £16000 amd apyeia Kot tnv £é£0do o apyeia. O
gyyeving unyaviopdg g C++ yivetan kot it pe poég, Onme ) cout kaimn cin. tn cvvéyxelan Ha
TEPLYpAYOLE TO UNYoviopo ov 1 C++ €xet kAnpovouncet omd ™ BipAodnkn g yAwccag C,
mov Pacileton otov TOTO dedopévav FILE.

13.4.1 Apyeia e16600v ko ££600v

Ta apyeio mov ypnoyonotel éva Tpodypappa dakpivovior oe apyeior 16000V Kot apyeia
€£000v. Me Tov 6po £16000¢ 0T6 KATOL0 GPYEL0 EVVOOULLE TO S1GPaCLLO TANPOPOPILDV TOL Eival
amoONKELVIEVES OTO OPYEL0 Kol TNV amodNKeELON AVTOV 6€ PETAPANTES TOV TPOYPAUpaTOS. Me
TOV 0po €£000G 6€ KATOL0 0.pYEL0 EVVOOVLLE TO YPAYILO GTO apyEI0 TANPOPOPIDV, TOV OPYIKA
Bpiokovtal oe petafAntég tov mpoypaupatoc. Etopévmg, and ta apyeio £16600v emitpénetan
povo 1 €160d0¢ oTotKElMV GTO TPAYPALLLA, EVD oTa apyein e£600V emTpémetton LOVo 1 ££000C.

H ypron evég apyeiov and Eva mpdypappa yiveror péom piog petafintg pe tono FILE *
(mpocoyn, Oxt FILE aAAd deiktng o€ FILE).

[Mapdderypo ONAmwong:

#include <cstdio>
using namespace std;

FILE *f;

[Tpwv ypnowomomBei Eva apyelo, ite yio Stafacpa ite yio ypayipo, tpémnet va “avorydei”,
oniadn va apykomombel pe KaTdAANAO TPOTO MGTE Vo UTOPOVV VoL YPNGILOTOmO0ovV o1 TAN-
popopieg mov meptEyetl. Avtod yivetan pe tn ovvaptnon fopen mov déxetar VO GLUPOAOGEPES
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o¢ TapapéTpovs. H mpdtn eivan 1o 6vopa tov apyeiov mov B ovpe va avoifovpe. H dedtepn

kaBopilel OVO TPAypOTOL:

1. Avmpoxettoryia apyeio 16660V (“r”) N yio apyeio €£6d0v ("w”). Xty Tpdn MEPinTmon,
LETA TO Avotypa Tov apyeiov pmopovv va apyicovv va dtufdlovtar otoyeio Eekvavtag
amd TV apyn. X 0evTeEPN TEPITTOON, AV TO apyelo OV LIAPYEL TOTE dNULOLPYELTAL, EVD
oV VTLAPYEL Kot TEPIEYEL KATOL0 oTOtYElR TOTE avTd o vovTat kot To apyeio Bewpeitor ap-
YK o0, Ymapyet emiong n dSuvatdTnTo 0volyUaTog evOg apyeion €000V daTnPOVTAG

T VTLAPYOVTA TTEPLEYOUEVA TOV Kot TpocBétovtag oto Té€hog (append, "a”).

2. Av mpoketton yio apyeio kewévov (“t”) N v dvadikd apyeio (binary file), oniladn v
apyelo mov KmOUKomolel 0E00UEVA OTOIOVONTOTE THTTOV HE EVOVVI TOV TPOYPUUUATICTH

("b").

H ovvdptnon fopen emotpépet £va FILE * mov aviiotol el 610 apyeio mov HOAS ovoiEaLe.
Av 10 dvotypa dgv emTUYEL (T.Y. YTl Eva apyelo IGO0V JEV VTTAPYEL | YIOTL OITOLYOPEVETOL 1)

npdcPacn oe avtd), TOTE 1 fopen emotpéPel nullptr.

AoV enelepyacTtoiLe Ta GTOLXELN EVOG OPYELOV, TPEMEL VAL KOAEGOVLE TN cuvapTnon fclose
v vo, o KAgicovpe. Edtkd yuo ta apyeio €£600v, anTd eivor moAh onpavtikd Kabag av dev KAel-
ocovpe €va apyeio evoéyetot va yaodv Kamota amd ta dedopéva Tov Eyovpe Ypayel o€ ovTO.

[Mapdderypa avoiypatog Kot KAEIGIHOTOC:

#include <cstdio>
using namespace std;

FILE *f, *g;
f = fopen(”some-input-text-file.txt”, "rt”);
g = fopen(”some-output-binary-file.txt”, "wb”);

if (f == nullptr OR g == nullptr) {
printf(”Some of the files could not be opened!\n”);
return;

fclose(f); fclose(g);

13.4.2 Xpnon Tov apyeiov

['o to ypdyipo o€ apyeio Kot 1o ddfacpa amd apyeia, aviioTolyo, LTOPOVV VO PN GLUO-

TomBovV 01 TAPUKAT® GLVOPTNGCELS, AVOAIY®OS TL BEAOVLE VO Ypdyovupe 1} va dtafdoovpe:
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* fputc xou fgetc: yia YopoakTpeg
* fputs ko fgets: yia cuppforocelpéc

e fprintf kot fscanf: y otdnmote pmopel va popeomomBel, 6TmG e T1g printf ko
scanf.

» fwrite xou fread: yio akolovbieg byte

Emiong, pe m ovvaptnon feof pmopovpe va eEAEYEOLE oV KOTA TN TPONYOVUEVN EVTOAN
dwpdopatog and kmoto apyeio e1l6dd0v Ppédnke 10 TEAOG TOL ap)Eiov.

[Mapdderypa 1

To npdypappa Tov akorovdel ypnoponotet dVo apyeia kepévov. To f eivar apyeio 10600V
eved 1o g elval apyeio e£60ov. To mpdypappa dtaPdlet dadoyika to mepieydpeva tov f Kot ta
amoOnkeveL (AvILYpAQEl) GTO g, LETATPEMOVTOG TO. LIKPA Ypappate o kepaiaio. [a to okomod
avtd ypnoyonoteital 1 cuvdptmon Ppiodnkng toupper mov opiletror oto cctype (PA. ko
oeh. 148).

#include <cstdio>
#include <cctype>
using namespace std;

int main () {
FILE *f, *g;
int c;

if ((f = fopen(”some-input-file.txt”, ”“rt”)) == nullptr) {
printf(”The input file could not be opened!\n”);
return 1;

}

if ((g = fopen(”some-output-file.txt”, "wt”)) == nullptr) {
printf(”The output file could not be opened!\n”);
return 1;

}
while ((c = fgetc(f)) != EOF) fputc(c, g);

fclose(f); fclose(g);

2V apyn Tov Tpoypdupatog avoiyovpe ta apyeia f Kot g, evdd 610 TEAOG To KAEIVOLE.
To x0p1o pépog Tov mpoyphupatog sivar £vog Bpdyoc while mov emoavoropPaveTonr puéypt va
eEavtAnBovv ta otoryeio Tov f.

[Mapdaderypo 2

Mo g0k Katnyopio apyeiov etvar ta apyeio kewpévov (text files). Ta apyeio kelpévo &i-
VoL 0VCLaGTIKA apyeia yopaktnpov. Kabe apyeio keipnévou amotedeitat amd ypoppéc. 1o T€A0G



13.4. APXEIA (FILES) 157

Ka0e ypoppng (copmePIAaUBAVOUEVIIC PUOTKA KOl TNG TEAELTOLOG) VITAPYEL O EOIKOG YOPOUKTN-
pog ‘\n’.

To wpdypapipa Tov akoAovOel peTpd ToV AplOUO TOV YPOUUDV KoL TOV YOPUKTPOV TOAADY
apyeimv, To OVOLOTO TOV OTToimV divovTal amd To ¥p1oTH OTN YPURU EVTOLDV KOTA TNV KA oM
TOVL TTPOYPAUUATOC. AVTO YIVETOL LE TIG TAPOAUETPOVS arge Kot argv tng KOPLog GLVAPTNOTNG
(main).

#include <cstdio>
using namespace std;

int main (int argc, char *argv[]) {
int i,

for (i=1; i<argc; i++) {
/] emelepyaocia tov opyeiov argvli]

FILE *f;
int chars = 0, lines = 0, c;

if ((f = fopen(argv[i], "rt”)) == nullptr) return 1;

while ((c = fgetc(f)) != EOF) {

chars++;
if (c == '\n’) lines++;
}
fclose(f);
printf(”%d chars, %d lines, %s\n”, chars, lines, argv[i]);
}
¥
Mopdaderypa 3

To mpdypappo Tov 0koAovBel xpNGYLOTOLEL VO FVASTKA aPYEIN KO AVTLYPAPEL TO TEPIEXD-
peva Tov evog oto dAro, dafalovtag (to moAv) 1000 bytes kdbe popd. Avatpééte oty mept-
Ypaen TV cuvaptioewV fread kot fwrite (6To man pages TOL VTOAOYIOTN GOG 1| GTO internet)
v va dgite TS Aettovpyet.

#include <cstdio>
using namespace std;

int main (int argc, char * argv[]) {
FILE *fin, *fout;

fin = fopen(argv[1], "rb");
if (fin == nullptr) return 1;

fout = fopen(argv[2], "wb”);
if (fout == nullptr) return 2;
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while (!feof(fin)) {
unsigned char buffer[1000];
unsigned int count;

count = fread(buffer, 1, 1000, fin);
fwrite(buffer, 1, count, fout);

}

fclose(fin);
fclose(fout);
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AEIKTES KOL GUVOEOENEVES MO TES

Eme1dn ovyva xotd v mapdAinin ektéheon moAhdv epyaciav (tasks) otov vmoloyiot o
KOTOKEPUATIGUAOGC TNG LVAUNG Etvan avamd@evKTog, Kabiotatol avaykaio 1 “covoeon” twv un
GUVEYOLEVAOV TIEPLOYADV TNG, YL TNV KOAVTEPT a&loToiNoN TOVE.

AVT0 emTvyydveTOL LE TN ONUIOVPYIo GUVOESEUEVTG AIGTOG TOL LE TN CELPA TNG LAOTOIEITOL
LLE TN XPNON TOL TVTOL pointer (deikTn).

O1 cvvdedepéveg AMoteg AHVoLuV dVO OO T TPOPANLOTO TOV GUVAVTICUUE LE TOVG YPOLLLL-
KOUG TTiVOKES:

[Ipwrov, o1 mivakeg £xovv mpokabopiopévo péyedog, eved ol Moteg pmopovv va enektafovv
ameploplota (OTmS Ko To apyeia).

Agbtepov oTovg Tivakeg gival SUOKOAN 1 TPOSHNKN VE®V GTOLXEI®V GE KATOLN EVOLAEST)
0éom, S10TL Yo va unv oAy el 1 oe1pd TOV TOAM®V oTol iV TPETEL VAL Yivel kKdmola oAicOnon
(.. Tpog ta de€1d). To 1010 1oYvEL Ko 6TV TEPIMTOON darypaPng oTotyeiwv: 0 BEAOVE KEVEG
0écelc ot dopun pog. XTig Aloteg avtifétwg N TpocsOnkn 1N daypaen ototyeiwv elval apketd
€VKOA.

H ) pog petafintng tomov pointer givor n diebBovvon pog Teployng e vnung 0mov
Bpioketor n Ty kémotov tvmov. H tiun avtr| eivan cuvinBmg pio dopr mov pumopet va mepiéyet,
eKTOG TV GAL®V, Kot KATolov pointer.

[Mapdderypo:
struct node {
int info;

node *next;

Y
typedef node *nodeptr;

Mo petapAnt p TOmov nodeptr deiyvel ™ “devbuvon” pog petaAnTge Tomov node:

159
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Noa g yivetot ) avadeon Tipdv:
p->info = 17;
p->next = nullptr;

O tedeotng -> elvan cuvTopoypapia: p->Xx 1oodvvapet pe (*p).x. H tyunq nullptr sivon pia
€101KT TIUN OEIKTN TOV oNuaivel “Tovbeva”.
AALo mopaderypoL:
typedef REAL *realptr;
realptr p;

AvéBeon: *p = 7.628 (konOytp = 7.628!).
AvéBeon tov “movBevd” p = nullptr (ko Oyt *p = nullptr!).
14.1 Avvopikn Topay@pnon pvinung

Anpuovpyio (déopevon) véov “kovtio” yiveTon [e ¥p1|oN TOL TEAEGTH new t, Omov t o
TOTOog dedopévav mov Ba amobnievovtal oto véo kovti. I1.y.

nodeptr q;
g = new node;

To véo kovti mov dnpovpyeitar £xel akdun anpocsdidpioto (undefined) mepieyouevo. Opi-
Covpe 10 EPLEXOUEVO E OvaBETELS, TT.Y.

g->info
g->next

563;

Qe
nullptr; >| 263

Amodéopevon (emoTpon) “KovTion” yiveton pe xpnor tov telectn delete g, mov mapa-
YOPEL TO KOUTL 6TN O101KNoN TG UVHUNG DGTE VO UITOPEl VoL ypMnoIponomBel To KOUIATL aVTd
™G LVNUNG omd AALO XpNoTN.

/

1I——|'s¢
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I[MPOZOXH: Ztv avabeon va cupuemvoly ot TOTOL.

‘Ecto p deiktng, dpa *p mepreydpevo BEong mov “deiyvel” o deiktng p.

Py | 7

LY
n
]
L]

Tote q = p onuaivel o dgiktng q va deiyvel ekel mov delyvel o deikng p,

R

Wb
]
]
]

EVO *q = *p onuaivel To mepleyOUEVo g BEomg mov delyvel 0 deikTNG p Vo avTypapet Kot ot
Béom mov delyvet o deiktng q.

p— | 7

] - - -
—>
q — 7
[Ipwv avaBécovpe Opwc g = p Ba TPEMEL VO POVTIGOVUE VO ETICTPOPEL GTN HUVNUY|, LE

delete q, n Béomn mov £deyve 0 g, aAAM®G Ba Exovpe dINUOVPYNGEL VO KOVTI-GKOVTIOL TTOV
OTADG KATOAOUPAVEL YDPO UVAUNG Kol ivorl dypnoto, SNAadn Un TPOoTEAAGLO. Y Tépyouv
YADOGEG TPOYPAUUATICHOV (TT.Y. 1) Java) oTig omoieg 1 amodEcpevon T Lvnung og ypetdleTon
VoL YIVETAL 00 TOV TPOYPOULOTICTY], YTl TO CUGTNUO EKTEAECTG TOV TPOYPOUUATOV VAOTTOLEL
QVTONATO GLAAOYT oKOLTOIDV (garbage collection).

Xepotepo Aabog ivar va kdvovpe delete g kot petd va EexdoovE Vo SDGOVUE VEQ TN
010 g (m.x. q = p). Tote Ba Exovpe Eva “Eexpépacto deiktn” (dangling pointer) mov deiyvel og
TEPLOYN LVIUNG TTOV OEV OGS OVIKEL — WITOPEL ETOUEVMG VAL UTTEL KATL 6T B€om ot €V aryvoia
pog (m.y. amd dAlo xpnotm).

Axoun mo emikivovvo givar to TpdPANU EEKPEUACTOV OEIKTN TOV ONUIOLPYEITOL AV KO-

voupe delete g, OKOGOLLE VEQ TIUN OTO g, AAAG LIAPYEL KOt AAAOG OEIKTNG r OV dElyVEL 61N
0éom mov emoTpéYape ot pvniun pe delete q.
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14.2 Xvvoedgpéveg AMoteg

Xuvoeoepévn AMota (linked list) elvar po dradoyn KOUPV (KOVTUDV) TOL VAOTOLOVVTOL LLE
structs. KéBe évac and toug kOpuPovg avtovg Tepiéyet Tig TAnpopopieg mov BEAovpe vo arodn-
KeVGOLUE G AVTOV, KOOMOG emiong Kot &va OeikTn GTNV TEPLOY TNG UVIUNG TTOV TEPLEYEL TOV
enopevo kopPo. Ilpénel va vapyel kamolog ogiktng m.y. head (keQaAr) mov va delyvel GToV
TpdTO KOUPo. O deikng mov mepiéyetan otov teEAevTaio KOUPO Exel TV Tiun nullptr.

nead

omov di, d2, ..., dn Ta TEPLEYOUEVOL.

211 ovVvOEdEUEVEG AMoTEG I TPOSHNKN Kot 1 darypa@n oTotyeiwv ivar o amAn and Ot
otovg mivaxkes. OAa ta ototyeia g AMotog givol Tov Wiov OOV, 0TS GVUPaivel Kol GTOVG
TIVOKEC.

Ot Béoelg amobfKevLoNG Yo Lot GUVOESEUEVT] AloTa GUVHBM®G dNUIOVLPYOVVTOL “OVVOLKE™
(x0T ™ drdpKELD EKTEAECNG TOV TPOYPELLATOG).

Eavabopilovpe tov TOm0 node mov mepi€yetl 600 media: va Yo 0KEPALO Kot £VaL Yo OEIKTN
og 01evBvvon Omov €xel amobnkevtel struct Tov 1010V TOTOL.

struct node {
int info;
node *next;

i

typedef node *nodeptr;

KéBe tipun tomov nodeptr Ba givar £vag deiktng o€ pa un-mpokadopiopévn Teployy LVNUNG
OV TTEPIEXEL TANPOPOPiES TOL THTTOL node.

KéBe kopPog pésa otn ovvdedepuévn AMota delyvel 6ToV ETOUEVO TOV, EKTOG OO TOV TEAEL-
taio wov givanl nullptr. Xpewaletor dniwon yo To deiktn head mov Ba delyvel oTOV TPMOTO

Kkoppo:

nodeptr head;

7.X. WRITELN(head->info); tum®vel Tov aptOpod mov TePEYEToL 6TOV TPMTO KOUPO TG MoTtag
kot head = head->next; petaxwvet 1o deiktn 610 d€0TEPO GTOLYEID TNG AloTOG.

AxoArovBet Evo Tapaderypa onpovpyiag cuvoedepévng Motoc. H mapaxdtw cuvaptnon dwa-
Bacet axépatovg ap1fpoe amd To TANKTPOAGY10 Kot TOVG amodnkevel 61o tedio info Twv KOu-
Bov piog ocvuvoedepévng Motoc. 1o TéA0G, N AloTa TEPLEYEL TOVS aPlOUOVE oL dOONKAV o€
avtioTpon cepd.
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FUNC nodeptr readListReversed () {
nodeptr head = nullptr, n;
int data;
while (scanf(”%d”, &data) == 1) {
n = new node;
n->info = data;
n->next = head;
head = n;
}
return head;
}
Extéleon pe to xépt:
head
head = nullptr; >
Za
scanf(”%d”, &data); dwpaletor m.y. o apOpog 16
node P .
n = new node; ” °ptocolinfo
Adpratolnext
naodge
—_——] 15
n->info = data;
n->next = head;
T
head
>
16
head = n; n ? de
7’
T
scanf(”%d”, &data); dwpaletor m.y. o apOpog 25
node .
> Adpvatolinfo
n = new node;
AdprLotolnext
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head

node .
n->info = data; > 235 ’ 16
n->next = head; _ | -

T
node ’

4 29 16
head = n; h e‘a d I 7 ’

I

T

K.0.K. LEYPL va. ohokAnpwBel o Bpodyoc while.

[Mopaderypa yio om0 Motag:

PROC print (nodeptr p) {
while (p !'= nullptr) {
WRITELN(p->info);
p = p->next;
}
}

N AvaOPOUIKAL:

PROC print (nodeptr p) {
if (p !'= nullptr) {
WRITELN(p->info);
print(p->next);
}
}

[Mopaderypa yio avdmodo tOmopa Alotog (pe avadpoun):

PROC printBack (nodeptr p) {
if (p !'= nullptr) {
printBack(p->next);
WRITELN(p->info);
}
}

14.3 Avvopikn Topay@pnon TvaK®y

H otOvoeon peta&d mvakov Kot deiktdv otn CH+ pic enttpénetl va, SnUovpyov e Tivakeg
HETOPANTOV peyEBovg, Katd Tn S1apKELD TNG EKTEAEONC TOV TTPOYPdppatoc. ['a To okomd avTd
YPNOYLOTOEITAL O TEAEGTNG New ®¢ £ENG:
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int *p, n;

WRITELN(”How many integers do you need?”);

WRITE(”"n = ");
n = READ_INT();

p = new int[n];

X1 ovverew, o deiktng pumopet va ypnoipomondel wg mivakag.
WRITELN(”Now give me the”, n, “integer(s):");
for (int i = 0; i < n; i++) p[i] = READ_INT();

Otav 6ev tov YpelalOUACTE 0L, UTOPOVLE VO OTOOEGUEVCOVLE TO YDPO TOV TIVOKO LE TOV
tereotn delete, TPOGEETE OUMC TNV E10IKN GUVTOEN LE TIG OLYKVAEC:

delete [] p;
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AONEG OEOONEVOV

15.1 TMoAvmhoxkotnta. Tain peyéBovg: O, €2, ©

Ot GUVAPTACELS TOV HOG EVOLAPEPOVY ELVAL TETOIEG TOVL VO LITOPOVV VO EKQGPACOVV TNV TO-
AmAokdtTnTa Kamolov aAyopiBpov (k6o1og aptfpod VIOAOYIGTIKGOV Pnudtmv: ¥povog, 1 KOGTOG
pey€Bouvg pynqung mov ypetaletat: xmpog). ‘Etotl m.y. umopovpe vo vrobécovpe 6Tt 01 GuvapTH-
oelg pog (f, g, k.Am.) givan Beticég kot (LovdTova, Oyl OUMG KOT™ avAayKN YVNoimg) avEovoes.
Opopdc:

1. O(f) ={g | Je,3no,¥n >ng: g(n) < c- f(n)}

2. Q(f) ={g| 3e,Ing,¥n >ng : g(n) > c- f(n)}
g(n)

3. O(f) ={g | Fc1,¢2,3n0, Y > g : 4 < ) < 2}

Mapaderypa: 5n* + 4n — 2nlogn + 7 = O(n?)
Ynueioon:

1. Tpaoovpe g = O(f) avtig € O(f).

2. ©(f) = O(f) N ().

3. Emedn dev éyovpe “noboroyikés” cuvaptoelg (t.y. 1/n dev givar duvatov va givon o-
Amhokotnta akyopifpov) ypnoyoroodpe O(1) yio vo vrodnimdcovpe pio otadepn oo-

vaptnon.
Ioyvouv:

1. Av p(n) molvdvopo kot an’ ivar o Topdyov pe To peyolvtepo exdétm, tote O(p(n)) =
O(n).

2. O(1) < O(log" n) < O(logn) < O(y/n) < O(n) < O(nlogn) < O(n?)
< O(n%log’n) < O(n®) < ... < Poly < O(2") < O(n!) < O(n") < O(2™n) < ...

167
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6mov Poly = n°M) xou 2 M n = 22* (n opéc), n vrepekbetikn cuvaptnon, log* n n avti-
OTPOPN TNG LILEPEKDETIKNC.

Edv vdpyer adyopiBpog mov Avvel kdmowo mpofinpoe og ypovo O(f(n)) tote Aépe Ot 1
(xpovikny) ToAvmAokoTnTo TOL TPOoPAAHaTtos givar O(f(n)) (dve epdyua). Edv vrdpyel ano-
delén otL 10 TPOPAnUa ypetdletor tovAdyotov 2(g(n)) xpdvo ya vo Avbei, tote Aépe 6L N
ToAvTAOKOTNTO, TOL TpoPAnpartog givor 2(g(n)) (kétw epaypa). Edv érovpe adyopibuo kot
anddelEn pe my ida cuvapmon — O(f(n)) kot Q(f(n)) — tote Aépe 61 N MOAVTAOKOTNTOL
T0V mpoPAnpatog eivan O(f(n)). Hapdaderypa: n todvmrokdtnta Ta&vounong (pe cuykpiceis)
gtvan ©(n logn).

15.2 TI'poppikég O0péES 0E00UEVOV

Hom yvootéc dopéc:

* mivokag (array)

* doun (struct)

* ¢évmon (union)

» apyelo (file)

Néec apnpnuéveg dopég:

» otoifa (stack, LIFO: last in - first out)
* ovpa (queue, FIFO: first in - first out)

* ypoppikn Alota (linear list)

15.3 Xroifeg Kot ovpég

stack

stack
Balovpe pe push — PBydlovpe pe pop
queue
I
head “tail
front rear

ByaLovpe patovue
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Agv yperdleton o1 xpnoteg va EEpouvv akpidg tmdg vAomoteital T.y. 1 otoifa 1 1 ovpd (Ue
mivako, cuVOEdEUEV AMoTa 1] AAMMG). AVTN N PIAOGOPIa AEYETOL APAIPEGT] TOTMV OESOPUEVMV
(abstract data type). Xpetalovtar povo ta akorovda:

* [ otoifa

— 0 tHmog stack

— 0l CLVOPTNOELS push, pop Kot empty.
* [ ovpd:

— 0 TO1og queue

— Ol GLVOPTNOELS enqueue, dequeue KoL empty.

15.3.1 Yhomoinon otoifog pe wivokao

stack | [ ]

A

const int size = 100;

struct stack {
int arr[size], top;

iy

FUNC stack empty () {
stack result;
result.top = 0;
return result;

}

PROC push (stack &s, int data) {
s.arr[s->top] = data;

s.top++;

}

FUNC bool pop (stack &s, int *dataptr) {
if (s.top == 0) return false;
s.top--;

*dataptr = s.arr[s.top];
return true;
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15.3.2 Yhomoinon otoifog pe ocikteg

> > > > -
top . |-

V77774

struct node {
int info;
node *next;

Iy
typedef struct node *stack;

FUNC stack empty () {
return nullptr;

3

PROC push (stack &s, int data) {
node *p = new node;

p->info = data;
p->next = s,
S = p;
}
FUNC bool pop (stack &s, int &dataptr) {
node *p;
if (s == nullptr) return false;
p =S5,

dataptr = s->info;
S = s->next;
delete p;

return true;

15.3.3 Yhomoinon ovpag pe 0€iKTES
rriear’

frant I

L

struct node {
int info;
node *next;

i
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struct queue {
node *front, *rear;

I¥

FUNC queue empty () {
gueue result;
result.front = nullptr;
result.rear = nullptr;
return result;

PROC enqueue (queue &q, int data) {
node *p = new node;

p->info = data;

p->next = nullptr;

if (q.front == nullptr) g.front = p;

else g.rear->next = p;

g.rear = p,

}

FUNC bool dequeue (queue &q, int &dataptr) {
node *p;
if (q.front == nullptr) return false;
p = gq.front;
dataptr = gq.front->info;
if (g.front == g.rear) q.rear = nullptr;
g.front = g.front->next;
delete p;
return true;

15.3.4 TI'poppikég AMoteg

Ewcaywyn oto téAog

PROC insertAtRear (list &1, int data) {
node *p, *q;
p = new nhode;
p->info = data; p->next = nullptr;
if (1 == nullptr) 1 = p;
else { q = 1;
while (g->next != nullptr) g = g->next;
g->next = p,
}
Y // On)
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Ewoaywyn petd and 1o dobévta koppo

PROC insertAfter (node *p, int data) {
node *q;
if (p !'= nullptr) {
g = new node;
g->info = data;
g->next = p->next;
p->next q;
}
Y /7 Ol)

Awypagn petd amd 1o d00évta koo

FUNC bool deleteAfter (node *p, int &dataptr) {
node *q;
if (p == nullptr OR p->next == nullptr) return false;
q = p->next;
dataptr = g->info;
p->next = g->next;
delete q;
return true;

Y // O(l)

Av avti va divetol To TponyodUEVO TOL oTolXElov ToL BEA® va daypdym, divetatl To d10
TO GTOLYELD, TOTE: OLAYPAP® TO ETOUEVO QPO OUMG TPDOTO, AVILYPAY® TO TEPLEYOUEVO TOV GTO
tpéyov. Etol 1o mepieyodpevo tov tpéyovtog yavetat (OnAadn 1 dlorypapn TETVYE) EVD TO TEPEXO-
LLEVO TOV EMOUEVOL HEVEL AVETOPO. 1oL TN dtorypapt} TOL TEAELTAIOV GTOLYEIOV YPNGULOTOLOVIE
@povpo (&g Alyo TopaKdT®).

Evpeon tiung

FUNC node* search (list 1, int data) {

node *p;
for (p =1, p !'= nullptr; p = p->next)
if (p->info == data) return p;
return nullptr;
Y // O)

[No va amo@Oym 10 dumAd Eheyyo (dnA. Tovg eEAEyyovg p '= nullptr ko p->info == data)
Oa umopovca va eiyo Eva Tapoamaviclto KouTi 6To TEAOG TN AMOTOC, LLE EVOEIKTIKN TIUT]. AVTOC O
emmAéov KOuPog pe v yevdotiur (dummy value) Aéyetar povpdg (sentinel).
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Avtiotpon| Aotog

PROC reverse (list &1) {
node *p, *q;

g = nullptr;

while (1 !'= nullptr) {
p=1;
1 = p->next;
p->next = q;
q = p;s

}

1=gq;

Y // Om)

Extéleoe pe to yépt v mapomdve dtadikocio!

Yvvévoon 600 MoToV

PROC concat (list &11, list 12) {

node *p;

if (12 == nullptr) return;

if (11 == nullptr) 11 = 12;

else {
p = 11;
while (p->next != nullptr) p = p->next;
p->next = 12;

}
} // Oml)

15.4 TI'paoor kot oévTpa,

I'pagoc 1 ypaonpa (graph) G = (V, E) 6mov V menepacuévo ovuvoro (kopPov) kot E
oVvoAo (evydv amd 10 V (akudv).

Mopaderypo: V = {1,2,3,4,5,6,7}, E = {{z,y} |,y e Ve +y=4nz +y =T}

I'pagwn [opdotaon:

(D :

Av ot axpég etvon dwatetaypévo Levyn 10T WAdpe yoo katevOovopevo ypago (directed
graph). Mg dgikteg UTOPOVUE VO, KOATOOKEVAGOVILE OTOLONTOTE TEPITAOKT OO OEOOUEVMDV
7oV Vo Lotdlet pe KaTevhuvopevo Ypaeo, m.y. Le struct mov £xet 2 deiktec:
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S —> > 1
y/¢\ I-'
o

> -

A

Avadwkd dévrpa (binary trees) eivat £101Kol ypapot g LOPPNG:

pilfua

gUAAa

[TANpn dvadikd dévtpa Aéyovtal To dEVTPO TNG LOPONG: T.X.

oNAadn LOVO 10 KOTATATO EMIMESO UTOPEL vaL Unv eivon TANPES.

Edv to mAn0og tev koppov oty nepintmon avt eivar n tote 10 Oyog givar O(logn). Ta
dVadIKd dEVTpa UTopovV va, LAomonBov e array 6ov ot KopPot amodnkevovtol Le aut TV
apxn:
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Mmnopovv Ou®c vo. vAoTomBovV Kat pe pointers:

info

7N\
teft ¥ N right

struct node {

int info;

node *left, *right;
}

typedef node *tree;

Av Béhovpe va datpéEovpe (m.y. v avalntnon ototyeion) dAovg Tovg KOUPovs evag dva-
OOV JEVTPOL, UTOPOVILE VO TO KAVOLLE LE O1APOPOVS TPOTOVG (VAL POLILKEL):

* npoBepaTika (preorder): yio kéBe vwodévrpo mpmta N pila, HETA TO APIGTEPO TOV VTTO-
JéVTpO Kot LT TO 6eE10.

» emBepatikd (postorder): yio KAOe VIOJGEVIPO TPAOTO TO OPLGTEPO VILOOGEVTPO, UETA TO
0e€16 ko petd n pilo.

* gvOgpaTka (inorder): yio kGOe VTOSEVTPO TPOTA TO APLETEPO VITOSGEVTPO, HeTA 1 pila Ko
Hetd to deE10.

IT.y.

preorder postorder
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inorder

N\

PROC preorder (tree t) {
if (t !'= nullptr) {
WRITELN(t->info);
preorder(t->left);
preorder(t->right);
}
}

[Mopaxdtw datpéyovpe dvadikd dévipo ympic avadpopn (ue threading). Ilepvaue ke
KopPo tpelg popég (cuvdvacudg preorder, inorder, kot postorder).

[Ipocoyn: YnoBétovpe 0Tt o1 KAtm-Kdte deikteg dev eivar nullptr aAld dgiyvovv ctov
“eavtd” TOLC.

HH I-)—

PROC threading (tree p) {
nodeptr q, r;

r = nullptr;
while (p !'= nullptr) {
WRITELN(p->info);

g = p->left;
p->left = p->right;
p->right = r;
r=1p
P =0q;

}
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Awtpéyeton og €ENG:

ABDDHHHDBEIIIEJJJEBACFFFCGGKKKGCA

Extélece pe to yépt v mapomdve dtadikoacia.

15.5 Alleg MoTeg

Avtoopyaveovoueves AMloteg

H dopn mepiéyet petpntn mov HeTpdel TOoeg popég ypelaldpacte avtd 10 otoryeio. Avarioya
LEe auToVv ToV aplipd XpNoOTNTAG ETAVUTOTOOETOVUE TO GTOLXEIO TTLO UTPOCTA 1] O oM, £TGL
MOTE 1 TPOCTEANCT] OPYOTEPQ VO EIVOL TTLO ATOSOTIKN.

Kvrhkn Alota

—
—

|
)

Aumhé cvvdedepévn AMota

—_— — — —
—

G —

T VyZ

A G GuVOEDEUEVT] KUKAIKT Aot

—

e —L 4
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15.6 Ovpa wpoTepOTNTOS

Ovpa mpotepardtnrtag (priority queue) eivor po apnpnuévn soun dedopévmv GTny omoia
pog evolapépet va Balovpe (Ypnyopa) véa ototyeia kot va Bydlovpe (Ypryopa) 1o oTotyelo pe
MV (ekdoTOTE) PEYAADTEPT TPOTEPOLOTNTA. TETOLN GEPE TPOTEPOLATNTOS XPTCULOTOLOVV TT.). TO
AELTOLPYIKA GUOTHLATA Y10 TNV ATOJ0TIKN Ypovodpoporidynon (scheduling) d1apopmv diepya-
olwwv (process).

Av ypnooromcovpe atasvount Alota 1| mivaxa tote puowkd Balovue ypriyopa, onA. o€
xpovo O(1), Byalovpe opmg apyd, dnA. oe xpovo O(n), petd amd ypoppukn avalntnon. Av,
and Vv GAN pepd, tavopncovpe ta otogeia, tote Palovpe ypryopa (O(1)) ko Bydlovpe
oyetkd ypiyopa (O(logn)) pe dvadikn avalpmmon, kootilel opme n ta&wounon (O(n logn)).

Mog evolapépet kat ot 000 TPAEELS VA YivovTal amodoTikd, Yopig Tpocheto k6oTog TasIvo-
unong (xaié tradeoft, woolHyro, avriotdOoua).

Av ypnoponmomcovpe 1 doun heap (cwpdg) téte Pdlovpe ko Pydlovpe oyetikd omodo-
1 O(logn). Zopog eivar éva tAnpeg Suadiko dévipo 1ot dhote 1 TpotepardTTa KABE KOUPOL
va givo peyolvtepn omd Ty mpotepatdtnTa OA®V TV KOUP®V oV glvar andyovor tov. O cwpdc
vAomoteitatl 0KOAN [ Ypoppkd wivaka (array).

H nmpocOnim véov atotyeiov elvarl Tdpa oYeTIKA omAn: umoivel 6To TPDTO EAEVBEPO PVUALO
TOV 0EVTPOV Kol peTaKiveiton (oTo kKAaol) Tpog T pila e cLYKPIoELS TPOTEPOUATNTOS KO EVOA-
Layéc domov va Bpet T Béon Tov. Yyog dévipov (unkog kAadov): O(logn).

H g&aymyn tov otoryeiov pe tn peyaddtepn npotepatdTnTa v dpeon, aAidd yperaletan
petd  owypaen g pilag vo emavacvykodindel o copds. Avtd yivetor emiong oe xpdvo
O(logn): to televtaio otoyeio praivel ot pile ko peTaxveitol Tpog o OALA, cLYKPivo-
VTOG TPOTEPOULOTNTES, MGTOV va. Bpet T BEon ToVL.

Me ypfion cwpod pmopet va yivel kon amodotik ta&vounon: heapsort: O(nlogn).
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To Lertovpyiko cvotnua Unix
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Kepdaharo 17

Internet

‘Eva dikTv0 vVIoloylotdv (computer network) amotedeiton amd £va GHVOLO VTOAOYIGTMOV
OV GLVOEOVTOL PE EWOIKEG GLOKEVEG KO TPOYPELLOTO EMKOWVMOVIOG LE GKOTO TNV EMKOIV®-
vio peta&d Tovg, dNANdT TV avtaAiayr] TANpoeopldv 1 dedopuévav. H onuiovpyia Siktowmv
VIOAOYIoT®V Bempeitor éva peydio Prina epmpds GTov TOUEN TG TTLO ATOSOTIKNG XPNONG TOVC.
OLOKAN PO SIKTLO VTOAOYIGTAOV UTOPOLV VO GLVIEOVTAL LETAED TOVG, SNUIOVPYDVTOS £TCL [LE-
yarvtepa diktva. To peyorvtepo diktvo voAoyiotav gival To Internet (e xkepaiaio I), mov
OLVOEEL GNUEPX YIAMAOES LKPATEPO SIKTVO VTOAOYICTMOV, EKATOUUVPLO VITOAOYIGTAOV Kot OEKA-
OEC EKATOUULPI®V YPNOTES, GE OAOKANPO TOV KOGLO.

To Internet oev €yl 1010KTNTN. YTAPYOLV ETOUPIEC TOV GLUVEIGPEPOLY GTN JLOKEIPLOT| TOV
OAAG OEV VIAPYEL KATOL0G KEVIPIKOS POPLAG 1 OPYUVIGUOG TTOL Vo TO eAEYYEL. AvtiBeta, Ta TO-
KA Ko €0vikd diktva mov amotelovv 1o Internet ypnuatodotovviat Kot mavdg eEAEyyovIoL
0t TOTKOVG POPELS, AKOAOLVODVTOG TOVG TOTIKOVG VOLOLS Kot TOMTIKES. Av kot Eekivnoe Ka-
Bopd g axadNUaiKo Kot epevvnTikd dikTvo, 1o Internet yvopioe peyddn dvOnom mpog ta TéAn
¢ dekaetiag Tov 1990 Ko GNiHeEPO YPNOUOTOIEITOL TEPIGGOTEPO YO EUTOPIKES EPAPHLOYES.

17.1 Ovopota Kot o1e000VeES VTOAOYLOTOV

O vroAoylotég mov eivar cuvoedepévol oto Internet yapaknpilovion amd o LOvVadIKN
dtevbuvon, mov ovopdleton 1ev@vven IP (IP address). H dievBuvon avtn anotereiton and téo-
oep1g ap1Bpove petacy 0 ko 255, yopiopévov arnd teleieg, w.y. 147.102.1.4 11 210.0.12.99. O1
VIOAOYIGTEG TTOV OVIIKOLV GTO 8iKTVO vIToAoY1oT®V Tov E.MLIL. £yovv d1evbhveeig mov apyilovv
a6 147.102.

O1 d1evBuvoeig IP, mapott povadikéc, dev elvar Waitepa 0YPNOTES Y10 VO TEPTYPAPOVTAL O
voAoY1oTéG ToL Internet. o To AdYo awtd, o1 vIoAoyloTég ovopdlovtol cuvnBéstepa e aKo-
Aovbiec suuPoikmv ovopdtmv, Tov TaAL dlaympilovtor amd teleies. ['a mapdoetypa, o vTorlo-
y1ot¢ oV eEumnpetel To NAekTpoviko tayvopopeio tov E.ML.IT. ovopdleton mail.ntua.gr. X¢
Kkd0e dvopo vToAloyloT| avTioTolyEl pia povadikn dtevbuvon IP.

Ao o GUUPOAIKA OVOLOTA TTOV ATOTEAOVV TO TANPEG OVOUOL EVOG VTOAOYLGTH, TO TPMOTO
elval 1o KOPLO OVOUA TOV EVOD TO ETOUEVO TTEPLYpAPOLY emKpaTELEg (domains), ONAadY| pkpd
N HeYoADTEPO HIKTLO VITOAOYICTMOV GTO, OTTOIN AVTOG O VITOAOYIGTNG GVIKEL XTO TPONYOVLEVO
TaPAdELY D, TO KOPLo GVOu TOV LTOAOYISTH €lvat mail, n emkpdrtelo ntua avtictolyel 610

213
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GLVOAIKO Oi1KkTLO VIToAoYIoT®V Tov E.ML.IL. evid n emikpdtela gr aviiotolyel o€ O T dikTva
VIOAOYIGT®V oL PBpickoviat oty EALGSa. Kat’ avtd tov tpdmo, 6to TAnpeg dvopa evog vmo-
AOYIOTN VOQEPETAL KAT® apynV TO KUPLO GVOLLE TOV KOl GTH GUVEXELD O EMKPATELEG GTIG OTOIEG
avNKeL amd TN 6TeEVOTEPT TPOGS TNV EVPVTEPT.

Ot emkpditeleg kot ot iepapyiec VIOAOYIGT®V oL opilovial He aVTO TOV TPOTO deV lval
whvta yeoypapkés. [a mapaderypa, ta tavemiotiua tov H.ILA. Bpiokovion oty emikpdteia
edu Kot 01 TEPIOCOTEPES WOIMTIKES ETALPIEC OTNV EMKPATELL cOm.

17.2 HlekTtpoviko Tayvopousio (e-mail)

To nAektpovikd Tayvdpopeio (e-mail) elvar yio moAdovg N Bacikdtepn vnpecio Tov Internet.
Atvel tn duvatdHTNTO GE KATOOV VO ATOGTEALEL NAEKTPOVIKA unvopota pécm tov Internet og
évav M mePLEGOTEPOVS TOPAANTTEG, Ol 0TToiol e&umaKkovETAL OTL TPEMEL VAL EXOVV TPOGPaoT GE
évav omd TOVg VITOAOYIGTEG OV Eivan cuvoedepEVoL oto Internet. Xe avtd o punvopota, extdg
amd omAo KelUEVO, UOopel KAVELG VO, EVEOUATOCEL NAEKTPOVIKA EYYPOPO O10POP®Y LOPPOV,
OGS T.). EIKOVEG, NYOVGS, LOPPOTONLUEVO KEILEVO, EKTELECILO TPOYPALLATO, K.AT.

Kda0Oe ypnomg tov Internet mov £xel TpdcPacn 6to nhekTpovikd tayvdpopeio dabétel o
LOVOOIKT NAEKTPOVIKT TAYXLOPORIKY] d1e00vvVen (e-mail address). Ot dievBvvoelg avtég amote-
AovvToL amd TO OVOLLK TOV YPNOTN, TOL GLVNHB®G TavTiCETaN e TO Ovopa TpdsPaong (user name
1N login name) 6Tov VTOAOYIGTN TOV YPNGILOTOLEL, TOV E101KO YopaKThpa @ Tov daPaleton “at”
KOl TO OVOLLOL TOV VTTOAOYLGTI TTOL EVEPYEL MG TOPAANTTNG TOL NAEKTPOVIKOD TOXLIPOUEIOD Yo
TO GLYKEKPIUEVO ¥pNoTr). [ Tapddetypa, GTnY NAEKTPOVIKY TOXLOPOLUKT dlevBuvon:

zachos@cs.ntua.gr

70 GVOLO TOL ¥PNOTN €lvat zachos Kot TO GVOLLO TOL VTOAOYIGTH TTOL dtorxelpiletat To nAekTpo-
VKO TOL ToLOpPOoEio elval cs.ntua.gr.

Ynhpyet tAn0dpa EQAPLOYDOV TOL UITOPEL KAVELG VO YPNOLUOTOCEL Yo Vo BAETEL TO NAE-
KTPOVIKO TOL TaYLOPOUETLD.

17.3 IIpocPaocn o€ amopaKpvopuEVOLS VToAoYLoTES (telnet)

Me ot v vanpecio propel Kaveic va yp1GILOTOCEL OO LOKPLY DVTOAOYIGTES TOV GUV-
déovtar oto Internet. Ztnv mepInTOON AVTN, TO TEPLATIKO TOV YPNCULOTOLEL GUUTEPLPEPETOL
OVLGLOGTIKA GOV £VOL TEPLOTIKO TOL ATOUOKPVOUEVOL VITOAOYIGTH. Me avtd Tov tpdmo pmopel
KOVELG VO YPTCLUOTOUCEL TA TPOYPALUATO EKEIVOL TOV VTOAOYLOTH, VO TPOCTEALGEL T Py Ein
TOV IOV BpioKovTal e EKEIVO TOV LITOAOYIOTY, K.0.K. DVGIKE, Y10 VO ¥PNCLULOTOGEL KAVELG TO
telnet Ba mpémet apevog va yvopilel To mnpeg dvoua 1 ) oevbuvon IP Tov amopakpucuévon
VTOAOYIOTH, AQETEPOL Va d1abéTel ekel Evay £yKupo Kmoko mpdsPaong (login) kot TV KOTAA-
AnAn AéEn-khedi (password).

17.4 Meragopd apyeiov (FTP)

Ta apykd FTP givan cuvtopoypagia yio to File Transfer Protocol, dnAadn to Pacikd mpw-
TOKOAAO IOV Ypnotponoteitat oto Internet yio T HETAPOPAE NAEKTPOVIKMV apyel®v HETAED VTTO-
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Aoywotov. To FTP ypnowonoteiton dnwg mepimov Ko to telnet: emttpénel og kKAmolov va cuvoehet
LE KATO10V OOUOKPVOUEVO DITOAOYIOTN KOl VO TPpooTeAdcEL To apyeia Tov exel. H petagpopd
apyel®V 0md TOV ATOUAKPVGIEVO VTOAOYLGTY| TTPOG TOV TOTKO OOKAAEITOL GLYVA “KaTtéPaco’”
apyeiov (download) evd n avtictpoen petapopd anokaAeitor “avéfacua” apyeiov (upload).

Onwg kat 610 telnet, yio va ypnoporomoet Kaveic o FTP Oa pémet va yvopilel to minpeg
ovopa 1 1 dtevbuvon IP tov amopakpuspévov vmoroylot Kot va, 01abétel ekel Evav €ykvpo
Koo tpocPaong (login) kot v katdAAnin AéEn-kAedi (password). E€aipeon og avtd amo-
terel N mepintmon tov avavopov FTP (anonymous FTP), yia tv onoia ¢ yperaleton kaveig va
draBétel KoK mpdcPaonc. Ot VTOAOYIGTES TOL TOPEYOVY QLT TNV VANPEGIN EXTPEMOVY GE
OAovG Tovg YpNoteG Tov Internet va TpooTEAOVOLY Ta apyeia Tov Ppickovtar amodnkevpéva
o€ avtovg (cvvnbwg povo Yo katéPacua) divovtag Tov 101KO KmOKO TPOGaong anonymous
Kat, ovti AEENG-KAE100, TNV NAEKTPOVIKT| TAYLOPOUIKY| O1E0BVVEN TOL YpNoT. TéTolo1 VIToAO-
Y1oTéG, Ommg m.y. o ftp.ntua.gr, dtaBétovv cVVO®G GLALOYEC TPOYPaUUdT®OY 1 dlakivion
TV omoilmv givar erevBepn.

17.5 Hiexktpovikd véa (news)

H vmmpecio niektpovikdv vémv divel T duvatdtnTa 6TOVG ¥pNoTeG Tov Internet va mapa-
KOAOLONGOLV KOl VO GUUUETAGYOVY G€ GL{NTHGELS TOL TEPIGTPEPOVTAL YOP® 0t BEpaTo TOV
TOVG EVOLPEPOLV. YTTapYEL LEYAAOS aplOUog TéTolV Bepdtav, Yo kabe Eva amd To omoia Exet
onuovpyndei po opdda cviTnong (newsgroup). ['a mapdaderypa, oty opddo

comp.lang.pascal

ocv{ntovvtot BEpaTO TOL APOPOVV 0TN YADGGO TPoYypappatiopol Pascal.

KéBe opdoa culjtnong Aettovpyel oav Evag TivakKog avaKotvOeE®V. e avTOV UTopel Kavelg
va Bpet, 6mote 10 embupel, unvdpata mov £govv TomodeTioEL Kl AALOL GUUUETEYOVTEG GTNV
oudada. Emiong, av to embBupel, pmopet va ypayet £va K6 TOU UNVOLO KoL VO TO 0VOKOWV(D-
GEL OTNV OUAd0, TEPIUEVOVTOGS TIC OTAVINGELS TV LIToAoiT®V. Kat’ avtd tov tpomo, o1 opadeg
ov{nong etvat avoikTég Tpog omotovonmote BELEL va TIC TopakoAovONCEL.

17.6 Kovtooumoio (chat)

To “kovtooumoAld” (chat 1, mAinpéotepa, Internet Relay Chat — IRC) €yetl apxetéc opordot-
TEG IE Ta NAEKTPOVIKA VEQ. Kot 6TIg V0 TEPMTMOOELS, LITAPYEL Lo OpLAda YPNOTOV ToL Internet
TOV GUUUETEXOLV GE [o oLENTNoN IOV o€ Kdmolo BEpa kool evolapépovtog. H Paoikn da-
@opa Tov amd To NAEKTPOVIKA VE givar o Tpomog deEaoywyng g cvinmone. Zto IRC, 1 ov-
{Ntnom mpayLOTOTTOLEITOL GE GUYKEKPIUEVO XPOVO KOt TO, AEYOUEVA OEV TAPAUEVOLV dlaBEaial
petd m AMén mg. [a va svppetdoyel Kamolog otn cv{nnon, tpénet vo cuvoedel oTov vTolo-
Y1671 TOL aKPPOG QLT TNV OGP KOt VO, ETAEEEL TNV avTioTOLYN 0PN, TOL GTNV OPOAOYIO TOVL
IRC ovoudletan “xavéit” (channel). Tote Oa pmopet va “axodel” o Aeyopeva Tov GAA®V 1 Kot
va “Ud”, 6mmg axpPng Ba xave ov Ppiokodtay pall e TOVS GLVOLIANTESG TOL GTOV 1810 YMPO.
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17.7 TIoaykoopog i6tog (WWW)

O mayxoouiog 1616¢, n ovvnbéotepo WWW (World-Wide Web), meprypdopeton emionpo wg
“éva. cuoTnUo. Vol TNONG VIEPUESTKAOV TANPOPOPLOV, TOV OMOCKONEL VO ODGEL TAYKOC IO,
npocPacn o€ éva peydro 6yko mAnpoeopidv”’. To WWW divel otovg ypnoteg tov Internet
dVVaTOHTNTO VO TPOSTEANDVOLVY Lo TANODPA TANPOPOPLOV LLE CUVETELD KO ATAOTNTAL.

Ao v epedvion tov, to 1989, 10 WWW &yt aArdéel katd oAy Tov TPOTO e TOV 0TO{0
ot yprioteg tov Internet dwayepilovrar Tic TAnpoeopiec. O apyikdG GTOXOG TOL NTAV 1) TPO®-
Onon Tev eMoTNUOV Kot TNG EKTAIOEVONG, OUMG TOAD GUVTOUO £PEPE EMAVACTAOT) GE TOAAES
GAAEG OPACTNPLOTNTEG TG KOWVOVIOG, GUUTEPIAAUPOVOUEVOD TOV EUTOPIOV, TNG TOAMTIKYG Kol
me TEXVNG.

17.7.1 Ymnepuéoco kKoL 6UVOEGUOL

H Aerrovpyio too WWW Baciletor kupimg o1 xpnon vreppuécmv Kot Tov TpOTO LE TOV
omoio ot ypnoteg aAinAemdopovv pe avtd. Ta vreppéoa (hypermedia) eivon niektpovikd £y-
YPOPA TOV TEPLEYOLV TANPOPOPIEG GE TOALES OLUPOPETIKES LOPPES, OTMC TL.Y. KEILEVO, EIKOVEC,
Nnyo, Pivteo. Avtd ta Eyypaga umopel Kaveig va o amonkevoet, va ta douPfdcel, vo To d1op-
Bmoet kot va ta avalnmoet. To onpovtikd Toug OUme TAEOVEKTN IO Elvat OTL T £yypapa VT
UTOPOVV VoL TEPLEYEL GLVOECLOVG TPOG AAAL NAEKTPOVIKA Eyypaa. Ot GUVOEGHOL 0VTOTl OVOUL-
Covton vagpovvogopot (hyperlinks).

BAémovtag £va vepeESIKO NAEKTPOVIKO £YYPOPO GTNV 000V TOL VTOAOYIGTH TOV, UTOopEl
Kavelg va emAEEEL (xpNoIoTo1dVTAG GVVIOMG TO dEIKTN TOV TOVTIKIOV) £VOV VTTEPGVVOEGLO KO
va petapepBel 0To NAEKTPOVIKO EYYpapo OOV awTOC 0dnyel. Amd exel pmopel var axolovOnoet
v 1o dtadikacia, k.0.k. To GUVOAO OAOV TOV VILEPUECSIKAOV EYYPAP®V TOV LIAPYOLV GTO
WWW, noli pe toug vmepouvdEcong mov Ta d10cvvoEovy, ivarl avtd mov divouy cto WWW
TN VOEPN EIKOVA EVOS TEPACTIOV 16TOV apdyvng (web), amd v omoio TPOKVTTEL KOl TO OVOUA
TOV.

17.7.2 Awv0Bvvoels otov maykoouio 1oté (URL)

AOY® TOV PEYAAOV OYKOL TMV TANPOPOPLOV TOL VITAPYOVY KATAVEUNUEVEG GTOV TOYKOGLLO
1070, 0ALA Kot AOY® TNG TOKIMOG LOPONS OVTMV TV TANPOPOPLDV, EIVOL TOAD GNUAVTIKO VoL
VILAPYEL pia eviaio cOpUPaon yia TG dS1EVBVVGELG TV TANPOPOPLDOV TOV VO ATOKOAVTTEL T OEom
aAAG v pépet kot To €100¢ TG TANpooptds. Ot dievBuvoelg avtég ovoudlovrar URL (Uniform
Resource Locators). Yndpyovv moArég popeés URL, avdioya pe to €100 TG TANpopopiag otnv
omoia detyvouv. H yevikn popen mavtwg evoc URL —pue pukpég amokiiceic— etvon n €€1G:

0106 1 / /vmoLoyiotng/ Béan

O tomog evog URL givar cuvnBmg piar pikpn AEEN, EVOEIKTIKT TOV €100VG TG TANPOPOPING
otV omoio delyvel Kot tov Tpdmov e tov omoio Ba yivel n mpoonélaocn oe avtnyv. [a Tapd-
detypa, 0 TOTOG ht tp vTodNAMVEL 0TI TANPOPOpia Eival VO VTEPUESTKO NAEKTPOVIKO £YYPOPO
7oV PPIoKETOL GTOV TAYKOGULO 16TO, EVED O TOTOC NEWS LITOONAMVEL OTL 1] TANPOPOpia Etvar pa
ondada cvinmone. O VTOAOYIETIG VTOJEIKVVEL TN H1EVOVVON TOL VTOAOYIGTIKOV GLUGTHILOTOG
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HEGO 6TO SIKTVO TTOL TTEPLEYEL TNV TANPOPOpia. L1 OE0T VT UTOpET KOVEIS VO YPAWEL OTTO100T)-
mote £ykvpn d1evBvvon vtodoyloty oto Internet, m.y. www. softlab.ntua.gr 1147.102.1.1.
Téhog, 1 B€om vTodekvHEL TNV TOTIKN O1EVBVVOT| TNG TANPOPOPING GTOV VITOAOYIGTN TTOL TPOGC-
dropiletat. XvvnBwmg mpodkettal yo T devBvven evog apyeiov 6To TOMKO cHOTNHO apyEiV.
[Mapadeiypata URL eivat:

http://www.ntua.gr/
http://www.corelab.ntua.gr/courses/
ftp://ftp.softlab.ntua.gr/users/nickie/papers/thesis.ps.gz






Hopaptnua A

Iivakog yopaxtipov ASCII

2 . dec
Ymouvnua: CHAR
hex oct
b7 0 0 0 0 1 1 1 1
b6 0 0 1 1 0 0 1 1
b5 0 1 0 1 0 1 0 1
BITS SYMBOLS
CONTROL UPPER CASE LOWER CASE
NUMBERS
b4 b3 b2 bl
0 16 32 48 64 80 96 112
0 0 0 0 NUL DLE SP 0 @ P ‘ p
0 0|10 20| 20 401 30 60 | 40 100 | 50 120 | 60 140|70 160
1 17 33 49 65 81 97 113
0 0 0 1 SOH DCA1 ! 1 A Q a q
1 111 2121 41131 61141 10151 121 |61 141 |71 161
2 18 34 50 66 82 98 114
00 1 0 STX DC2 g 2 B R b r
2 2|12 22122 42132 62 142 102 |52 122 62 142 |72 162
3 19 35 51 67 83 99 115
0 0 1 1 ETX DC3 # 3 C S C S
3 3|13 23] 23 43133 6343 103 |53 123 63 143 |73 163
4 20 36 52 68 84 100 116
01 0 0 EOT DC4 $ 4 D T d t
4 4|14 24§24 44| 34 64 | 44 104 | 54 124 | 64 144 | 74 164
5 21 37 53 69 85 101 117
0 1 0 1 ENQ NAK % 5 E U e u
5 5115 25|25 45|35 65145 105 | 55 125 | 65 145 |75 165
6 22 38 54 70 86 102 118
0 1 1 0 ACK SYN & 6 F \% f v
6 6116 26 | 26 46| 36 66 | 46 106 | 56 126 | 66 146 |76 166
7 23 39 55 71 87 103 119
0 1 1 1 BEL ETB ’ 7 G W g w
7 Tl117 27 )27 47137 67147 107 |57 12767 147 |77 167
8 24 40 56 72 88 104 120
1 0 0 0 BS CAN ( 8 H X h X
8 10]18 3028 50| 38 70 | 48 110 | 58 130 | 68 150 |78 170
9 25 41 57 73 89 105 121
1 0 0 1 HT EM ) 9 I Y i y
9 11]19 3129 51|39 71} 49 11159 131 | 69 151 |79 171
10 26 42 58 T4 90 106 . 122
1 0 1 0 LF SUB * J Z J z
A 12| 1A 32| 2A 52 3A 72 | 4A 112 | 5A 132 | 6A 152 | 7TA 172
11 27 43 59 75 91 107 123
10 1 1 VT ESC + ; K [ k {
B 13|1B 33]2B 53| 3B 73 14B 113| 5B 133 | 6B 153 | 7B 173
12 28 44 60 76 92 108 124
1 1 0 0 FF FS ; < L \ | |
C 14| 1C 34| 2C 5413C 74 4C 114 | 5C 134 | 6C 154 | 7C 174
13 29 45 61 77 93 109 125
11 0 1 CR GS — = M ] m }
D 151D 35| 2D 553D 75 | 4D 115| 5D 135 | 6D 155 | 7D 175
14 30 46 62 78 94 110 126
1 1 1 0 SO RS > N A n ~
E 16 | 1E 36 | 2E 56 | 3E 76 | 4E 116 | 5E 136 | 6E 156 | 7TE 176
15 31 47 63 79 95 111 127
1 1 1 1 Si us / ? (0] — o) DEL
F 17| 1F 37| 2F 57| 3F 77 | 4F 117 | 5F 137 | 6F 157 | 7F 177
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Hopaptnquo B

Iivokog 0sopnevuEVOV AECEQY

B.1 Asgopevpéveg Aé€erg otn C++

alignas (C++11)
alignof (C++11)
and

and_eq

asm

auto

bitand

bitor

bool

break

case

catch

char

chari6_t (C++11)
char32_t (C++11)
class

compl

concept (C++20)
const

constexpr (C++11)
const_cast
continue
decltype (C++11)
default

delete

do

double
dynamic_cast
else

enum
explicit

export

extern

false

float

for

friend

goto

if

inline

int

long

mutable
namespace

new

noexcept (C++11)
not

not_eq

nullptr (C++11)
operator

or

or_eq

private
protected
public

register
reinterpret_cast
requires (C++20)

221

return
short
signed
sizeof
static
static_assert (C++11)
static_cast
struct
switch
template
this
thread_local (C++11)
throw

true

try

typedef
typeid
typename
union
unsigned
using
virtual
void
volatile
wchar_t
while

xor

Xor_eq
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B.2 Asgopevpéveg Aé€erg tov PZhelp

AND
DELETE
DOWNTO
FOR
FORM
FUNC
INPUT
MOD

IIAPAPTHMA B. IIINAKAYZ AEXMEYMENQN AEZEQN

NEW

NOT

OR

OUTPUT
PROC
PROGRAM
READ_INT
READ_REAL

B.3 Asgopevpéveg Aé€erc g C

auto
break
case
char
const
continue
default
do
double
else
enum

extern
float
for
goto
if

int
long
register
return
short
signed

READ_STRING
REAL
SKIP_LINE
STEP

TO

WRITE
WRITELN

sizeof
static
struct
switch
typedef
union
unsigned
void
volatile
while

B.4 Agopegvpéveg Aé€erc g Standard Pascal

>tmv Pascal ta meld kot o kepaiaio ypappata Oewpodviar iIcodvvapa (case-insensitive).

AND
ARRAY
BEGIN
CASE
CONST
DIV
DO
DOWNTO
ELSE
END
FILE
FOR

FUNCTION
GOTO

IF

IN

LABEL
MOD

NIL

NOT

OF

OR
PACKED
PROCEDURE

PROGRAM
RECORD
REPEAT
SET
THEN
TO
TYPE
UNTIL
VAR
WHILE
WITH



Hopaptnua I'

2OVTOKTIKA owoypappato tng C++

210 TOPOKAT® GUVTAKTIKA O10ypAUHOTO Topovotdletal 1) oOvTaln evog vTosuvoAoL g C++,
pe ta fondnuota wov vAorotovvtal 6to PZhelp.

I.1 Ani®ceig— Declarations

module

declaration

extern

l PRIVATE I

proc_decl

definition

PRIVATE

extern proc_def

func_def

const_def

N4
G [ © o

223
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type_def

typedef H type declarator

enum_def

struct_def

union_def

enum_def

% enumH identifier |I

struct_def

declarator type b
%structH identifier @ @@

union_def

declarator type b
%unionH identifier @ %

var_def

019

%| type declarator I @

proc_header

)
N~

type H declarator
{PROCH identifier @ @

proc_def

%| proc_header H block |H
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proc_decl

e O

func_header

O

type H declarator
%chH type H identifier @ @

func_def

%| func_header H block |H

func_decl

o O

program_header

{#include){ "pzhelp" H (new-line) ){PROGRAM}

program

%| program_header H block |—>

type

bool

— char —

identifier

o0os

declarator

identifier

declarator integer

declarator

declarator

initializer
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value

constant

{ }
block

d local_declaration b
O o

local_declaration

| const_def I

var_def

I.2 Evrtoiég— Statements

statement

assignment_stmt

block

if_stmt
FOR_stmt
while_stmt
do_while_stmt
switch_stmt
continue_stmt

break_stmt

return_stmt

IBLEREREY
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assignment_stmt

variable g expression ’

if_stmt

ﬁ(else }%| statement
statement

expression

FOR_stmt

G- (O O=10
range
ﬁ(STEF }%| expression

expression expression

while_stmt

’ expression ” statement

do_while_stmt

e ] Goie) (O OO

switch_stmt

switch_clause

switch_clause

continue_stmt

continue ’

break_stmt

return_stmt

expression

H return }
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write_stmt

expression

WRITELN

I.3 Ilopaoctaocelc — Expressions

string_constant

unsigned_integer

jl digit |t
non_zero_digit |

digit

| non_zero_digit I

non_zero_digit

Slelefolelelelole
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unsigned_number

O .
%| unsigned_integer I

exponent

I unsigned_integer F

variable
/| identifier
o ©
O

— —

variable ”

unary_expression

OC
T

I.3.1 ApwOuntikéc mapactacelg — Arithmetic expressions

arithmetic_factor

unsigned_number li

variable

arithmetic_expr

arithmetic_term

arithmetic_term

I arithmetic_factor |—>

229
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arithmetic_expr

arithmetic_expr

arithmetic_term |H

call

| expression I

<

o

I.3.2 Aoywkég napaotdaoels — Logical expressions

logical_factor

=

false

=

call

arithmetic_expr arithmetic_expr

00000C

logical_term

logical_term

% logical_factor |H
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logical_expr

logical_expr

% logical_term |H

3.3 IIAMpng odvroln TOV TopacTACEMY

constant

FI unsigned_number |—\
% character_constant I»
[

primary_expr

constant

expression

postfix_expr

’ expression

| expression I

identifier |H i
S

%| primary_expr

231
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unary_expr

000000¢

o |

postfix_expr

multiplicative_expr

multiplicative_expr

-

unary_expr |—>

additive_expr

additive_expr

]
oo

I multiplicative_expr |H

relational_expr

additive_expr

00000C

additive_expr |H
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logical_and_expr

logical_and_expr H

logical_or_expr

% relational_expr |H

logical_or_expr

I logical_and_expr |H

expression

° expression ’ expression

%| logical_or_expr
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