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IIpoAoyog

Ou TT0QOVGES GNUELWGELS OTTOTEAOUV ULl ELGOY®YR GTOV TIROYQAUUOTIOUWO NAe-
KTQOVIK®V VITOAOYIGT®V, UE TTROGOVATOMGUO GTIC VITOAOYLGTIKES (PUGLKES ETILGTNA-
ues. Q¢ yAwooa Trpoyeauuaticuot xenotwostotelton n C++, 6TTOG auTh SLlapoQ@w-
dnke pe to Standard tov 2014 ISO/EC 14882:2014) [1] .

H yAdwooa C++ glvar katd yevikin opoAoyia bialtepa TA0VGL0 GTIC SUVATOTNTES
0QYAV®OGNGS TOU KOJIKO KOl EKMEAGNS TTOV TTOREYEL GTOV TTROYQAULATIGTA. ZUYXQO-
VG, TO €VQOS AUTO TWV SUVATOTATMOV TNV KOMGTA IO ATTOLTNTIKA GTnv ekpddnon
e gUyKELon pe dAles yAMwooeg émtwg n Fortran kow n C.

Ot TTaEoVGES GNUELMGELS SEV €(0UV GTOXO VO VITOKATOGTAGOUV ThV N8N VITAQ-
XOUGO, GYETIKA PipAMoyea@io (OyyMKNR KLEIWS OAAD KoL EAANVIKA) OUTE KAl VO KOAU-
PYouv Tn YAwooa C++ ge OAeg Tig eTtuépovg duvatdtnteg tng. Prdodogla wov ivor
TAQEOVGLAGTOUV Ol BAGIKES €VVOLES TOU TTROYQAUUATIGUOV Kot vo dodel wa 6Go To
duvatov TTo dETI KO TTARQENG TTEQLYRAPN/TTeQiAnyn evig u€oug tng YAwaaoag C++.
EATtic®w va agtoteAéGouV Ol GNUELWGELS Wa GTEREN BAon TTAvem Gty oTtola 0 kdde
AVAYVAOGTNG, Ue kN Tov TAEOV TTEMTOPOVALN, Ja LITOEEGEL VAL OVATTTUEEL TTEQALTEQW
TNV AITOLTOVUEV SEELOTNTO TOV TTQOYQOUUATIGULOV GTLS VITTOAOYLGTIKES ETTLGTAUEG.

Kadwe o1 onueiwcels amevdivoviol e agydoloug TTROYQAULATIGTES, ETAEYINKE
va yiver stapovciacn tng C++ w¢ wag BeAtiouévng C Sivetar TtpotepondTnta GTn
xenon £Towv SoUmV KAl £VVOLWV €VOVTL TOV WNYOVIGUOV SnUoveylag Toug, To
ke@dAata yiao tn Standard Library stponyoUviol Tov KE@AAA®V Yo TIG KAAGELS, K.OL.
Towg avtn n TEOGEYYLIon fondnacel GTo va AvVATEOITEL N EIKOVA TTOV £XOVV TTOAAOL yial
™ C++ G YADGGOG QTTOKAEIGTIKG VIO, QVTIKEWEVOGTPEPH! TTOOYEAUUATIGUS («<KATL
TQOYWENUEVO TTOU JE WOG XQELATETOAL»).

1http ://www.dmst .aueb.gr/dds/faq/academic.html#oo
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Kepadlawo 1

Ewcoyoyn

"Evag nAeKTROVIKAS VITOAOYIGTHG €xEL TN SUVATOTNTA VAL TTROYRAUUATIGTEL DGTE
VoL EKTEAEGEL WOL GUYKEKRQLUEVIL SLadKAGTOL.

To TE®TO GTASO TOU TEOYEAUUATIGULOV €lval va avaAvcovue tnv emduunti
Slepyacion G eTTUEQROVS GTOLYELWOELS EVVOLES KL VO TTROGOL0QIGOVUE TOV TEATIO Ko
™ cepd aAAndemiSpacng avtov. To friwa avtd astotelel Tnv avdmTvgn tng uedo-
dov, Tov alyopiduov 6TTwS Aéyetan, TTOU Ja ETUTUYEL TNV EKTEAEGN TG SLEQEYAGTAS.
Amtopaltntn grpovItodecn, PBERona, elvor va €xovue 0pIiGeEL GAMP®S KOL VO €XOVUE
Katavorgel TANE®S tnv emmduunti Stadikacio.

O aAyopuog cuvidwg agtartel Sedouéva, TYWES TTOV TTRETIEL VO TTROGELOQLGTOVV
TEWV TNV eKTEAEGN TOV, TO OTTOLOL TTEOKELTAL VA ETTEEEQYAGTEl WGTE VO TTALRAYAYEL
KATolo agtotédecua. ‘Ouwg, n uédodog axedidietal Kol AvaTTTUGGETOL aAveEdETRTA
OITO GUYKEKQUWLEVES TWES TV SESOUEVOV QUTOV.

Katd tnv avdmtugn tov alyopiduov yenciuoitolovue 6Tadeés Kol UETAPARTES
TogdTnteg, dnAadn, J€celg GTn Uviun Tou VITOAOYLGTH, Yo Ty agtodnkevon Twv
TOGOTATOV (Sedouévmv, eVOIAUEG®V TILWV KOl ATTOTEAEGUAT®V) TOV TTEOYQAULUATOG.
Yrdpxer n Suvatotnto ekYwENGNS TWNG GTIC UETOPANTEG, €ITIAOYHG TOU €TOuE-
vou Pnuatog avdloyo ue kdstowa cuvinkn, kodwg kol n duvatdtnta eravalnyng
€VOG N TTEPLGGOTEQMV PnUdT®y. AvdAoya Ue TS SUVATOTNTES TNG YAMGGAS TIQOYQOLLL-
watieuoy wov da XENOGWOITONGOUUE GTO €TTOUEVO GTASLO, WITOQOUVUE VO KAVOUULE
xenon dopmv ylo Ty ouadoItoincn IToGOTRT®VY (TT.X. TTIVAKAC), OuadoTtoinen Kol
TLAQOWETQEOTTONGN TTOAMAWY EVTOAWYV (TT.X. GUVAQETNGN), I KAWL KOL 0QLGUO VEWV TU-
TV (). kKAdon). EmaAov, umogovue va eTAEEOVUE KOL VO EQAQUOGOVUE EVAV
aTto SLAPOQEOUS TEATIOVS 0EYAVOGNS KO AAANAETIIEQAGNS TV BAGIK®OV EVVOLOV TOV
Teoyeduuatos uac. ‘Etol, urmogovue va akoAovdnGouue Ty TEXVIKA TOU dounué-
VOU/SLASIKAGTIKOU TIROYQOUUATIGULOY, TOV OVTIKEWEVOGTREPN TIQOYQOUUATIGULO KATT.
avVAAOYQ e TO TIEOPANUA KOL TNV JTOAVTTAOKOTNTA TOU.

3
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To emduevo GTASIO TOU TTEOYEAUUATIGUOV €lvall VO UETAYQAWOUUE, GE KAITOLL
YAOGGO, TOV AAYOEUWIUO UE TIGC GUYKEKQLEVES €vvoleg Kol AAANAETILOQAGELS, Vo YA
pouue SnAadn tov kOdika. Katogiv, o nAeKTQOVIKOS VTTOAOYIGTIS Ja ueTapedaet
TOV KOOWKA Uag aItd Tn UWOQEEN ITOU KOTOVOOUUE E€UElS GE WOQEEN TIOU KOTAVOEL
0 (8l0g, WoTe va uIropéael va akoAovdncel ta Pruata ITov TTEOGS0QILoVUE GTOV
KOO0 KOl VO, OAOKANQ®OGEL Ty emtiduunti Siepyacia.

H emloyn tng KATAAMNANG YAWGGoS PacifeTon GTIC SOUES KOl TIG €VVOLES TTQO-
YOOUULOATIGLOU TToU auTh VAoTtolel. Avddoya pe To Tedlo GTO 0TOl0 £GTLALEL, ULl
YA®WGGO UWITOREL VoL TTOREXEL ELOIKES JOUES KOl TEOTTOVS 0QYAVOGNS TOU KMOOKA, Kol-
TAAANAOUG VL0 GUYKEKQULEVES EPAQUOYES.

YTIG TTOROVGES GRUELDGELS Jau TTEQLYRAOUUE EVVOLES TNS YAWGGOS TTROYQOULOLTL-
ouov) C++ ko da avapepdovue 6Tic factkég Souég Tov avtn Ttapéxel. 'Eugpaon da
dodel aTnv TEXVIKA TOU SOUNUEVOU TTROYQAULATIGULOV VIO TRV OVAITTUEN TOU KOOUKOL.
Y10 T€A0G, da TOQOVGLAGTOVV ELGAYOYIKA Ol PAGLKES EVVOLES TOU OVTIKEWEVOGTQE-
@OVG TIEOYQEAUUOTIGULOU KOl Ol SOUES TTOU TTOREYEL N YAWGGO YLOL VO TIG VAOTTOLAGEL.

[Topakdtw da magadécovue €va TuTikG kwdwa e C++ kal da reprypdpouye
Tn Aettovpyla Tov. Xto eTtouevo kKe@diato Jo avapepdolue GTIC EVTOAES KoL SOUES
g C++ IOV XEELACOVTAL VIO VO OVOITTUEOVUE GYETIKA TLOAVTTAOKOUGS KOOIKEGC.

1.1 TIMapedderyua

Acg ggetdoovue wa astAn gpyacia Tov Y€Aovue va ekteAeaTel ATtd €va NAEKTQO-
VIKO VITOAOYLGTH: VO WaS nTd €vol TIRAYULOTIKO aeudud Kol va TuTT®vel gTny odovn
TO TETEAYWVS Tov. H Sradikacio wov akolovdovue, o alyopiduog, elvarl n €€nc:

1. Avdyvwon auot agtd To TANKTEOAOYLO — [ELCOYWYR TOU GTn uvAun].

2. [avdkAnon Tov oQuol aItd Tn uviun] — VITOAOYIGUOS TOU TETQUYDVOU —
[elcaywyn Tou astoTeAéGuaTog GTn uviun].

3. [avdkAnon tov asmoteAéouatog amo tn uviun] — Exktomwon atnv oddvn.

H evépyelec mtov TreQrAaufdvovtal 6e ayKUAES UITOQREL VO W @AVOVTOL OVOYKOIES GE
TEOTN avdyvwon. Eivar ouwg, kadog o vIToAoylaTig kKeatd atn uviun tov (RAM)
0TTOLASNTTOTE TTANEOMOQELA, G UETAPANTEG N GTadeRES TOGOTNTEG.

[TOAAES YADGGES TTROYEAUUATIGUOY, avduesd Toug ko n C++, ypeldcovtor €va
ETITAEOV, TTQOKATAEKTIKO, fripa oe avthn tn Stadikacio. [Ipotov yetaypdypouue Tov
aAyopuiyo TTEETTEL VAL KAVOuUE TO:

0. Aridwon yetafAntov (SnAadn, pnti S€cuevon Lviung).

Ac dovue €va mArpes Teoypouuwa C++ JToU ekTelel TNV TTOQATAVKD €QYAGIOL
akolovdwvtag Ta frigata TTov TEQLYedwpaue. Me avutd €xouue Tnv gukopia va
TAEOVGLAGoVUE BAGIKA GTOWELDL TNG SOUNG TOU KWOWA. XTO €TTOUEVO KEQPAAALL
OKOAOVYOUV TTL0 AVOAUTIKES TIEQLYQAPES TOUG.
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#include <iostream>

/*
main:
Den pairnei orismata.
Zhta ena pragmatiko kai typwnei to tetragwno tou.
Epistrefei O.
*/

int main()

{

std::cout << u8"Awoce MPOypATIKO ap1Bud: "; // Mhnyma sthn othoni

double a; // Dhlwsh pragmatikhs metavlhths.
std::cin »>> a; // Eisagwgi timhs apo plhktrologio

double b; // Dhlwsh allhs metablhths

b=a=x a;

std::cout << u8"To TeTpdywvo eival: "; // Mhnyma sthn othoni
std::cout << b << '\n';

// Ektypwsi apotelesmatos kai allagh grammhs

return Q; // Epistrofh me epityxia.

Ac T0o avaAvcouue:

1.2 O8nyieg TTEOETTEEEQYAGTI

H yAdwooo C++ €xel Myeg evooUaTOUEVES EVTOAES, Ge GUYKQELON Ue AAAES YAWG-
oeg Teoyeauuaticuoy. Mo mAndwea AAA®V eVTOA®WY Kol SUVOTOTAT®V TTAQEXETAL
agto tn Standard Library, tungoto tng oitolog uitopovue vo Guustepuldfouue ue
«odnylec» (directives) #include Trog TOV TTROeTEEEQYAGTR. H TrpoemeEepyacio Tou
KOO YIVETOL QUTOUATO OC TTEAOTN PAcn TnS ueTayldwttions. H odnylo gtnv meotn
YOOUUR TOU TTaQASElyULaTOG,

#include <iostream>

TIEOKAAEL TNV elcaywyn Tou header <iostream> ko Sivel Tn SUVATOTNTO GTOV K®-
SIKA LOg Vo XEnGLwoTtongel, avduecsa e dAA, TO JTANKTEOAOYLO Koil Tnv oddvn
yia €icodo ko €080 dedouévav. Ov katdAAnAeg odnyleg #include (av VITAQEYOULV)
KOVOVIKA TTEETTEL va eU@avicovtar atnv axn kdde agyelov ue kodko C++. Emi-
TIAEov, TIEETEL va BelokovTal Udveg TOUG GTn yoouun (1 va akolovdovvtor uovo
aTto GYOALOL) KOL O TTEMTOC Un KEVOS YOROKTAQAS TOUGS va elvan o #.
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1.3 XyoAa

O uetayldwTTioTng (compiler) ayvoel ToUg YOROAKTAQRES TTOV TTEQLAAUBAVOVTAL (e-
TOgY

* TOU // KOL TOU TEAOUG TNG YQOULAS GTNV 0IT0l0 ELPAVICETOL QVTOS O GUVIVOL-
GUOS XOQRAKTIQ®YV,

* TV /* KL */ OaveEdpTnTa astd 10 TANY0g yoouu®y JTou JTeQLAaupdvouy.

Ol YOQOKTAEES OQUTOl AITOTEAOVV TA GYOALX KoL TIEETTEL va elval WOvo ATivikol
(oxe86v TdvTa amd to GUvoAo yaearThEwv ASCII).

"Eva 6x0AMo UeTagy TV /+ KoL */ UITOQEL VO EULPAVICETOL OTTOV ETTITEETTETOL VO
VTTAQEYEL O YOQOKTAQEAS tab, kevo N aAlayn yoauung (Belte to §1.9). Ilpoagégte OTL
TETOLOV TUTTOV GYOMO Sev uitopel va Trepulaufdvel AAAO GYOA0 LETAE) TwV (Slwv
cuuPoAwv. Katd tn @don tng spoemegepyacios Ta oydMa aviikadicTavtal ue Eva
KEVO YOQOKTAQOL.

H VTtopén emaprdv kKol GooTdv GXoAMwv Ge €va kdika fondd onuavtikd tnv
KOATOVONGNH Tou aTtd AAAOUG R KoL ERLAS TOUGS [BLoUg, OTav, uetd aIrd kaed, da €xovue
e AOEL TU KOL TTOS AKEPOS TO KAVEL TO GUYKEKQEWEVO TTeoyeauua. IIpoGeste duws
0Tl n VTaEEn oxoMwv duavontwv N VITEEROAMKA GUVTOU®YV, TTOU SEV AVTIGTOLYOVV
GTNV TEEXOVGA LOEMN TOV KMSIKA N TTov Sev SLleUKEVICOUV TL aKELBKOS yiveTal, elval
XEWROTEEN AITO TNV TANEN EAAEVPN TOUG.

Xpenon Tov ToQATTAV® GTOLYEIWV TG YADGGAS YIVETAL GUXVA YL TRV AITOULOV®OGN
KOOKA. EVOALAKTIKA, N XENGN TOV TTROETIEEEQYAG TN TTEOGPEQEL £val L8LOLTEQN BOMKS
UNYOVIGUO Yo KATL TETOLO: 0 compiler ayvoel TUNLO KOSIKO TTOV TTEQIKAEIETAL LETAED
TV

#endif

1.4 Kvugiwg meoyoauua

H 8nAwon int main() {...} opltel tn PBacikn cuvdptnon (§7.9) ce kdde TTRO-
yoouua C++: to dvoud tng elvarl main, emoteépel £va aképoro apuiud (int, §2.5.1),
EV®, GTO GUYKEKQWEVO 0QLoU0, de déyeTan oplowato: dev VITAEXOUVV TTOGOTNTES UE-
TOEY TV TaEeviEécewv TTOV akoAovdouv To dvoua. Ot eVTOAES (OvV VITAEYOLV) Ue-
TOEY TV aykicTEwV ‘{} T0V akoAovdouv Tnv kevik AMGTO 0QLGUAT®V €lval O KOSIKOS
ToV ekTeAeltan ue tnv kAnon tng. H cuykekpévn cguvdeTnon JTeeTel va VITAQ)EL
Ko va glvor povadikn ge €éva oAokAnpwuévo meoyeaupa C++. H ektéleon tou moo-
YOAUUOTOG EEKIVA UE TNV KANGN TNG ATd TO AELITOUQEYIKO GUGTNUO KOL TEAELWVEL UE
TNV ETGTEOPNH TIUNHG GE OWTO, €lTe ENTA, OTTWS GTO Jropddetyua (return 0;), elte
EUUEGMC, OTOV N QON GUVAVTAGEL TO KATAANKTIKO AYKIGTEO ‘} (0TTOTE ETMGTREPETAL
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avtéuato to 0)!. H emoteoen tng Twig 0 artd tn main() vitodnAwvel Thv eTtituyh
exkTéAeon tng. OToladNITOTE AAAN AKEQOLOL TUWR EVRUEQWVEL TO AELTOVQEYIKO GUGTRUA
yio KAITOL0 GQAAUAL.

‘Eva apyelo kddwka umopel va srepriaufdvel kow AAAES GUVOQTAGELS, OQLOUEVES
TEW N uetd tn main(). Avtég ektedovvial wovo av kAndovv amd tn main() N asd
GUVAQETNGN TTOU KAAEITAL OTTO QUTA.

1.5 MAwon petoafAnting

Ov uetafAntéc (variables) elvow 9€0elg GTn UvAun Jtov XENGWOTTOLOVVTAL YO
TV arodnkevGn TV TTOGOTATWV (SedoUEVmV, ATTOTEAEGUAT®VY) TOU TTROYQAULOTOG.
ITpotoU yencworroindovv TeeTel va Sndwdovv, dnAadn va evnuepwidel o compiler
ylol To 6voud TOuG Kol TOV TUIT0 Tougs. ETMTmtAéov, poToy GuuueTdoouv Ge VITO-
AOYLGUOUE N EVTOAES TTOU YQEELACOVTAL TRV TWH TOUGS TTRETIEL VA AITOKTHGOUV GUYKE-
Kowévn Tiun, av 9éAovue TTEOPAEYYLO AITOTEAEGULATAL.

H evtoAn

double a;

agtotedel Sridwon wlog LeTafANTAG Tov TTEOYEAULATOS uos. H GuykekQuévn evion
ntd amd tov compiler va Secuecel YOEO GTN UvAUN Yo €va TIRAYLOTIKO audud
SutAng axpifelag (double), ue to 6voua a. O waypatikol SuTAng akeiperag (§2.5.2)
gxouv (GUVIHdmG) SekaTtévie GnUavTikd Wneia? GoGTd.

[TopatnEnate ATL GTOV AAYOEWUO wag €xovue SV0 ELGAYOYES TTEOYUATIKOV GTn
uviun omdte Y€Aovue dVo katdAAndeg petapintés. H Sndwon tng devtepng ueta-
BAnTAG yivetow we tnv evioAn double b; Alyo Trowv yencwoitoindel avti. Ou SnAw-
Gelg ToGoTNTWV T C++ UWITOQOUV va YivOuv GE OTTOLOONITOTE GNUELD TOU KMOIIKA
wag. KaAd eivar pio petafAnti va SnA®veTal auécmws Ty xenaiwoitondel, n, 0ITws
Ya dovue mopakdIm, va yivetar SHA®Gn ue artddoon aQXKAG TWNGS, GTO GNUEID TOU
KOO 0V da yvwelgovue tTnv apylkn TR Tng.

1.6 Xogaxktneeg

"Evag N TteQLeGOTEQOL XOQAKTHQEES UETOEY OUITADV €lGOywYIK®OV (') agtoTeAoVV
wa agradepn gelpd yapaxtripwv, €va C-style string. Av n celpd €lGAyETAL UE TOUG
YOQOKTAQES U8 (KOl O ETTEEEQYACTNG KEWEVOU OITOINKEVGE TO AQYElO UE KMEKO-
Totnon utf-8) umopel va mepulaufdver xopaktnees amd to cguotnua utf-8. Tétola
otodepd elvan TO Keluevo

u8"To TeTpdywvo £ival"

Mocéste 6T n tedevtoio TepiTTmon 1GYVEL uévo yia tn main( ) kou éy yio dAAES GUVOQTAGELS.
2¥e éva aeiud, Ta Ynelo amd To aLoTEROTEQO WL UNSEVIKG éwg TO SeE1dTepo (UNndevikd i oyL),
avegdptnta agtd n YEon g vIToSAGTOMG (1 TeAelOS), XAQEAKTNEITOVTOL WS GRUAVTIKA.
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"Evag udévo y0aQoKTAQAS UETAE) aTTADV elcaywyikov () atotelel wa ortadepn
JTOGOTRTA TUTTOV Yapaktipa (character literal, §2.5.4). Tétoleg elvol Ol YORAKTAQEES
'a', '1', KATT.

EKTOC aItd Toug astAovg XaQAKTHEES, VITAEXOoUV Kal ol edikol. 'Evag eldikdg
YXOQOKTREAC elodyeTal we \’ Kol akoAovdouv €vag N TEPLGGOTEQOL GUYKEKQLUEVOL
YOQOKTARES" TO GUUITAEYLO Jewpeltan Ouws w¢ évag. Tétolwog etvar 0 '\n', 0 oTolog
TreoKaAel TNV aAlayrn yoouung. Ot e8ikol XaAKTAEES GUVAD®MS JeV EKTUTTOVOVTOIL
OTaV OITOGTEAAOVTAL GTNV «€E000» TOV TTEOYEAUUATOS AAAG EKTEAOVUV GUYKEKQULE-
veg Aettovpyles. Kadwg dev etvon petapintég, dev €xer vonuo (kow elval Addog) va
yonowomondouv Katd thv «elcodo» dedousvav.

Ol YOQOKTAQEES TTOV EULPAVICOVTOL GTOV K®SIKA, OITAOl I Ge GelRd (TTov dev el-
odyeTal ue To u8), KAAO elvor va elvar wovo Aatvikol (oxeddv Ttavta, OAAD OxL
astapaltnta, astd To GUVoAo yapakThEwv ASCII).

1.7 Eico0d0g ko £€£060¢ dedousvmv

Ta avtikelueva std::cin ko std::cout AVTIITEOGOIEVOLVV TO TTANKTEOAGYLO
ko Tnv oddvn avticToya, N yevikotepa, To standard input (elcodo) kou standard
output (€€080) Tov eKTEAEGLLOV QRXELOV.

H evtoAn

std::cout << u8"Awoe TMPOYHOTIKO aAp1Buod: ";

TEOKAAEL TNV EKTUTTWGN GTNV 0JOVN VOGS GUYKEKQULEVOU KEWEVOL, TWV YOQOKTAQWV
UETAEY TV ELGAYWYIKQOV. AVTIGTOL(O, N EVTOAR

std::cout << b;

EKTUTIOVEL TV TIUN TTOV €lval astodnkevuévn atn LeTafAnTi b (ko n oTrola AvoKaL-
Aettal agtd Tn wvaun).
AvdAoya, n evioAn

std::cin >»> a;

avauéver va «3tofdoel» aItd To TTANKTQOAOYLO €VOL TTRAYULOTIKO aQuUd Kol Vo Tov
astodnkevcel atn yetafAnti a. H guykekpévn eviodt amotelel Tov €va amd Toug
TEELS PAGKOVGS TEOTIOUGS Yol AUeCn eky®ENON TWAGS Ge uetapinti. Ou dAlol givor n
evtoAn exkywenong (§2.4) kow n amwodoon i katd ™ 6nAwen («0EXKOTTOINGN»
(§2.2.1)).3

TevikdTEQQ, O TEAEGTHG <<, OTOV XENGULOTIOEITAL Y0l EKTUTTWGN («€£050») dedo-
uévwv gtnv odovn, «GTEAVEL» TRV TTOGHTNTA TTOV TOV akoAovdel (To SeEl dpoud Tov)
07O std: :cout (TToV elval TAVTA TO AELGTERSO OELGUA TOV). AVTIGTOL(A, O TEAEGTAG
> Srofdgel artd To std: icin (To aELGTEQO OELGUA TOV) TWH TTOV TRV EKYWEEL GTNV
(LTITOYEEWTIKA ueTaBANTR) TToGdTNTA TTOV TOV akoAovdel. H yonon twv mtaQaidven
TEOVTTOVETEL, OTTWGS avapEépdnke, Tn guuItepiAnyn tov header <iostreams.

SEmamAéov autdv VTTAEXOUV 0L unyoviGuol arrédoong Tng uéowm avapopdg (§2.18) f Seiktn (§2.19).
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ITagatnenote 0Tl gtn C++ dev TTEOGOL0QICOVUE GUYKEKQWEV SLaLdE@®aon yia
v €(6060/€£080 dedouévamv. H oxeTikn TTAnQo@opia. Guvdyetol oIt Tov TUTTO TV
UETAPBANTWV TTOV TO AVTLITROCGOTEVOVV. AuTd, BERana, de onuaivel ot Sev wropovue
va kadopicovue Ty TO TANYOG TOV GNUAVTIKOV Pnelov 1 Tn GTollon Twv aQud-
uov Tov da tutwdolv, 0Ttws Ya dovue agydtepa (§6.5). ‘'Otav yetaylotticovue kot
eRTEAEGOVUE TO TTEOYEAUUO, Ja TTAEATNERGOVUE OTL N EKTUTTOGN KATTOLOS TTANQO@O-
elag atnv oddvn dev guvodevetal attd aAlayn yoauung. H aAloayn yoauung el
va yivel ontd GTEAVOVTOS GTNV «££080» TOU TTEOYQAUUATOS TOV €W0IKO XOQAKTRQO
‘\n’. [Tpocé¢te emiong TG yivetal, e uiot VTOArL, EKTUTTWGN TTOAMWDV TTOGOTAT®V (1
YEVIKOTEQO, ATTOGTOM TTANQOPOELOS ATTO TTOAAES «TINYES») TNV £€£080: GTNV EVTOAR

std::cout << b << '\n';

n uetapfinti b ko n aAdayn yoouuns otéAvovtor 6to std: :cout e Tn xenon tov
TEAEGTN << JTQEIV AITO Kdde TTOGOTNTA JTOV EKTVITWOVETAL.

Extog agtd ta std: :cin kow std: : cout, n guugtepiAnyn tov header <iostream>
TIAREXEL GTOV KOOKA LWOS KoL TO std: : cerr. To GUYKEKQULEVO OVTIKEULEVO GUVIEETOL
avtépata 6To standard error TOU TTEOYEAUUOTOS LS KOL KOVOVIKA XQNGLULoTTolElTOL
yio o pnvopata Addovg. ‘Otov gtélvouue Sedouéva Ge VT ue Tov TEAEGTH <<,
ew@avicovrtor atnv odovn (n omoia elvar to TTEOKAVOEIGUEVO standard error).

Katd tnv ektéleon Tou TTOYAUUOToS vItdexel n duvatdTnta avaxkatevduveng
(v.y. amd/oe apyelo) Twv standard input, standard output, standard error.

1.8 YstoAoywouoil kol ekyoenon

H evioAn
b=a=x a;

agtoteAel wa evtodn exywpnong (§2.4) TWwng ce uetafAnti. Xto de&l uEAOg Tng Gu-
YKEKQUWEVNG YIVETOL OVAKANGN aItd Tn uviun Tov auduov Tov eival aTtoInKevUEVOg
OTn UeTAPANTR a Kol EKTEAETOL N TTEOGSLOELIOUEVN TTEAEN, O TTOAAATIAAGLAGUOS UE
ToV €aVTO Tov. O TEAEGTNG *’ UETALY TTEAYULOTIKWV QQUIUOV OVTLITRQOG®IEVEL TN
YVOGTA TTEAEN TOU TOAAATTAAGLOGULOV. A@OU VITOAOYLGTEL TO AITOTEAEGUA, aITOdIN-
KEVETOL GTN UETARANTA TOU AELGTEQOV UEAOVG.

1.9 Awoude@mwon tov KOSIKO

Kdde evtolM teleiwvel e eAAVIKO epmTnuatiko, ; Ilapatnenate 0Tl oL odnyleg
TEOG TOV TIQOETIEEEQYAGTH Sev eTTEETETAL VoL €ouV TeEMKG 34

H C++ dev TTQOPAETTEL KATTOLOL GUYKEKQULEVI SLOULORMPMOGN TOV KOOKA: TO KEVA, Ol
AAAQYES YROUUNG KATT. dev €xouv KATTOL0 81aiTEQO POAO TTaRd WOVo va Siayweiouv

Swadoyikég Aégeig tng C++ N ovouorta wocotnTov. Ol J€oelg avt®v eivor edeidepes

4Av 1o meQUAaUBAvoUY, aToTeAEl UEQOC TNG EVTIOAAS KoL OxL KATAANER Tng.
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(Belte mOGO arkpales SlaLoEEMOGELS UItoelte va guvavtneete 6to Ilapdetnua A’).
O xaEaKTREAC tab, TO KeVO, Ta GXOALO KO N OAAQYR YOOUUAS eV WIitopovv

e va SlawEICouv Ta GULBOAA TTOV ATTOTEAOVV GUVIETOUS TEAEGTES (+=, ==, <<,>>,
VLI

* Vo BEICKOVTAL GTO «EGWTEPIKO» TTOAMVWPRPL®V ARIIUOV 1 OVOUAT®OV LETORANTOV,
oTodeQmV, KATT.

EmmAéov, otodeég Gelp€g YOQaKTREmV, GYOAMa TTov axicouvv ue // kol odnyleg
TQOG TOV JIQOETEEEQYAGTA OEV ETULTEETETAL VO EKTEIVOVTOL GE TTEQLGGOTEQES ATTO
wiol YOOWUEGS, TTAQA WOVO OV GTO TEAOS TNG YROAUUNS TToU YEAOUUE VAL GUVEXLGTEL GTNV
ETTOUEVI VITAQRYEL O XOQOKTAQEAS \’ uovo, xmels va akolovdeltal agtd kavéva AAAoV,
0UTE KOV OITO TOV KEVO.

Ytn C++ ta ke@alaio ko TeCd yodupata givar Stagpopetikd. Ot wpokadoQLoue-
veg AEEelS TG YAWGGAS Kal T ovopata twv headers, GUVOQTAGE®Y, XWE®WV OVOWA-
TV, KATT. TTOV TTOQEXEL AVTH, YEAPOVTOL UE TTETAL.

1.10 Aoxknoeig

1. Tpdate, UETAYADTTIGTE KOl EKTEAEGTE TOV KWK TOV TTOQASElYUATOG.
2. ITowo elvonr To IO GUVTOUO GWGTO TEOYEAUUa C++;

3. Téooepa SrapoeTikd AdIn VITAEXOVV GTOV TTARAKAT® KOSk C++- JT0L0 ELVALL;

#include <iostream>
main(){std:cout << 'Hello World!\n'}

>To mog Pa Ta KAVETE QUTA EE0QTATOL AITTd TO AEITOVQEYIKG GUGTNUA Kal TOV compiler TTov xonat-
uotrotelte Kaw yU' avtd de Slvovian €50 AeTtTOUEQELES.



KepaAaro 2

TUgor kar TeAeoTég

2.1 Ewoaywyn

H C++ Ttapéyxel €va givolo JepeMmddv TUTTOV JTOU OVTIGTOLYOUV GTO IO GU-
vnthouéva eidn dedouévwv. EmimtAéov, Siver tn duvatdtnta GTOV TTEOYQOUUATIGTH
va Snutoveynacel Sikovg Tov TUTTOUS N VAL YENGYOTIONGEL GUVIETOUS TUTTOUGS TTOU
€xouv opiatel gtn Standard Library.

O TtUTT0G, SnAAdN To €l80C UG TTOGOTNTOG, TTEOGSLOQILEL

¢ 70 MBS TV Y€cewv GTn wviun TToV KATOAQUBAVEL Ulol TTOGATRTO,
* TIC dUVATES TWES TTOV UTTOQEL vaL TTAQEL AVTN,
* TIG TIRAEELS GTIC OTTOlES UITOQEL VO GUUUETEYEL.

H C++ evowuatovel TUTTOUS YO TO YEELGUO TLOGOTATMV IOV VAL OKEQOLEG,
TIQUYUOTIKEG, XOQAKTQEES N AoYyikES (boolean).

O wyadikdg TUTog gtn C++ dev mepudaufdvetor 6Toug depeMandels alld Tod-
yeTow astd cevyn aQUIUNTIKOV TTOGOTATOV KoL TTOREXETAL agto tn Standard Library
uéow class template (§14.8). Oa TOV TAROVGLAGOVUE GTO TAROV Ke@dAowo (§2.14)
AOY® TG ueydAng xenouwoTntos TV oQuii®dv TETOWOV TUTTOU GE ETLGTNUOVIKOUS
KOOLKEG.

[TpoToU avaTTTUEOVUE TRV TTEQLYQAPN TV TUTT®V, Ja Sovue TS dnAwvetor wia
ueTapAnTi, TTOlOl KAVOVES SLETTOUV TO dvoud Tng Kol da ggnyncouvue tn POGIKA
EVTOAML UE TNV OTOl0L AITTOKTA TWH, TNV EVTOM £KX®WENCNG. B0 TTAQOVGLAGOUUE TO
TGS opltovue aTadeég TogdTnTeES Ko da avapepdoue Gtnv euf€Aelo Twv UETO-
BANT®V, cTadepmv, KAT. TTov SnAwvouue. Oa akOAOVLINGEL N TEQPLYRAPNH TV aQLd-
UNTIKOV KoL AWV TEAEGTHOV, TOV KAVOVOV UETATQOTING TNG TWAS WOS TTOGOTNTOS
azto €va TUTTo Ge AAAO KOY®S KOl TOU XWEOU OVOUdT®mv. Oa TTaQOUGLAGOVUE TLC

11
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€VVOLEG TNG AvaPOQEAS Kot Tou JSelktn ko Ja kAelGovue TO KE@AAOMO Ue TV JTo-
eovcloon TV LAdNUOTIKOY GUVOQTRGE®Y TToU Ttaéxel N C++, AOyw Tng ueyding
XONOWOTNTAS TOUS GE ETGTNUOVIKOUS KMOSIKEG.

2.2 AnAwon petapAntng

'Ontwg avaépae, kdde T0GOTRTO TIEOTOV YencwoTtondel mweétrel va dnAwdel,
dnAadn va evnuepwdel o compiler yia To dvoua kai Tov TUTTO Tng. H Sndmon uitopel
va Yivel G OTToL0 GNUElD TOU KWOKA YEELOLLOUAGTE VEQ LETAPANTA KOL €XEL TN YEVIKI

uoeepn
TUTTOG Gvouo_UETARANTAG

‘Etol, dndwon aképorag uetaBAntig ue dvoua k ylveton ue tnv evtoAn
int k;

MetapAinti deueAdSous TUTTOV TTOU SNAWVETOL OTTWS TTOQATIAV®, GV AITOKTA
KATTOL0L GUYKEKQWLEVIL TN, EKTOS OV 0QICETAL

e gToV KAJOAMKO x®wEo ovoudtov (§2.17), SnAadn £5w attd kdde cuvdptnon (Ke-
@dAaro 7), kAdon (KepdAawo 14), amagibuncn (§2.6) kar AALO x0EO ovoudtov
(§2.17). Térowa ueTafAnTin Ge QUTA TNV TTEQLTTTOGN XAEAKTNEILETU OC Kadoliki
(global).

* Gg AALO XWEO OVOUAT®Y €KTOC TOU KATOAKOD.
* ®C TOTTKN GTATIKN uetapfintn (§7.14).
* G GTOTIKO UEAOG KAAGNG.

Ot LeTOPANTES QVTAOV TOV KOTNYOQELOV YOROKTNEICOVTAL WS GTATIKES KOL OITTOKTOVV
wao Teorkadogiouévn Twn yio kdde TUTTO (Etvor n Tiwn 0 a@ol UETATEAITEL GTOV
GUYKEKQWEVO TUTTO GUUP®OVA UE GYETIKOUG KOAVOVEG).

Kdaroleg poEg xpetdieTal vo SNA®MGOoUUE (o LETABANTA Ue TOV TUTTO TTOU €XEL Uial
dAAn TTogdTNTA N €kEAch. MItopovue va TTROGEL0EIGOVUE TOV TUITO TNG TTOGOTNTOS
n €k@eaong a ue tnv evtolM decltype(a). Emmouévmg, 6Tov mwoQokdtom kodika

TUTTOG UeTaPBANTA_A;
decltype(uetapinti_A) puetapinti B;

dnwovgyovue Tn UeTAfAnTA «petapfAnti B» pe Tov TUITO TNG TTOGOTNTAS «UETO-
BAnTR_A». 'ETGl, o1 SnAncelg §U0 aképaumv LETARANTOV e OVOUOTA i,j LITOQOVV val
yIVOuV Ug TIG EVTOAEG

int i;

decltype(i) j;
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e eIKES TEQLITTWGELS O UNYAVIGUOS QUTOS elval TTOAD XENGLLOG.

‘OMa T avTikelgeva TOTT®V TToV TTaRexovtal agto tn Standard Library (ek7o¢ agto
Tov std: :array<>), n €gouv dnuoveyndel aIrd Tov TTEOYQAUULATIGTA UE TEOGOLOQL-
ocuévo default constructor (§14.5.1), aIwoKTOUV KATA TOV OQLGUO TOUG, OTTOVONTTOTE
yivel ovtdg, wa Teokadoplouévn ok TWh yio kdde ToTo (av dev €xovue TEOG-
Sloploel AAAN KATA Tn SHA®GN).

Av emduuovue, umopovue vo cuvdudoovue TS SNAMGELS TTOAMWV TTOGOTATWV
TOUTOYQEOVA, XWELCOVTAS Ta ovouatd Toug ue *, . IlpovTtddeon BéRara elvan va eivar
ToV {810V TUITOV":

TUTTOG dvoua uetafAntng A, ovouo uetofintng B;

'Ouwg, €vag KOOGS €lval eVKEWVEGTEQROS av n kAde dNAwon yivetol GE LEXWELGTR
yoouun kodog avtd pag StevkoAvvel va Ttapadétovue GYOAOL ylol TNV JTOGOTNTO
TOL 0QICeTOL KO EAAYLGTOTTOEL Th TTHavOTNTA £G6QAAMLEVNG SHA®GNGS KAITOLOGS TTO-
gdTNTOC.

Yuvidmg, 0IT0TE YEELAIOUAGTE WA TTOGOTNTA, YVOEICOUUE TNV TR TTov JEAouue
va €xel agykd. H duvatdtnta stov pag Siver n C++ va ypdeouvue tTn SnAwon GTo
onuelo wov Ya yeelacTovue Yo TTEMOTN OEA Wl TTocgdTNTa, (g SEVKOAVVEL val
YXONGWOTOLOVUE OGO TTEPLGGOTEQRO YIVETOL TO LNYOVIGUO TG SNAMGNGS e TauTdyeovn
aTTOS00N AQYKAGS TWACS. B0 TOV TTEQLYEAPOUUE TTAQAKAT.

2.2.1 ANnA®on pe agykoItoincon

‘Otav yvweitovpe Tnv oQylkn Tun Jtov da €xel Wwa JToGOTNTA, WITOQOUUE VO
™ SnAwcovue ue Tawtdypeovn arrddoon Tng TWNAS avtng (apykoroinon). H yevikn
woeen T€Tolag SnAmwang elvai

TUTTOG Ovouo, LETORANTAG {oey KN TN };
1, 16GodUvauaL,

TUTTOS Ovouo, LETAPANTAG = {aQyIkN_TWN };
EVOALOKTIKA UITOQOVUE VO XQNGLULOTIOILGOVUE TIC LOQRMES

TUTTOG OVOUO, LETOPANTAG = OLEYLKN_ TN,

TUTTOS Ovouo, LETOPANTAG(OQYIKN_TIWN);

H «o@yki_tiun» dev elval astapatitog kATTolo gtodepn togdtnta witoeel va elval
dAAn TToGdTNTA TOL (6oL N SLOPOEETIKOV TUTTOV (OPKEL Vo TTROPAETTETAL avTOUATN
UETATQOTIN).

Ot dnAwacelg ue aTtddoon aEYIKNG TWAS TTOU YENGYLOTTOLOUV TO AYKLGTEOL YURM
agto Ty TR (Ue N xwelg To =), elval weoTwdTeEeS KAdws

Iy, Seikteg 1L AVOPOEES (e QEXIKOTIOMGN) GTOV (BLo THTTO.
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* UITOEOVV VO €TTEKTAYOVV GTNV TEQITTTWON OQYLKOITONGNG ITOGOTNTAS ITTOU
YOELWATETOL TIEQLOGOTEQES OTTO UlOL TWES Yl TOV TTROGOL0QIGUS TNG OQYLKNG
TNG TWUNG.

e Etacealicovv OTL Sev yiveTol UETOTEOTIN (e AITTOAELD OKQIPELOS TNG TTOGO-
TNTOG «OQEYIKA_TWA» KATd Tnv apykotoinen tng puetapintic?. ITpocéste 6Tl
oV N «OQYKA_T» elval otadepn TTogdTNTA Kol UTTOREL Vo avastapactodel,
OKOWOL KO OYL OKQP®S, GTOV TUTTO TG UETAPANTAG, dev dewpeltar OTL €govue
UETOTQEOTIN UE ATTOAELQL OKQIBELOC.

H 8nAdwon ue apykomoinon xmelc AyKLGTEO ETTEETTEL GTNV «AEYIKN_TWA» VO (v
etvar tov (6lov TUTTOL Ue TN PeTAPANTA TTOU SNAMVOLUE: GE CWTH TRV ITEQIITTMGN,
Ya vIooTtel avToUaTN UETATEOTN OTTO TO UETAYAMTTIGTH GE AUTO TOV TUTO (KATL
7oV Sev elvan emiuuntd Otav cuvodeveTon Ue ATTOAELN OKQEIPBELAS), GUUP®VO UE
KATITOLOUC KOVOVEG.

Av Ttopaieipovue va TTROGSL0QICOVUE AEYIKA TR UeTagy Twv {}, dnAadn, on-
AwGovue wol LETAPANTA UE TNV EVTOAR

T0TT0G dvouo_uetafAntng{};

TOTE AUTH OITOKTA MG OQXKN T TNV JTRokadoQLGUEéVn TWH Yol TOV TUTTO TG (GU-
vidwg To 0 agov petatpadel). ITpoceste ATl Sev elval GOGTO VO OWVTIKOATOAGTAGOVUE
Ty Kevi, AlGTa, Ue Kevég Trapeviécelgs.

Etvan astapaitnto va Sievkpicovue ge auto To gnuelo 0Tt KAITolor GUVIETOL TU-
TOL TTOGOTNTWV, TTov Ja dovue Ge eTroueva KEQAALO, VITOGTNEICOVV AQXLKOTTONGN
ue AMoTo TWoV Tou TEQIKAElETOL G AYKIGTEA. Av emmidupovue va Snutovpyncouue
TOGOTNTEG TETOLWV TUTTWV UE OVTLYQAPN OTTO JAAES TTOGOTNTES TETOLWV TUTTMV,
dev ugropovue va YENGULOTIOIAGOUUE TA AYKLGTEO VLo VO TTEQUBAAOUVUE TIC QQYIKES
TOGOTNTEG" TTEETIEL VO YENGUOTIOLGOUUE TTAQEVIEGELS.

Avtdéuatn avayveeion tToITov

EKTOGC aTT6 TIC TTOQATTAV® LWOQREMES SRAMGNGS UE ATTOS0GN OEXKNAGS TG, LITTOQOVUE
va €xovue SNAWGN GTnV 0Irolol 0 TUTTOS TTEOGOLOQICETOL AVTOUATO QITO TNV OEXKNA
TN:

auto dvouo LETAPANTAG = QEYKN_TIUN;

Me tnv maoastdve SNAmcn SnUlovEyovUe Kol aEYIKOTTOloUUE wo uetapinti (Stou
TOTTOV UE TNV «OEYIKA_T». TIQo@av®g, av KaTd Tn SHA®GN AITOVGLALEL N AEYIKA
T 8ev uItoel va xenowostondel 0 AVTOUATOS TTEOGOLOQLGUAS TUITOV.

[TpoGéste OTL n SAwGN TNG WOEPNG

auto Gvouo._petafAntig{oeykn_twn};

2Av modKerTon va, Yivel KATL TETOLO 0 UETOYAWTTIGTAS WS EVIUEQWVEL UE WAVULLOL GPAALOTOG.
3@a Sovue 6T N eVvTOAA TUTTOS dvoual(); elvon SHAMGN GUVAETRGNG KoL GXL UETOBANTAG.
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elval eTLITEETTTA OAAGL TO «Ovoua UETABANTAG» GV AITOKTA TOV TUITO TNG TTOGOTNTOS
«QEYKA_TWN», OTT®ws Tdavotata emdiokovue. H yetafinti pwag Snutoveyeltal ye
TOTo std::initializer_list<> Kal QITOKTA AEYKA TWA Wio AIGTO ALVTOV TOU
TOTOV Ue €va UWEAOG (TNV «OLEYIKNA_TYLA»).

YTnv TEQITITOON TTOU KAVOUUE XERGN TNG QUTOUOTNG CVOYVOQELGNS TUITOV KATd
™n SnAwon ye amrddoon OQYIKNG TWNGS G TTOAAES TTOGOTNTES TAVTOXQOVA, dnAadn,
yodwouue KATL GO

auto i=1, j=5;

Ya JeéTtel ol AR IKES TWES va elval (610U TUITOV WGTE O AVTOUATA TTROGILOELLOUEVOS
TUTTOC Vo elval KOWAG.

Yuvowlcovtag, KAAG €ivol Vo TTROTIWOUUE VAL 0LRXLKOTTOL0UUE KADE TTOGOTNTO XW-
QLOTA, YENGWOTOLWVTAS Th SnAwaon ue ta {} dtav wpoacdiogicovue entd tov TUTTOo,

KOL VO XENGLLOTTOLOVUE TO =

TO auto.

«

2.3 Kavdéveg oxnuaticuod ovouatog

OTOV ETSLOKOVUE TV QUTOUOATR aTTOdoon TUITOU Ue

[Tivakag 2.1: ITpokadopioueves A€gels tng C++.

IHookadogiouéves AE€els Tng C++
alignas alignof and and_eq asm
auto bitand bitor bool break
case catch char char16_t char32_t
class compl const constexpr const_cast
continue decltype default delete do
double dynamic_cast else enum explicit
extern false float for friend
goto if inline int long
mutable namespace new noexcept not
not_eq nullptr operator or or_eq
private protected public register reinterpret_cast
return short signed sizeof static
static_assert static_cast struct switch template
this thread_local throw true try
typedef typeid typename union unsigned
using virtual void volatile wchar_t
while Xor Xor_eq

Ta ovopata petafAntov, 6Todepv, GUVOQTAGEMVY, XDE®Y OVOUAT®V, TUTI®V TTOU
SNULOVEYEL O TTEOYEAUUATIGTAS (KAAGELS) KAl TV AOWT®V douwv Tng C++ eTITEETE-
TOL VO OITOQTICOVTOL aTtd AaTivikd yodupata (a—z, A-Z), apuiuntikd wneia (0-9),
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kot to underscore, ‘. ‘OTtw¢ avaeépaye, kepalaia kar we¢d ypduuata givar Sia-
@OPETIKA. Aev VITAEXEL TTEELOELGUOS Tt TN C++ GTO UAKOS T®V OVOUAT®OV, EVQ
dev emtpémeTan va agylcovv amd apuiuntikd yneio. Ovdouata Tov agylcouv ue
underscore (") n grepiéxovv dVo Guveydueva underscore (), elvan Secuevuéva yia
yonon asod tov compiler oIwdTE deV ETMTEETTETAL VAL XENGULOITTOLOVVTAL OITO TOV TTQO-
yooupatioti. Emiong, dev emmitpémeton n xpnon twv meokadoQlouévav AEEemv Tng
C++ (keywords, ITivakag 2.1) kar tng Secuevuevng AEEng export wg ovouato. I1go-
GEETE OTL N AEEn main elvan deguevuévn yia Ty KHELL GUVAQETNGN TOV TTEOYQAULATOS
Kow dev eTTITEETETAL VA Yenowostomndel yloo AAAO GKOTIO GTOV KOJOAKO X®WQEO OVo-
uwdtwv (§2.17).

IMapeddetyua
Mn agtodekTd ovouaToL:

ena lathos onoma, dA@a, 1234qwer, new, .onoma.
ATt0deKTA OVOUOTOL:

timi, valuel2, ena_onoma_me_megalo_mikos, sqrt, New

2.4 EvtoAn gkyoenoeng

H evtoAn exkywpnong €xel tn YeEVIKN LOEON
uetapintn = [ €kppacn pe oTadeQEs, LeTAPANTEG, KATT. | ;

Ye auTH TV eVTOAM eKTEAOVVTOL KaTAE)YAS OAEG Ol TIRAEELS, KANGELS GUVOQTAGEWV
KATT. TT0U TOVEY eupavicovtar 6To Se&l uéhogt. Katdmiv, To agtoTéAecuo ueTa-
TEETTETAL (AV YPELALETAL) GTOV TUTIO TNG UETOPANTAG TOU AQELGTEQOV UEAOUS KOl N
TWA TTOV TIEOKVITTEL EKYWEEITAL GE AUTH.

Etvaw uvatd, 6To aplatepd UWEAOG, N UETAPBANTA VO TTROGOLOQICETOL LEGW® OVOLPO-
edgc (§2.18), deiktn (§2.19), n iterator (KepdAowo 10).

O TteleaTNg ekYWENONG =" eV VITOONAWDVEL IGOTRTA OTTWS GTO UWOINUATIKAL.

Hoeddetyua
double b, c;
b =3.2;
c = 5.5;

C=C+ 2.0 x b;

[Tpocégte tnv tedevtalo evioAn: dev onualvel 0Tl b=0. ITpwTta exkteleltanl To Segl

1ex1é6 av eupaviceTar 6To SeEl uéAog o TEAEGTIG °,, 0 0TOl0g elval 0 UOVOG TTOU ExEl YAUNAGTEQN
TEoTEQAULATNTA ATTO TOV Tedeatn ekywenong (Ilivakag 2.3).
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uéAog, vtoloyiceton n T (5.5+2.0%3.2) Kol To asoTéAeoua, 11.9, ekymweeliton
oTn UETAPANTA €, AVTIKOGTOVTAS ThV TTAAMA TR TNG.

"Eva Bacikd xaeoakTnolotiko tng C++ elvol OTL (ol EVTOML €KY®ENCNG €XEL N
{dla kAgTol TWR TTOV UIToEEl va ekywendel Ge kKAITOLAL LETAPANTR N YEVIKOTEQO, VOl
yonowotondel. ILy.

int a, b;

b=a=23;, //First a = 3, then b = 3;

int ¢c = (b =4) + a; // First b = 4, then ¢ = 7;

To x0EAKTNELGTIKG VTS €lval XERGLULO YLOL TRV TAVTOXEOVI EKXWENGN (BLOS TWAGS G

TOAAES UeTAPANTES OAAD KAAG €lvol VoL AITO@EVYETAL GE AAAES TIEQLITTMOGELS KODMG
TEQLUITAEKEL TOV KOOIKAL.

2.5 OgueM@odelg TUTTOL

[ tnv amodnkevon aKEQALWY TTOGOTATOV N YAMGGA TTOQEXEL TOVS TUITOUG
e int,
e short int,
* long int,
* long long int
KOL TOUG QVTIGTOL(OVUS ATTEOGNULOUS TUTTOUS
® unsigned int,
® unsigned short int,
* unsigned long int,

® unsigned long long int.

Mo sreayuotikd dedouéva Stadétel Toug TUTTOVS float, double, long double. [
TIC AOYIKEC TTOGOTNTEG TLOQREYEL TOV TUTIO bool £vd Yl TO YEPLOUO YOQAKTAQMV
uITOQOVUE VO ETIAELOVUE LETAEY TwV char, signed char, unsigned char, wechar_t,
char16_t, char32_t. EmmAfov, wg depeMaddng tomwog dewpelton kot o TUITog void,
ue eWIKN GnULAGLaL Kol XENRon.

Aev Yo avagpepdolyue GTOUg TUTTOVES Ue GUYKEKQWEVO (M eAdyloTo) TANndog bits
TOV TAREXEL N YAWGGO Kol opitovial 6to <cstdint>. Emilong, Ya sopadeiypovue
Toug TUTIOVG double_t, float_t Tou <cmath>. ‘OAot ol TTORATIAV® €lvon AAAQ OVO-
UaTOL VL0l EVEOUAT®WEVOVS TUTTOUS TG C++ (UWECw TnG evTOAng using (§2.16)).

O TUTT0G bool, o1 TUTTOL OKEQEAIWV KOL Ol TUTTOL YOQOKTAQEA Jemeovvtor Kot
GUUTTEQLPEQOVTAL WS aKépatlol TUIToL (integral types): TTOGOTNTES AVTWV TOV TUTTOV
UITOQOVV VO GUUUETEXOVV Wall e ek@EATelS. H YAOGGO TIQORAETIEL GUYKEKQLUEVOUS
KOVOVEG UETATQOTTNG UETAEY QUTWV.
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2.5.1 ToTtor akeQainV

H C++ topéyet Stdpooug TUTTOUE yid TRV AVOITTAQAGTAGN TOV AKEQOL®Y TTOGO-
TATOWV GTOV KOOKA was. O Pacikds TUTTOS yioo aképano elvor o int. Mia petafintn
TETOLOV TUTIOV Ue OVOUQ TT.X. i, SNAWVETOL WS EENG:
int i;

Ytn C++ vItdeyovv 1€66ea Pactkd €i8n TOTTOV ylo aképaloug, short int, int,
long int kai long long int, pe eAdyota peyédn ta 16, 16, 32 kow 64 bit avti-
otoya. EmmAcov, e wa vAomoinon, to uéyedog tov short int elvarl vitoypemTikd
wKEATEQRO N (6o aItd To uéyedog Tov int, autd ue Tn GeRd Tou elval WKEATEQO
n (6o agod to u€yedog Touv long int kAl To owoio elval wkEOTEQO N (GO AITO TO
uéyedog Touv long long int. To axQéc uéyedog evdg TOTOVL, GE TTOAAATTAAGLA TOV
ueyédoug Tov char, divetar ard tov tedectn sizeof () (§2.12.1) ue 6pioua Tov TUITO.

Kadévag aitd toug T€60eQls TUTTOUS OKEQAIWV WITOQEEL VO TIROGOLOQICETAL WS
signed n unsigned (GnAadn ye TtEdoNUo N XwE(S). Av dev GUUITANEOGOUUE TOV
TUTO e KATIoL0 aTtd avTd, deweeltoan 0Tl Swoaue signed

Y& OAOVE TOUG TTAQATTAV® TUTTOUGS N AEENn int witopel va Tapaingdel av dev elvan
uévn. ‘E1cl, cuvtopoypapies Twv short int, long int, long long int eivan ta
short, long, long long avT{GTOL(O, €V Ol signed int kou unsigned int uitopovv
va yooupoUv signed kol unsigned avtiGToyoL.

Ou Twég wou ugtopel va Adfetl war aképona petapintn kadoglicovial astd tnv vAo-
Tmoinon. Avagépaue 0Tl To u€yedog Touv TVTOV int amartelton va elval TOVAAYLGTO
16 bit, ewopévmg watopel va avastagacticel apuiuovs oto didotnua [—21°,215 — 1] =
[—32768, 32767] TovAdyiaTov. Ta akepri 6pLd Tou Yo GUYKEKQWEVI VAOTTOINGN TTROG-
SLoplCovTal ATTO TIS ETGTEEPOUEVES TWES TOV GUVOQTRGEMV

std: :numeric_limits<int>::min()
KOl
std: :numeric_limits<int>::max()

oL omoieg dnAwvovtow oto header <limits>. Mitogovue va To TUTTOGOUUE GTNV
oddvn pe Tov akOAovY0o KOSIKL:

#include <limits>
#include <iostream>

int main()

{
std::cout << std::numeric_limits<int>::min() << '\n';
std::cout << std::numeric_limits<int>::max() << '\n';

‘OIS AVOPEQOUE, ULl LETAPANTA TUTTOV aKEQALOV SEV AITOKTA KATA Th SHA®MGN
TNG KAITOL0 GUYKEKQWLEVN TWH €KTOC KOl av €Vl GTATIKA, oTtoTe yivetan 0.
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Av dev vTtdeyel KATTOL0C £18KOS AGYOoGS Yo To avTideto, KAl elvail va xenoluo-
Jroleltal 0 AITAOS TUTOC int Yol TV AvOTTAQRAGTAGN OKEQOLWV.

H C++ mtapéyel 6to <cstddef> tov Um0 std: :size_t. Eivaw dAAo dvoua yio Tov
aTTEOCNUO AKEQOLO TUTTO Ue TO UeyaAltepo duvatd evpog. [logdtnteg T€Tolou TU-
TTOV glval 1W810lTEEA KATAAANAES YOl LETENTES, SLAGTAGELS SIAVUGULAT®V KOl TTVAK®V
KOD®OS KAl WG SelkTes apdunong yla vo TTROGTTEAALOVUE T GTOLYEI0L TOUG.

Axépareg Xtadeéc

Mo Ge1pd apuiunTtik®v wnelwv, xwels kevd 1 dAAo cOupola’, TTov Sev apyitel
agto 0, arwotelel wa aképara otadepd 6To dekadikd cUotnua. ILy., Teels aképanes
oTodeEES GTO deradikO GUGTRUA EVOL Ol TTALROKATM

3, 12, 123456

Av 10 TTEOTO Yneio glvan @ (kaw Sev akolovdeitar aTtd %’ N X) Yewpeltar okTadikog
apuudcg ko TEETTEL Vo akoAovdeltar wovo astd kdmolwo amd ta pneia 0-7. Av ot
500 TEOTOL YORAKTIEES elvan Ox 1 OX, 0 aEWiudg dempeltal deraeLadkds kot wItoel
VoL TEQLAOUPAVEL EKTOS TV ARUIUNTIKOV WYnelwv, Toug xaeaktnees (a—f) n (A-F). Av
0 aEWuog apxitel ue @b N OB ToOTE elval dSLASIKOG KoL ETILTEETTETAL vaL TTEQLAAUPAVEL
To ynelo 0 n 1.

Emitpémetan va ymelcovue ta Wneia evog akEQEAlov apuiuov ue Ty amdcTteoqo,
(), ®oTe 0 aEUUdg va elval eVOVAYVOGTOS (O)L AITORALTNTA GE TELASES): 0 AKEQOLOG
1234567890 witopel va ypapel 1'234'567'890. Ov amwdGTeo@ol UeTAE) TOV Wneiwv
QyvoOUVTaL OTTO TO UETAYAWTTIGTA.

Aképarog auuds mou akolovdeltal AUEGMS UETA TN GELRA TV PRIV

e agtd To yoapoktipa L’ N 1 deweeltar Tomov long int N, av 8¢ «xwEd» G
ouTtdv, long long int. Etot, 0121 eivar long int eve e kdTTOL0L VAOTTOINGN
0 9223372036854 775805L umopel va eivow long long int.

e amd Toug yaparktiees LL 1 Il efvow TdTTOL long long intS.

e a6 To Yapaktieo U’ ‘u’ elvon unsigned int 1 o au€ows ueyoATeQog TUTTOG
OKEQEALOV TTOV €TTOQKEL (unsigned long int n unsigned long long int).

e a1t6 To guvdvacud U’ kar L’ (ue oTwOLABNITOTE GERA, TTECA N KEPAAAL) Evol
unsigned long int 1 unsigned long long int.

e a6 To cuvdvacuod U’ ko ‘LL’ (ue oroladntote celpd, TeTd 1 Ke@ataia) etvor
unsigned long long int.

Av wa aképana otodepd dev GUUTTANEMOVETOL Ue KAITOLO0 YOQAKTAQO TTOU VO VITO-
dnAwvel Tov TUTTO TNG, 0 UETAYAWTITIGTAG Yewpel ylo Tov TUTO Tng OTL €lval O

SerTdg ATT6 TNV ATtéGTEOPO, ().
68ev emrtpémovTar o guvvacuot 1L 1 ‘LI



20 Tvgrol kar TedeoTéc

WKEOTEQOS aTtd TOUG int, long int, long long int Jtou UIToEEl VO TNV AvaITOQO-
otnoet. Iapatnenate 0Tl dev VITAEXEL TEOTIOS va ypdapouue Wiol aképaua otadepd
ue TUITo short int.

ATIO TEYVIKNG ATTOWNG, OEVNTIKES OKEQALES GTATEQES BeVv LITARYOUV. AV WL GTO-
Yepd apylter ue wpdonuo, + n -, Jewpeltor 0Tl Hpa GE AVTAV O AVTIGTOLXOS LOVOL-
Slalog TeENEGTAG.

2.5.2 TUITOL TEAYUATIKOV

Ytn C++ oplcovtal TEeES TUTIOL TTQOYUATIKOV auiuwv, avdAloyo ue To Jtoca
wnela agrodnkevovtor Gtov kadéva:

e aTtAMG akpiPelag (float),
e SuTAnG akpipelag (double) ko
e ekTeTAUEVNG akQPelag (long double).

Mo TTeayUOTIKA peTafAnT SIITAMIG akpiBelag, ye ovouo ). g, SNA®VETIL WS
eENg:
double g;

H yAwcca eyyvdtar 6t 1o uéyedog tov float elvon Uikedtepo N (Go ue To Wé-
yedog tov double kol AUTO Ue Th GERA TOL €lval WKEOTEQO N (GO aTtd To ueyedog
Tov long double. Ot Twég oL wUItoel voo AAPeL Wial TTQOYUATIKA UETAPANTA KO-
Yopicovtal amd tnv vAoTonGN: To UEYLGTO TTAMDOC TWV GNUAVTIKAOV PRV evog
auov Tov uIroesl va avastapactodel agtd £va TEAYULATIKG TUTTO TT.)Y. double, Kol
O OKQEPNI QLA TOV (EAAXLGTOC/UEYLGTOC), UITOEOUVV va Beedolv av TuTT®GovUE TOV
aképawo std: :numeric_limits<doubles::digits1@ Kol TIC EMGTEEPOUEVES TULES
TWV GUVOQTAGEWDV

std: :numeric_limits<double>: :min()
std: :numeric_limits<double>: :max()

ToV dnAwvovtar 6To <limits>. AviigTor o 1GYOLVV Kl yid TOUS AAAOVS TUTTOUG
(6TTOV GTA, TARATTAVK eupaviceton double ypdpovue dALO TOTI0) . Tuvidwg, alld
Oyl LVIToYEEMTIKA, 0 float KEATA €5l onuavtikd Wnelo 6To dekadikd cuGTNUd, O
double Sekamévie kal 0 long double §ekaoKT®. AUTA n SlapoEd akeiBelag egnyel
TNV OVOUaGLoL TOUG.

Av dev vTdyel KATToL0g £181kOS AGYOoS Yo To avtideto, KaAd elvar va xencuo-
TTOLE(TAL VIO TTEAYULATIKOUS aeudwovs o TUTTog double, KAJWNS AVTIIIQOGWITEVEL TOV
BEATIGTO TUTTO TEAyUATIKOV aQuiu®y kdde vAoToinong. O double cuvindwg emap-
Kel Yl VO OVOITOQAGTAGEL UE LKOAVOTTONTIKA akeifelo apuuols ue agtélvtn Twn
aTré 271023 10308 gy 21024 1()308,

Mpocégte 6T n eEerdikevon tng std: :numeric_limits<>::min() ya toug THITOUG TTEAY-
UWOTIKAOV UG ETUGTREPEL TO WKQEOTEQO JeTikd aLiuod.
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[oayuatikég XtadeQeég

H C++ maexel eayuatikés aTadepés 6To dekadikd cuaTnwa. Mo TTQAYULOTIKA
otadepd €xel SVo Suvatég uopeés. Mitopel va elvar

e wa GeRd TV auntikov Yneiov 0-9, xwels Kevd, TTOV VITOYEEWTIKA TTEQL-
Aappdver tnv tedela (GTn Y€on TG VITOSLOUGTOANS TTOV XENGULOTIOLOVUE GTIV
apuiuntikn). IIpw 1 yetd tnv Telelon WITOEEL VoL Unv VITAEYOLV WYNnEla.

e wa 6elRd TV aQUILNTIROV Yneinwv 0-9, xwElS KeVA, TTOV ETTLTRETTETAL VO Tie-
otlaupdvel tnv tedeia (GTn Y€on TG VITOSIUGTOANS TTOV YENGULOTIOLOVUE GTRV
apuuntiki). Ilpw 1 yetd tnv mdavi tedelo UITOEEl vo unv vITAEXOLV WPnEloL.
Axolovdeitan, xmels TTEONnyovuevo kevd, amd to yapaktiea ‘e’ 1 ‘E’ kol agto
o Gelpd apWuntikowv Wnelov n ototo uitoeel va agylter ue srpdcnuo. O
ak€parog uetd to e/E agrotedel tov ekdétn tou 10, ue tn dUvaun tov oIrolov
TOAMATTAAGLACETAL O AUEG®S TTEonyovuevos tov ¢/E apududs. Emouévmg, o
oQWUOG TG LOEMNS

o xoo00oxE+yyy
€xel aQWUNTIKA TWwn
XXX X00000K X 10FYYY,

Ol TOQATTAV® WORMES ETTEETTETOL VA, KOAOVTOUVTOL, XWEIS TTEONYOVUEVO KEVO,
azto ), ‘F, U, L. Av n opuiuntikn otadepd 6ev GUUTTANQEMOVETAL e TOUG GUYKEKQL-
UEVOUG XOQRAKTNEES, €lval TUTTOV double. Av 0 apuudg cuuTtAnpoveton ue to ‘F n
‘f, etvan TOTTOL float: av tedewwvel ge L’ 1, etvan T0ITOU long double.

Ioeddetyua
e OL TTOGOTNTES
2.034, .44, 23.
elval TTEAYLATIKES TUTTOU double.
e Emiong mpayuatikol apuduol tomtov double eivor ot
2E-4 (= 0.0002), 2.3e2 (= 230.0).
e O apuuotl
32.3f, 3E-3F
elvaw JTeayuatikol TuTTOL float.
e O apuuotl

1.234L, ©.02E-2L, TES3L
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elvar long double.

Emitpémeton va xweicovye ta wnelo £vog mreayuatikoy auiuov pe tnv aod-
G700, (), ®aTe 0 UGS va elval eVOVAYVOGTOS: 0 TTEAYLATIKOS 12.3456789 wIto-
el va ypapel 12.345'678'9. OL artdGTEOQOL LETAEY TV YNV ayvooUvTal aItd TO
UETOYAWTTIGTA.

Katl yio Tig TTeayUaTikES GTOTEQES, TEXVIKA, OQVNTIKES TWES Sev vITAQYoUV. AV
wa otodepd apyltel ue Tedonuo, +° n =, Yewpeltor OTL QO GE QVTAV O AVTIGTOLYOS
uwovadlalog TeEAEGTNG.

[Hoeatngenon

[Tpocégte Ot 0 (Gtog apWuds tng apuuntiking umopel va ypapel atn C++ wg
TEAYUOTIKAG, OITARG, SITTAMAG i exteTauévng axpipelact. O TapaTtdven woppés eival
SLAPOPETIKES YA TN YAWGGA, TTAROAO TTOU AVTIGTOLOUV GToV (5o agrdud.

Tovicouye OTL Ol TTEAYUATIKES GTOTEQRES ATTOINKEVOVTAL KQATWVTAS OGO deradikd
Ynelo eTLTEETIEL O TUTTOC TOVG, aveEdeTnTa ard To Toca wneia da magadécovue
otav ypd@ovue th gradepd. TuTTOGTE, Yoo TAEASEYUO, TRV TWH TG UETARANTAG
TIOU SNAWVETAL GTNV EVTOAN

auto pi = 3.14159265358979323846f;

dnAadn, To 7 ue 21 onuovtikd pneia, aAld yoauuévo oe gtadepd TUTTOL float.
IMowa Twn TTEoKVITTEL, O XEEWAGTEL, TTEV TNV EKTUTTOGN, VA dOGETE TNV EVIOANR

std: :cout.precision(21);

OTwG avaeépetTor gtny §6.5, yia va opicete 21 ynelo Gtny ekTVTTOON avti yio Ta
6 oV elvar TTEOKODOELGUEVAL.

Me Bdon To TAQAITTAV®, TTOL0L TUH OVOUEVETE VO TTAQEL N UETAPANTA GTNV TTa-
QOKAT® SNAmGN

auto a = 3.14159265358979323846f - 3.1415927f;

Tumtwete Tn.

2.5.3 AoyikoO¢ TUTTOC

Mo stogdtnta AoyikoV TUTOU, bool, elval KATAAANAR yld TRV avVOITAQAGTAGN
ueyed®v ToU UITOoEOVV VA TTAQOUV U0 TWEG (TT.Y. vow/dxl, aAndég/pevdéc, on/off, ...).
H SnAwon petafAntig Aoykol TUTTOU, Ue Ovoua Ir.X. a, YIVETOL WG €ENG:

bool a;

O tég mov umopel va swdeet elvarl true n false. ‘OTtwg OAeg ov uetafAntéc Je-
UEMWOOV TUTIOV, N a Sev AITOKTA KATTOL0L GUYKEKQWEVN TWA UE TNV IJTOQOTTAV®
SnAmon ekTog av eival aTatikn uetopfintn (§2.2) omrdte agtoktd Tnv Tiun false.

Bette, BéPataL, MG UYASIKOS 1 KOL WG AKEQOLOG, AV TUYOHVEL VoL £fval OKEQOLOG GTOL LOINUATIKAL.
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Andwon pe Tavtdyeovn aTtddocn TNG GUYKEKQULEVIG QLEYIKNG TWNAG true gival n
TLOQOKAT®:

bool a{true};

1 Ol 1GO3VVAUES LORMES TTOV TTAROVGLAGTNKAY GThv §2.2.

O 10706 bool GUUTTEQLAAUBAVETAL GTOVS aKEPALOUS TUTTOVG (integral types). Ilo-
goTNTESG TUTOV bool KO TUTTWV OKEQOAIOU UITOQEOVV VO UETOTEOITOVV N W GTOV
TUTO TNG AAANG KOl ETOUEVMGS, va avautydouv Ge apuiuntikég kot AOYIKES ek@QA-
oelg. ‘OTote ypeldieTon, o AOYIKi UeTAPANTA ue Tun true tGoduvauel pe 1 eved
ue twn false wooduvauel ye 0. AvtioTpo@a, un Undevikog OKEQEOLOS UETOTEETE-
Tl g true eva axképarog pe Twn 0 wwoduvauel ue false. AvtiGgTorya woxvouv yia
oTroladnItoTe auunTikn T (.. ;eayuatikn). Emiong, €vag delktng Sidpopog
TOU nullptr, ueTaTEETETAL AVTOUATA GE true eved o nullptr wgoduvayuel ue false.

KaAd elvon va asropedyouyue tnv avaplen oQuiuntikoy pe AOYIKES TTOGOTNTES
otny Bua €kpeacn. IpofALmeTal, OTTOS AVAPEQAUE, N UETATEOTIN, WS «KANQOVOULA»
agto tn C 1L vonua ouws €xel It.x. n tedcdecn tov true ue €va aQuiud;

2.5.4 TUIOG YOEAKTRQO
Mo getafAnti TOTTOV YOQOKTAQEA, char, ue dvoua T.X. ¢, SNADVETAL WS EENC:
char c;

Ac avapepdel, xwels va vitelgéAMdovue Ge AeTrTougpeles, OTL €vag char ustopel va
dnAwdel 6Tl elvon signed 1 unsigned. O agtAd¢ TUTTOG char TOVTICETAL €(TE Ue TOV
signed char eite ue tov unsigned char, avdloyo pe tnv vAomoincn. ‘Ouwg, ot
TEELS QWTOL TVTTOL €lvol SLOPORETIKOL.

H tun swov ugtopel vo rdper wo petaPAnti char eivol KAITOLOG YOLQOKTAQOS
aTto TO GUVOAO XAQAKTHE®V ThS LAOTTONGNGS VTS GYeSOV TTAvTOTE, AAAL OXL VTTO-
XEEWTIKA, €lval VITEEGUVOAO Tou GUVOAOLV ASCIIL. O YOQEAKTAQEAS AUTOS UITOQEL VO
TEOGOLOELGTEL EVTOG ATIAWY eloaywyikov (') elte ue €va guuPfolo, Tt.x. 'g' 1 '>"',
el1e WG €IKAC XAEAKTREAG, OTTWS Ja Sdovue TTOQAKATO.

O tUTT06 char €€ opiuov katalaufdvel €va byte gtn pvaun. Xxedov wdvta, arlld
Oy asaaltnta, astoteAelton amd 8 bit. To akepéc TANYOG Twv bits evog yapakThEA
o€ W vAoTToincn wItopouvue vo Tto Peovue oth ctadepn TtocoTnto CHAR_BIT TT0U
oplcetan gtov header <climits>.

‘OTtwg O0Aeg o uetapinteg depeMwdov TUTTOV, wa LeTafAnTi TUTTOV char Sev
OTTOKTA KATTOLOL GUYKEKQULEVIL TYWA UE TNV TTAQRAITAV® SHA®MGN EKTOS OV EIVOL GTATIKA
uetafAintn (§2.2) oIrdTE ATTOKTA MG AEXKN TWR TO UNSEVIKO xopokThEA. [1pocEETe
OTL AAAOG YOEOKTAQAG elval 0 UndevikAS (' \Q', 0 YOQOKTAQAS UE OKTASIKA Tun 0
1o 6Uvolo ASCII), kaw GAAOG 0 '@" (0 YORAKTHQEOC (e deKASIKA TWH 48 GTO GUVOAO
ASCII).

H 8nrnAdwon

char c{'a'};
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N Ol LIGOSVVAUES LOEPES TTOV TTAROVGLAGTNKAV GTny §2.2, opltel puetafinti TOITOU
YOQOKTAQA (e OVOUOL C KOl UE GUYKEKQWEVI OQYIKA TWR, TO GTAdEQO XAQAKTRQM
'a'. INopatnernote 0Tl 0 TeAevtalog TeQAelETAl GE ATTOGTEOPOVS (') Ge SLITAd
glooyoyikd (") amotelel C-style string®, swou Sev uropel va amododel avtduata Ge
uetapAnti TVITOV char.

O T0T0G¢ char GUYKATAAEYETOL GTOUS AKEQALOVS TUITOUS. XOQAKTHIEES TTOV GUU-
UETEXOUV GE ERPRAGELS Ue AAAOVGS OKEQALOUS TUITOUG, LGOSUVALOUV UE TNV TWHR TOUS
GTO GUVOAO YOQOKTAQ®WV TOU GUGTHLATOS. 'ETGL, 0 Y0QOKTAQAS 'a' GUUUETEXEL GE
ERQEEACELS pe Tn Seradikn Twn 97 (Av To GUVOAO YOQOKTAQEMV TOU GUGTAUATOS
Tmepuiaufaver to ASCII).

Ew8wkol yoeoaxktneeg

Kdgtolor amd Toug YOQOKTAEES TOU GUGTAUATOS XEELALOVTAL OO GuUBOMGUS
yia va avasoagactadovv. Ewgdyovtar ye \" kow akoAovdoiv €vag N TeQLeGOTEQOL
GUYKEKRQLEVOL XORAKTNEES. O GUVEVAGUAOS TOUS OVOAITOQLOTA £va YOQOKTAQOL.

[Tivakog 2.2: Ewdikol Xapaktnpes tng C++

Ewdikds Xapaxktnoag Ileguypapn
\! AT0GTROQOG
\" Ewcaywyikd
\? Epwtnpatiko
\\ Avdmodn kddetog
\a Koudoiw
\b Alaypapri ITRONYOUUEVOU YOQOKTAQM
\f AMoyn geMdog
\n AMOYR YOOUUNS
\r MeTokivien GTny aQyn Tng YROUUNS
\t OpteovTio tab
\v Katakdpupo tab
\000 X0QAKTAQAS UE OKTASIKN avATTAQAGTAGN 000
\xhhh XopakTtripag ue dexacgadikn avastapdotacn hhh
\unnnn O yapoaktrpag unicode U+nnnn
\Unnnnnnnn O yapaxtipag unicode U+nnnnnnnn

O edwcol yopaktnees tng C++ mopovaidcovion ctov Ilivaka 2.2, wagl ue Toug
YEVIKOUG TEOTTOVUC TTROGEL0QLGUOV, GE SeKAEEASIKO KOl OKTASIKG GUGTNULA, OTTOLOV-
SNITOTE YORAKTAQEA TOL GUVOAOL TG VAoTtoinong. ILy.

dtimou «Belktn 6e GTadepovg yapakThpeg», const char .
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char newline{'\n'};

char bell{'\a'};

char Alpha{'\x61'}; // Alpha = 'a' in ASCII, hex
char alpha{'\141'}; // alpha = 'a' in ASCII, octal

O edikol yapoaxTnEeg umopovv Pefaing va Tregulaufdvoviar kar ce C-style
string, W Gelpd XOEAKTIE®V €VTOS SITTA®MV elcaywylk®dVv. Ou Y0QaKTiEeS ?° Kol
7 WITOEOVV VoL OvOITTORAGTATOUV KAl XWELIS Vo elgdyovtor ue \’, eKTOS aTtd eLSIKES
TEQLITTWOELG.

IHaeddeyua

Me tnv gvtoAn

std::cout << "This\nis\ta\ntest\nShe \bsaid: \"How are you\?\"\n";
euaviceton gtnv oddvn

This

is a

test

Shesaid: "How are you?”

2.5.5 Extetouévor TOITol oQuKTNQE

H C++ ma€xel Tov TOTo wehar_t kKol KAOTAAANAES SOUES KOl GUVOQTAGELS YLOL TRV
astodnkevon Kol XePLoUd OAWV TOV YOQOKTAQEMV JTOU VITOGTNELCEL (o VAoTTolnGn
670 locale tng. Ol VITOGTNELLOUEVOL YORAKTAQES WITOQREL VOL ALVIIKOUV GE GUVOAO TTOAD
ueyalvteo (.. Unicode 1 eAAnvikd) agtd 1o Bacikd GUVOAO XOQAKTAQM®V.

Emtiong, n yMdooa mtapéyel Toug TOTous char16_t kai char32_t ya To yelpiouo
XOQOKTAE®V TTOU KataAaufdvouv 16 i 32 bit avtictolya (TT.x. To UWEAN TOV GUVOAWV
UTF-16, UTF-32). Aev da avapepdoiue meQuacoTEQO GE QVTOVG.

2.5.6 void

O deueM®dng TUITOG void XENGLOTTOETAL KUQIWS WS TUITOS TOV «OITTOTEAEGUOL-
TOG» WOS GUVARTNGNG YO VO SNAMGEL OTL N GUYKEKQUEV GUVAQTNGN OEV ETILGTEEPEL
astotéAecua. Mmopel emiong va yonoyomondel wg povadikd 0pLoua Ulag GuvdeTn-
ONng, VITOSNAWVOVTOS UE AUTO TOV EVOALAKTIKG TEOTTO Thv KeVIL AlGTO ogloudtov. H
uévn dAAn xenon tov eivar gtov TOTOo void x (Selktng ce void) wg delkTng Ge T0-
GOTNTO AYVOGTOU TUTTOV. Me auTh T WoEENH XENGWOTIOEITAL S TVITOS 0QIGULATOS
I ETMGTEEPOUEVIS TUNG GUVAQTNGNG.
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2.6 Agtagiduncn

Amapiduncn (enumeration) givol €vag TUITOG Ol ETTEETTES TWES TOV OTTOLOV
TR0G810QICOVTOL ENTA QTG TOV TLEOYQOUUATIGTA KaTd Tn Snwoveyio Tov. Etodyeton
ue T AEEels enum class, akolovdel To Gvoua TOU TUTTOV KOL UEGA GE AYKLGTEO
OTTAEUILWVTOL O TWES TTOV UWITOQEEL VO TTAQREL ULl TTOGOTNTO OWTOV TOU TUTTOL. ILY.

enum class Color {red, green, blue};

H Ttapamdve Sndwaon opicel €va véo TUTT0, Tov TUITo Color, Ko aTtaQuduel Tig TWES
TOV UIToEel va TTAeL Uto UeTABANTA awtov Tov TUToL: red, green, blue. AnAwon
UETOPANTAG TETOLOV TUTTOV UE ATTAS00Nn QEXIKAG TWRGS elval n akoAovdn:

Color c{Color::red};

IMopatnenate Tov TEOTO TTEOGEL0ELGUOV TG TWNAG: To dvoud tng, red, £xel GUUITAN-
owdel e tnv enum oty otrola avrikell”.

Mo astaeiduncn eivor XENGWN YloL VO GUYKEVTEMOVEL TIC TWES GTO case evog
switeh (§3.6), Stvovtag tn Suvatdtnta Gtov compiler va pag eidoIrolel av TTAQOL-
Aelpovue kdgtowa. Egtiong, elvar xpnowun og¢ TUITOC €IGTROPRS WOS GUVAQTNONG
(§7.2).

Ot «tég» wag artapiduncong malpvouv aképaia Twn avdaloya ue tn d€on toug
otn Mota Tng n kodeplo elvor katd €va peyoAdtepn oItd TNV JTRONYOUUEVH TNG,
ue Tnv TE®OTN va alpvel tny Twn 0. Xto oapddetyud uog to red eivan 0, To green
etvaw 1 kow to blue elvan 2. To kATTOLEG 1 OAEC ATTO TIC «TWES» WOG agtapiduncong
witoel va avtigtoryndel dAAN akEQOLO TWN® GE QUTA TNV JTERIITTWON, Ol TTOGOTNTES
YLl TIS OTTOlEG SeV €XEl 0QLGTEL ENTA GUYKEKQWEVN aKEQOULO TWA €lval TTAAM katd 1
ueyoA)TEQES ATTO ThV AUEGMS TTEONYOVUEVIH TOVG:

enum class Color {red, green=5, blue}; // red=0, green=5, blue=6

Av TUXOV XEEWATETAL VO XENGWOTIOIMGOVUE TIC aQuiunTikég Tweg, da Teemel va
kdvouue pntn uetateomn (§2.11.1) Twv TToGOTATOV TUTTOV aTaQiduncng Ge aképato.
‘Etol puitopovue va ypdapouue

int k{static_cast<int>(Color::green)};

Me tov auécmg Teonyovuevo opgud yia to Color, To k astoktd tnv T 5. Avti-
GTEOMA, UITOQOVUE VO UETATEEWPOUUE ENTA €VO OKEQEOLO GE TWA WOS TTOGOTNTOS
1OTov enum class!l:

Color g{static_cast<Color>(6)}; // g is Color::blue

KaAd etvar va asropedyouye va KAVOUUE TETOLOL UETATQOTIN. Agv €xel 8altepn xon-
GLOTNTA OV O AKEQEOLOGS dEV AVTIGTOLYEl GE KAITOLOL TR TNG aTtaiduncng.

Davtiotono unyavioud da cuvavtricovue 6To xkeo ovoudtov (§2.17) ko 6Tig kKAdGels KepdAao 14).
Yopkel n aképona T Vo, WIToQel Vo, ovaITTaacTadEl GTOV aKEQEALO TUTO GTOV OTTOI0 TLQOYUOTIKG
amodnkevovior ol Twég tng enum class. O wpokadopiouévog TiITog artodnkevong eivar o int.
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Agv Ya avapepdolue avalvTikd GTIC «ATTAES» enumerations TTov JToeyel n C++
(etvor aVTES TTOU SNA®VOVTOL XWEIS TO class GTOV 0QLGUO). Xe AUTEG, Ol UETATQEOTIES
aTTO/0e OKEQALO EVOL QUTOUOTES KOL Ol «TWES» TNG OTTOIdUNoNg 8ev «aviaKoUV»
otnv astaeiduncn (0mdTe To Gvoud TOUS SEV YEELWALETOL GUUTTALQEMGN UE TO OVOoua
g enum). KaAd elval va unv xenolloItoloUVTol GE VEO KWOKAL.

2.7 Xtadeeég TOGOTNTES

[Togdtnteg TTOU €XOVV YVWGTA QXK TWA Kol 8eV AAAACOUV GE OAn TNV €KTE-
Agon TOU TEOYQEAUUATOC, €lval KAAO va dnAwvovtal o¢ oTadepés wate o compiler
VoL UIToel vo TTEoPel Ge BEATIGTOTTOMMGN TOU KOSIKO KAl TAUVTOXQOVO, VO, LITOQEL VoL
uag ewomoticel av katd Addog spocTradncovue va UeTABAAOVUE GTO TIEOYQOULUA
TNV TWR TTocdTNTAS TOoU Aoyikd givan gtadepn. H Sndwon stogdtntog mou wirtoel
va Snurovpyndel katd tn ueTtayA@dTTion, yivetol XENGLULOTIOLOVTOS ThY TTRoKkadoL-
ouévn Aéen constexpr Kol GUVOSEVETAL VITOYREMTIKA Ue ATTAS00N TG AEXIKAG (Ko
UWOVIUNG) TWWNG:

constexpr double pi{3.141592653589793};
constexpr auto maximum = 10Q; // maximum is int

H agykn twn wag tétolag otadepds UIToQel va TTQOKVITTEL ATTO OTTOLASNITOTE K-
@eoon (ue JTEAELELS, KMGN GUVAQTNONG constexpr KATL.) OQKEL Vo WITOEEL Vo VITO-
Aoywatel katd tn petaydottion. EvOALaKTIKA, wo aTadepn togdTnta LIToQovue vo
™ dnAwoovue oG const 0MATE O TEPLOPLOUOS XOAAQRMOVEL N TN TNG WITOQEL val
UTTOAOYLGTEL KO KATA TNV EKTEAEGN TOV TTEOYQAUUATOGC.

Ye qocotnteg OV £X0oVVv dnAwdel WG constexpr N const avtovonto elval OTL
dev uaropel va yivel ekyoenon TWAGS (SnAadn, aAAayn TN GEXKAG TUNRG).

KaAd elvar va yenowotolovvtol GUUBOMKES GTOTEQRES Yo VoL AITo@EVYETAL N
XONON «ULOYIK®OV 0QUIL®V» GTOV KOSIKO. AV Ulo IT0GOTRTO JToU €ivol gtadepn (It.y.
TtAMboGg GToyelmwv Ge Stdvuoua, EUGIKES N WOINUATIKES GTATERES) xEnoyoTTotelTon
ue Ty aEuUNTIKA TG TWA Kol Oyl we cuufoMkd dvoua, kadictator Wiaitepa dU-
GKOAN N AAAOYR TNG KODMOG TTEETTEL VO AVAYVOELGTEL KOl VoL TeoTtoTtondel e dAa
T onuelol TOU KOSIKA TTOV ELPOVICETOL.

2.8 Eupéieia

‘OMeg oL un GTATIKEG UETAPANTEG, GTOIEQES, GUVAQRTAGELS, TUTOL UITOQOUV VA
yonowomondovv amd To onuelo g SHAWGHS Toug? éwg TO KATAANKTIKG GYKIGTQO
Tov block evioA®v GTo omolo avikovv. Ot UeTAPANTES XAVOUV TNV TN TOUS UETA
agtd avTd To onuelo, EAeLYEQMOVETAL O YWQEOS UVAUNG TTOU KATOAAUBAVOUV Ko AEue
OTL KATAGTEEPOVTAL, OTAV N QON TNG EKTEAEGNS QUYEL, UE OTTOLOVONITOTE TEOTTO, ATTO

2yia, TG GUVARTAGELS KO TIG KOJOMKES UETAPANTEG N SHAWGN KoL 0 0QLGUOS Sev TOTIoVTon aa-
ealtnta.
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70 block evtoAwv GTo 0TTol0 £YX0VV 0QLGTEL. AV N pon ertavéAdetl gto block (ue kdatola
EVTOAN eTTOVAANYNG, goto, KAGN GUVAQETNGNG KATL.) TV TO GNUEI0 0QPLGLOY TOUG,
ot uetafAnteg dnuovgyovvtal avd.

Ou kadoMKES TT0GOTNTES €X0UV eUPENEL UEYQL TO TEAOS TOV AQXEIOV GTO OTTOLO
yiveTtal n Sridwon (kow e 0Ga apxela cuuTteprAaufdavetal avto pue odnylo #include).
Koadwg autég ov tocotnteg eivan Stodéouues Ge ueydAo TURUATO TOU K®OSKO, Ol
aAAayES Toug elvar SUGKOAO va evtoTtiaTovv. T To Adyo owvTd, n yenon toug da
TIEETTEL VAL €lvaLl EEALEETIKA GTTAVLAL, UWOVO YL TS TLEQLITTWGELS TTOV de yiveTow val Thv
OTTOPUYOLUE.

Ot evTtoA€g eAEyXOU KAl €TTAVAANYNG TTOV T GUVAVTAGOUVUE GTO ETTOUEVOL KEPA-
Adtol KOOGS KoL Ol GUVORTAGELS AITOTEAOVV EeXmELGTA block, ue Sikég Toug eufédetec.
EmutA€ov, 0It0108nIT0TE GUVOAO EVTOA®MV UTTOQEL VAL ATTOTEAEGEL EeXWELGTO block av
megungdel oe dykiatea ‘{}. Evvoeltar 6t kdde block Ttpémerl va sreprdaupdveton €
odokAripov Ge dAlo block (M, aAALWG, TOo KADe avolytod AykloTEo ‘{ TalEldlel ue To
TTANGLEGTEQO ETTOUEVO KAELGTO AYKLGTEO ‘}).

Me Bdon ta ToQagtdve, Svo avegdptnta block evToA®v UITOROVV VO TTEQLEXOUV
ToGATNTES Ue TO (S0 dvoua kAt (5o N StapoeTikd TUTTO. Ol TOGOTNTES AVTES glval
Tedelwg avegdptntes uetagd Toug. Evvoeitan, BEPata, 6Tl ato (8o block dev umopsel
va yenowottomndel to dto dvoua yio uetafAntég Stapogetiko TUTTOU. IIpocoyn
D€Ael n TEQITTTOON TTOV YENGLLOTIOLE(TAL TO (510 GVOUO VL0 SLOPORETIKES TTOGOTNTEG
oe 8vo block wov To €éva ecwkAelel To dANo. TLy.

#include <iostream>

int main()

{ // begin block A
double x{3.2};
{ // begin block B
int x{5};
std::cout << x; // prints 5
} // end block B
std: :cout << x; // prints 3.2
} // end block A

H yetafAnti x 6to ecwtepkd block «keUfel» e avtd Tn X TOU €EWTEQLKOV block:
OTTOLASNITOTE EKYDENGN N YENGN TWNRS TOU X GTO £6wTeQEWKO block avagépetar atnv
aképana TtogdTnTa X. ‘Otav kAelioel T0 €6MTEQIKO block, KATAGTEEPETAL N AKEQMLAL
UETAPANTA X KO «E0VOPOIVETAL» N TIQOYULOTIKA UETOPANTA X.

2.9 Aopuuntikol teAeGTES

Y1n C++ vTtdeyovv Sid@oQol TEAEGTES TTOU EKTEAOVV GUYKEKQUUEVES AQUIUNTIKES
TEAEELC:



Apiduntikol TedecTéS 29

e O yovadwaior +’, =" dpouv wg TEodeua (ATd Ta aELaTERd) Ge £va aQuiud a
Ko wag divouv tov (6o aeuiud n tov avtidetd Tov aviigToyo.

e O1 Svadwkol +’, =, *’ dpovv uetagL dvo apuiuwy a,b ko pag divouv to ddgot-
oua, Tn SlamoEd KoL TO YWOUEVO TOUS AVTIGTOLYAL.

¢ O dvadikog /’° uetagd mpayuatikdv ab diver to Adyo a/b.

e O Jvadwos /° uetagd akepaiwv Sivel To mndiko tng dalpeong Tov ITEAOTOU
ue o devTeRo, SnAadn, ektelel Tn Sialpeon Kal ATTOKOITTEL TO SEKASIKO UEQOS
TOV QITOTEAEGUATOG.

e O Suadwkog %’ ueTagd akepalwv Sivel To VITGAOLITO TS Slalpecng Tov TTEAOTOU
ue 1o SevTeQo.

Emouévmg

int a{5};
int b{3};
int p{a/b}; // MnAiko: p <« 1
int y{a%b}; // Ynohoimo: y + 2

ITpocégte 0L Sev vTAEYEL TeAeaTng Yoo VYwon ce dvvaun. Avt’ avtol xen-
coTtoleltal n guvdeTnon std: :pow() Twov TeQrAaupdvetar gtov header <cmath>
([Tivakag 7.1). 'Omtwg Ya egnyncovue GuVOTITIKA GTo §7.15, n yodnuatikin €keeacn
x® yodpetar otn C++ ¢ std: :pow(x,a), a@oV ypdyouue GV aQyn Tou axelov
ue Tov KOOWdA pwag tnv odnyla #include <cmath>.

Hagatiignon: H memepacuévn avamaQdoTacn ToV TEOYULATIKOV apuduwy odnyel
0€ GEAALOTO GTEOYYUAELONS GTIS TIQAELELS KOL OQLOUEVES UODNUATIKES WOLOTNTES
TOUG (TT.X. N AVTWETODETIKA KOL N ITROGETAQLGTIKN TG TTRdcdeang) dev oyvovv. Tu
AVOUEVETE VO TUTTWIEL Ue TIC eTTOUEVES EVTOAES; AOKIULAGTE TIG.

std::cout << ©0.1+0.2-0.3 << ' ' << ©0.1-0.3+40.2 << '\n';

2.9.1 Xvvtunceig

"Evag 18iopationog tng C++ elvol oL GUVTURGELS TV TARAITAV® TEAEGTOV UE TO
‘=" n evioAn

a=a+b;
yodeetar cuvndng wg
a += b;

O 8V0 eREEAGELS TTOQATIAV® €lval LGOJSUVAUES, EKTOS OO TNV TEQUITTOON TTOV
0 VTOAOYIGUOS TNG UETAPANTAGC a TTOQOUGLALEL «ITOREVEQYELEG»: UE TN XENGN TOL
GUVTETUNUEVOL TEAEGTI O VITOAOYLGUOS TNE TTOGOTNTAS TOV AQLGTEQOV UEAOUG yiveTaL
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ula @od ev xwElc avtov yivetow vo. Aev Ya avapepdolue TteQLGGOTEQO GE AUVTO
TO onuelo Yo TS GUVETIELEG OWTAG TNG SLoLPoQdC.
AvticToya 1oxouv KoL Yo TOUS AAAOUGS TEAEGTES” TTEOKVITTOUV Ol GUVTUNGELS

3 s

+=7, ==, %=, /=, %=" xwei¢ kevd ueTa&V Tov TEAEGTH KAl TOU =.

2.9.2 Teleotég avEnong/ucimong katd 1

3

AANoG 18patioudg tng C++ elvar o povadialol TeEAeGTES ++ KoL —— (xwElg
Kkevd) oL omolol dpovv elte oW elte yetd tnv aguiuntiki uetafintin. Av §pouv
TV, TT.X. OTTWS GTNV €KEEACN

b =++a + ¢c;

TOTE OWEAveToL KATd 1 n T Tov a, arodnkevetol Ge AVTO N Véd TWNR Kl UeTd
YXONOWOTIOLEITAL YOl VoL VITOAOYLGTEL N €kppacn. Av §pouv uetd, ). OTOS GTNV
ER@EOON

b =a++ + c;

TOTE TTEAOTA VITOAOYICETAL N EKEEAGCN (ULE TNV TEEXOVGO TWN TOV a) Ko UETA QED-

vetaw katd 1 to a. AvtioToya (Ue ueiwoels katd 1) woxvouv yia To ——'. ZUVETTOG
TO

b=--a+c;

tGoduvauel pe

a=a-1;

b=a+c;

EVQ TO

b=a-+c;

tGoduvayel pe

b=a+c;

a=a-1;

[TopatnENGTe OTL Ol TEAEGTES ++ Ko —= UeTd Tnv aQuuntikin LeToPANTH YQELALO-

VTOL W TTEOGMEWVA TTOGOTNTA Yid AITTOINKEVGN KATA TV EKTEAEGN TG OVTIGTOLYNG
TEAENG TOVGS KA, ETTOUEVMGS €lval TTEOTWOTEQOD, av dev VITAQYEL AdYOS, Vo yiveTow n
avgnon N uelmwon ye Toug TEAEGTES TrEiv TV auiuntikin UeTaBANTA.

2.10 IIgoTte@aOTNTEG TEAEGTDV

Ytov ITivaka 2.3 Ttapatidevionr o GYETIKES TTEOTEQOLOTNTES KATIOLWY TEAEGTMV.
[N teleaTég (Bl06 TEOTEQALOTNTAG, Ol TIRAEELS EKTEAOVVTOL OITO ALELGTEQA TTEOC Ta
degid. Egailpeon amoteAoUv oL TeEAeGTES ekywENong (ATTAGS kol GUVIETOL) KL Ol [LO-
vadialol 6e aVTOUS UEYOAUTEQN TTROTEQALOTNTA £XEL O SEELOTEQOS OUOLOG TEAEGTNG.
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Ynueiwote 0Tl guveydueva cUUPoA (xwelc kevd) opadoTtolovvtor amd apleTepd
TEOG Ta de€ld amrd Tov compiler MGTE va GYNUATIGTEL O LAKQEUVTEQROS GUVIETOC TeAe-
GTNG, KAl dev avtiueTIticovTan xwelotd. Iy, n €kpeacn a—-b Jewpeltan wg (a——)b
(ko elvar AdBog) Ttapd wg a-(-b). Ouv Tapevdécelg €xouvv Tnv LVYNAGTEQN TTQEO-
TEQOLOTNTOL KAl UE TN XENON TOUG eTIPBAAAOUUE SLAPOQETIKN GELRA EKTEAEGNG TWOV
TRAEEWV.

IMivaxkag 2.3: Xxetikég Teotepatdtnteg (katd @divovca
oelRd) KATolwy TeAeaT®dv Tng C++. Tedegtéc atnv (S
Péon tou Tivaka €xouv (Gla TEOTEQALOTNTAL.

YXETIKEC TTEOTEQOOTNTES TEAEGTOV TNG C++
Tapevdécelg )

eTAOYN UWEAOUG KAAGNG }

emAoyn wéAovg delktn e kKAdon ->
TEOGTTEAACGN TWNG GE Slavucua []
KAGn guvdtnong O
dnuovgylo agtd Twn {3}

UETATEOTIN TUITOV
UETATEOTIN TUITOV
agtopeuyn const

TUTTOG(ERPEAGN)
static_cast
const_cast

avgnon, uelmwon (Uetd tTn uetapintn) ++, ——
uéyedog rocoTNTOC sizeof
uéyedog rogdTNTAC N THTTOU sizeof()
avgnon, uelowon (ITEw Tn uetafintn) ++, ——
bitwise NOT ~

Aoywd NOT !
wovadaio cuv, TANY +, —
egaywyn dievduvong &
TEOGTEAAGN TWNG delktn 1 iterator *

UETATEOTIN TUTTOV (TV¥TOG) €RpPEacn

emmiAoyn Selktn uEAovg KAdong %
emAoyn delktn uéAovg deiktn Ge kAdon —>%
TOAATTAAGLOGUOS *
Sualpeon (M TTNAKO) /
VTTOAOLITO %
ddpoiwoua, dSrapoed +, -

(ZvvexiceTan...)
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IYXETIKEG TTEOTEQAOTNTES TEAEGTWV TNG C++ (GUVvEYEL)

uetTatomion bit degid, aplatepd >y, <<
WKQOTsQO MYOMUT .8.9.(.) ............................... < .> ......................
WKEOTEQEO N (G0, ueyaAtepo N (Go <=, >=
LGO’ OWL GO ............................................ ::, . |_ ...................
i).i.t\.A;i.S.e . AND ......................................... & ........................
i).i.t\.N.i.S.e . X OR ......................................... ERIEREREREIEIEEE

Aoyiké AND &&
Aoywd OR ||
TOLdIKAS TeEAecTrG!S ?
MoTo aywogroineng {1
ekywEnon =
TIOAAMQITAAGLOGUOS KOL EKYMENGN *x=
Slalpeon Kol eky®ENGN =
VTTOAOLTTO KOl EKYWENGCN %=
ddpoloua koL ekywEnon +=
SLaoEd Kol ekywENGN -=
ueTaTomion bit aQLGTEQA UE ekywENoN <<=
uetatomion bit degld ue ekywenon >>=
bitwise AND ue ekywpnon &=
bitwise XOR ue ekywenon A=

bitwise OR ue exydpenon |=

TEAEGTNG KOUUOL ,

2.11 Kaviveg uetatQoIng

Y& ERQQEAGELS TTOU GUUUETEXOUV TTOGOTNTES SLAPORETIK®Y TUTTOV YIVOVTOL OVTO-
uata amd tov compiler ou KATAAMNAES UETATQEOTIES (Av elval £QIKTES, AAM®MS GTn
uetTayAwttion Byaivel AdYog) waTe va yivouv 6Aeg (51ov TUITOV Kal GUYXEOV®OES Vo un
xavetar n akpifeia. '‘ETol T, G TTEAEN ueTa&L int kou double yiveTtol UETATEOTN
TNG TWNG TOV int GTov avtiGTolyo double Kol UETA EKTEAEITOL N KATAAANAN TTEAEN

Bl v mweoTtepaid it Tov ‘? 1’ wg TEOG TOUG TEAEGTEG EKYOENGNGS, GAAO TELOSIKS TEAEGTA 1 TOV
Teleatn Motog, deite tnv §3.5.
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UETOEY TTEAYULATIKWV TTOGOTAT®V. Ol JTeayuatikol auduol TTou TuXOV GUUUETEXOUV
Ge €REEOON UE ULYOOIKOVG, LETATRETTOVTAL GTOUS OVTIGTOLYOUS UyoSIKOUS KATT. Ag
onuelwdel 4TL TOGOTNTES AKEQPOLOV TVITOV «WKQEOTEQOV» AT int (0TTw¢ bool, char,
short int) uetatpémovtol Ge int KAl KATOTY ekTEAElTOL N TTEAEN, aKOUA KOl OTAV
elvar iSieg Se€ld ko aplated Tov tedeatn. To arrotélecua Tng TEALNg etvor int.
I va givor KaTavontog 0 KOSKAS eival KAAD VoL OTTOPEVYOVTOL «OPUGLKES» EKPQ-
GELS TTAROAO TTOU N YANGGO TTEOPRAETTEL KAVOVES LETATQOTING: YLOTL TT.X. VO XQELALETOL
Vo TRoGYEGw bool Kkal char;

Ot petatpomés ad éva depueMawdn TOTo 6e AAAOV, «UeEYAAVTEQO» (Ue TNV €vvola
OTL ETTAQEKEL YLOL VO OVOITOQAGTAGEL TRV ARYIKA TWH) Sev KQUPBOUV 1OLOUTEQES ERTTAMN-
geis. Ilpocoyn yeewdcetar dtav yiveTal UETATEOTIN GE «WKQEOTEQO» TUTO, T.Y. GTNV
ekYOENCN £vog TTEAYLATIKOU aQuuol) Ge OKEQEALO N KATd Tn SHAmcon akepalov ue
aTTO800N TIEOYUOTIKAG OEXIKAG TWNGS UEG® TOU TeAeoTn =". Xe TETOlo TERITTTWwON
yIvETOL GTEOYYVAOITONGN TOU TIROYUOTIKOU GE OKEQALO UE OITTOKOTIN TOU SEKASIKOV
UEEOVUGS KOl KATOTIY yivetow n ekywenon. EmimAéov, eivon duvatdv n GteoyyvAo-
TolnueEvn TWH vo unv eivol u€ca GTo OQlal TWAV TNG UETAPANTAC TOU AQELGTEQOV
UEAOUG OTTOTE N GUUTTEQLPOQRA TOU TTEOYEAUUATOS (KoL Oyl WOVO TO OITOTEAEGUO)
elvar arrpocdiépieTn!s. ‘Etot

int a = 3.14; // a is 3
short int b = 12121212121.3;, // b = ??

2.11.1 Pntn yetatomn

Yrdoxouv TEQLIITMOGELS TTOV O TTEOYEAUUATIGTRS J€Ael va kadoltel GuykeKkQL-
uévn uetatpomn. Tétowa elvar n meplmtwon tng Salpeong akepaiwv. ‘OIS ava-
@épdnke, dev VITAEXEL TEAEGTRG TTOV VO EKTEAEL AVTH TNV TTEAEN KOL VO VITOAOYICEL
TEAYUOTIKO attotédecua. Ouundeite 6Tl 0 TeAecTtng /7 ektedel KATL SLOPOQETIKO
UETAEY TrayLaTikoV aQuiumy (Buaipeon) agt’ 6,1 uetagl akepaimv (TTNAKO). LTov
TLOQOKAT® KWIKO JTTOU VITOAOYILEL TNV (TTQOYULOTIKA) UEGN TYWN KATTOL®V OKEQOL®MV
elval aITaQalTnTo Vo JTRoGdloQLGTEl GUYKEKEWEVN dpdon Tovu /. Autd emituyxdveTal
UE TN ENTA UETOTEOTIA TOVAIGTOV £vEG® aképalov 0plGUOTES TOV GE TTEAYUATIKG
ue Tnv evioAn static_cast<>:

int sum{2 + 3 + 5};

int N{3};

double meani{sum / N}; // Wrong value

double mean2{static_cast<double>(sum) / N}; // Correct value

[TpoGEETe OTL N UETATEOTIN APOQEA TRV TIWH JTOU €YEL N ITTOGOTNTA GTO Ogtoud. O
TUITOG TG dev AAAALEL.

WEvag kaAdg compiler avayvmitel TEToL0 TEEQITITOGN KAl THQOELSOTTOLEL.
B0y kavéveg auTOUATIG UETATEOTIRG (QEOVTICOUV Yia, Th UETOTEOTIH, Kal ToU AAAOU.
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Mo dAAN TTEQITTTWON TIOV XEELACETAL ENTA UETATQOITN GE GUYKEKQULEVO TUITO
ewpavicetoan katd tnv kMon overloaded cuvdptnong (§7.10) dtav n emmAoyn Tng
KOTAAMNANG VAoTIOlnGNng Sev elvol WOVOGHULOLVTI.

H cgivtagn tng eVvIOAig UETATEOTNG, Tov static_cast<>, elval:

static_cast<véog TOTOC>(Ekpacn);

Ad ™ C €xel kAngovoundel n uvatOTNTO UETATEOTNG (e TN GUVTAEN
(VE€og_TUTTOG) €K(EACN

Emiong, uetatportn witopel va yivel kot og €ERG
VEOGC_TUTTOG(ER(PEAGN)

O 800 TeAevTAlES LOEPES UETATROTING YENGUOTTOLOVVTAL GE TTAAMOTEQOUS KMOSIKEG.
ATo@UyETE TN XENON TOUG" TTEOTWNGTE TO static_cast<>.

EvaAAOKTIKA, avTl ylo Tn QnTi UETATEOTN UEG® ToL static_cast<> ustogouvue
VO ERUETAANEVTOUUE TOUG QUTOUOTOUS KAVOVES UETATEOTTNG KOL VO YRdouue KATL
Gav

double mean2{1.@ % sum / N};

’

n
double mean2{(sum + ©.0) / N};

O twég tng uetafintigc mean2 da eivon tdte ov eTtduuntés (yrati;).

2.12 AANotv TeENEGTEG

2.12.1 TeAeotng sizeof

O teleoTng sizeof SExETAL WS OELGUA ULOL TTOGOTRTO N EVOV TUTTO KOL ETILGTEEPEL
T0 wéyedds Toug ce bytes!®. Tto mapardrtom TaEdSeyua Sivovtor oL TEGTTOL KARGNG
TOV TeENEGTN sizeof:
int a;
std::cout << sizeof(int); //parentheses are necessary
std::cout << sizeof(a);
std: :cout << sizeof a;

ITpogégte OTL 0 TeAeaTNG aKOAOVIE(TOL OTTO TO Gvoua TOU TUTTOU N TNG TTOGOTNTOS
oe maeviioels. Ol TaEevIEGeLS UTTOQOVV VO TTOQAAEITTOVTAL OV TO OQLGUO £Vl TO
dvoua TToGATNTAC (L AvaPOQEA N SEKTNG GE TTOGOTNTA).

O teleaTng sizeof VITOAOYICETOL KATA TN UETAYAMDTTION KAl TO QITOTEAEGUA TOU
Yewpelton oTodepn TToGATNTA UITOQEL, ETOUEVMGS, VO XENGLULOTIOEITAL OTTOV XQELG-
ceTal TETOoLO.

O emoTEEEOUEVOS TUTTOC aTtd To sizeof elvan 0 std: :size_t.

BEE oplouov, To byte eivon To uéyedog evég char.
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2.12.2 Teleotég bit

Ymdoxouv TEAEGTES TTOU OVTETMOITICOUV TA 0QIGUATA TOUS WS GUVOAO bit e
GelRd, Snladn wg akolovdieg amd Ta yneia 0 1 1. H dpdon toug eAdyyel n d€tel
Ty Tun Tov kdde bit ywetotd. Ta oplowatd Toug elval TTOGOTNTES Ue OKEQALO TVTTO
n enum class. Ot teAegTeg Taovadcovtal gtov Ilivaka 2.4.

ITivakag 2.4: Tedeotég bit tng C++

Tedeotng ‘Ovoua Xonon
~ bitwise NOT ~expr
<< UETATOTILON ORLGTEQA exprl << expr2
>> UETATOTTION SELLA exprl >> expr2
& bitwise AND exprl & expr2
A bitwise XOR exprl N expr2
| bitwise OR exprl | expr2
<<= UETATOTION OQLGTEQA UE eKYWENON exprl <<= expr2
>>= UETOTOTION JEELd Ue ekywENoN exprl >>= expr2
&= bitwise AND ue exywonon exprl &= expr2
A= bitwise XOR ue exyonenon exprl "= expr2
|= bitwise OR ue exkywpnon exprl |= expr2

O TedeGTAC v 5RO GE €vOl AKEQOLO KO ETTLGTEEPEL VEO AKEQOLO £XOVTAS UETO-
TEEWEL Ta bit Tov aEykoV ue Twn 0 e 1 kaw avticTpo@a. Evallaktikd dvoua Tou
TeNEGTR €lvol TO compl.

Ou TedeaTég <<, 5> , SnovEyov VEQ TIUN (e LETOTOTTIGUEVO TIQOS TOL ARLGTEQ
1 ta 8e€id, aviioTorya, Ta bit Tov APLETEQEOV TOUS 0RIGULATOS KATA TOGES YEGELS OGES
oplcel To Segl Toug dptoua. Ta emmimmA€ov bit ydvovtal. O TeEAEGTAS <<’ GUUITANQEWVEL
TS KeVEG Y€aelg ue 0 evad 0 > > kdvel To (810 av To aELGTeRd dpLoua elval unsigned.
Ou guvduvacuol Toug Ue To =’ eKTEAOVV TN UETATOTILON KL EKXWEOVV TO OITOTEAEGULAL
GTO AQELGTEQO TOVGS OQLGUAL.

O tedeatég &', N, °|” emoTEEPOVV aképouo ue bit pattern JTov JTEOKVITTEL AV
exktedeatel To AND, XOR, OR avtictoyya cta ¢evyn bit tov opioudtwv tovg. O
Trivakag aAndelos toug yio OAeg Tic duvatég TweES Yo bit p ko g, TOV GUVOLA-
covtan ue kadéva aird ovwtovg Toug TeAeaTég, elvar o Ilivakag 2.5. EvaAlakTikd

ITivarkog 2.5: ITivakag aAndsiog twv duvadikov teAcotov AND, XOR, OR

p q AND XOR OR
0 0 0 0 0
0 1 0 1 1
1 0 0 1 1
1 1 1 0 1

OVOUOTO TOV TTOQATIAV® TEAEGTWV €lvan Ta bitand, xor, bitor avtictoya. Ou Guv-
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dvacuol toug pe to =, &=, M=, ‘| =, ekTEAOVUV Tn UETATEOTN Twv bit amevdeiog
GTO AQELGTERO TOUS OELGUO. EVAAALOKTIKG OVOUOTO T®V JTOQATIAV®D TEAEGTOV glval
T and_eq, Xor_eq, or_eq OVTIGTOLYA.

H agtodnkevon bit 6e ak€EOOVS KAl N XENON TEAEGTMOV YO TO XEWQLGUO TOUG
etvaw onuavtikin otav d€lovue va kataypdypovue tnv katdotacn (true/false, on/off,
...) evo¢ mAndoug avikelwévav. H C++ €yxel etcaydyel tnv kKAdon std: :bitset<> ko
Tnv ggeldikevon tng kAdong std: :vector<> ywa bool, std: :vector <bool>!” grov
SlevkoAUVOUY TTOAD AUTO TO GKOTTO, KA BERLAL ELVOL TTROTUOTEQES.

H mpo@avig evallokTikin Aon evog Slaviouatog ue mwocdtntes tTomov bool,
TAEOAO TTOV €lval TILO €VXENGTN, KAVEL TTOA) UeYAAN GITATAAN UVAUNG KOD®S yio
Tnv amodrikevon evog bit Seouevel TovAdylotov €va byte (§2.5.1).

2.12.3 TeAeong Ké6uua °’

Ao N TTEELEGOTERES ERPEAGELS LTTOROVY va Staxmelcovtal we Tov tedeatn *,”. O
VTTOAOYIGUOS N YEVIKOTEQA, N EKTEAEGN TOUG YIVETOL QITO OQLOTEQA TIROS T SeELd
KOL N TWA TG GUVOAMKNG €K@MEACNG elvol n TUn Tng degldtepng.

Aoknon
g extelelton 0 TTOEAKAT® KOSIKAS®; TL avauévete va TuTtwdel;

auto a = -1;
auto b 1;

std::cout << a, b << '\n';
std::cout << (a, b) << '\n';

2.13 Moadnuatikég cuvaQtneelg tng C++

H C++ mtopéyel uéow tng Standard Library opiouéveg padnuatikég GUVOQTNGELS,
YONOWES Yo GUVAYELS VTTOAOYLGULOVS GE ETTLGTRUOVIKOVS KWOIKES. ‘OTTwS avapEQaue,
aKoua Kol n Vpwon Ge duvaun yivetow we cuvdgtnon. Aeite tnv §7.15 yia tnv wingn
KOTOYQAPN TOUG.

YTy JToQovca TToRdyea@o da €Enyncouue GUVOTITIKA TO PBAGIKA ylol VO TLS
XONOWOTOMGOUUE: TL gnyaivel n SnAwon Tt.). double sgrt(double x) yio Thv Te-
TEAYOVIKN (A, KOJNDS KOl TOV TEOTO YENoNg, Tnv KANGn Tng GUVAQETNGNG. Xin
dnAwaon, evids TV TTOREVIEGEDY, TTEOGOLOEICETAL 0 TUTOC TNG TTOGOTNTAS GTNV
ottola. €Novue va Spdoel n guvdptnon. Il To dvoud TnG eu@AviceTon 0 TVTTOG
TOV QITOTEAEGUOTOG.

"Ectw, Aowtdv, 4Tl 6e KATOL0 Gnuelo TOU KOSIKO £(OUVUE TNV TTEOYUOTIKA WETOL-
BAnTA x ko YEAOLUE VO VITOAOYIGOUUE TNV TETEAYWVIKIA QICO TNG KAl VO TNV astodn-
KEVGOUVUE GTNV TTEAYUATIKA weTafAnth y. Tl va yonowomoticouye thy std: :sqrt()

"Agtte v Tapatipnon ato §11.5.2, geAida 270.
Byvupovievteite Toug IMivaxeg 2.3 kan 2.4. AdBete vIéYn 6L 0 edkég yapakTigag ' \n' éxel
Sexadkn i 10.
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TEETEL KATOQYXAS va guurtepiddfovue to header gtov omolo avrkel, Tov <cmaths,
ue KATAAANANR odnylo ITR0OS Tov TTRoeTTEEEQYAGTH. Katdry, dtav xeeiaduacte Tov
VTTOAOYIGUO, divouue Tnv evioAn y=std: :sqrt(x) ;. Eva oAokAngwugévo medyoauto
TT0V SLafdLel €va TTEAYLOTIKO aEUILO Kol TUTTWVEL Tn ELCa Tov givol To akoAlovdo:

#include <iostream> // for std::cin, std::cout
#include <cmath> // for std::sqrt

int main()
{
double x;
std::cin >> x;
auto y = std::sqrt(x);
std::cout <<y << "\n';

[Tepuoadtepa Yo avagepovue ato Kepdiao 7.

2.14 Miyadikog TOITOG

H yprion wyadikov apuuov e kodika C++ mpoiTtodétel tn guugtepiAnyn tou
header <complex> ue tnv odnyia

#include <complex>

TQOC TOV TIQOETEEEQYAGTA.

Metd tn cuustepilnyn tov header <complex>, TTAREYXETOL GTO XWQEO OVOUAT®OV
std: :complex_literals, n SuvatdTnto vo YENGUWOITONLGOUUE £VO OTTOLOONTTOTE
aeuud Tov akoAovdeltal agtd To i. AvTig arroTelel £va @AVTAGTIKO aQuiud SLITANG
akiBelag (BGnAadn €va std::complex<double> ue mEayuatikd uépog 0). Av avti
yio i akolovdeitar agtd to if 1 To il GuuPoAIZEl PAVTAGTIKG aQud QITARG N
exkTeTOUEVNG aKEiBelag avitioToya. Erouévmg, o aprdudc 11 agtotelel Tn @AvVTOGTIKA
uwovdada (to wryadiko aguuo 0.0 + 1.0i) av €xovue SwGeL O TTEWV TRV EVTOA

using namespace std::complex_literals;

2.14.1 AnAwon

Andwon UeTafAnTAG (Le Ovoua TT.). Z) WyadikoU TUITOV, UE TTEOAYULOTIKO KoL (O
VTAGTIKO UEEOS TUTTOU double, yivetal pue Tnv akoAlovdn evioAn:

std: :complex<double> z; // z =0.0 + 0.0 1

Ytn SnAdwaon, avtl yio double pitopovue vo xENGOITOILGOUUE AAAO TUTTO TTQOYULOL-
TIKOV aeWuwv (float 1 long double). Av Sev TTQ0GSL0QLGTEL AEYIKA T, diveton
avtépata otn uetafAntin n spokadopouévn twn 0 + 0i, ave&dptnta asd to av
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avth gival gtatiki i ToItiki. ‘'OTTwS avaeEpaue, AVTOULATN aEykoTToingn cuufaivel
oe OO TOL avTikeueva TUTTwV TTOV oplcovtal atn Standard Library (extog amd To
std: :array<»).

ARA®GN e TAVTOXEOVIL AITOS0GN GUYKEKQIUEVIG OQXIKNAG TWAGC YIVETOL UE €Vvav
OITO TOUG TTORAKAT® TEOTTOVG:

* TTQOGSLOEICOVUE TO TIRAYUOTIKO KOL TO (POVTAGTIKO UEQOS TNG AEYIKNG TWNG GE
aykieToa, {},

std: :complex<double> z{3.4,2.8}; // z = 3.4 + 2.8 i

n wwodvvaua, uéca oe Taeviéaelg, (),

std: :complex<double> z(3.4,2.8);

e TTQOGALOEICOVUE LOVO TO TTEAYUATIKG UEQOS TG Ak Twng. To @aviactiko
Yeweeltan avtouata 0. ITy.

std: :complex<double> z{3.4}; // z =3.4 + 0.0 i

n 1Godvvauo

std: :complex<double> z(3.4);

N OKOUO KO

std: :complex<double> z = 3.4;

¢ [TpoaSioplcovue S apykn T €va eavtactiko apuiud. To Teayuatiko uépog
g dnAovuevng TtogdTntag yivetaw avtouato 0. ILy.

std::complex<doubley z{1.2i}; // 2z =0.0 + 1.2 i

¢ TTEOGSL0EITOVUE Wl AAAN ULyaSIKI TTOGOTRTO TRV OITOLOL AVTLYQAMOVUE GTN VEQ
uetapinti!®. ILy.

std: :complex<double> z1{3.4}; // z1 = 3.4 + 0.01
std: :complex<double> z2{z1}; // 22 = z1;
auto z3 = z2; // 23 = z2;

YT1¢ TTOATIAVe SnA®acetls, ol auiuol 1 n wyadikin TToGgdTNTA TOV TTEOGOL0EIoVUE
UITOQEOVV VO JTROKVITTOUV OITO OTTOLAONTTOTE E£KMEAGN TTAQAYEL TTEAYULATIKO N LiL-
yadiko auiud N wocdTNTO TTOV UTTOQEL VO UETATEAITEL GE TETOLO (TT.X. AQUIUNTIKES
TEAEELS, KALGELS GUVOQTHGEMVY TTOV ETTLGTEEPOVV AQLIUd, KATT.).

Yo compiler kael Tov copy constructor tng kAdong std: :complex<double> (§14.5.2).
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2.14.2 TIQ4€elC KO GUVOAQTNGELS ULYOSIK®OV

[ ]

Ou apuiuntikol TeEAeGTES +', =, %', °/’ KO Ol GUVTUNGELS +=, ‘—=', %=, /=", TOUL
Tepyedwaue otny §2.9, uetafd wyadikov aeuiumy Blov TVIToV N evog Utyadikon
KoL evOg TTRayUaTiKoy aerduod ue (8to Bacikd TUmo?’, ektedolv TIG avauevoueveg
KOl YVWGOTES TIRAEES aItd To padnuatikd kot €gouvv uyadikd amotédecua. Emi-
ong, ot padnuatikég guvaptnaels tng C++ (§7.1), wov €xouv vonua yio Utyodikong
aprduovg, éxovtar wyadikd oplouata’l, Kot eMGTEEPOVV TO AVTIGTOL(O Wyadikd 1
TIQAYUOTIKO OITOTENEGLLAL.

IToQOKAT® TTOROVGLALOVTOL Ol GUVOQTAGELS YO UYASIKES TTOGOTNTES TTOV TTEQLE-
XOVTOL GTO <complex>:

* n guvdetnon std: :abs() ue wWyadikd OQLGULO ETTLGTEEPEL TO (TTQAYUATIKG) UE-
Te0o (magnitude) Tov opicuatog. Av z = a +if 10TE

std::abs(z) = Vzz* — Va? + 32

e H cuvdptnon std: :polar() emaoteépet wyadikd apuiud pe uétpo (magnitude)
TO TEWTO OQLoua Kal (don (phase angle) (oe rad) to Sevtepo. Av To SeVTeQO
optoua dev mrpocdiopltetan, dewpeltan 0. Etouévwg, n std: :polar(r,t) emt-
GTEEPEL To wyadikd apud z = rel’ evedd n std::polar(r) emoTEé@el TOV
z = rel’ = r(1 +0i) = r. Me Tn XEAGN ATAG TG GUVAQTNGNG UITOQOVUE VO, KOL-
TOOKEVAGOVUE WYASIKOUGS UE GUYKEKQULEVO UETQEO KO (PAGCN:

std: :complex<double> z1{std::polar(2.0,0.75)}; // z1 = 2exp(0.75i)
auto z2 = std::polar(2.0); // z2 = 2exp(0i) = 2.0+ 0.0

e H cuvdptnon std: :norm( ) viwroAoyltel To (TLEAYUATIKO) TETEAY®VO TOU UETQOU
Tou utyadikol oplouatog tng. Av z = o + i 1dte

std::norm(z) = zz* — o2 + 32

e H cuvdptnon std: :arg() emoTeépel Tn @Acn Tou Uyodiko 0plcuatog Tne.
Av z = o +1if8 T01¢

std: :arg(z) — tan=!(6/a).

e H cuvdptnon std::conj() €mGTEEPEL TO GUTVYN TOU WUYASIKOU 0QIGUATOS
me. Av z = a + i toTe

std::conj(z) =z — a—if.

e H cuvdptnon std: :proj() emaoteépel tnv TROLOAR TOL WyadikoV oQlGLoL-
166 Tng oTn ceaipa Riemann. Estouévmg, otav To 6Quoua eival TTETTEQAGUEVO
ETOTEEPETAL AVTOVGLO. AV TO GELGUAL €XEL ATTELQO TTEAYULOATIKO N POVTAGTIKO

Dy ueragy std: : vector <double> ko double.
oot cuumeguddpouue to header <complexs.
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UEQOG ETTLGTEEPETAL ULyaSIKOS aQindc ue Teayuatikd LEEOS To JeTikd dIrelpo
kot eovTacTiko To 0. To TEOGNUO TOU EAVTAGTIKOU UEQOVS VAL TO TTEOGNUO
TOU POVTOGTIKOU UEQOUS TOV 0QIGUATOG.

¢ H cuvdptnon std: :real() €TMGTEEPEL TO TEOYUATIKO UEQOS TOU ULYOSIKOU
oplouatdg tng. Av z = a + 18 TOTE

std::real(z) — a.

To TEAYUATIKO UEQOS ULAS ULYASIKAG TTOGOTNTOS ETLGTREPETAL ETTIGNG ATTO TN
guvdpTnon-uéAog real () tng kAdong std: :complex<>. H kAMiGn tng ywo wa
utyadikn stogotnta z eivan z.real().

e H cuvdptnon std::imag() €MOTEEPEL TO EAVTAGTIKO UEQOS TOU ULyOSIKOU
oplouatdg tng. Av z = a + 18 TOTE

std: :imag(z) — B.

To @avtacTiKG UEQPOS WAC ULYOSIKAG TTOGOTNTAS ETGTREPETAL ETIGNS AITTO TN
guvdeTnon-wéAog imag() tng kAdong std: :complex<>. H kKAMiGn tng ywo wa
utyadikn stogotnta z etvan z. imag().

[ vo aIto8mGovUe VEQ TR GTO TTEAYULATIKO 1 PAVTUGTIKO LEQOGS ULOLG ULYAOIKNG
UETAPANTAG Z, WITOQOVUE VO XENGLLOTTOUGOVUE TIS GUVOQTAGEIC—UEAN real () kot
imag() ue éva dpuoua, Tn vEa TN

std::complex<double> z{3.9,1.5}; // z = 3.0 + 1.5 i
z.real(4.2); // z=4.2+ 1.5 1
z.imag(-0.9); // z = 4.2 - 0.9 i

2.14.3 Eic0806-£€080¢G utyadikov dedouévmv

H ektUmtoon wyadikov dedouévov atnv €£080 (GnAadn gtnv oddvn n ge apyelo)
ue Tov TEAEGTN << ylveTow Ue TN LoEENn

(TTEAYUATIKO UEQOG,POVTAGTIKO UEQOG)

Emouévwg, ue tig evtoAég

std: :complex<doubles> z{3.2,1.5};
std: :cout << z;

Ya gupaviatel gTnv oddvn
(3.2,1.5)

H avdyvoon uryadikov dedouévwv amd tnv €igodo (SnAadn to TANKTEOAGYL0 N
aExelo) ue tov teAeatn >>’ ylveTal pe wo asd TS TUQOKAT® SLAULOQPWGELS:
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(TTEAYULOTIKO UEQOS,PAVTAGTIKO UEQOG)
(TTEAYULOTIKO UEQOG)
TEAYUATIKO UEQOS

Emouévmwg, ue g eVToAEg

std: :complex<double> z;
std::cin >»> z;

TO TTEOYQOUULOL OLVOUEVEL VO, SOGOUUE ATTO TO TTANKTQOAOYLO KATL GOV

(2.3, 1.5) f (2.3) H 2.3

2.15 TVmog string

O KATAAMNAOG TUITOG YOl VO XEWQLOTOVUE GELRES YOQUKTAQEMV TUTTOU char GTn
C++ elvan 0 std: :string Ttov TTapéxeTon agto To header <string>.

2.15.1 AnAwon

AnAwon TocoTnTog TOToV std: :string sivar n
std: :string s;
H mtapamdve dndwon Snutoveyel éva kevd std: :string. Ieodvvaua umogovue va
yodwouue
std::string s{};

Qg ontn (oe aviideon ue tnv TEokadoQlouévn) aykn Twn evog std: :string
UITOQOVUE VO £XOVUE

e wa AlOTO XOQOKTAQ®WV:

std::string s{'a','b','c','d'}; // s <- "abcd"

* wa GEWRA YOQOKTARMV (EVTOS SLITADV ELGOAYWYIK®V):

std::string s{u8"Awoce ap18ud:"}; // s <— "Awoe ap1Buo:”
¢ Toug TEWTOVS XAEAKTAEES (chars) ATTO WOl GELRA XOEOKTRQWV:
std::string s{"Give number", 6}; // s <- "Give n"

ITpoGEETe OTL Wa GELRA XAROKTAQWV TTOV ELGAYETOL UE TO U8 UTTOQEL VOl TTEQL-
AQPAVEL XOEOKTAQEES Un AATVIKOUGS. AUTOL YQELAIOVTOL TIEQLGGOTEQA ATTO EVAL
bytes (chars) ywo Tnv astodnkevcn Toug.

e ‘Eva dAAo string, ue avtypaen tou:
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std::string s1{"Give number:"};
std::string s2{s1}; // s2 <- "Give number:"

EvaAAakTikA, witoeel va yivel agtddoon apxikng Twng ue uetokivnon (§2.18.1)
dA\ov string:

std::string s1{"Give number:"};
std::string s2{std::move(s1)};
// s2 <- "Give number:", s1 undefined

 ‘Eva, turipa dAAov string, amé wa déon (byte)?? kan mépa

std::string s1{"Give number:"};
// copy all chars from position 3
std::string s2{s1,3}; // s2 <- "e number:"

e 'Eva tunpa dAAov string, amd wo cuykekpuévn déon (byte) KoL (e GUYKE-
kEweévo TTAnYoc xapaktipwv (bytes):
std: :string s1{"Give number:"};

// copy 5 bytes from position 3
std::string s2{s1,3,5}; // s2 <- "e num"

e EmavdAnyn evog x0QoKTREO
std::string s(6, '"x'); // s <= "skkkkkk"
[TpoGEETE OTL TTEETEL VAL XENGLULOTIONGOVUE TIAREVIEGELS OVTL yloL AYKLGTQEOL.

Me dykioTea yiveTal aTtdTielQo VO UETATEOTIEL O OKEQALOS GTO TIRWTO OELGUA
GE YOQOKTAQO WGTE VO YENGWOTONYEL O TEWTOS TEATTOS OEXKOTIOINGNG.

¢ 'Eva Sudotnua e akoAovdia e1l6o8ov, TToU TTR0G3100(ceTOL QI iterators aEyNg
Kot T€EAOVG. Ba Toug Teplypdwouue 6to KepdAato 10.

2.15.2 Xeowoudg string

O tedeotnig =" avtypdeel To degl uEAog Tov (€va string, wa AMGTo XOQOKTAQWYV,
ULl GELRA XOROKTAE®VY, KAT.) 6TO string tov BEIGKETAL GTO AELGTEQO TOU UEAOG,
GRAVOVTAS TOUS YOQOKTHRES TTOV TUXOV E€XEL QTO:

std::string s{"in"}; // s <= "in"
s = "out"; // s <- "out"

O teleotnig +° umopsl va yonowotondel yia va evdagel SVo string n éva string
ue wa GeRd YOQAKTARMV N €va AITTAO XOEOKTAQA, TTaQdyovTas dAAO string:

20, apykn 9éan (byte) elvon n UnSEVIKA.
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std::string s1{"Give"};
std::string s2{"number:"};
std::string s3 =s1 + ' ' + s2; // s3 <- "Give number:"

H cUvtunon tov e 10 =" guurtAnpovel €va string 6to TéA0g TOu ue dAAO
string N xaQEAKTNEES:

std::string s{"Give"};
s+= ' "'; // s <- "Give "
s+="number:"; // s <- "Give number:"

O teleotig ‘[ ]’ ue éva aképano auind LETAE) TV AYKVA®Y, OTav yed@eTol UeTd
agto €va string, pag divel To xaEAKTIEO TOov BEIGKETOL GTN GUYKeKEWEVN déan (o
Yéoeig apruwvtar amd to 0):

std::string s{"Give number:"};
std::cout << s[@] << '\n'; // 'G’
std::cout << s[1@] << '\n'; // 'r’

Ot tedeatéc S>> kAL <<, OTOV €(OUV GTO AELGTEQO TOUS UEAOC Wil Qon (TT..
std::cin i std: :cout avticToya) kot 6To SeEl éva string, SlaPAgovv YOQAKTAQES
oTo string (U€xEL TOV TEMTO KEVO XAQAKTRQEA N TO TEAOG TNG QONG) N TUTTWVOUV
TOUG YOQOKTAQES TTOU QUTO E€XEL.

H ovykoion 8Vo string yivetan ue toug teAecatég guykelong (§3.2), ou ogroiol yia
string epapudcouv tn Aggikoypapikn guykowon (§9.5.1).

To std: :string, tapoAo mov dev elvon container tng Standard Library, cuuste-
QUPEQRETOL GE TTOAAES TTEQLITTOGELS WS TETOLOC. Agv da avapepdoiue TTEELGGATEQO
€d® GTIC SUVATOTNTEG TTOU E€XEL.

Ext6g amd 1o std: :string, n C++ srapéxel akoua Toug TUToug std: twstring,
std: :ulbstring, std: :u32string ywo Thv aItodnKevon GERAOV YOQAKTARMV TUTTOV
wchar_t, char16_t kai char32_t avtictouya.

2.15.3 XUVOQTNGEIS UETATQOTING

Y1ov header <string> TTOREXOVTOL GUVOQTAGELS UETATEOTING aEuoV Ge string
KO QVTIGTQOMAL.

H uetatportn pog auiuntikig TWNg oe std: :string yivetaw ue tn guvdptnon
std::to_string(). Avutn d€xeton €va aQUd OTTOLOVSATTOTE EVEOUATOUEVOV aQLd-
UNTIKOU TUTTOV KOL TOV UETATEETTEL G std: :string:

std::string s = std::to_string(6.2); // s <- "6.200000"

‘Ontwg Ja dovue 1o §6.3, n xprnon ecmTeEkoV aQyelov (std:ostringstream) agto-
Telel EVOALNOKTIKO UNYOVIGUO, TILO EVEMKTO, Yo TN UETOTEOTIN, O OTTOLOC ETTLTOETIEL
™ dtouedeenacn Tov agriuo.

H Suvatdtnta petatpomtng evég std::string ce aképowo aguiud maeéxetan
astod TS GuvaETnoelg std: :stoi(), std::stol(), std::stoll(), std::stoul(),
std: :stoull(). Avutéc d€yovtan €va std::string kol kKAvouvv TNV AITOTTELQL VO
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UETATEEWPOUV TOUG TTEWTOUC Un KEVOUS YOQOKTAQES TOU GE AKEQALO Ue TUTTO int,
long int, long long int, unsigned long int, unsigned long long int avti-
GTOLYOL:

std::string s{"12 chars"};
auto k = std::stoi(s); // k = 12, \codeinline{int}

[a tn petatpoTtn €vog string e moayuatikd aQuud tiTtov float, double,
long double Ttap€yovTOL OL GUVOQRTHGCELS std: :stof(), std: :stod(),std: :stold()
avTicTouyaL:

std::string p{"12.32 + 5.0"};
auto d = std::stod(p); // d = 12.32, \codeinline{double}

Agv 9a avapepdovue GTa eTMITAEOV 0QIGULATO TTOU SEXOVTOL Ol GUVOQTHGELS Ue-
TOTEOTING Ge aELdud.

2.16 using

Oa dovue e eTToueva KEQAAALO OTL TOL OVOUATO TUTTWV T C++ UITOEEL va yivouv
wWwaitepa peydAa Ge WAKOG N ITOAVTTAOKO KOL GUVETT®OGS OxL LSLalteQa eVXENGTO, ELSIKA
oav yeewdcovionw ge TWOAG onueio Tov k®Ska. Mitopovue va opicouue wo dAAn,
1godvvoun aAAd JTlo GUvVTOUn, ovouacia Yo, TETOL0 TUTTo Ue Th Bondela Tov using.
H civtagn tng GYeTIKNG EVTOANG elvo

using véo_ovoua_TUITou = TTaAod_Ovouo_T)Tov;

ITpocéste ATl ue vt TNV evToAn dev dnwovgyeitan VEOg TUTTOS AAAd wdvo aItokTd
véo dvoua o aQxkos. To véo dvoua, ool Teoadloplatel, witoel va yenaloitomndet
oe dnAwacels. ITavel va oxvel OTav n QON EKTEAEGNS GUVAVTAGEL TO KOTOANKTIKO
AdykioTEo ‘} Tou block gto omolo ddYnke n GyeTkn eviOAn using.

IMaeddetyua

To dvopa Tov TUTTOVL Yo ULYOSIKES TTOGATNTEG, std: :complex<double>, eivol
OXETIKA UEYAAO*® UITOQEL VO YENGYOTTOLEITOL LE TO O GUVTOUO Ovouo complex
av seonyndel n evtoAn:

using complex = std::complex<double>;
Mo Sridmon UtyaSikng UeTaBANTAC UITOQE! KATOTIY val YivEl ¢ EENG:
complex z;
"Eva évoua TOTTou TT0U €XEL 0QLOTEL WEGW TNG EVTOANG using, dev eTTLTEETTETOL VO

cuuTtAnpwdel ue eMITAEOV TTEOGELO0ELGTES, OTav TEocTadovue va @Tidgovue AAAO
TOTT0.
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Iaeddeyua

using integer = int;
integer a; // Correct: a is int
long integer b; // Error: b is not long int

H mpwtn gvtoAnn Siver To emimtAéov dvoua integer gtov tomo int. H SnAwon
g petapintig a eivon emireeTttin. H Sevtepn Sndwon dumg, asotuyydvel, dev
dnwovgyel uetafAnti TTov long int.

Mo dAAR xeron Tov using gival Yo VoL «EVTOTILGTE» N SHA®GN €VOS TUTTOV WGTE
va LTToEel va aAAdEeL TTOAD) eUKOA: 6T OTL 0QIOVUE UL GUVAQTNGN TTOV XELRITETOL
TEAYUATIKOVGS auiuovg StmAng axkpifelas. O TOTog Toug Yo elvar double. Av Ge
GALO TTEOYEOUUOL XEELOLGTOVUE TNV (B0l GUVAQETNGN OAAGL VIO TTEOYULOTIKOVS 0pduons
aTtAng axeifeltag, da TEETTEL Vo KAvouuEe EKRTETAUEVES TQOTTOTTOINGELS WGTE GE KADe
eu@Avion Tov TOTov double va Tov avikatacticovue ue to float. EvaAlakTikd,
GTNV OQXKN EOVTIvaL UTToQoVUE VO dnAwcouue OAOUS TOUS TTEAYUATIKOUS w¢ real
(M kAgTOLO0 AAAO Gvoua) €XxOVTAS SMGEL TILO TIEWV TNV EVTOAR

using real = double;

H yetotomn Twv TTEayLaTik®y UeTABANT®OV Tng povtivas e float da elvon toTe
dueon pe tTnv €€ng LOVASIKA aAAYN:
using real = float;

H teAevtalo e@opuoyn Tng using witoel vo yivel 7o asroteAecuatikd pe th Bondeia
TV cuvapTncenv template (§7.11).

2.16.1 typedef

Amd n C €yer kAngovoundel avtictoyn evioAn ue tnv using, n typedef. H
oUVTAEN Tng etvat

typedef raAowd_Ovouo,_TUITOV VEO_OGVOUO,_TUTTOV;

H véa evioAn using ustopel va ypncwogtomndel kow yio tnv e€eldikevon evog
template kAdong eveo n typedef Sev ustopel. Kado eivar stA€ov, 6e vEo KOS, va
XONOWOTTOlETOL N using.

2.17 Xweog ovoudtov (namespace)

"Eva onuovtikd meofAnua Touv guvavtovue dtav déAovue va GuviudGouUE Ko-
SIKES YOOUUEVOUS AITO SLOPORETIKOVS TTROYQAUULATIGTES (M AKOUO KoL aTtd Tov (610)
EULPAVITETOL OTAV Ol KOOIKES YENGUOTOLOVV TO (510 dvoua ylo GUVOQTHGELS N KO-
YoMkég uetapAntéc. ILy. ugropel vo ypdwpouue (o GUVAQTRGN JTOV VO ETILAVEL £val
YOOUUWKO GUGTRUA EELGWGEWV [LE TO TTOA) QUGLKO Ovoua solve, dumg dtav agyoTeQa
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YeMcovue va emektelvoude Tn GUAAOYR GUVOQRTAGE®Y Uas de Yo uropécovue va
YONGWOTIOMGOVUE QTS TO Gvoua Yo Th cuvdetnon?® emiluong evég GUGTARATOC
SLaPOQIKWV EE160GEWY, evid Ja ntav emiong @uotkd. H C++ vAodtolel tnv €vvola Tou
namespace (®QEOU OVOUAT®WV) YlOL VO AVTILETM®ITLGTEL QTR n Katdotacn. H xenon
TOV glval OITAN: 0 KWOSIKOG

namespace onoma {
double a;

Y€ter tn yetaPAnti a (kow 6ITolES AAAES SNAMGELS UETARANTOV, GTOTEQWV, GUVAQTNH-
GEMV, KATT. TTEQLEXEL) GTO namespace e Ovoua onoma. o va €xovue TTEOGRAGNH G
OUTA 0g KOJIKA UeTd Tn SNA®GN TOU namespace ITRETIEL VO XENGLLOTIOIAGOUUE TO
TIANQEES OVOUd TG WG EENG: onoma: :a. XTO EGMTEQLKO TOV GUYKEKQLUEVOL hamespace
TIOV 0QIGTNKE YENGWOITOLOVUE OITAA TO Ovoud Tng, a. Me autd Tov TROTIO ATTOPEV-
youue Tn GUYKQEOUGN OVOUAT®V OITO SLapoeTikoUg Kwdkes. ['evikdtepa, etvan KOAO
va JreQikAelovpe Ge KATAAMNAOG OVOUOGUEVO hamespace OAO TOV K®OSKO TOU TTOL-
QOVGLALEL KAITOLOL AOYIKA GUVOYN.

H 6ridwon omolacdnmote mocdtntag emdupuovue va OVAKEL GE KATTOLO Y®QEO
OVOUAT®V, TTRETIEL VO VIVEL GTO «EGMTEQLKO» TOV XWEOL, dnAadn Uetagy twv {} Tov
akolovdoUv 1o namespace . ... Avtideta, 0 0ploUOS, UTTOREL Vo yivel KoL €KTOG,
YXONGWOTIOLWVTAS TO TIAQEES OVOUO TNG TToGATNTAC (LE TO OGvoud TOU namespace,
SnAadn).

To dvoua Tov xwWEov ovoudtwv akoAlovdel Toug Kavoves ovouatodoatag tng C++
(§2.3). 'Eva namespace eTLTRETTETAL VO TTEQLEYXEL AAAO XWQEO OVOUATMOV:

namespace n1 { namespace n2 { ... } }

O T1p0G3L0GUAS TNG TTOGOTNTOS & TIOU GVAKEL GTO YWQEO OVOUAT®V n2, 0 0Itolog
TEQLEXETAL GTO XWEO nl ylvetow og €€ng: nl::n2: :a.

‘O\eg oL TogdTNTES TTOL TTOREYXOVTOL aItd Th Standard Library oplcovtail GTo xweo
ovoudtwv std. Avtdg €ivar o AOYog JTOU GTO OVOUATA TV cin, cout, complex<>,
yonowomotovue To Tteodena std: . Av ypelwaoTtel vo KaAéGgouue TTOAMES QOQES, GE
€val WKEO TUNULO K®OSIKA, GUVAQTAGELS ATt £va X0EO OVOUdTwV TT.X. To std, uirogovue
va, SOGOVUE TNV EVTOAN

using namespace std;

oTo block JToU TrEQEKAElEL TOV KOSIKA pag. ATtd To onueio Tng SNAwoNg uéyEL To
TENOGC TOU GUYKeKQEWEVOL block witopovue va Ttapaleistovue to std: . ILy.

#include <iostream>
#include <complex>

Bertdg av Slopépel aTrd TV TEO T 6To TARYOG 1 GTOV TUTIO TV 0QLGUATWY TNG
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int main()

{
using namespace std; // "std::" not needed below
complex<double> a{2.4,3.7};
cout << a << '"\n';

H evtoAi using namespace std; eigdyel gty eufélelol GTNV OTTOLOL TTEQLAOLL-
Bdvetau, 6da To OVOUATA TTOGOTAT®V, GUVAQTAGE®V KAIT. ITTOU SNA®VOVTOL GTOUG
headers TT0V KdAvovue #include KoL TTEQPLEYOVTAL GTO XWOEO OVOUAT®OV std. AuTo €xel
WG GUVETIELQL VO UNV UITOQOVUE VO TO XENGULOTIOIAGOUUE YLOL OVOUOTA SIKOV OGS
TOGOTATOV N, XEROTEEN, Wl GuvdeTnon agtd To std ustoel va ektelelton dtav
(vouizovue O6TL) kKOAoVUe kdgtola Sikn wog. ITapatnenate OTL Ta ovouato G6To std
udg etvar dyvoaoTa.

EVaALOKTIKA (Kol KAAUTEQO), UITOQOUUE VO OQIGOVUE GUYKEKQWEVR TTOGOTNTA
yla Ty ogroial Sev elvol aTtoQalTNTO VO TTEOGOL0QIGOVUE TO OVOUd TOU hamespace,
UE EVTOAN GOV KL QTN

using std::cout;
Metd amd auTi TNV €VTOARL UTTOQOVUE VO XENGLLOTIooUUE OITAA To dvoua cout:

#include <iostream>
#include <complex>

int main()

{
using std::cout;
std::complex a{2.4,3.7}; // std:: necessary
cout << a << '\n'; // std:: not necessary

}

Tétowa evtoM ustopel va estavaloupfdvetor yio kdde avtikeiuevo Ttouv emmduuovue
Vo @EQOVUE GTNV eUREAELOL TTOU ELPAVICETOL N EVTOANL X®EIS val XEELACETO O ENTOS
TIEOGOLOELGULOS XWDEOV OVOUATWV.

XENoWog eTtiong elval Kol 0 VOVULOS XWOEOS OVOULAT®V:

namespace {

}

Ot TtogdTNTEG TTOV 0QLCOVTAL GE AUTOV YENGWOoIToloVVTAl attevdelos pe to dvoud
TOUG UWOVO GTO QYD TTOU 0QICETOL O OVAOVUULOS hamespace (KAl GE OGO TO GUUTTE-
othaufdvouv ue #include). Aev wiropovv va yencwotontdovv e dAAO aQxelo kat,
ETTOUEVMG, VO «GUYKQOVGTOUV» UE TTOGOTNTES TTOV 0QLCOVTAL EKEL.

Teyvikd, 0 x®E0S £€Ew aTtd KAde namespace amotelel Tov kKaBoAKS y@EoO ovo-
udtwv (global namespace). Eivaw avdvupog aAAd ot TTogdTnteg TTou elval 0QLGUEVES
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oe autov astevdelog (kar Oyl uEca Ge AAAO XwWEO ovoudtwv, cuvdeTnon n KAAGn)
etvarl Sradéoueg e OAO TOV KOBIKAL.

H cuvdptnon main() Sev emITETETOL VAL OIVAKEL GE KAVEVA AALO XWQEO OVOUAT®V
EKTOC OITO TOV ROTFOALKO.

2.18 Ava@opd

H ava@opd (reference) arotelel £va evAAMAKTIKO Gvoua yio Uio Tocgdtnta. Av,
T.Y., €xEL OnAwIel wa axképana peTapfAnti ue to dvoua a

int a;

ToTE Wiropel va dodel €va 1Godvvayo e to a dvoua (JT.. r) GTn UETARANTA QUTR ©S
EENG

int & r{a};

H ava@opd r Sev amotelel véa uetafAnti: avTitQocomevel Ty (Sl TocgdTnTa e
0 a. H dnlwon wog ava@oeds yivetor we Tov TOTO ThG TTOGOTNTOS GTRV 0Itola
avagépetal, akoAovdovuevo agtd to guyBoio &' Elvar amapaltnto va yivel agyikn
(Row uoviun) GUVOEGN TNG Ue TNV JTOGOTNTO GTNV OITolo avamEpeTan (Kot n oJrola,
BeBaimg, meéTel va €xel SnAwdel mo TrEwv). EmmimrAéov, ard tn gtiyun mov yivel o
0QLGUOS TNG ava@OoEds dev ugtogovue va aAlddgovue Tov TUOTTO N Tn UETAPANTA ue
TNV 0TTol0L GYETICETOL.

IMoeddetyua

Y10V 0kOAOVYO0 KOSIKA, 0TTOLOSNITOTE AAAAYA TG TWHS TOU a ELQAVICETAL O-
TOUATOL KO GTO T' KO OVTIGTQOPOL:

int a;

int & r{a};

a = 3; // r =3

r = 2; // a =2

int b{a}; // b =2

int c{r--}; //c=2,a=1

YnUeElnoTE OTL AV Ul TTOGOTNTO £XEL OQLOTEL WS const N constexpr, TTEETEL KA
Ol QVOAPOEES GE AVTN va SNAWVOVTOL WS const:

constexpr int a{5};
int & p{a}; // Error
const int & qg{a}; // Correct. Value of a cannot change through q.

Av n Sndwon Tov p Atav agtodekTn, Yo UIrogovcaue vo LeTABAAOVUE TNV TWH TOV
a, wag otodepng TocodTNTOS, UEGH QUTOV.

H avopopd BEIGKeL GNUOVTIKA €QAQUOYR GTOV 0QLGUO GUVOQTAGE®YV, OTTwS da
dovue ato §7.2. Egtiong, yenon wag avamoedg yiveTol GUVAY®GS YLoL VO «GUVTOUEVGEL»
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OVOUOTO TTOGOTRT®V, IOV GTh C++ ugtogel va elvan iialtepa ueydia, xwelg va yivetat
0QLGUOGS VEAS UETAPANTAG K, TLHAVOV Xe0ovoBOQa, OVTLYQAPN TG CLEYIKNAGC.

Ioeddetyua

Eidaue 611 n grocotnta std: :numeric_limits<double>::digits1@ opigeton
w¢ otadepd oto <limits>. ‘Eva gm0 £0yxpnoto Ovoud yio auti opleTon Ko
YXONGYLOTTOLEITOL GTO TTAQAKAT® TTEOYQOUULLOL:

#include <limits>
#include <iostream>

int main()

{
const auto & digits = std::numeric_limits<double>::digitsi10;
std::cout << digits << '\n';

}

Ac avagépouue, xwig va ertekTadolue, OTL UTTOROVUE VO £XOVUE AVAPOQA GUV-
deduevn e GUVAQRTNON N EVGOUATOUEVO SLAVUGUAL.

2.18.1 Ava@od 6e TEOGWELVIR TTOoGOHTNTO (rvalue)
Tradeen ava@od

Ymdoxer n Suvatdtnto va opiGovue po (VITOXEEMTIKA) GTadepn avamopd Ge
otodepn, UETABANTA 1 YEVIROTEQM, £KEQEACN KATAAANAOL TUTTOV, OTTWS TTOQOKATM:

const int & p{4};
int a{3};

const int & qg{a};
const int & r{2xa};

H 8nAwon Tov GUYKEKQUEV®VY OVOLPOQE®V LGOSUVAUEL LE TOV 0QLGUO WOS CVOVUUNG,
TEOGWEIWNAGS JTOGOTNTOC UE OQXWKN TWA Tn ctadepn N yetafAntin n €keeacn (ue
Tdavi UETATEOTT TUTTOV): KOATOTY, N OvOPOoEd OQICETOL GE GXEGN Ue OUTA TNV
mogdtnta. Puoikd, Sev uiropsel va AAAAEEL N TWA TG TTEOGMEWNAS TTOGOTNTAS UEGW
TV GTAJEQWV AVAPOQEMOV.

Mn ctadepn ava@od

Ac emmavaldpouye TL OKEPOS yiveTal Ge (o SNA®GN UETABANTAGC Ue OLQYLKOTTOL-
non, 0TovV n OEXKN TWN TIEOKVTITTEL ATTO WA EK@EQEOCN N elvoll £TTLGTEEPOUEVN TIUN
cuvdptnong. ILy.
int a{3};
int b{4};
int c{a+b};
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Katd tn §rndmwon tng uetafAnTig ¢ vIToAoYICETOL N €KPEAGN a+b, N TR TG 0ITolag
aTTOINKEVETAL GE U0 AVAOVUUR, TTEOGWELVH JTOGOTNTA TTOU ONULOVQYEITAL UE KO-
TAAANAO TUTTO KO Secuevel un meoadiopicun reproxn uvnung. Katdm, n mpocw-
EWNR TTOGATNTA XENGoTtoleltal yio tn dnutovgyla (GnAadn, tn Sécouevon wviung)
g SnAovuevng UeTaPANTAC KoL TNV amddoon OQXKAS TWAG ue aviypaen. Metd
TNV OAOKAE®GN TNG SHAMGNG, N TTEOGMEWN UETARANTA KATAGTREPETAL. AVTIGTOL(
1GYVOUV KoL OTOV N OEXKA TWA TIROKVITTEL ue KAGn cuvdotnong. H dnuovpyia ko
KOTAGTROPN OVAOVUUNG, TTQOGWELVAS UETAPANTAG, GE QITAES TTEQLITTWGELS, WITOQREL val
TTAEOKRAUPIE! AITTO TO UETAYAWTTIGTH, YEVIKA OUmg Sev 1oyveL aUTO.

Mgtopovue va Swcovue Gvoua Kol TOQATOoN «CONGS» GE TETOLOL AVOVUUN, TTROCGK-
EWN UETOAPANTA TTOV TTROKVITTEL AITTO £KPQEOCN, ETTLGTEOPN GUVAQTNGNG (YEVIKOTEQ,
aTto TOGHTNTA TTOV JeV €XEL GUYKEKEWEVO OGvoua) ue KATAAANAO €(80g avapoedg:

int a{3};

int b{4};

int c{a+b};
int && d{a-b};
d = 6;

ITpocéste Ta GUUPOAN && UETAEY TOU OVOUATOS KOl TOL TUTTOV GTn SrnAwon Tovu d.
To dvoua d Sev amotedel véa uetafAntrii OTTws n c. Aviideta, elvar €va dvoua TTOU
GUVOEETOL UE TNV TIEOGWEWN JTOGOTNTO JTOV TTEOKVITTEL KATA TOV VITOAOYIGUO TG
€rkppaong a-b. H togotnTa dev KATAGTEEPETOL Ue TO TEAOG TNG EVTOANG, OTIwGS da
ywotav Ge AAAn TTeRiTTTOGN, AAAD ULIToQEl va xenaotpottondel LEG® TOL OVOUATOS TG
e OAn tnv JreQloxn euPElelag o €xel avTo. Me TO GUYKEKQUUWEVO €(80G avapOoQds,
TO 0ITO(0 GYETICETOAL UE AVWVUUN, TTROGWELVA TTOGOTNTA, ATTOPEVYOVUE Th SnULovEyicl
Ul LETAPANTAC KOL KOTOGTQOPN TNG TIROGWELVAG, TTEAELELS TToU THAVOV va €xouv
UEYAAES AITTOLTAGELS GE YEOVO EKTEAEGNGS N UVAUN.

TFevikdTepa, po UETAPANTA TG oTolag Ja xeelasgTovue TNV TWA KAl Th WYAUN
TOV OWTA KATAAAUBAVEL, Yol TEAeVTALOL POQEC, UTTOQOUVUE VO T XELRLGTOVUE OTTWG
ULl OV@OVUUN, TIEOGWEWNR UETOPANTA OJTO TNV OTOl0L UTTOQOUVUE VO UETAPEQOUVUE,
KoL Ol UWOVO VO avTIypdyouue, Thv KOTAGTAGN TNG. X€ OQLOUEVES TTEQUITTWGELS, O
compiler eivar tkavog va avtiAng@del 6Tt avtd eivor e@KTO. Zuxvd OU®G, TTEETTEL Val
KoAEoovue Tn guvdptnon std: :move() Tov <utility> ue dpouo Tn GUYKEKRQLLEVN
ueTapAnTi ylo vo SleukoAUvVouuEe TO UETAYAWTTIGTA. Aglte TTEQLeGOTEQN GTnYy §9.2.4.

YUvoplcovTag, GTIC TTAQUKAT® EVTOAEG

auto x
auto z

2
std: :move(y);

Exouvue dnUovEYleg LETAPANTAOV Ue aTtdS00N AEYIKAGS TWNGS, WA LETABANTAG Y. XTnv
TEOTN EVTOAN YIVETOL UE AVTIYQAQPH KOl ETTOUEV®OS, AQYd, Kol GTn detepn ue UeTa-
KIVRGN, KOL ETTOUEVMGS, YORYOEM. AVAAOYQ, GTIC EVTOAES

X =Y,
std: :move(y);

N
I
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€XOVUE EKYWENGELS TNG TWAGC WOS UETARANTAGC Yy, UE OVTLYQAEN (GTNV TIEMTN) KoL
ue uetakivnon (gtn devtepn). XTo TTAQAITAV®, UETA Tn uetakivnon, n uetafAntn
y QITOUEVEL GE AITEOGOOELGTN Katdotacn. ‘Otav déhovue va ekUETAAMEVTOVUE TV
TOYUTNTO TNG UETAKIVNIONG OITO Wiak UETOAPANTA, KOl €(OUUE TN dUVATOTNTA VO TO
KAvouue (SnAadn, Sev XEeELOCOUAGTE TN GUYKEKQWEVN UETAPANTA GE eTTOUEVN EVTOAN)
yonowomotovue to std: :move() ue 6ploua Tn UETARANTA OGTE VO EVRUEQWGOULUE
GYETIKA TOV UETAYAMTTIGTA.

2.19 Acgiktng

Ot pueTaPAnTEG TTOU 0RICOVTAL GE £VOL TTEOYQAULAL, OTTOC EVAL YVMOGTO, AIToInKeV-
OVTOL Yo TO SLAGTNUO TG «LONG» TOUS GE KATdAAnAeg Yéaelg uviung. O apuiudg
tng d€éong gtnv omola Peloketanl wia uetafAntn, n dievdvvar tng Sndadn, egdyetan
ue tn dpdon tov TedeaTn &’ GTn UeTAPANTA aTtd aELeTERd. AUTOS 0 aEUiudg witopsl
va exkywendel ce €va Seiktn Ge TVTO (Blo ue tov TVITO Tng uetapintng. H Sniwon
ToUu SelkTn yivetow ue Tn Loeen

TUTTOG * dvoua, Selktn;
"Etat, av €ouvue Tov opoud
int a{3};

n ;rogoTnta &a elvol n Yéon wvnung tny ool PEICKETAL N a* 0ELGUOS evOg delktn
oe int, ue dvoua p, ko TAVTOXEOVN ATTAS00N TWNAGS YIVETOL Ue TNV EVTOANR

int x p{Ra};

H mpocméAacn tng uetafAntrig wov BelokeTon GTn J€on Wviung p emItuyydaveTol
ue tn 5pdon Tov TEAEGTH *’ GTO SelkTn p ATO AQLETEQA. LUVETTWG, UE TOUS TTOQO-
TAV® 0QLGUOVGE, TO *xp aTtoTeAel Eval AAAO Ovoud Yo Tn UETAPANTA TTOV 0QIGTNKE UE
dvoua a‘ n TocgdTNTA VTR UTTOEEL va xenotwogtoindel 1 aAAdgel, elte ue To dvoua
xp elte ue to a. ILy.

double r{5.0};
double x q{&r};
xq = 3.9; // r becomes 3.0

"Evag delktng wiropel va ekywoendel e dAAo delktn iStov TUITOU:
int a{4};
int x p;
p = &a;
int x q{p};
H televtalo evioAn opiel 1o q ®g SelkTn Ge OKEQEOLO KAl TOU Sivel MG aQYIKA TWh

To p. ITA€ov, q kaw p Selyvouv Tnv (o J€on wvriung ko, BERoLa, TO *q KAl xp €ivor
n B petafintn (n a).
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Emtiong, €évac delktng mtov dev Selyvel e guvdptnon n uéAog kKAdong, witoel va
exkywendel oe delktn e void. H petatpomn yivetow ovtopata. ‘ETal, n teAevtaia
EVTOAML OTTO TIC TTOQAKAT®

int a{5};
int x p{&a};
void x t{p};

oplcel €va Selktn oe void Kol TOU aITodIdel WS AEYK TN To p, €va Seiktn e int,
R, wwodvvaua, tn Stevduven tov axkepalov a. H dpdon tov teleatnt *’ GTo p wog Sivel
meocBacn gtn uetafAnti a- avtideta, n §pdon Tov * 6To t dev emitpémeTal. 'Evag
delktng e void TEETTEL TEWTA vaL ueTateaTtel (It.x. ue static_cast<>) gtov apykd
TUTO (TTOV O TIEOYQOWUATIGTRG TTEETTEL VO YVWELILTEL) KO UETA VO xenatwoTtondel yia
TEOGRACN KAl YEWRLWOUO TNG IJTOGOTNTAS GTNV 0Itola «Selyvelr. TUU@®VO Ue TOUG
TLAQOITAV® 0PLGLOVGS, YEELAIETOL VO ydpouue

int x v{static_cast<int*>(t)};

xv = 4;

yla vo. S®dcouue GTO a Ty TN 4.

FevikdTeQa, n LETATEOTIN €VOS void * Ge AAAO TUTTO delktn yivetar udvo pntd
T.X. WE Th YENon Tov static_cast<.

[Tpocéste 6L €vag delktng Tov Sev Tou €xel amododel aQyikn TWwn—elte AAAOG
delktng elte Sievduvon—delyvel ge Tuxaia, ampoadidpiatn TTeQLoxn uviung. H dpdon
Tov % Oev elvaw AdPog aAld da Swoel wla Tuyaia TWwh KATdAAnAov TUTTOL. Av
TeocTadncovue va ypdwouue agtnv tuxata d€on pviung da stpokaiécovue Addog
KOTA TNV EKTEAEGN TOL TTEOYQAUWLATOS Qv n GUYKeKLUEvn 9éon dev €xel Sodel ao
TO AELTOVRYIKO GUGTNUC GTO TTEOYyRauud uag. Av €yel dodel, da yodwouue mdve ce
(dpa da katacTEéwouue) AAAN «Skn pag» UeTABANTR yweis va PByer Addog.

Egtitpémetan va guykpeivouue dV0 Selktes ue Toug TeAeaTéC TTov Ja Sovue GTov
IMivaka 3.1. Av 600 Seikteg elvan (Gol gnuaiver dtL delyvouv gtny (dra Yéon pvaung.
Emitpémetan aAAd Sev €€l OVGLAGTIKA XENGUOTNTO VO YV®EIOUUE av KAITTOL0G del-
KTNG €lvol WKEATEQOS 1N UueyaA)TEQROS aTtd dAAOV, av SnAadn delyvel e TTEonyovuevn
n emwouevn YEon wvnung.

Ye ¢éva ottoodnitote delktn uiropel va yivel ekywenon tng TWNAS nullptr. H
GUYKEKRQWEVN TTogdTnTa €lvon SelkTng Ttov Oe Selyvel Ge kowla TOGOTNTA. Xe TE-
Towo delktn dev emitpémeTon n dpdon tov * (TwEoralel AdYog KaTd Tnv ekTéAeon
TOV TEOYEAUUOTOS OAAL Ol KATA Tn uetayAdTtion tov kwdika). H clykowon yia
1GOTNTA N U VoG AyvwaoTou delktn (.. 0pLoUo GUVAQRTNONG) Ue TO nullptr TwEE-
TIEL VO TTEONYE(TAL OTTOLOGONTTOTE ATTOTELQAS TTEOGTIEAAGNG TnG YEoNng Uvnung GTnv
ottola dewpovue OTL delyvel o Selktng. IIpoceETe dTL G AWTO TO Gnueio VITAQYYEL Wial
Baokn Siopoed ue TNV avamoed: £vag SelkTng UIToEel va un GuvdgeTal ue Kaveva
OVTIKEUEVO eV, avTideTa, wo avogopd eival 0TTwadnitote guvdedeuévn ue kAITOLNL
TOGOTNTO.

[a tnv €vvola tov delktn Ge Guvdetnon, deite tnv §7.7.
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2.19.1 Xdvoyn

Acg Sevkpvicovue €8® €va AeTtTd onuelo GTIG SnAwcelg detktwv. TIQoGEETE TIg
TAQAKAT® SNAWGELS (BleVKOAVVETOL N KATAVONGH TOUS av SLafAGTOVV ATtd TO TEAOG
TNG YQOUUNGS TTQOS TRV OQXN):

int a;

int x p1{&a};

const int x p2{&a};

int x const p3{&a};

const int *x const p4{&a};
int x & p5{p1};

const int x & p6{p2};

int x const & p7{p3};

const int x const & p8{p4};

O pl etvan SelkTng Ge AKEEAO.

O p2 elvan Seiktng ce oTadepd axéparo. Autd cnuailver 0Tt Sev umopel va
yoncwomondel yia voo aAAdEEL TR GTn UETABANTA *p2.

O p3 elvan oTadepdg Selktng oe aképaro. AuTtd onuaivel OTL UItoQel va xEnact-
wottondel yia va aAAAEEL TR oTn peTaPAnti *p3 aAAD TTEETTEL VITOYEEDTIKA
VoL TTAQEL OEXIKN TN Ko Sev UTTOEEL Vo OITOKTAGEL AAAN KOTA Tn StdoKela
TNG CONG TOV.

O p4 eivan otadepds Selktng e gtadepd arképaro. Aev umropel va aAAdEel oUTe
n agykn T Tov ovte va uetafAndel uécw avTov n TOGHTNTO GTNV OTOL0
Selyvel.

O pS elvar avaod e delktn ge aképato: TavTicetal we tov pl.
O p6 elvan avapoed ce delktn ce gtadepd axképaro: TavTtiteTon ue Tov p2.
O p7 elvar avagopd oe gtodepd Selktn Ge AKEQEOLO® TAVTICETOL Ue TOV p3.

O p8 elvan ava@oed ce otadepd Selktn Ge GgTadeEd AKEQOLO® TOUVTICETAL e
ToV p4.

Kot gtnv mtepisttoon Tov SelkT®dVv 1oYVEL N TTOQATRENGN TTOU KAVAUE VIO TIS OVOLPO-
e€¢: €vac delktng yia va det&el oe gTadepn TtocgoTnTa TTEETTEL Vo SnAwdel KaTdAAnAo:

double x{1.2};

double * const p{&x};
double y{@.1};

p =&y, // error
const double x q{&x};
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xq -= 0.2; // error
const int a{2};
int x r{&a}; // error

2.19.2 Aguuntikn dektov

Av p elvan €vag SelkTng 6e TOGATNTA KATTOLOU TUTTOV, EIVOL TTROPAVES OTL OAOL OL
TENEGTES TOV N 5EAGN TOUG €XEL VONUO YO ALUTO TOV TUTTO ETLTRETIETOL VO SQAGOUV
07O *p. Avtideta, GTo SelkTn p LITOEOVV Vo SQAGOUV GUYKEKQUUEVOL TEAEGTES. ATTO
TOUG aQWUNTIKOVG, oL ++, —= (elte TTEW elte petd To delktn) €xouv vonua: €vog
delktng oe tomo T uetokveltaw petd tn dpdon Toug katd Téca bytes dca elval
T0 uéyedog tou T, puetd n TEWY Ty 0Kk Tov TWH. ‘Ontwg da Sovue otnv §2.12.1,
o u€yedog mocsdTntag evog tomov T Sivetar amd Tov Tedectn sizeof kot elvon
sizeof(T) bytes. Emtiong, umropoiue va 1tpocdécouye N vo palRéGouuie £va aKEQOLO
aeuud gto Selktn (T.X. p+2) kKo va petakvndovue Katd To aviiGToryo TOAATTAAGLO
Tov sizeof(T), TaEAyovTag VEo delktn. AKOUM, TO OVOUEVOUEVO vOnUa £(0UV Ko
Ol TEAEGTEG “+=’, ‘—= TTOU UETOKWVOUV TO JelkTn TTov PEICKETAL GTO AQLGTEQRS TOUG
UEAOG KaTd OGa TTOAMATIAGGLO Tov sizeof(T) TTP0GSL0QICEL 0 OKEQEOLOS GTO Oekl
Toug uEAog. Ilpoavag, meoceon Setkt®v dev €xel vonua, eved avtideta, n Siaupoed
SekTov (Srov VIOV (USVO!) Sivel To TAYOC TV écewy uviung Tov uecolafouvz,
WS TTOAATTAAGLO Tov sizeof(T):

int a{4};

int xp{&a};

int xq{Ra+10};

auto k = g - p; // int k = 19;

O udveg TEALELS TTOV UTTOEOVUE Vo KAvouue Ge SelkTn Ge void elvan n ekywEnon
delktn (dlov 1 dAAAOV TUTTOV, N ENTA UETATEOTIN G AAAO TUTTO, 0 EAEYXOG Yo LdTNTA
Kol avigotnta (ue dAlo void x). Emitpémetan uev n giykplon SelkT®dv oe void ue
TOUG VTTOAOUWITOUG TEAEGTES GUYKQELONG OAAD Sev €xEL OVGLAGTIKG VONULA.

2.20 THogaywyn tuyoinv aQuinu®v

H C++ mtapéxer 6to header <random> ekTeTOUEVN GUAAOYR GUVAQTAGEWV KO
KAAGEOV YO TNV JTOQAYWYR TUXAlwV 0QUUOV UE GUYKEKQUUEVO YOQOKTNELGTIKA.
BeAtiwvel To pnyovioud stov kAngovoundnke asto tn C (yevviatouo std: :rand())
GgTov oTtolo Sev da avagepdolue.

H véa mocgyyion tng C++ gtnv mapaywyn Tuxainv apuiuoy Stoyweltel Toug un-
XOVIGUOUGS TTapaywyn¢ (generators) Tuyaiwv bits astd TI¢ kKaTavoués (Ti¢ TUKRVOTNTES
mdoavdTntog) Tuxnv aQIL®V:

Hwg arxdpato Tomov std: :ptrdiff_t, mwou opicetan oto <cstddefs.
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e Kdade unyavicuogs mapéxel wa oelpd tuyaiwv bits. Kdade éva amd avtd €xel
6o davotnta va etvar 0 v 1.

e Mo kaTavour yENGWOTTOLEl £VOL WNXOVIGUO YLOL VO TTARAYEL TUYOIOVS aELILoVS
ue kadogiouévn mavotnta euedviong. ILy. n opotdpopen kKatavoun TaQdyet
1GoTidavoug Tuxalovg Ge KATTOO StdGTNUA, N KOVOVIKRL (YKOOUGLOVA/KOI®-
VOELSNG) KATAVOUR TTAQAyel TUYXOLOVGS Ue THAVOTNTA TTOU UELDOVETAL eRIETIKA
Ue TO TETEAYWVO TNG ATTOGTOGNS TOUG QITO WOl UEGN TIWA, KATT.

Ag dovue €va TUTTIKO TTARADELYUO TTOU VAOTTOLEL TIC €VVOlES QUTES GE KOOLKAL.
"Ectw ot embupolue va Jtopdyovue Tuxalovg OKEQEALOUS aEUILOUS, OUOLOULOQEO
Kataveunuévoug o didotnua [5,20]. Katapyds meémel va dnuovpyncouue

e £V0 UNYOVIGUO TTOQOYWYNGS TUXOLWV bits, €6t e. O TEOTEWVOUEVOS YL YEVIKI
yonon eivar Tomov std: :default_random_engine.

* ULOL OUOLOUOQEEN KOTOVOUN OKEQOUMV UE GUYKEKQWEVA 6L, £€0Tw d, TUITOU
std::uniform_int_distribution<int>.

H stocétnta d(e) etvon €vag tuyaiog apuduos Ue o aITOLTOVUEVO XOQOKTNELGTIKA.
Kdde @od Ttouv Tnv vitoAoylcovue, TTadyeTal VEOS TUXOLoS apuinog:

#include <random»>

int main()

{
std: :default_random_engine e{};
std::uniform_int_distribution<int> d{5, 20};

auto r = d(e); // random
// use r

}

IMopatnenate Tt Ta AKEO TOL SIUGTAULOTOS TTOV TTEOGOLOEICOVTOL KATA Tn Snutove-
yia Tov d, TEQLAAUPBAVOVTOL GTO TTESIO TWV TUXAMMOV AKEQOLWV AQLILKOV TTOU TTAEAYEL
QVTO.

Kdbe @opd Ttou Snutovpyeitar o unyovicuos e pe tn SNAwon OTtws YEAmnKe
TaEAITAvV®, TTaEdyel Ty Bla gelpd Tuyxalmv bits. Autd elvan embuuntd katd Tig
@PACELS AVATITUENG Ko dtoedwong Twv Aoddv Tou TEOYEAUUOTOS. TNV TEMKNA
ULOEEPN TOU TTEOYQAUUATOS KOVOVIKA YQELOLOUOOTE Un TTEOPAEWIUN GERA TUYOLWV
bits e kd¥e extéleon. ' awtd Snwovpyolue €va aviikelpevo—guvdeTnen THTTOV
std: :random_device, To omoio elval YEVVATQLOL OWOLOULOQRMPO KOTAVEUNUEVOV TU-
YUV aréQalwv. Av dev VITAEXEL SlPEGIUN GUGKEVN TTORAYWYNS TUXOL®Y 0ELIL®V
oto hardware yio va guvdedel pue avti, ot apuuol elvar wevdoTuyaiol kol TTOQA-
yovton u€cw software (0tdte n Gelpd Tuxalwv eivar TTEOPAEYIWN). Kdde kAnon tou
70V akoAovdeltan ue TTOReVIEGELS, TTORAYEL £va TUXALO akéEaLo. AVTOV Tov aQuiud
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TOV XENGLULOTTOLOVUE YLOL TNV ALEYIKOTTOINGN TOU UNXOVIGULOU TTAQAYOYRS TUYAlWV bits.
H teMKn Lopen Tou TTROYRAUUATOS UOGS ETTOUEVMS YIVETOL

#include <random»>

int main()

{
std: :random_device rd;
std: :default_random_engine e{rd()};
std::uniform_int_distribution<int> d{5, 20};

auto r = d(e); // random
. // user

EKTOG aItd TNV opolduoen KoTovoun Tuxolmv okepalmv Ttov eldaue GTo Jro-
eddeyua (std: :uniform_int_distribution<int>), TTapéyxovton 6To <random> ye-
TAEY AAA®V,

* 1 OUOLOUOE®N KATAVOUNR TUXOL®V TTRAYULOTIK®OV GTo dtdotnua [a,b). O tiIT0g
ng elvarl o std: :uniform_real_distribution<double>. AnAwon avtikelue-
VOU QUTHAC The KADoNG givar n akolovdn

std::uniform_real_distribution<double> d{a,b};

ITpocégte OtL T0 Ave 6o, b (ue b > a), Sev TeprAaupdvetar GTo TTEdO TOV
Tuxalwv opuiu®v. Av emduuovye vo TTeQAaUBAveTOL TO dvw OQLO, UTTOROVUE
va dwoovue oG 6eVTEQO OPLGULO TNV TTOGOTNTA

std: :nextafter(b, std::numeric_limits<double>::max()),

apol cuuttepiAdfovue Toug headers <cmath> kow <limits>.

® 1 KOVOVIKA KOTOVOUN ITEAYUATIK®OV Tuxalwv aguiunv ue kadopiouévn ugéon
TN, M, KoL TUTIIKN aItokAon, s: std: :normal_distribution<double>. An-
AWoNn AVTIKEWEVOL OUTAG TNG KAAGNG elval n

std::normal_distribution<double> d{m,s};

[Na wepuocoTepes AemrTouépetes guupovievtelte tn PpMoypapia ([2], [3] §17.1).
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2.21 Aoxkneeilg

1. To TOEOKAT® TEOYEOWUA VITOAOYICEL KOl TUTTOVEL GTnv oddvn To ddpolcua
dvo akepalwv apunv JToV drafdiel agtd To TANKTEOAOYL0. TpdwTte ToO (OxL Ue
copy-paste!) GTo agyelo athroisi.cpp, LETOYAOTTIOTE TO KO EKTEAEGTE TO.

#include <iostream>

int main()
{
std::cout << u8"Awoe Suo akEpatoug\n";
int a, b;
std::cin >»> a »> b;
int c{a + b};
std::cout << u8"To &Bpoilopd Toug £lvatl: " << ¢ << '\n';

}

2. ZuuTAnQ®GTE TOV JTOQATTAVK KOSIKO MGTE VO VITOAOYICEL Ko Tn Stopod, TO
ywouevo, To TTNAIKO KOl TO VITOAOLTTO TNG Slalpecng Twv aKEQOLOV OQUILWV
elgédov.

3. Emavaldpete 1o mwoQaTtdve aAAd yio TIROYLOTIKOUS apuduols (TTROGEETE OTL
dev oplteTar TNAIKO KoL VITOAOLITO YOl TLEAYULATIKOUS GAAL LGVO 0 AGYOS TOUG).

4. Todwte kKOSKO GTOV 0TT0l0 Yo dnAwvete UETABANTES KATAAANAOL TUTTOU KL
Ba exkyweelte e avtég Toug apWuovs 4 - 103, 1072, 3/2. TUTTWGTE TG TWES
TV petapAntov. Elvar autég Tou avauévete;

5. TodwTte KOO TTOV VAL VITOAOYITEL TIS TTOQOKAT® ERPQEAGELS KOL VO TUTTOVEL
TIC TWES TOVG, apoV dtapdacel amd To YENGTN TOUS TTEAYUATIKOUS apuiuovs x,
Yy, 2

d=a2+y%+ 22

d=2%/y+=z

d = 2.45(x + 1.5) + 3.1(y + 0.4) + 5.2 — 2/2
d = (12.8x + 5y)/(11.3y + 42)

d = 22/3 4 y2/3 4 2/

Av dwoete x = 1.5, y = 2.5, z = 3.5 Ol EKEEAGELS TIEETTEL VO £XOVV TIG TWEG:
20.75, 4.4, 19.79, 0.7502958579881658, 5.457604592453865. Oa xpeelacTel, TTELV
TNV eKTUTTOON, Vo d®oeeTe TNV evToA std: :cout.precision(16); ywo vo
TUTTWYOVV 16 GNUAVTIKA Ynplo.

6. Na emwoAndevoete ue mpdypauua 6Tl yia dvo aképatoug a, b, e b> 0, oxvel
ot n €kpeacn (a/b) = b + a%b; eivau on ue a. Etouévwg, dtafdote agtd tov
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10.

11.

12.

. Toewg detikol aréporor apuol a, b, ¢ TTOL KAvoTTOWVY T GYéon a? + b% = ¢

Tvugror kai Tedeotéc

xonotn dVo akéEalovg aEWLoUs a, b, VITOAOYIGTE TNV €KEEOCN KOl TUTTOGTE
Tn gTnv oddvn yatl ue to a. Or dvo apuol Tov Yo TVTTOGETE TTEETTEL VaL ELvaL
{drot.

. Na ypapel kddikag o ottolog Ja KAvel Ta TTAQOKAT®:

(@) da eupavitel To pnvuuo «A®GTe TNV AKTIVOL TOU KUKAOU»,
B) 9a dwapdcer ard TO TANKTEOAOYLO TNV OKTivVA,

(V) 9a vrtodoyigel kow da epavicer Tnv TTERILETEO TOV KUKAOL (WALl Ue KO-
TAAMNAO unvoua),

(&) Ya vwoloyiter ko Ya eupavicel To eufadov Tov KUKAOL (WOl e KOTAA-
AnAo unvoua).

Atveton OTL n TTEEIUETEOS VOGS KUKAOL divetal agtd tn oxéon I' = 27 R kow TO
euBaddv améd tn oxéon E = R

2

astoteAovv ulo ITudayopeia Toudda. Mitopolue va TaQaydyovue wio. TETola
TELAda aTtd 5V0 OTOLOVGONTTOTE AKEQOLOVS M, n UE m > n, GYMUOATICOVTAS
Toug aEWuolg a = m? — n?, b = 2mn, ¢ = m? + n2.? Todyte TESYEAUUO TTOU
va Srapdcer Vo akepalovg kal vo TuTtwvel Tnv avtictotyn [Mudaydesia terdda.

. Na ypdwete kddka 100 Yo S€xeTOL €VvOv TEUPRELO OKEQEALO aEWIUO kow da

ew@avicel To ddeoloua Twv Yneliwv Tov.

YmoSeén: Boelte to mnAiko kol To vITOAoWTo Tng Salpeong tov auiywov ue
To 10. Tv topatneeite;

TFpdwte TTEOYQOUULO TTOV VL SEXETOL £Va AKEQOLO OQLIUO AITO TO TTANKTQOAOYLO.
Ymrod€ate 6TL 0 apuiudg Ja €xel 1éaeepa wnela. To wedypauua Jda vitodoyitel
TO Yneia aVTd Kol SnULOVEYEL TOV «aVAGTEOPO» AKEQOLO: TO WPNPLO TV LOVA-
dwv Tou agykov apuiwov Ja eivar To Yneio Twv xMASwv Tov vEou, To Pnelo
TV dekddwv Tou aykoVL Ja eivor To Pnelo TOV EKATOVTAS®WV TOU VEOU KATT.
Y10 T€AOG, TO TTEAYEAUUd GOS T TUTTWVEL TO VEO, OVAGTQOPO AKEQALO.

No ypapel kddikag o otrolog Ja déxetor €va ypovikd didotnuo ce Sevte-
edAeTtTor KOW Ja eu@AVICEL TIG UEEES, TIC WQEES, TA AETTTA KO TA VITOAOLTTA
devuTEQEOAETITOL GTOL OTTOIOL AVTLGTOLYEL.

[Na aedderywo: edv dwcouvue wg elgodo 200000, da TEETTEL vaL ELPAVIGTEL GTRV
oddévn to pnvoupa: “2 days, 7 hours, 33 min & 20 seconds”.

TFpdwte TEOYyeauua TToU Ja SEXETAL ATTO TO TTANKTEOAGYLO £va DETIKO AKEQOLO
oeWuo. O apuriudc avTtog elvor xPoViKO SLAGTNUO UETENUEVO GE SEVTEQOAETTTAL.
To TEdyeauud Gag va VITOAOYIZEL KOL VO TUTTOVEL GTNV 0ddvn Ge TTOGA XEOVLAL,

BMmopelte vo, 1o emaindedoete eVKOAC KAVOVTOS TV QVTIKOTAGTOON.
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13.

14.

15.

URVES, UEEES, WEES, AeTTTA Ko devtepdAeTtta aviigTolyel avtd. Ymodeéate Ot
kdVe unvag €xer 30 uépeg.

IMopdderyua: Ta 2034938471 SevtepdleTita elvon
65 xeovia, 5 unveg, 2 nuépes, 12 weeg, 41 Aemrtd, 11 devtepdieTital.

Poumdt ue otadepd unkog Pruatog kata@ddvel gtov JtAavitn Agn yio va
TeQLOVAEEEL TTeTpopata. Kdde friwa tov etvan 80 cm. To poustdt Swadéter ue-
Tontn Pnudtwv. Attvuce agtov Apn ulo evdeia agtd cnuelio A ce onueio B ko
o uetentng Pnudtwv katauétonoe N Brigato.

Na ypapel TTeoypauua ITou:

(@) va dwapdcel Tov apiud N Tov Bnudtov Tou QouToT,

() va viroAoyltel kow va TuTTWveL Ty amdctacn AB ov Stavidnke Ge cm,
(Y) vo avaAvel Kal Vo TUTTOVEL VTR ThV aITOGTACN GE km, m Kol cm.

[Na Ttaeddetyua, av ta frigata etvon 1253 tdte Y€AoLUE va TUTTOVEL: AITOGTOGN
100240 cm 11 1km, 2m, 40 cm. (OE®E, 2001)

"Evag alyoeiduog yio tov vitodoyiouod tng nuepounviag touv Ildoya twv Op-
P0odoswv oe guykekQEVo £€T0C (UEYEL To 2099) elval o €EN1G:

¢ Oewpovue MG Sedouévo LGOS0V TO £TOG TTOV UOGS EVOLAPEQEL.
e Opltouye KAITOLEG OKEQOLES TTOGOTNTES GUUPMVO (e TOUS OkOAovYoug
TUTTOUG:
(@) 1 = vIToAowro draipecng Tov €Toug ue To 19.
B) 72 = vwOAoLTTo draipecong Tov €Toug ue To 4.
() r3 = vIoAouwTo Sralpeong Tou £ToVG Ue To 7.
&) r, =197 + 16.
(€) r4 = vdAowto Swalpeong Tov 1, pe to 30.
(©T) 15 = 2(re + 213 + 314).
(@) r5 = vwédotTto Swaipeong Tov 1y we TO 7.
(I’L') Te =174+ T5.
e To r. elvan TTOGES NUEEES UeTA TNV 3n ATIEIAIOU TOU GUYKEKQWEVOL £TOUG
Tmé@Tel To Ildoya.

Fpdwte 0e KOSKO TOV TORATIAV® AAYOELWIL0. PEOVTIGTE VO TUITTWVEL KATAA-
AnAo unvupo Ko Tov aeuiuo r., a@ov Tov VITTOAOYIGEL.

TFpdwyte KOSKA TTOV

(@) va dwapdcer TWES g SV0 aKEQEALES UETAPANTEG,

B) vo evaAAAGGEL TIC TWES AUTOV TWV UETAPANTOV,
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16.
17.

18.

19.

20.

Tvugror kai Tedeotéc

(V) va Tum®vel gTny odovn TG VEES TOUG TIUEG.
II6Go KAvel 572;
Alveton 0 kOSKOC

int m{217};
int n{813};

N\ — .
m A= n;

n = m;

7

N\ — .
m A= n;

IToleg etval oL TWES TOV M,n UETA TNV EKTEAEGH TOU;

AVo copatidia ue @oeTio ¢ kKol g2 PelokovTol akivnTo GTo chuelo pue Gu-
VIETAYUEVES (T1,Y1,21) KO (T2,y2,22) aviigTorya. H nAektoikin dUvaun Jtou
QOKE(TAL 6TO SeVTEQO GWUATIOLO €E0uTiOG TOV TTEMOTOV €lvol SLAVUGUO UE GU-
VIGTWGES

_ Q1q2 T2 — X1 Q192 Y2 — Y1 _ Q1q2 22— 21
T dmey d3/2 V' dmey d3/2 T dmey d3/2 7

6mov d = (3 — 21)% 4 (y2 — y1)? + (22 — 21)%. H woGdtnTal €9 £lvon n nAekTEIKA
otadepd kot €xer Twn 8.854 - 10712 6 wovddeg SI. Oewpenrcte OTL T ~ 3.14159.
TFpdwte TTEOYQOUULO TTOU VO SLOBAeL ATTd TO TANKTEOAGYLO TA POQETIOL KOL TLS
guvteTayuéveg déong ya ta §U0 couatidio Kol va TuTtovel gty oddvn Tig
TWES TOV GUVIGTWOWV Thg dvvaung (oe pwovddeg SI).

A6 T Madnpatikd yvwpicovue Ol 1oYVEL

T = cos }(—1),
m = S8tan '(1/3) +4tan"'(1/7),
4sin(m/12) = V6 —-V2,
tan(m/2) = oo.

TFpdTe TTEAYQEAUULO TTOV VO, VITOAOYITEL KOL VOL TUTTOVEL TO 7 OTTO TIS TTOQOTTAV®
ox€oels. Ltnv tedevtalo dewenate 6Tl oo = 1/0.

H axepnc twn tov 7 elvan 3.14159265358979323846264338 . ... IIdca ynoia
TEOKVITTOUV GWGTA Ue TO TTEOYeOUUd Gag; PeovTticTe va €XETE TOVAAYLGTOV
15 yneia cwotd. Oa xeelactel, TEW TNV EKTUTTOON, VA SOGETE TNV £VIOANR
std: :cout.precision(16); ywa va TuTtOdovv 16 onuavtikd yneia.

TFpdTe TEOYEAULO TTOU VO SEXETAL TO TTEAYUATIKO KOL TO PAVTOGTIKO UEQOS
V0 wyadikwv auWuwv aItd To ITANKTQOAGYLO KOl VO TUTIOVEL GTnv oddvn,
oTny oAk avastapdatacn (Gnladn, ue u€teo kol @don), To ddpoloua, Tn
SLapoQd, To ywouevo kol To AGYyo TOUG.



Kepalaro 3

EvtoAéc Eqtiloyng

3.1 Ewsaywyn

Kdde yAwGGa TQoyQauiatiouoy TTOQEXEL TOVAAXLGTOV Uio EVTOANL e Tnv oItola
ETAEYETOL TO TUNULO KOSIKA TTov da ekteleaTtel kAde @od. Ot BAGIKES EVTOAES TG
C++ JT0U EAEYYOLV TNV EON EKTEAEGNG TOL TTEOYQEAUUATOC elvar ov if kol switch.
H mpotn emidéyel Ti¢ evToAéS Tou Ja eRTEAEGTOUV AVAAOYO UE TNV TUH ULOS GUV-
Onkng Aoyikov toTrov. H Sevtepn katevduver tn gon ektédeong avdloyo ue tnv
TWA Wag TToGgdTNTOS akéQoov TUIToV. IIpoTov TTapovGldcouye Th GUVTAER TOUG,
Ya egetdoovue TO GYNUATIGUO TNG AOYIKNG GUVINKNG UE TOUS TEAEGTES GUYKQLONG
KOl TOUG AOYKOUG TEAEGTEG.

3.2 Teleotéc GUyYKQLONG

H C++ virootneicel tn GUYKQELON JTOGOTATWV Ue Th fondela Twv TEAEGTWV GU-
yroiong, ITivakag 3.1. To amotélecua wag cUyKELGNG gav tTny x>10 1 tnv al=b elvan

[Tivakoag 3.1: TeAegtéc cuykpelong otn C++.

TeAeotiig | XUykeion || Tedegtig | XUykeion
> ueyaATeQo >= ueyoAteQo 1 (Go
< UWKQEOTEQO <= WKEOTEQO N (GO
== {co = AaviGo

AOYIKN TTOGOTNTO KOL ETTOUEVMS €xel TuNn true N false. ILy. 1o 3>2 elvan true eve
To 2!=1+1 elvan false. Ov aQuuntikol TEAEGTES €x0UV UeYOAUTEQN TTROTEQOLATNTA
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aTTO TOUG TEAEGTES GUYKQLONG, OTTWS Ttapovatdieton atov ITivaka 2.3. Tedeatég G-
YKQLONG Yol Wiyadikovg apuiuovs oplcovtal, 0Ttmg elvor avauevouevo, wovo ol ‘==’
ootnta) ko ‘=" (avicdtnta). EvoAAaKTIKG dvouo Tov TeleGTh ‘! =" €lval To not_eq.

Av cg wa Aoy €k@EOCGN ELPAVICOVTOL TTOGOTRTES SLOPOEETIKOV TUTTOV, Yivo-
vital ot weoPAeTtoueves petatoTieg (§2.11) wate dAeg ou TogdTnTeg va elvan (Slov
TUTTOU.

Hoagatiignon: Na €(GTe TOAD TTEOGEKTIKOL AV XEELAGTEl GUYKQELON YOl LGOTNTO LE-
TOEY TTEAYULOATIKWY TTOGOTHTMOV: TTEOGITAINGTE va Tnv asto@evyete. H memepacuévn
OVOTTORACGTOON TWV TIEOYUOTIKOV aQudu®y odnyel 6e GOAAMLOTO GTEOYYUAELGNG.
Aglte tnv TTapatignon Gto 2.9.

3.3 Aoywol TedeoTtég

[a tn ovvdeon AoyIK®OV ek@EAGE®V N C++ TTOREYEL TOUS AOYIKOUS TEAEGTES
e | (NOT),

e 8& (AND),

* || (OR).

ATOAMITOS 1G0dVVAUES Le AUTOVS TOUS TEAEGTES, AAAA AyOTEQO YENGULOTTOLOVUEVEG,
etvaw ot wpokadoplougves AEEeLS not, and koL or AVTIGTOLYOL.

Ou teleatég &&™ kaw ‘| |7 §povv uetagd 800 TOGOTATOV N EKPEAGEMV TOV glval
AoykoU TUTTOU (1 UITOEOVV VO UETATEAIIOUV GE TETOLO) KOl GYNMUATICOUV Wial VEQ
AOYIKI TTOGATNTA VR 0 TeAEGTHS ‘! Spa Ge pia €kpoaocn:

e O tedeatng ‘I’ 5pa GTn AOYIKN €KEEAGN TTOV TOV akoAovdel ko TN AAAALEL
TNV TWH:

H ékpepaon ! (4 > 3) eivou false.
H ékpepaon ! (4 < 3) eivou true.

e H Aoywkn €k@eacn JTou GYNUATiCeTal GuvdEovTaS dV0 ERPQEAGELS UE TOV TE-
AeaTn R&’ €xel TN true udvo av ko or dVo TocodTnTeS elval true. Xe dAAn
TeplmrTwon elvar false:

H éxpoaon (4 > 3) && (3.0 > 2.0) elvou true.
H ékppaon (4 < 3) & (3.0 > 2.0) elvaw false.

e O tedeotng ‘| |’ uetagd dU0 AoyIkKOV ERPEAGE®Y GYNUATIZEL W VEQ TTOGOTNTA
ue Tiun true ov €0Tw Ko ulo aIrd g Svo TocdTNTES elvol true, aAM®S elvor
false:

2.0) eivon true.
2.0) elvon false.

H ékppaon (4 > 3

) Il (3.0 <
H éxkpepaon (4 < 3) || (3.0 <
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H Spdon tov Aoyikdv TeAecTodv && kot | | uetagd 800 AOYIK®V eRQEAGE®V P,q
ugtopel va kwdwkoTtondel GTov TOQOKAT® Trivaka alndetog

ITivaxag 3.2: ITivaxkag aAndelog Tov AOYIK®V TEAEGTHOV &&, | |
p q && ||

false false false false
false true false true
true false false true
true true true true

‘OGov aoEd TS TTEOTEQOUATNTES, TO ! €xel TNV VYNAGTEQN TTEOTEQAULATNTA, LE-
yaAUTeEn Kot aTtd TOUG aQIUNTIKOUS TEAEGTEG, KOL ETTOUEVMGS, KAl TOUS TEAEGTES
ovykewong. To && €xel xaunAdtepn mEoTEQOLATNTA AITO TOUS TEAEGTES GUYKELoNG. To
|| €xer yaunAdtepn ITEOTEQOLOTNTA ATTO TO &&.

Hagatiignon: Mo €K@EOGN GTNV OTTOI0L GUUUETEXOUV AOYIKES TTOGOTNTES TTOU
GuvdudgovTol e AOYIKOUS TEAEGTEG, €€l AOYIKN TWA Kol UItoel va exkywendel ce
uetafAinti tomov bool:

bool a{3==k};
auto b = (i > 0 && i < max );

3.3.1 short circuit evaluation

Ac avapépovue €8¢ €va GNUAVTIKG YOQOKTNEWGTIKO Tng C++: 0 VITOAOYIGUOS
TV AOYIKOV EKQEAGE®MV EKTEAEITOL ATTO OQLOTEQA TTEOS TO SeELA KAl GTARATA WO-
MG TTEOGOLOQLGTEL N TEMKN TWA TNG GUVOMKNAG €Kk@EAcNGS. To XAEAKTNELGTIKO QUTO
Aéyetan short-circuit evaluation («vTTOAOYIGUOS Ue PEayUKUKAwWA»). ILy. otnv €k-
pEacNn

(i <0) Il (i > max)

av To i elval aEvnTikd, N GUVOMKNR €k@acn eival true avegdptnta amd th devtepn
cuvinkn, n omola dev VITOAOYICETAL POV SV XEELAIETAL VIO TOV TTEOGOLOELGUO TNG
TWNGS. AvdAoya, GTnv €KEEacn

(i >»=0) & (i < max)

av To i €lval aEvnTikd n GUVOMKN €k@eacn givor false kot dev vITOAOYICETAL TO
i < max. To x0QAKTNELGTIKG QTS elval GnUAVTIKO KAJOS TO TURUO TNG AOYIKAG
EREEAONG TTOV TtaRaAelTiETOL UITOQEL va TTepulaufdvel «Ttaevepyeles» (side effects)
OTTWGS UETOPOAN KAITOLOG TTOGOTNTOS N KANGN GUVAQTNONG UE UEYAAES OTTOLTAGELS
Ge XEOVO €KTEAEGNG 1 UvAun.
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34 if

H evtoAn if elvan uio agtd i Bacikés doues StarkAddwong kdde YAWGGAS TTQO-
yoouuatiouov. EAEyxel tn gon Tou KOSk avdAoya ye Tn TR wog AOYIKAG GUV-
Onkng, SnAadn wlag wosdtntag N €keeacng Aoywot tomov. Xtn C++ cuvtdoceto
we €ENG:

if (Aoywkn_€xkppacn) {

// block A

} else {
// block B

}

Edv n «Aoywn_€k@eacn» givanr aAndng n ustogel va petoteaatel ko va 1goduvayuel
ue alndn twn, exktelelitar to block TV €vTOADV TTOU TTEQIKAEOVTAL UETAED TV
7TV {} (block A). Av n «Aoykn_€k@eacn» elval WPeudng n 1goduvayel pe Ppeudn
T tote exkteAeiton To block Twv evioA®v petd to else (block B).

To kdde block umopel va astoteleitan agtd kaplo, wlo 1 TEQLOGOTEQES EVTOALG.
Ytnv mepimttwon mwov To block reprlaupdvel ulo udévo evioAn (apkel va unv gival
6HAwaon), wirtoovv va Ttapaing@dolv Ta dykigtea {} wov tnv TepikAeiovv. ILy.

if (val > max)

max = val;
else {

max = 1000.0;

++1;

}

Ytnv TeQimtmon Tov to block evioAwv uetd to else elval kevo, uropel va TaQa-
An@del oAOKANQO:

if (Aoykn_€xppacn) {

}

Kade block uiropel va srepudaufdvel otoleadniarote evioAeg kot BERara dANO if.
YnUelwoTe 0Tl To GUUITAEyUOL

if (Aoywkn_€xkppacn) {
} else {

}

Yewpelton o evtoAn. IToQatnenaete GTnv TeEQLYQO@R TNG GUVTOENG KO, GTO IT0-
eddetyua, Tn ctolylon Tewv eviod®wv ce kdde block. H ctolyion stov emAeydnke
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VTTOSNA®VEL OTL BEIGKOVTOL GTO «ECGMTEEIKO» Wag guvdetng eviog. H cuykekpl-
uévn agrolyion dev elval VITOXEEMTIKA OAAD SIEUKOAUVEL TOV TTEOYQAUUATIGTA N TOV
OVAYVAOGTN GTNV KATAVONGN TOU KOOLKA.

Ytnv meplTttwon evog ecmrAelduevou if, J€lel Waltepn TEOGOXN TO €TTOUEVO
else ToU kWSwka. To kAde else TALELACEL Le TO AUECWS TTEONYOVUEVS TOV i f GTO (B0
block. Egtouévmg, o apakdtm KOSKAS KAVEL KATL SLOLPOQETIKO AIT’ O,TL VITOONA®VEL
n orolylon:

if (i == Q)
if (val > max)
max = val;
else
max = 10;

2TV TTEOYLOTIKOTNTA, N EVTOAL max = 10; ekteAelton dTav eivor aAndng n guvankn
(i == @) ko Wevdng n (val > max) kot Oy Otav Sev woyxvel 1o (i == Q). Xe
TETOLEG TIEQUITTWOELS N XENON TwV AYKIGTEwV umoeel va emPdiel tnv mtpddecn tov
TIQOYQOUUATLGTH:

if (i == 0) {
if (val > max)
max = val;
}
else
max = 10;

TFevikdtepa, KAAG elvor va StatnQovue To AYKLGTEO OKOUO KoL OTOV eV XQELALOVTOL.

H cuvdnkn oto if umopel va e€ivol oTtoladnitote TocdTnTa 1 €KEEACN (TTOV
UITOEEL VOl TTEQLEXEL KO KAIGN GUVAQTNONG), UE OTTOTEAEGUO TTOU €XEL TN AOYIKOV
TOTOV N JTOV UIToEel vo petatearel ge TETolo: avageépaue 6To §2.5.3 Tov kavova
QUTOUOTNG UETATEOTING EVOG OKEQOLOV N €vOS JelkTn Ge bool.

Emiong, n cuvinkn ugropel va eivow Sndmon uiag udévo TToGoHTNTAC UE AEYIKN
TN, n euPélelo TN OTTOLOG TTEQLOEICETAL TNV evtoAMt if (BnAadn, agta block Ty
Ko uetd to Tmdavo else):

if (int j = 3) {
max = 10 + j;

}

Y70 JTOQATTAV® TTORASELYUA, N TYWA TOV j OTTOTEAEL TNV TR TNG GUVINKNG KoL €lval
un undevikn (3): emouévmg n guvinkn dewpelton true. H petapintn j €xer euPéieia
wovo GTnV evioAn if.

H cuvdnkn ustopel va eivatl, okOUo, EVIOAM eKY®ENONG:

if (j =3){
max = 10 + j;
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YVupova ue 6ca avagépaue oTis §2.4 kar §2.5.3, n EVTOM TTOU XENGYOTTOLETAL GTNn
Péon tng cuvinkng €xel Tun 3 Ko £TTOUEVWG €lvan true, aveEdpTnTa aIro tny Tiun
JTOV elye TEWV n UeTaPfAnTH j. e avTOLAGTOAN, TTROGEETE TTOS YOAPETAL N GUVINKN
ue GUyKQELoN:

if (j ==3) {
max = 10 + j;

3.5 Towadikdég tedectng (?:)

O TEuadkdg Tedeatng, ?:°, elvan €vag wWialtepa SadeSouévos WLmUATIGUOS TNG
C++. Aéyeton tela oplouata: wow AOYki GUVINKN Kol V0 EREEAGELS OITOLOVSNITOTE
eldovg. H €xppacn

Aoykn_gkppacn ? €k@eacnA : ékpeacnB

EXEL TNV TN «EREEACGNA» OTAV N «AOYIKA_EKMPEAGN» glval AANINIG, Vi €xeL TNV TWN
«€r@eaonB» 0tav n Aoyikn_€xkeeacn eival Pevdng. O VITOAOYIGUOS TNG KATAAANANG
€rpeaong yivetow uetd tnv emAoyn tng. Emtouévwe, wiropovue va ypdwyouue

val = (condition ? valuel : value2);

H val agtoktd tnv twn valuel n tnv tun value2 avdAoya pe tn AOYIKA TWR TNG
Togdtntag (N €keeacng) condition. EVkoAa avTilaufavouacste 0Tl TO GUYKEKQLUEVO
Taddelyua 1woduvauel ue Tov akdéAovdo Kwdka:

if (condition) {

val = valuel;
} else {
val = valueZ2;

4

}

O tapeviéoels Tov TePPBAALOVY TOV TELASIKO TEAEGTN Ue TA 0QIGUATA TOU GTO
GUYKEKRQWEVO TTapddetyua Sev elvan agtaaitnteg, fondovv duws GTnv Katavoncn
TOU KOOKAL.

O Toadikdc TeAeGTRG UIToQEl va yenaiwogtomndel Kal ylo Tnv €IAOYR TOU aQL-
GTEQEOV UEAOVGS UOS EVTOANG EKYWENONS N TOU 0QIGULOTOS ULOS GUVAQTNONG:

(k ==5?a : b)=3;

Y10 GUYKEKQWEVO TTaAdelyua, OTav To k elvan 5 eTmAéyetor n uetafAntin a kot
exkTeAelTOL N eVTOAN a=3;. Xe avtidetn JrepimtTmon, emALyeTAl N b kKo ekTeAelTan n
b=3;.

Y10 televtalo Tapddeyna ov Tapevdécelg elvar artagaltntes kadwog yio Tov
TELAOKO TEAEGTN Sev uIropel va kadopLoTel LOVOGHUAVTA N TTEOTEQULOTNTA TOV GE
GX€on Ue tov TeEAeGTN =" N TOUG GUVIETOUC TEAEGTES EKYWENONG “+=', ‘—=', k=", /=,
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KATT. Ioxver o akdAovdog kavdvag: oL TEAeGTES 7: 7 KAl = €ouv (Sla TTEOTEQEOLO-
™ia, dexouevor OTL Ol TIRAEELS EKTEAOVUVTAL ATTO Ta SeELd TTEOS TO aELoTeRd. Eto-
uévmg, n €kpeacna = b ? ¢ : diwgoduvauei uea = (b ? ¢ : d) eved n €kppacn
a?b:c=dektedeltn wga ? b : (c = d). Ztnv tedevtaio €kEEACN, N eKk-
xwenon yivetar wovo otav to a elvon true. 'evikd, n «ék@pacnB» €xel vynidtepn
TEOTEQOLATNTA OTAV €Vl EVTOAN ERYMENONG (ATTANG 1 GUVEVAGUOS UETABOANG KoL
EKXWENONG), AAAOG TELASIKOG TEAEGTNG N TeEAeGTNG Snwoveylag Alotag, ‘{}. Exktelel-
TOL N VITOAOYICETOL GTNV TEQIITTWON TTOV N GUVINKN TOV TELASIKOV TEAEGTH elva
Pevudng. ‘'OGov a@oEd T «EKEEACNA», N TTEOTEQALOTNTA TG vl TTAVTO VYNAO-
TEQEN OITTO TOV TELAOKG TEAEGTN, WS va TTEQLPAAETOL AITO TTAREVIEGELS.

KaAd elvar va gtepidAovue Ttdvto ue TaQevIEGELS TOV TELAOIKO TEAEGTH GUVO-
MKA ©oTe va egac@alicovye OTL eKTEAElTOL N ETTOLWKOUEVN TTEAEN.

3.6 switch

H ovvdetn evioAn switch agtotedel po TTL0 KOUWNR KOL TILO KOTOVONTA KoY
TOAMATIAOV ecwrAeldueEvVeVY N Stadoyikwv if. H cUvtagn tng eivar:

switch (Ttiun_eAéyxou) {
case valuel:

case value2:

case valueN:
default:
}

H twn eAéyxov meémel va elval aképatov TUITOU (XOQOKTAQEAS, bool, aképolog) n
enum class. AUTA n TWA UITOEEL VO TTROEPXETOL ATTO JTOGOTNTO TETOLOV TUITOL N
UETAPANTA YLl TNV OTTOL0L TTQOPAETTETAL KAVOVAGS UETATROTING GE aKkEQALO TUTTO. ETti-
ONg, WITOEOVUE VO €YOUUE L0l EKPEOCN (e TIQAELELS KOl KANGELS GUVOQTHGEMV AQKEL
0 TEMKOGC TUITOG TOU QITOTEAEGUATOC val elval akEQEALOS 1 enum class. EmimtAcov,
n «TWA» EAEYYOV ETTEETIETOL VO TTQOKVITTEL ATTO SHA®GN UETAPANTAC ue amddoon
aexwng twng. H uetapintn avtn €yel eufélela e 6Ao To switeh.

Ov Twég valuel, value2,...,valueN moémel va efvar oTadepés' aréparov THTOL 1
enum class Kol SLOKELTES UETOEY TOUG (VO Wnv €TTOVOAOUBAVOVTOL).

Katd tnv exktéleon, n twn eAéyxov ouykpivetow ue kadeulo amd tic valuel,
value2,..., valueN. Av n T Tng TeQLAAUBAVETL GE AVTEG, TOTE EKTEAOVUVTOL OL
EVTOAEG TTOU aKkoAOVTOVUV TO avTicTol o case. H ekTédean Guveyitel Ue TIG EVTONEG

ya, urrootv vo, vIToAOYIGTOUY KATH, T UETOYAGTTIGN.
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TV £TTOUEVOV case 1/kal Tov default av €meTal, £wg OTOV QVTA SlakoTel ue break
(M dAAeg evTOAEG AAAAYRG TG QONG TT.Y. goto, return, throw). Metd tn SiakoTn, n
eRTENEGN GUVEYLCEL UE TNV TTEMTN EVTOAR UETA TO KATAAMKTIKO AYKLGTEO TG switch.
Av 8ev guykataléyeton n Twn eAEyxouv oTic valuel, value2,..., valueN, exktelelton To
block Twv evioAwv TTOL akoAovVel To default, av vmdpyel. AMIWS, n ekTéAeon
guvexlgel LeTd TO KOTAANKTIKO AYKIGTEO TOU switch.

O1 oxeTikég Joelg Twv case Kal Tou default witopovv va elvol OTTOLEGONTTOTE.

IMapeddetyua

Ac ypdwouue koS Tov «Stafdters S0 TEAYULATIKOUS aQrduois Kol €va Yol
QOKTHQEO KOl EKTEAEL TNV TTEAEN UETALY TV aQWUKOV TTOV VITOSNAMVEL O GUYKE-
KEUWEVOGS XOQOKTAREAS. AUTOS da elvan €vag agto Toug +, -, ¥, /. OTtoloGdnIToTe
dAAog Sev elval OTTO8ERTOC KAl TTROKAAEL TNV EKTUTTOGN £VOS UNVULOTOS TTOU
Ya evnuepwvel Tov xenotn yo To Addog Touv kot da SlakdTTTEL TRV ERTEAEGN
Tov JTEoyeduuwatog. To TtEdypauua etvor:

#include <iostream>
int main()

{
double a, b, res;
char c;
std::cin »>> a >»> b »> c;
switch (c¢) {
case '+':
res = a + b;
break;
case '-':
res = a - b;
break;
case 'x':
res = a x b;
break;
case '/':
res = a / b;
break;
default:
std::cerr << u8"AdBog TeAeoTHG\n";
return -1;
}
std::cout << u8"To amoTEAecua elval " << res << '\n';
}

Ytnv greplTttoon mou embupovue va ektedelton to (8to block evtoA®v yio Te-
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ELGGOTERES AITO WAL TWES UTTOQOVUE VO EKUETAAAEVTOVUE TN UETATTTOGN AITO TO £val
case GT0 emoduevo. ‘Etol, av emmdugolue vo eKTEAEGOUUE GUYKEKQUUEVES EVTOAEG
otav wlo aképaua TTocoTNTA i €xel TIc TWeES 0, 1, 2 Kl KAITTOLES AAAES EVTOAES Yol
TIC TWES 4, 5 UTTOQEOVUE VO YdWpouue

switch (i) {

case O:

case 1:

case 2:
break;

case 4:

case O:

break;
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3.7 Aoxkneceig

L

TFpdwte TTEAYEAUUa TT0U da d€xeTan €va aképao apuiud agtd To YENGTN Ko
Ya eAéyxel av elvor AETLOC, TUTTOVOVTOS KATAAANAO WAVUULOL.

Ymobeén: ‘Agtiog elval 0 0KEQEALOG TTOV TO VITOAOLITO TNG SLOEEGNS TOV UE TO
2 eivan 0.

TFpdwte TTEAYEAUUA TTOU do VITOAOYICEL TOV GYKO Kol TO eufadov Tng €Il
PAVELOS WOS GEAIEAGS, 0OV CNTRGEL AITd TO XENGTN Thv OKTIVOL Tng. Av o
xonotng dwoel katd Addog apvntikd agiiud, vo TUTTOVEL KATAAANAO WAVULOL.

. Tedwte mEdYEauUa TTOU Vo eTTAVEL Ty TTpwToRddula eElcwon ax = b, e TWES

Twv a, b ToL da TTalpver aTtd To Yenotn. Ilpocégte va kdvete digpevvnon
avAaAoyo Ue TG TWES Twv a, b, dnAadn: ITowa eivow n AMon av (@) a # 0, ) av
0a=0xrkub=0, ) av 10 a=0 ko b#0.

TFpdwTte TTEAYQOUULO TTOV VO TUTTWVEL TIC AVGELS Tng Sevtepofdduas eglcmang
ar® + br + ¢ = 0, ue TWES TOV (TTEAYUATIKAV) a, b, ¢ Tov do Talpver agrd
To yonotn. Ilpocggte va kdvete Siepevvnon avdloya ue Tig TWES Twv a, b, ¢,
TUTTOVOVTAGS TIEQA AT TIG AVGELS Ko KATAAANAQ unvouota. ‘Otav o AVGeELS
etvarl wryadikég (Gniadn, otav n diakeivousa eivol 0EVITIKA), TO JTEOYQOULULO
VO TTANQO@OQEL TO YENGTN Yld AUTO, XWEIS VAL TS VITOAOYILEL.

. Na TQOITTOTTOINGETE TOV KOOIKA TTOU YEAWATE Y TV €TTIAVGN TOU TELOVULOU

®oTe vo AdfeTe VITOWYN TNV TTEQIITTWGN TTOV VITAQYOLV ULYaSIKES AVGELS.

TFpdwte TTEOYQOUULO TTOV VAL VITOAOYICEL TO UEVIGTO/EAAXLGTO ATTO 5 AKEQALOUS
apuiuovg.

Ymobeién: Oewenaote 0Tl 0 UeyaAUTeQog elval 0 TEWTOC. ATToInkeVGTE TOV GE
ULl LETOPANTA. XUYKQIVETE TOV TEEYXOVTO UEYAAUTEQO (TN VEN UETAPANTA) ue
To devtepo apuud wate va Peelte To vEo ueyoAiteQo. ATtodnkelcte TOV GTn
ueTaPANTA. TUYKQEIVETE TOV TEEXOVTO UEYAA)TEQO UE TOV TEITO aEWUO WGTE val
Bpovue Tov VEO UeyaAVTEQO, KATL.

. To Ymovpyelo Otkovouk®v avokoivwae 0Tl OQOAOYEL TO ELGOSHULATA TOV WL-

YTV TTOV aTorkTRINKAY KATA TO £€T0g 2015 we BAon Tnv TOQAKAT® KAILOKOL:

Eiwgodnua (o Evpw) Yvuvtedeatng Pogov

0 - 20000 22%
20000,01 - 30000 29%
30000,01 - 40000 37%

atd 40000,01 kow TTAV® 45%

Mo Jtapddetypa, edv kdTtolog €xel eigddnua 48000€, yoo Ta wewTa 20000€
Ya @opoioyndel ue T0G0GTO 22% (POEog 4400€), yia Ta emdueva 10000€ da
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@opoAoyndel ue T0G0GTO 29% (PVOEoc 2900€), yia Ta emtoueva 10000€ Ya @o-
eoAoyndel ue mocoato 37% (poog 3700€) ko yia Ta vitoAowta 8000€ da
@opoloyndel pe w0G0GTO 45% (PHEos 3600€). Xuvolkd da TtAnpwnacel 14600€.

TFpdwte kKOSkA TTOL Yo Srafdiel aTtd To TANKTEOAGYLO £va TTOGO (TO ELGOSNULAL)
Kot Yo VITOAOYICEL TO POQEO TTOV TOV AVAAOYEL.

8. O aAyopuoc tov Zeller vitodoyicel tnv nuépa (Kvptakn, Aeutépa, ...) KAITOL0S
nuepounviag (Gto I'onyolovo nuepoAdylo) wg eEng:
‘Ectw d elvar n nuépa tov wnva (1,2,3,...,31), m o unvag (1,2,...,12) ko y
70 £€106. Av o unvag etvar 1 (lavovdolog) 1 2 (Pefpouvdpelog) TTeocdéTovue GTo
m 10 12 kaw agpopovue 1 agtd to £€tog y. Katdmy,
(@) Oplcovue To a va givor To TnAKO Tng dralpeong tov 13(m + 1) ue to 5.

(B) Ogplcovue ta j,k va elvor To TTNAMKO KOl TO UVITOAOLTTO OQVTIGTOLYQ, TNG
Slalpeong tov €toug y ue to 100.

() Oplcovue o b va elvar to TNAKO Tng Salpeong Tov j ue To 4.
(8) Oplcovue To ¢ va givor To TNAKO TNG dralpeong Tov k ue To 4.
(€) Opltovue to h va elvon To ddpotoua Twv a, b, ¢, d, k KAl ToV TTEVTATAAGLOU
TOV j.
To vmédowmto tng dralpeong Tov h ue to 7 €ivon n nuépa: av eivor 0 n nuépa
etvar Xdppato, av eivar 1 n nuépa eivan Kugraxn, KATT.
TFpdwte TEOYQOUUO TTOU VO d€xeTOL Wa nuegounvio aItd To YENGTN KoL va
TUTIOVEL TRV NUEQEA TGS £BSOUASAS OGVTAC TNG NUEQEOUNVIOS.
9. "Exete T €€NG TTANQOMOQIES:
e O unveg Iavovdolog, Mdetiog, Mdiog, IovAog, Avyouatog, OKRT®ORELOG,
Aekéupproc €xouv 31 nuépec.
e O unveg Attpidog, Iovwviog, Xemttéuforog, Nogdufplog €xovv 30 nuépsg.

e O DeBpoudEloc €xel 28 nUEPES EKTOS av To £€T0G eival SloeKTO, 0TTATE €XEL
29.

e H alayn astd 1o Ttalaid GTo vEo nuepoldylo €ywve oTic 16 Pefpova-
elov 1923 (ue to TaAAMO) TTOV 0plGTnke WS 1n Magptiov 1923 (Gto VEO).
Yuvemtog, o Pefpovdplog Tov 1923 eiye 15 nuépes.

e ITow To 1923, SicekTa lvar Ta £€Tn TOV SloEOVVTAL OKEPBWS Ue To 4.

e Metd to 1923, Sloekta elvar ta €tn JToU StowQovvTal akEPBWS ue To 4,
eRTOC oIt TS eratovtactiec. Ou ekatovtoeties eivon dioekteg dTav Sro-
eovvtor pe to 400. Emtouévme: €va €tog uetd to 1923 touv Srounpeltal akQt-
Bwg ue 1o 4 aAAd OxL ue to 100 etvar dloekto. Eivaw emiong dloekto av
Sraupeltan akePws pe to 400.
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10.

11.
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Fpdwte KOOKA, YENGYOTTOLWVTAS TOo switch, TToU va Stafdier unva kol €Tog
aTtd TO XENOTN KOL VO TUTTWVEL GTNV oYOvn TIC NUEEES TOU GUYKEKQELUWEVOL
URvoL.

Fodwte TTEAYQOUUA TTOV VO VITOAOYICEL TNV TWA TG ITOQOKAT® GUVAQTNGNG
ylo kdatola deSoyévn Twi Tov = JTov Ja StaPdiel aTtd To TANKTEOAGYLO:

(22 +1)e™® xr >3
Y = Vo —1 1<z<3
r—2 x—3

r<l,x# —5x# -7

Avo couatidia pue udces my Kol may PelokovTol akivnto GTa onueio Ue Gu-
VTETOYUEVES (21, Y1, 21) KA (T2, Y2, 22) aviioToyya. H faputiki dVvaun uetagd

TOUG €€l UETEO
mims

rz

F=G

6mov r = /(x2 — x1)2 + (y2 — y1)2 + (22 — 21)2 n awGGTAGN TOV GCOUATISIOV
rkar G n Bagutiki ctadepd pe Twh 6.674 - 107! 6e wovddeg SI.

TFodwte TTEOYEOUUOL TTOU
e va Sapdcel agtd To TTANKTEOAOYLO TIC WATES KOL TS GUVTETOYUEVES DEang
yia ta §vo cwuatidia atig uetapintés ml, x1, yl, z1 kow m2, x2, y2, z2.
e Na VITOAOYICEL KOl VO TUTTWVEL TV AITTOGTAGN TOUG.

* Vo VITOAOYICEL TO UETEO TG UETAEY TOUg dUvauns. No To TUTTOVEL GTNV
09évn uévo av eivan ueyaddtepo artd 10710 adlwg va TuTtover 0.



KepadAaro 4

EvtoAgg eravainyng

4.1 Ewaywyn

Baokn avdykn UITaQEng evog VITOAOYLGTAR elval Vo WoG OTTAAAGEEL OTTO OTTAES
ETTOVAANTITIKES SLaSIKOGIES, EKTEADVTAGC TIC Ue OKQEIPBELDL KAl TayVTNTA.

[Ma vo kataddfouye Ty avdykn UITOQENS WAS EVTOANG eTTavAAnyng, ag dovue
To €€ng EoPAnua: ‘Eatw 61t 9éhovue va tumtwoovue gtnv oddvn toug apriuovg 1,
2, 3, 4, 5, 6g EexwELaTn yoouun tov kadéva. H ektimwaon, ciueonva ue dco E€pouue
UEXQL T, UItoesl va yivel g eEng

std::cout << 1 << '"\n';
std::cout << 2 << '\n';
std::cout << 3 << '\n';
std::cout << 4 << '\n';
std::cout << 5 << '\n';

H mtpocéyyion autn eivor e@kti kadwng to TAndog tov aguunv eivor wiked. Iog
Ya uropovcaue vo eITERTEIVOUULE QUTES TIG EVTOAES, GUVTOUO KOl GOGTA, av JEAaue
VO TUTTOGOVUE UEYQL TT.X. TO 500;

MgtopoUue Vo TROTIOTTOINGOVUE TG TTOQATIAV® EVTOAES WGTE VO TIC PEQOVUE GE
KOTAAANAR poeen yia estavdAnyn. ‘ETol, n ektUTtoon uitoel va yivel og e§ng

int i{1};

std::cout << 1 << '\n';
i=2;
std::cout << 1 << '\n';
i=3;
std::cout << i << "\n';
i=4;

7
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std::cout << i << '\n';
i=25;
std::cout << i << '\n';

[MopatnENGTe OTL PEQAUE TOV KMOSIKA GTN LWOQREMN JTOV WoL EVTOAN £TTAVAAAUPBAVETL
QUTOVGLA EVE, UETA ATTO TN GUYKEKQLUEVN EVTOAN, UlaL OKEQOLA UETAPBANTA avEdveTaL
Sradoyikd katd ctodepd Prua, 8w 1.

H C++ T0pé) el EVOOUATOUEVES TEGGEQLS EVTOAES eTtavdAnypng: tn for, Tnv Ta-
eaAAayn tng, range for, tn while kot tn do while. Ou for, while, do while elval
1Godvvaueg, ue tnv €vvolo 0Tl €vag PeoX0S VAOTTOINUEVOS Ue W0l 0IT0 AVTES UTTOQEL
eUKOAQ va petatpattel e Peoxo Paciouévo e dAAn (ue TTdavi e@apuoyn Kol Tng
EVTOMCG break).

H yonon tng yevikdtepng evioAig amd dAeg, tng for, astAoTolel TOV K®SKA TOU
TAQASEIYULATOS WS EENG

for (int i{1}; i <= 5; ++i) {
std::cout << i << '\n';

}

Y& aUTR TN LWOQEEN, N TEOTTOTIOINGN TOU KMOSIKO MGTE VO EKTUTIOVEL TOUS aQLIUons
7Y u€yel to 500 eivan atAn: aAAdgovue TO dvew O0QLo TG UETARANTAGC i.

[TpoTov ggnyncovue TGS ekTeAelToL n vTOA for, ag Tapadécouvue Tnv VAOTTOL-
non Tou JroQadelyuatog ue T AAAES V0 €VTOAES eTTOvVAANPNG TNG YAMGGOS, TNV
€VTOAN while kol Tnv €vioAn do while:

int i{1};
while (i <= 5) {
std::cout << i << '\n';

++1;

}

KO

int i{1};

do {
std::cout << i << '\n';
++1;

} while (i <= 5);

4.2 for

H evtoAn for elvail n yevikdtepn Kol TLO JTOAVTTAOKN EVTOARL €TTAVAAPNG TNG
C++. H yevikevuévn gvtagn tng eivor:

I1téoa, aréd tnv goto (§4.6.3) movu urropel aAAd KAAS eivon va unv xenclwoTtondel ylo To GKOTIO
QUTO.
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for (0QYKN_EVTOAML; AOYIKN_€K@EAGCN; TEAKN EVTOAML) {
H evtoAn for ekteleltonl wg €ENG:
1. Ektedelton n «o@ykn_evioAr». AT n evioAn uitoel va elvar ko SNAwmon

UETOPANTAG (M AKOUO KOl GUVOAO EVTOANDYV XWELCOUEV®V UE TOV TEAEGTH KOUUO
) (§2.12.3)).

2. EAEyxeton n «AOYIKNI_EKPQEOGN».

e Av glvan Weudng, n QON Guveyitel e TNV ITEAOTN EVTOAR UETA TO GUUTTAEYULOL
for.
e Av elvon aAndng, ekteleltar to block evioAwv uetagd Twv aykictewv {}.

Av 8ev vmdpger aAlayn tng eong oto block (ue break, return, goto,
throw,...) eKTEAEITOL N «TEAKN_EVTOAN».

3. Av exkteléatnke To block ywelg aAdayn pong, eravadaupdvetar to Prpa 2
(ENeyxog Tng Aoyikng €xkeeacng). H tun tng «Aoyikng €k@eacng» witopel va
€xel uetapindel gto TwEonyovuevo Prpa, kKoOIDS wiropel va TTeQLAAUPAVEL TTO-
GOTNTES TTOV AAAACOUV KOTA TRV €TTovdAnyn.

"Eva 1 7tepLe60TEQO QITO TOL «OLQYLKI_EVTOAN», «AOYIKN EKMEACN», «TEMKA_EVTOAL»
UITOQEL VO AITOVGLALOUV. AV AelTtel N «AOYIKNA_EKPQEAGN», Ol EAEYYOl TNG GTNV EKTE-
Aeon tov for dewpovvton aindelc.

ITpoGE€ETe ATl av n «aEKN_EVTOAML» TTEQLAaUBAvVEL SNAWGN UETARANTAG, n euPelela
avtng (§2.8) meplopitetan gto GUUTTAEyUa Tng for, uéxel, SnAAdN, TO KATOANKTIKO
‘} Tov cwuaTog Tng.

Ag Sovue AoTTdV, TOG YiveTow N eKTUTTWGN TNG TIEONYOUVUEVIGS TTOQAYQAMOU UE
n yenon tov for:
for (int i{1}; i <= 5; ++i) {

std::cout << 1 << '\n';
}
Apykd, exteleltar n SHAwon tng UeTafAnTAC i, ue amddoon Touv 1 G QEXKAG
e Tung. EA€yxetar av n i tov i etvan wkpdtepn n ton ue to 5. Kadwe eivau,
exkTeEAElTAL N evTOML ekTUTTWoNG. Katogy, ekteleltan n tolitn €vioAi Gto for, n
avEnon Tov i, Kot ETOVAAUPAVETOL O BEOYOS ATTO TOV EAEYXO TNG GUVINKNG.

IMaeddeyua

"Ectw 61t 9€Aovue va vtoAoylicouue To AIQOLGULO TWV TTEQLTTWV AKEQOLMV OQLY-
wov amd 1o 1 €wg kol To 9 gTnv aképara petafAntn s. IIpopavag, pitopovue
va yedwouue

int s{1 + 3 + 5 + 7 + 9};
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Ac kdvouue TOV VITOAOYLGUO UE TN XENGN EVTOMG eTtavdinyng for. Mito-
eovuE, GE TEMOTO GTASLO, Vo ypdouue To ardAovdo:

int s{0};
s += 1;
s += 3;
S += 9;
s += T;
s += 9;

Y1ov KOSk avTd TEOGIETOVUE GTASIOKA, £VOvV—Evay, TOUS OROVS GTN UETO-
BAnTA s, Tnv omola undevicovue QKA OGTE VO €XEL OVSETEQN TWH GTNV TTEWTN
xonon tng ge ddpolcua.

Ye 8e0TeQo GTASL0, SLOUOEEOVOUUE TOV KOSIKO DGTE VO EXOVUE WOL EVTOAM
TOV ETTOAVAAUPAVETOL QUVTOVGLO EV® QVEAVETOL GTOTEQA U0l OKEQOLOL UETOL-
BANTI:

int s{0};
int i{1};
S += 1,
1 += 7
S += 1;
+= 2;
S += 1,
1 += p
S += 1,
+= 2;
S += 1;

H ypnion tng evioAig for, gUu@wva ue 0G0 TTEQLYQAWAUE, ATTAOTTOLEL TOV
TEMKO KOOKA Uog:

int s{0};
for (int i{1}; i<=9; i+=2) {
S += 1i;

!/

}

[TpoGEETE OTL GTNV TTOQATIAV® ETTAVAANYPN EKTEAEITOL AVOTTOPEVKTO, UETA TRV
TedevTalo avgnon Tou s, Wal (TEQELTTA) ETTAEOV €VIOARL, n i+=2;, dtav To i
etvan 9.

EmmAéov, mapatnenate 0t n yetafAnti i Sev ugtopel va yenotuogtondel
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uetd to Beoyxo. Av eivon emibuuntd kATl T€Tolo, n SnAwon int i; TEéTel va
yivel Towv 1o for GTe Vo UEYAADGEL N eUPEAELD TNG UETOPANTAG:

int s{0Q};

int i{1};

for ( s i<=9; i+=2) {
S += 1;

}

[Tapatnenote 0Tl uetd to for To i €xel tnv Tun 11.

4.2.1 Xpnon

Baaoigduevolr gtny Ttaastdve avdAvcn, av €xouue eVTOAES TTOU €TTAVAAAUBAEVO-
VTOL, (PEOVTICOVUE VO TIS PEQOVUE GTN LOEPN

e GUVOAO EVTOA®V (EE0QTOUEVES N UNn AITO L0 «OKEQOULO_UETABANTI», AAAD Ue
v (Blo LoEEN aVELAQTNTO AITO TNV TN TNG UETABANTAG).

* «OKEQOLOL UETAPANTA» += «BARa_oVENGNG».

Av 10 gTTITU)XOLUE QVTO, TOTE UITOQOVUE VA YRAWOUUE TNV TTOQATIAVKD GELQA ETTAVOL-
AQUBOVOULEV®VY EVTOADYV TILO GUVOTITIKA KoL KOTOvOnTd pe Th xernon tov for. Iapdolo
TOV SeV VITARXEL TTEELOPLGULOS GTOV TUTTO TNG UETAPANTAGC eAEyyov (0UTE KAV glvol
avaykolo n UTTAEEn Tng), KAaAd elval va yenoyomolovue To for OTAV WITOQEOVUE
Vo SLOLOQPMOGOVUE TIG EVTOAES LOS WOTE VO €XOVUE akEpala UeTaBAnTH 7OV OANG-
cel Tun ue otodepo Prina. Xe avtidetn TeQlTttoon, ol AAAES eVTOAEG eTtavdAnypng,
while (§4.4) kou do while (§4.5), eivon kataAAnAGTEQES. Ag emavaldfouye Tnv
Tapatienon 6To §3.2: JTEETEL VO ATTo@eVyouUe TN GUYKQELON Yo LGOTNTA UETOED
TEAYUOTIKOV 0QLIU®V.

Ioaadeiyuata

e To dfpowcua twv TTEOTOV 100 akepalwv apuiuwvy, agtd to 1 owg to 100,
VTTOAOYIZETAL UE TOV OKOAOVDO KOSKOL:

int s{0};
for (int i{1}; i<= 100; ++i) {
S += 1i;

}

e To ddpowcua TV dETwv akepaiwv apWunv cto Sidatnua [0, 1000] vIto-
Aoyicetan pue Tov akOAovdo KOSKOL:

int s{0};

for (int i{0Q}; i<= 1000; i+=2) {
s += 1i;
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e H extimmwon twv apuiuwv 99, 97, 95,..., 3, 1, ue QTR Tn GeEQA, UITOEEL vou
VIVEL UE TOV KOSIKO

for (int i{99}; i »>=1; i-=2) {
std::cout << 1 << ' ';
}
¢ To dBpowcua tov apuiumy 0.1, 0.2, 0.3 uiroeel va Beedel wg Eng

double s{0.0};
for (int i{41}; i <= 3; ++i) {
s += 0.1 x i;

}

Oa vrrédete kavels OTL To (610 AKEPOS ETLTUYYAVETOL UE TOV KWK

double s{0.0};
for (double x{0.0}; x <= 0.3; x += 0.1) {
S += X

}

ITowo aTTOTEAEGUO OVOUEVETE KOl TTOGO €lvol GTnV TIEAEN; AOKIWAGTE TOV
KOS ko delte Tnv Tapatienon gto §3.2.

e To mAndog twv akepalwv TTOL givol TOAAATTAAGLOL TOU 2 1 TOU 3 GTO
didotnua [5,108] wioeel va vitoAoyiotel w¢ €N

int k{Q};
for (int i{5}; i <= 108; ++i) {
if (i%2 == 0 || i%3 == 9) {
++k;

7

}
}

Y10 Taeddeyua avtd, to TAnYog vTtoAoyicetaw otn petapfintn k Itou
YXONOWOTTOLETAL 0 UeTERTHS. O UETENTAS GTOV TIROYQOUUATIGUO €lval (ol
OKEQOLA LETAPANTH TTOV SNA®VETOL Ko TTalpvel aQykn T 0 akpifwg ety
TNV €VTOAN ETTOVAANPNG KO OWEAVEL KOTA £val OTOV IKOVOTIOLEITOL KATTOL0L
cuvinkn. Me autin tnv TeQVIKA UETEAUE TTOGES (PORES GE UL eTTOVAAN YN
elvaw aAndng pio Aoykn €k@Qaon.

YTnv JTeQITTTOON TTOU EVOLOPEQOUATTE OXL YO TO TTOGES POPES aAndevel
uLoL AOYLKI €RMEACN GE KAITOLA eTTAvVAANYN aAAd wévo yia To av aindevet,
TOLELALEL VO, YENGYOTIOINGOUUE WG LETENTA Wiol LETORANTH AOYIKOU TUTTOV.
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H petapinti avti da gexkvd oy tnv etavdAnyn ue kAITolo Tiun kot do
aAAdZel OTav wavogtondel n guvinkn.

H axkoAovdia apiuwv 0,1,1,2,3,5,8,13,..., aTnv omoia kdde uéAog tng, agtod
TO TEITO KO UETA, elval To ddpoloua Twv dV0 TEONYOUUEV®Y UEA®V, EVOL
n axoAovdia Fibonacci. Av 9éAovue va TuTTwGouue GThv oddvn TOUg n
TEMOTOVS 0QoVG, Ja TEETTEL va vItoAoyicovue €va ddolouo n—2 POEEC.
Acg dovue TS UITopovue va VITOAOYIGOUUE TOUS 4 TTEMOTOUS OEOVG:

int a{0};

int b{1};

std::cout << a << '\n' << b << '\n';

int c{a + b};
std::cout << ¢ << '\n';

int d{b + c};
std::cout << d << '\n';

IMopatneovue O0TL etavalaufdvetor n tEocdecn aAAd n evioAn dev €xel
aKEYPBWS TV (dra Loeen kdde @oed. Ag TNV TROTTOTTONGOVUE DGTE VA YIVEL
S

int a{0};
int b{1};
std::cout << a << '\n' << b << '\n';

int x1, x2, x8;
x1 = a;
X2 = b;

7

x3 = x1 + X2;

int c{x3};

std::cout << c << '\n';
x1 = b;

X2 = C;

x3 = x1 + X2;

int d{x3};

std::cout << d << '\n';
x1 = c;

x2 = d;

H evioAn x3 = x1 + x2 TAL0V €TTOVOAAUPBAVETOL AVTOVGLOL.
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[Mopatnenate tn UeTafAnTi b: avtypd@ouue Tnv TWH Tng 6e V0 UETO-
BAntég, x2 kaw Alyo TwoQoakdtw, x1. To (Sto kdvouue ko GTn ¢. Ag astAo-
TLONGOUUE KATTWS TOV KOOKAL:

int a{0};
int b{1};
std::cout << a << '\n' << b << '\n';

int x1, x2, x3;
x1 = a;
X2 = b;

7

x3 = x1 + x2;

int c{x3};

std: :cout << c << '\n';
x1 = x2;

X2 = C;

x3 = x1 + x2;

int d{x3};

std::cout << d << "\n';
x1 = x2;

x2 = d;

[Mopatnenate Tn UETARANTA C: ATTOKTA TWH AITO TN UeTAPANTA X3, EKTU-
TOVETOL KOL UETOPEQEL TNV TWA TNG Ge AAAn uetapintn (x2). Mmopel va
Tapaingdel Tedelmg (ko avtd kol n d Jwov €xel Tov (6o EOAo). ‘Ogtou
XELWLoUacTe TNV T Tng Ja tnv Jtdoovue agtd AAAN UeTaPAnT ue tnv
{owar Tun:

int a{0};
int b{1};
std::cout << a << '"\n' << b << "\n';

int x1, x2, x8;
x1 = a;

7

X2 = b;

x3 = x1 + x2;
std::cout << x3 << '\n';
x1 = x2;

x2 = x3;

x3 = x1 + x2;
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std::cout << x3 << '\n';
x1 = x2;
X2 = x3;

[TA€ov €xouvue uto opddo eVTOA®V TToU eTtavalaupdvetal avtovcia. Mito-
QOVUE VO XENGUOTIOINGOVUE EVTOAM ETTOVAANYNG:

int a{0};
int b{1};
std::cout << a << '\n' << b << '"\n';

int x1, x2, x3;
x1 = a;
X2 = b;

for (int k{@}; k < 2; ++k) {
x3 = x1 + x2;
std: :cout << x8 << '\n';
x1 = x2;
X2 = x3;

}

Av agtadetpovue TG ueTafAntég a,b ko 9€covue n to MANYog Twv emidvu-
UNTOV 6QMV, KOATOAIYOUUE GTOV KMOSIKA

int x1{0};

int x2{1};
std::cout << x1 << '\n' << x2 << '\n';

for (int k{@}; k < n-2; ++k) {
int x3{x1 + x2};
std: :cout << x8 << '\n';
x1 = x2;
X2 = x3;

To ddpowcua
J
Zakv
k=i

0Tov To k glval akEQEOLOS aEUILOS TTOU TTOLEVEL TWES UETAEY ¢ KO j KO
TO aj GUUPOAICEL €val GUVIETO TTEAYUATIKO OQO TToU €£0,QTATOL ATt TO K,
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UITOEEL VO VTTOAOYLGTEL, GUULPMOVO LE OGO OVAPEQOUE TTOQRATIAV®, TTEOGUE-
TOVTOG GE (0L TIEOYUOTIKN UETARANTA €vav-évav Toug 0ovs. O GYeTIKOG
KOSIKOG elvan (yioo Sedouévar arepona i, j)

double s{0.0};
for (int k{i}; k <= j; ++k) {
s += ak;

}

Y1n Y€on tov ak ypd@ouue TOV KOSKO TTOU EKPEAIEL TOV OQO ak.

[TpoGéEte OTL N UETOPANTA S TTOU, UE TNV OAOKANQMON TNG €TTAVAANYPNG
€XEL TNV ETNOLWKAOUEVN TWNA, ATTOKTA QUEGHOS TTEWV TO for TNV OQXKNA T
0 (to ovdétepo aToyelo Tng TEAGYEGNC).

AvticToya, To ywouevo
J
[ [ar.
k=i
yodpeTon

double p{1.0};
for (int k{i}; k <=j; ++k) {
p *x= ak;

ITpocggte OTL n uetafAntin p, Tov TeMKA elvar To ywouevo TTov J€Aovue
VO VTTOAOYIGOUUE, €XEL AEYIKN TWH TO 1 (To ovdETepo GTolyelo TOV TTOAAAL-
TAAGLOGULOV).

4.3 Range for

Mo mopaAdayn touv for SievkoAlvel dtav embuuovue vo «SlatpEgovue» Wwial
oudda uetapintwv. Onwg da dovue, n C++ Tapéxel Souég yia opadogtoincn o-
GOTNTWV 610V TUTTOV. METAL) aUTOV, TO EVOOUATOUEVO Sldvuoua, ol AMGTES, Ol
containers tng Standard Library. ‘Ectw a elvar wa Ttétolo oudda TTOGOTATOV. Av
P€Aovue vo xENGUWOITTOINGOVUE TIC TWES TOV GTOWYEI®V TNG Sladoxkd, UWIToEovUe Vo
yodouue TOV KOSKA

for (auto x : a) {
// use value of x

}

Ye autn Tnv evioAnl dnuovgyovue wia uetafAnti x ye tomo 8o ue ta GTotyeia
Tou a (ue Tn xenon tov auto). To range for efacealiter 6Tt n petapfinti x da
Tdeel Stadoykd TIS TWES TV GTOLElWV TOv a, Ue Tn Gelpd aTtd TO TEMTO £WS
TO TEAEVTAlO, KAl Ue QUTES Do GUUUETEYEL GTIS EVTOAES TOU cwuotog Tov for. H
eupéreta tng UeTaPANTAG Tov range for elval GTO EGMTEQIKO TNG EVTOANG.
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Iaeddeyua
H exktiTtoon tov aguwv 4, 5, 8, —6 uioesl va yivel g egng

for (auto x : {4,5,8,-6}) {
std::cout << x << '\n';

}

Y1nv TeQimTwon JTov YEAOVUE VA TROTIOTIOINGOUUE TIC TWES TWV GTOLEIWV TOU
a, T.X. Vo Swcgovue TWES GTO a AITo TO TTANKTEOAOYLO, LITOQOUVUE VO YRAWOUUE

for (auto & x : a) {
std::cin »> x;

}

[TpoGE€¢ETe Tn YENoN TG AvoPoEds GTa GToyelo Tov a- Y€Aovue va Ttepdaoel Ge avtd
n ueTafoAn Tov X.

Av gmmiuuovue vo xENGWOITOLGOUVUE OVAPOQEA DGTE VO AITOPUYOVUE TNV (TTL-
Yavov ypovofdpa) avTiypa@n T®V GTOLXEIWV TOU a GTO X aAAd GUYXEOV®S Vo unv
ETTEEWYOUUE TNV TEOTTOITOMNGH TOVG, TIRETEL VO 0plGovue To X OTL elvan GTadepn
avopoEd:

for (const auto & x : {4,5,8,-6}) {
std::cout << x << "\n';

}

Hoagatiignen To range for umopsl va yoncwomowndel kot yia vo Siatpégovue
container JTov €yl SNUWOVEYRGEL O TTROYQRAUUATIGTAS, OEKEL GTOV TUTTO TOU VO £(0VV
oplatel oL GuvapTiaels-uéAn begin( ), end(), cbegin() karcend(), ue Tic 1SLOTNTES
TI0U €X0UV GTOUG containers tng Standard Library (§11.4).

4.4 while

AN Srad€oun evtoAn emtavdinyng tng C++ eivon n evtoAn while. Astotelel
TNV 70 AITAN vAoTToinen BEoxov (BnAadn erTtavainsttiking dtadikaciog). Towprdgel va
TN XENGWOITOINGOVUE OTAV VITAQYEL N AVAYKN VO ETTAVAAABOUUE €VO TUAUA EVTOADYV
XWEIS VoL YVwEICouUe €K TV TIROTEQE®V TO TARTOC TV ETAVOAPEDV. ZUVTAGGETOL

WG €ENG:
while (cuvinkn) {
}
Katd tnv ektéAeon tng evtolg while:

1. EA&éyyetarl n «GuvOnKn»:
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e Av elval Yevdig, n QoN GuVeEXICeEL Ue TNV TTEWTN EVTOANRL UETA TO GUUITAEYULOL.

e Av elvar aAndng, exktelelton To block evToAwv UeTAE) TV aykicTowv ‘{}.

2. Av ektedéatnke To block xwElg aAlayn pong (astd break, return, goto, throw,
...), emavaloupdavetor n dtadikacio amd To friwa 1 (EAey)0og TnG «GUVINKNG»).
H twn tng «guvdnkng» uiroeel va yetapfindel katd tnv ektédecn tou block
EVTOADV.

Hoeddetyua

"Ectw 611 9€lovue va vitoAoylGovpue Ge wio LETAPANTA S TO AJQOLGUO TWV OKE-
EALWV JTOU SlvEL 0 XENGTNG ATTO TO ITANKTQOAOYLO, £WS OTOV Swael Tov aQuiud
0. Matopotue vo yedpouue TOV TTOQOKAT® KOS

int i;

std::cin >> 1i;

int s{0};

while (i != 9) {
S += 1i;
std::cin >> 1i;

}

4.5 do while

H evtoAnl do while givon pa Ttapalloyn tov while (§4.4), gtnv omoio To GaUa
ToU PEOXOV ekTeAelTOL TOVAdYLGTOV Wiaw @oed. H ciUvtagn tng eivar:

do {

} while (cuvdnkn);
Katd tnv ektéleon touv cuumA€yuatog do while:
1. Ektelelton To block evioAwv uetagd tov aykictenv ‘{}.

2. Av dev vmnpge alayn eong (asto break, return, goto, throw,...), eAéyxetal n
«GUVINKN»:

e Av eglvon Wevudng, n Qon Guveyitel Ue TNV TEAOTN EVTOANL UETA TNV EVTOAN.

e Av glvar aAndng, emtavalaufdvetor n dtadikacio amd To frua 1 (ektédeon
Tov block).

H T tng «ouvidnkng» uitopel va petafdAleton ce kdde eravdinyn.
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Iaeddeyua

"Ectmw 6Tt 9€hovue va e€acpalicouye OTL VOGS OKEQALOS TTOV TO TTEOYQEOUUA WOS
Ya Srapdcer ard To TANKTEOAGYLO elvor FeTIKAC. Av 0 XENGTNG SMGEL ALEVNTIKO N
undév, to TEdyeauua va ertavalaufdvel to Sidfacua. Mitogovue va yodwpouue
TOV TTOQOKAT® KMOSKA
int i;
do {
std::cout << u8"Awce BeT1kO OKEpalo: ";
std::cin »>> 1i;
std: :cout << '\n';
} while (i <= 9);

4.6 Bondntikég evtoAég

4.6.1 break

H evtoAn break umogel vo ep@ovicetow WOvo GE €vTOML €TLAOYNG switch N
GTo cwua BEoxov (for N range for, while, do while). H extéleon tng mooralel
€€080 aIrd TNV EVIOAN GTNV 0ITOl0L TTEQLKAEIETAL, UETOPEQOVTAS TN QON GTNV OUEGMS
€TOUEVI EVTOAIRL ATTO QUTH.

IMaeddetyua

[Mopddeyua xernong eivar to akoAovdo: Ag vtodécovue dtL Y€ ovue va ega-
opalicovue OTL €vag arépatog apuiudg €1godov eivor deTikdc. Av 0 xeRaTng
dwoel aEvnTIKG N UNdEV To TTEOYEAUUO VO BYACEL GYETIKO WAVUUOL KOL VO €TT0L-
vaioufdver To didfacua. Mitogovue va yedpouue TOV TTAQOKAT® KOSIKA
int i;
while (true) {

std::cout << u8"Awce BeT1KO okEpolo: "

std::cin >> 1i;

std::cout << '\n';

if (i > 9) {

break;

}

std::cerr << u8"Edwoeg apvnTikO\n";

}
// ... use 1

[TopatnEnoTte 0Tl N «GUVINKN» GTNV EVTOAR eTtavdAnyng €xel Th gTadepn Twn
true. YAomowovue €tol €va atépuova Peoxo. EvaAlaxtikd, da uwopovcoue
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va evtdgovue Tig ertavalaufavoueves evioAés oe do { ...} while (true); 1

for (;;) {...}.

4.6.2 continue

H evtoAnl continue umopel va eugavicetor Wévo 6to coua Beoyov (for N range
for, while, do while). H exk1é\ecn Tng UETAPEREL TN QON TOV TIEOYQEAUUOTOS GTO
KOTOANKTIKO AYKLGTRO TOU BEOY0ov, at’ dTTov GuVEXICEL N EKTEAEGN TOV.

IMaeddetyua

[Tapddetyua xonong eivar to akdAovdo: ‘Ectw 6Tl Y€Aovue vo TUTTOGOUUE TIS
TETEAYOVIKEG QICES TV TEMOTOV 10 apuwv €16680v, ayvomvTag OU®S TOUG
aEVNTIKOUG. O GXeTIKOS KOJIKAG uiropsl va eivan

for (int i{@}; i < 10; ++i) {
double x;
std: :cin >> x;
if (x < 0.0) {
continue;
}
std::cout << u8"H TeTpaywvikn pila £ival
<< std::sqrt(x) << '\n';

n

4.6.3 goto

Y& wa eVTOAR GTO Goua wog cuvdetnong witoel va dodel kdrowa etikéta (label).
To 6voud tng (3. labelname) oynuaticetan ue Tovg (BLOVG KAVOVES TTOV LGYVOUV Yol
To ovépata Tewv uetafAntov (§2.3). H amddoon etikétag Ge o VTOAN yiveTal ®g
egng
labelname : statement;

dnAadn, ypd@ouue TV TNV EVTOARL TNV ETIKETA, AkoAOUToVUEVN OTTO TO YOQROKTAQM
Y1 AT dAAn 9éon 6To Gdua Tng [Slag Guvdetnong, TEW? n uetd TNy eTKETA,
UITOQOVUE VO GUVEXIGOUUE TNV EKTEAEGN UE TN GUYKEKQWEVN EVTOAN UE Tn XENoNn
ng goto:

goto labelname;

‘Otav n Qon ekKTEAEGNGS GUVAVTAGEL UL EVTOAM goto petamndd Gto enueio Tov avtn
VTTOSEIKVVEL.

n etikéta amrotedel To LOVASIKS (TEQa aatd Ta AN KAGGNGS) XAQOKTNEIGTIKG Tng C++ TToU uIroQel
va xenowostondel wEOTov TO «GUVAVTAGEL> 0 UETAYAWTTIOTIAG.
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ITpocégte Ol ue To goto dev emmitpeTtetan va etgéAdouue e block kditolov cateh,
oe TeQLoyn, SnAadn, Ttou Stayepltetal wa egaipean (exception), kadwes avtn dev da
€xel GUAMnEIEL.

H evtoMi goto UItoQel va UETOPEQREL TN QON EKTEAEGNS UETA TOV OQLGUO WLOGS
TogdTnTag, SnAAdN va «LTTERTINONGEL» TOV 0QLGUO, AEKEl N TTOGHTNTA QUTA, OITANR
1 Stdvucua, vo SnA®veTol XmELIS 0EXKA TIUN.

H yprion tng goto mecmel va amopevyetol. H C++ mTopéyel Ti¢ KATAAANAES EVTO-
AEG ENEYYOL KAl ETTAVOANITTIKES Souég kadotwvtag Tnv goto Teittn. Movadiki
TEQITMTWON TTOV N XENGN TNS Vol TEOTWOTEQN AITO TIC EVAAMOKTIKES AUGELS, e~
eavicetar otav emdupovue £€5080 aTtd TOAAAITTAOVGS BEOYOVS N TTOAMATIAG switch,
TO €va U€ca GTO dAAO. Xe TETOLO TEQITTTWON UITOQEOVUE VO YENGLWOITTONGOVUE TO
goto ovGLAGTIKA WG o €VEMKTO break. Akoun Kol TOTE, N «UeTOKIVIGN» UE TN
goto ITPOC TTEONYOUUEVO GNUELD TOU KMOSIKO TIEETTEL VO OTTOPEVYETOL.

4.7 TlagaTnEnoeig

‘Ontwg avagépape ko 6to §3.4, kdde block uiropel vo amotedeiton amwd koula,
ulo, N TEPLGGOTEQPES EVTOAEG. TNV TEQIITTWON TTov TeQulaufdvel ulo wévo evtoin
uIToEOVV va Taalewedovv ta dykiaTtea {} JTOU TRV TTEQIRAEIOUVV.

OtroudnIoTe eu@AVICeTOL AOYIKI GUVINKN GTIC EVTOAES ETTAVAANYNG, LITTOQOVUE
VO €(0UUE OTTOLASAITOTE £KMEQEOCN (TTOV UITOREL VAL TTEQLEXEL KOL KALGN GUVAQTNGNG),
apkel va €xel n va teoduvauel ue Aoyikn Tun. Aelte tn oxeTikn gugntnon oto §3.4.
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4.8 Aoxknoelg

L

TFpdate TTEAOYEOUUA TTOU VO TUTTWVEL GTnV oddvn Toug apruovg 0.0, 0.1, 0.2,
0.3, 04, ..., 2.5.

Tunthote Ti¢ TEWTES 20 Suvduelg Tov 2 (20, 21, ...,219).

Tum®aete To TOEAYOVTIKO apWuov TTov da Siver o yprnotng. To n! opitetar wg
EENG:
| I1x2x3---x(n—=1)xn, n>0,
n! =
1, n=0.
DpovTiGTE MGTE TO TEOYEOUWA GaAS va pun S€xeTon n UeYaAUTEQO aIrd 12.

TFpdaTe TTEOYEOULUA TTOU VO VITOAOYITEL KOL VAL TUTTWVEL TO SITTAG TTOQAYOVTIKO
apuuov srov da divel o yornotng. To SuTAd Tapayovtikd (n!!) opltetanr wg

1x3x5x---x(n—2)Xxn v 1o n eval TEQLTTOG,
nll=14¢ 2x4x6x---x(n—2)xn av Ton evar dETLOG,

1 av to n givon 0.

DpovTiGTE MGTE TO TEOYEOUUA G va pun S€xeTon n ueyaAtepo ad 19.

. Tumwote gtnv 0ddvn 53 woaméyovta onuela oto Sidotnua [—3.5,6.5] (cuuie-

QUAOUPBOAVOUEV®DV KOL TOV AKQEMV).

Ymodeién: n woaméyovta onuelo 6To Sidotnua [a,b] €xovv dyvootn amdéctacn
UeTAEY TOuG, £€0Tw h. Ilpg€mel va woyvel x1 = a, ©2 = a+ h, 3 = a + 2h, ..,
ZTp = a+ (n — 1)h. AMA Teémel akdua va oxVeL =, = b, dpa a + (n — 1)h =
b=h=(b-a)/(n—1).

TFpdwte kKWSKA TTOV VA TVTTWVEL GTNY 0ddvn 30 TWES TNS LAINUATIKAG GUVAQ-
tnong f(z) = x(2? + 5sin(r)) og waméyovta onuela oto Sdotnua [—5,5]. Ta
dkeo vo TEQLAAUBAVOVTOL GE QUTAL.

Kdarowog katadéter 1000 evpw Ge €va amAd Teattelikd Aoyagiacuo. H tpdieca
divel TOko IOV TTAEAUEVEL GTO AOYaQLOGUO, Le €TAGLO eTitoklo 0.5%. Tpdwte
TEOYQEOWUA TTOV VaL VITOAOYICEL TTOGO XENUaTa Ja VITAEXOUV GTO AOYOQLOGUO
avTo uetd agtd 15 xedvia.

Agtavtnon: 1077.68€

. Zoupova ue Ty Edvikn Etatietikn Apxn, o standuouds tng EAAGSag katd

v astoypoen Tov 2011 ntav 10816286. Edv avgdvetar atadepd katd 0.53% To
XQOVO, YedWTe TTEOYQOAUUO TTOV va VITOAOYICEL e oG xpovia da EeTtepdoet
Ta 15000000.

Agtavtnon: 62 étn
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9.

10.

11.

12.

13.

14.

15.

Boelte to uéyioto koo Swuwpétn (MKA) §vo aképaumv apiuwnv a, b. Xen-
GWOTIOMGTE ToV alyoerduo tov Eukdeidnd. Toupwva pe avtdv, yio o un
0QEVNTIKOUG aKEQAOVS auiuwovg a kat b:

e v woyxveL a < b eVOAAAGGOVUE TIS TWES TOVG.

e av o0 b elvaw 0 ToTE 0 a elvan 0 MKA.

e av o b eivan Jetkdg, emmavalaufdvouue T Stadkacio YENGULOTIOLWVTOS
®GS VEOUS OKEQEOLOUS TOV b KO TO VITOAOLITO Tng Stalpecang Tov a Ue Tov b.

Xenowomonate Tov alyopuo yia va Beelte To UEYLGTO KOWO SlouQetn Tmv
opuu®v 135 kar 680.

Agavtnon: 5

TFpdwte TTEOYQEAUUO TTOU VoL EAEYYXEL AV €vaS OKEQEALOS adudg elvar TEAELOG.
Télerwog elvar o apdude, Tov oTtolov To AdeolcUa TV SLLEETWV TOv glval (GO
ue o SumtAdaio Tov. (ILy. To 6 elvan TéAelog aLiudg, yratt Siapeltor akEBOS ue
Toug apuWuovg 1, 2, 3, 6 kat To ddpoloud Toug etvar To 14+2+3+6 = 12 = 2 x6).

TFpdTte TTEdYEAuUA TTOV va SExeTAL Eva FeTIKG aréQato apuiud Ue OTTOLOONTTOTE
TIAMP0G Yneiwv Kol VoL eL@AviZel Ta Yneio Tov.

IT6cou givan o detikol aképarol apuiuol pe To TToAV 4 Pneia, TTOV €XO0UVV TNV
WBoTNTOL TO TETEAYWVO TOUG Vo TeEAELVEL Ge 444,

Agavtnon: 40

ITotog etvar 0 WKEOTEQOS OKEQOLOC TTOV TO TETEAYMVO TOV €XEL TO 3 GTO YNn@lo
TV EKATOVTASWV;

Agtavtnon: 18

IT6Gou elvon o1 YeTkol arépatot Le To oA 3 Pneia, To TETEAYOVO TOV OTTOIWV
€XEL TO 3 GTO YNPIO TV EKATOVTASWV;

Agtavtnon: 72

TFpdwTte TTEOYQOUULO TTOV VA TUITWOVEL TOUS TTEOTOUS N 0QOoUS TnG akoAovdiog
Fibonacci®. O i-6pog tng axolovdiag, f;, Stveton amé g Gxécelg

0, 1 =0
fi= 1, =1
ficr+ fica, i>1

H axolovdia emouévmg etvow: 0,1,1,2,3,5,8,.... To kdde otoyelo uetd To
devtepo etvan To ddgowgua Twv §o TTEONYouUEVWV Tov. To TTAnYog n va divetan
agto 1o XENGTN. NO (PROVTIGETE DGTE TO TEOYQOUUA GOS VO UV TO SEXETAL OV
dev woxver 0 < n < 31.

3http://en.wikipedia.org/wiki/Euclidean_algorithm
dhttp://oceis.org/A000045
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16.

17.

18.

19.

20.

21.

Evtoldéc emravalnyng

TFpdte TTEOYQAUULO TTOV VO EAEYYXEL OV €VaG aKREQOLOS aELiudg Tov da Tov Sivel
0 YXENGTNG, €lval TEOTOG.

Ymobeién I: Yo cag fondncer o arkdAovdog 0pLoUdg yio Toug TEOTOUS aLd-
uwovg:

Kdde Yetikog aképanog apuuog elval TedTog €KTOS av Sioneltal
OKQEPAOS we KATTOL0 aEuiUd eKTOS aTtd To 1 KAl TOV €QUTO TOV.

Ymobeién 1I: Wagte va Peelte RATOLOV TeTIKO OKEQALO TTOV VoL Stapel akELBOS
(BnAadn ywelc vItdAoLTTo) Tov aEWud elGddov, ekTdc aTd To 1 KAl Tov £aVTd
Tov. MTtogovue vo aTtokAeliGovue OAOUS TOUG UeYOA)TEQOVS TOu aQLuol €l-
6060V kadwes kaveévag dev Ja Tov Stoupel akEPOG.

TFodwte TTEAYQEAUUO TTOL VO ¢nNTd OTT0 TO XENOTN (ol GeERd OTtd JeTIKOUG
Tmeayuatikols apriuovg. To wAndog toug dev Ya elval yvwGTo €k TwV TTROTEQWV
OAAG TO «Sudfacuo» TOV TWoV Jo GTARaTd OTav 0 XENGTNG SOGEL AQVNTIKO
aeuud. To Edypauud Gag va VITOAOYIZEL TO LEGO OQO AVTWV T®V AQUILWV.

Xenoworomnate Tov aiyopiduo yia tnv nuegounvia tov opdddogov Ildoya
astd tnv doknon 14 gtn geMda 59 ywa va Beelte

() o xeovid Tto Ildoya €mwece 0 VOQLG,

() Frowa xpovid €Tece TLO OQYd,

(V) Tw0eS PoEES €mece To Mduo,

(&) Toleg xpoVIES ETte@TE GTIS 18 ATTeLAlov,
UETOED TV eT®V 1930 £0¢ Kal TTEQUAL.

XENGWOITOINGTE TIS TTANQOPOQELES TnS doknang 9 atn geAMlda 71 yua va vITOAOYI-
GETE TOGES NUEPES €XOVV TTEQEAGEL ATTO TNV nuepounvio YEVvnong Gag (Sniadn,
TNV nAkio GOS Ge NUEQREC).

Ymobetén: MeTAKIVRGTE TNV ARYIKA nueQounviol KOTd pio nuépa WItpoGTd TTOA-
AES @OoQEC ugyoL va Peelte tnv teMkn nuegounvio. Metonote moGeS NUEQES
TEQAGAV.

O MydAng yevviidnke otig 8/2/2013. XEnNGWOTOMGTE TS TTANQOMOQELES NG
doknong 9 tng geAidag 71 yia va Beelte Tnv nuegounvia Tov Yo GUUTTANQEWGEL
17000 nuépeg come.

YroSetén: MeTAKIVAGTE TNV AQYIKA nueQounviot KATd pio nuépa LWItQoGTd TTOA-
AEG POQEES UEyQL va eEavTANGeTe TS SlodEaUeS NUEQES.

Agavtnon: 26/8/2059
O Tdvvng cuumtAipwaoe 13000 nuépeg cong atig 2/7/2015. I1ote yevvninke; Tu

nuépa nTav; Oa Gag YEELGTOUV Ol TTANQRO@OEIlES Tng doknong 9 atn ceAida 71
kot 0 adyopuuog Zeller tng doknong 8 gtn ceMda 71.
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22.

23.

24.

25.

26.

YmoSeién: MeTakIVAGTE TNV 0QXIKN nuepounvio kKatd wio nuépa Ticm TTOAAES
(POQRECS UEXEL VO GUYKEVTE®GETE TO £TTduUNTo TTADOC NUEQE®V.

Agtavtnon: Tetdptn 28/11/1979

To Aertovpywd cuotnua UNIX vitodoyicer To ypovo ue Bdon tov apuiud twv
devtepoAéTTv IOV TEQEAGAY ard Ty 1/1/1970, otig 00:00:00. ITowa nuépa ko
0o cuuTtAnpddnkav 102 dsutepddertta amd tote; IIdTe Ja GuuITANEWHovV
231 — 1 8evtepdeTita (Ko TALoV Ha TAWoLV Vo TREOVV GWGTA TO YEOVo T
cuotipata UNIX srov amodnkevouv to xedvo Ge eurpocnuo arkepato 32bit);

Oa Gag xEeLGTOVV ol TTANQo@oEies Tng doknong 9 atn GeAida 71. Ayvoncte
To euporpa devtepidleTita (leap seconds) TTOU €LGAYOVTOL KOATA KOLQOUS Yol
™ ddpdwon tng weac.

Agtavtnon: 9/9/2001 01:46:40, 19/1/2038 03:14:07

Xonowogrotriote Tov aAydpuuo Zeller tng doknong 8 otn ceAlda 71 yia va
Beelte mdoeg [TpwToxEoVvIES aTtd To 1950 £ PETOS ETTEPTAV ZAPBPATOKVQLAKO.

TFpdwte KOSkeS TTOV VA VITOAOYICOVV Ta €”, sinx, cosx AT TIC GXEGELS

0 n 0 —1) 2n+1 o0 —1)" 2n
e:pzzxi'7 SinSL‘:Z()ix', COSIE:Z%
= n! = (2n +1)! = (2n)!

[ tn StevkOAVVEN Gag TTORATNENRGTE OTL 0 KAde 6p0¢ GTa adpolcuaTo TEOKV-
TTEL ATTO TOV AUEGMS TTEONYOVUEVO AV AUTOS TTOAAATTAAGLAGTEL Ue KATAAANAN
TOGOTNTA.

Y1a adeolouato Vo GTOUATATE TOV VITOAOYIGUO TOUS OTaV 0 OQOS TV TTEO-
kertaw vo tpoatedel etvan kAt asréAvTn TR WwkedTeEog artd 10710,

YOupwva pe dendpnua Tou Gauss, yio kdde DeTikd aképaro a texveL OTL
2a=n(n+1)+m(m+1)+k(k+1)

O0TTov n, m, k Wn OQVNTIKOL KOL Oyl OIToQOLTNTO SlopoeeTikol aképotol. Na
YoAWeTe €va TEOYQOUUO TTOV Vol SLadgel aTtd TOV YENGTN £va AKEQOLO a, VO
VTTOAOYICEL OAES TIC TELASES 1, 1, k YLOL QUTOV KO VAL TIC TUTT®VEL GTny oddvn. Ot
TELASES TTOV TTEOKVITTOVV UE EVAAAOYN TV 7, m, k Vo TTaQaleiTtovtar (SnAadn
TUTIOGTE AUTEG YL TIS 0TToleg woyvel n < m < k).

Aokwdote To yia Toug apuuovg 16 ([0,1,5] 1 [0,3,4] 1 [2,2,4]), 104 ([2,4,13] 1
), kow 111 ([1,10,10] 1 [0,9,11] A ...).

TFpdwTte TTEOYEOUULO TTOV Vo eTtalndevel To OeEnUa T®V TEGGAE®V TETQOYW-
vov tov Lagrange®. Zoupova ue autd, kdde deTikdg aréponog aprdudg wiropst

Shttp ://mathworld.wol fram.com/LagrangesFour-SquareTheorem.html
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217.

28.

29.

30.

Evtoldéc emravalnyng

Vo yea@el w¢ dYQoloua TeGGAE®Y (1 MYOTEQ®Y) TETEAYOV®Y AKEQOUIMV aQLd-
UV,

Ymobeién: Angiovpynaote t€66eQLs BEOXoUS, 0 €vag uéaa gtov dAdo. ‘Otav To
dadpoloua TOV TETEAYOVOV TOV UETAPANTOV eAéyyov yivel (GO pe To Tntov-
uevo aEuiud, TUTTOGTE TIS UETAPANTES EAEYXOV KO GUVEXIGTE Yo TNV eTduevn
TeTedda. Adfete vITOWN OTL KATTOLES ATTO TIS UETAPANTES EAEYYOU UTTOQEL VO
etvar 0 N va elvon (oeg. ETAEETE KATAAANAQ TOL SLOGTARATO GTO OTTOL0L OVTEG
TAEVOUV TWEG.

A6 T Madnpatikd yvwpicovue 0T
_ ﬁ 4n?
S Alap?—1

YmroAoyiote To degl uéAog tng €€lGmoNg XWEIS PUGIKA va TTAQEETE ATTELQOVS
6povg. Kpatiate 10* épovg. Bpeite moco Soupépel To atotédecuo aId To
/2.

No emaAndeicete o1

— |12 9 72
2_: ln2cos <n7T+\/(n7r—|—3)(mT—3)>] T8

n=1

WS €ENG: vIToAoyloeTe Ta dV0 UEAN TG €£l0MONG XWELOTA KOl TUITOGTE AUTA
KOD®G kot Tn Stapod Toug (TTov Ya TTEéTeL va TAnGLALeL 6To 0). £Tov VITOAO-
yioud Tov adpolouatog de Ya deete PUGIKA AITEROVS GEOVG" VO GTAUATAGETE
GTOV TEOTO 60 TTOV £fvon KAT AITOAVT TWA WKE\OTEEOS aTtd 1077,
Na etaindevocete ot
oo
1

= kb5

WS €E€1g: VITOAOYIGTE T HV0 UéEAN Tng e€lcwong ko Peelte Tn Siapoed Toug (n
0JTol0L TTEETTEL VAL EVOL TTOAD «ULKEN»).

Ymoberén: o ddpowoua Sev wiropovue, QUGIKA, Vo TTAQouue AITELQOVS GROUG.
No GTaUATAGETE TOV VITOAOYIGUO TOU GTOV TTEAOTO OQO Ue TWH WikEdTEQEN ATt
10~

Na vIToAoylGETE TO T OTTO T GYECN

k
”*32 k+1/2 3k+1/2 :

YTov VTTOAOYIGUO TOV 0EOIGUATOC SEV LITOQOUVUE VAL TTAQOUUE ATTELQOVS OQOVG.
No GTORATAGETE GTOV TTEAOTO 60 TTOL £xelL aTTéAVTN TWh wWKrEdTEEN agtd 1078,
ITowa Tun Beiokete Ko TTOGOUS OEOVS XENGLULOTTONGATE GTOV VITOAOYLGUO TNG;
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31

32.

33.

34.

35.

ATo ta Madnpatikd yvwicovue 0T

™
4= i

O0TToV
R k\?
O
n = n
Avtd onuaiver OTL ylo UeydAeg TWES TOV n TO f, Telvel 6To /4. YTToAoyloTe
10 f, yia n = 10° ko Beeite OGO Srapper amd To 7/4.

O Svabikos alyopitduog yio Tov JTOAAITTAAGLAGUO V0 aKEQULWV €XEL WS EENG:
oxnuaticovue §V0 GTAAES Ue eTTIREPAMG TOUS Vo apuovc. Kade apuiudc tng
TTEWOTNG GTRANG €lval TO OKEQOLO UEQOGS (TTNATKO) Tng Stalpeong Ue To 2 Tov aue-
ow¢ TTEonyovuevoy Tou gtn ¢tiin. Kdde apuiudg tng devtepne otning eivan
TO SITAAGLO TOV OUEGMS TTEoNYoUUEVOD Tov GTh GTRAN. Ot StanpE€aels/TToANaL-
TAQGLAGUOl GTIS GTAAEG GTOUATOUV OTOV GTRV TTEAOTN EUPEOVIGTEL O aAQLIUOg
0. To ywouevo tov 800 aQykov apuwyv eival To ddpolcuo Twv aQuiywy Tng
deTePNS GTAANG TTOV AVTIGTOLYOVUV GE TIEQLTTO AQLIUO GTNV TTEWTN GTAAN.

TFpdwte kOSika TTOL Yau déxeTon AT TO YENGTN SVO aKEQEALOVG, da VITOAOYICEL
TO YWWOUEVO TOUGC UE TO GUYKEKQEWEVO aAyopduo Kol Jo To TUITTWVEL.

TFpdwte TEAOYEAUUa TToU va BElCKEeL TIC TELASES SLASOXKOV TTEMOTOV AELILWV
1oL Slapépovy katd £51° BnAadh ol p, p+6, p+12 va eivar Sladoykol TEMTOL
aEuiuol) Kot va TuTTVEL To WKEITEQO. ITeQLoQiaTelte GTOVC TEWTOVS TTOV elvor
wkEoOTEQOL At 10000.

TFpdwte k®Ska TOL va JTORAYeEL 120 TUYOLOVS AKEQEOLOVS aEWIUOUS GTO Sid-
otnua [—100, 100]. MeTpriate TtoGoL aTtd avtovg elvan JeTikol Kot TTOGOL apvn-
TKOL.

Ymobeién: Two tnv TToQAyoyn Tuxalmv oQudu®y XENGLWOTIONGTE TIC KAAGELS
oto <random> (§2.20).

Amé ta Madnpatikd yveoeitovye 0Tl 1oyVeL

k(5k + 3)(2k — 1)Ik!
”_3+22 2F—1(3 + 2)]

XENGWOITOINGTE TNV TTAQATTAV® GXEGN YO VO VTTOAOYIGETE TO 7 UE aKQEIPeLa
107% awtd cnuaiver 6TL GTov VITOAOYIGUS Tov adEolGUATOS Ta GTOUNTAGETE
GTOV TE®TO ORO TToL elval WkEdTeEog arrd 1075, Tuykpivete To asotéAecud
GOG UE TN «GWOTA» TN,

Ymrodei&n: Xtov VITOAOYIGUO GAG 1Itoeelte vo Paclatelte 6To Tl 0 kdde 6Qog

GTO AYQOLGUO TTROKVITTEL ATTO TOV ITEONYOUUEVO UE TTOAAAITAAGLOGUO KOATAA-
AnAng srocoTnToc.

Shttp://oeis.org/AQ47948
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37.

38.

39.

40.

Evtoldéc emravalnyng

O detkdc aképarog 65728 uiropel va ypapel wg dipotaua 00 KUPwV (AKEQALWV
VYOUEVOV TV TETN) ue wovo Vo TEOITOVG:

65728 = 123 + 403 = 313 + 333 .
To (8o 1oyveL kKo Yoo Tov 64232:
64232 = 173 + 393 = 263 + 363 .

Boefte’ to wkedTepo k Tovu kavoTtolel tn Gyéon k = i3 + 53 ue 800 Kol wévo
dvo drapopeeTikd cevydoa i, j. Ta i, j, k etvon detikol aképarol pe @ < j < k.

Agtdvtnon: 1729 = 13 + 123 = 93 4 103
IToAAol TreprtTol axképarol apuyol LIToQovv va yea@Touv ¢ dipoloua evog

TEOTOV aEWuol (M Tov 1) Kol Tov SWTAAGLOU KAITOL0U TETEAYMVOL Un unde-
VKoV auipov:

= 14+2x1?
3+2x12
1+2x22=7+2x12
15 = 7+2x2°
27 = 1942x22

Boelte Toug mmp®Toug TEVTE deTikovg TTEQLUTTOVS 0pduovc stouv AEN elvan (Got
ue €va T€Tolo ddoloual.

Agtavtnon: 17, 137, 227, 977, 1187

"Evag aképaiog apuiuog ue n wnelo yoQaKTNEICETOL S TTOUPAPLOC AV TTEQLE-
xeL OO Ta Yneio agtd To 1 ®¢ To n akEP®OS ulo @oed. ILy. to 3142 elvow
TOUYPAEPLOC TEGGAE®V Ynelwv. Beelte Tov ueyoAUTeQo TTOUPnelo TeGGAQwV
Yneiwv ToV €lvol TTEOTOC.

Agtavtnon: 4231

ApuWudg Goldbach Adyetan €vag dETiog FeTIKOS AKEQOLOS TTOV UTTOQEL VO YQOL-
eel g ddgowgua dVo TEQLTTOV aQWU®OV TTOU €lval TIEMTOL. LUU@®OVO UE TRV
vTtodeon tov Goldbach, kdde dETIOC AEWUOS peyaA)TEQROS TOv 4 glval TETOLOG
auude. AelEte OTL LGYXVEL YO TOVGS AQTIOUS OKEQEOLOVS GTO Stdatnua [6, 10000].

O avdoeTeo@og eviog deTikov) aképarov elvarl €vag dAAog apuiudg ue ta (Gia
ynela e avdoteopn celpd. Ily. o avdeteogog tov 529 eivaw o 925, o avd-
GTEOPOC Tov 910 elvon o 19.

7https ://en.wikipedia.org/wiki/Taxicab_number
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41.

42.

43.

Kdarolwor detikol aképaror apuiuol €xouv tnv €&ng Widtnta: o dipolcua Tov
oeuuov KAl Tov avdeTEOoEOV Tov elval aELILdS Tov TA WPnelo Tov elvorl TTe-
orttol apuiuol. I1.x. 409 + 904 = 1313. Ag ovoudcouue Toug apuiuovg ue avtn
TV 180T AVACGTREWLLOUG.

TFpdyTe KWSWKA TTOV VA TUTTOVEL GTRY 0TV GAOVGS TOVS AVAGTEEWLLOVS aQLd-
wovg ugyet to 100.

O apuWudg 12 umopsel va yoamel oS YIVOUEVO OKEQAIWV UE TIC LOREPES 2 X 6,
3 x4, 2x2x 3.0 opuol ge kADe ywwouevo aIToTeAOVV TOUS SLALRETES TOV
ooV apuWuov. Xtnv teAsvtalo LoEen, ov Staupetes elvarl TewTol agiuot
(Sraupovvtal akEPOS wévo amd To 1 Kol Tov €0VTO TOUG).

TFpdwTte TTEAYEAUUA TTOU Yo déyeTan €va aképoto aQuiud astd To XERGTN Kol
da tov avaAver e ywouevo TtV Siapet®dv. To sedypauuna da TuTtadvel
Toug StuEETes G ulo ypouun atny oddvn, ye €va kevd petagd toug. ‘ETat, av
dwoovue 12 Ja meéTel va TuTtwceL: 2 2 3, eve av SwGouue TTEMTO auiud, ..
13, Ya tuTtwoel pévo €va drowpétn: 13.

‘Eoto f(z) wo cuvdetnon movu elval un apvntikin 6to didetnua [a,b]. "Evag
TEOTTOG YLOL VO VITOAOYIGOUUE TO OAOKANQ®UA

[ 1@,

dnAadn, to eufadlov kAT amd Tnv KAUTTUAN tng f(x), elval o €Eng: eTmAE-
yovue €va ueyddo oouiud astd tuyata onueia (x4, y;) (GnAadn tuxalo z; ko
Yi), OUOLOLOQMO. KOATOVEUNUEVO GTO ITAQAAANAGYQOUUO TIOU QITOTEAE(TOL AT
ta onuela (z,y) we a < =z < b, 0 < y < max{f(z)} . To max{f(z)} elvar n
uéyiotn i tng f(z) ato [a,b]. Metpoue 6ca cnuelo elvar kdtw OaTd TNV
KOUTTOAR ¥y = f(x) 1 akePOS TTAve Ge avTh (SnAAdH avTd ylo Ta 0TTolo LoXVEL
yi < f(z;)). To TAMbog otV TTEOS TO0 GUVOAIKS aEWUd Twv cnuelwv etvor
TEOGEYYLGTIKA O AOYOS TOU GUYKEKQLUEVOU OAOKANQWUATOS TTEOS TO eUPadov
TOV TTAQOAANAGYQOUULOV.

TFpdwte €va meoypauua Tov Ja VITOAOYICEL e AVTO TOV TEATIO TO OAOKARQ®UA

2
/ 22 dx .
0

Ymobeién: Two tnv topayoyn tTuxalov oQuiumy XenGlwoTIoNGTe TG KAAGELS
oto <random> (§2.20). Ayvongte TO YeEYovog OTL Sev UTTOREL VO TTROKMPEL WG
TUYOlo TWA TO Ave 0QLo TOU SLAGTARATOG.

Ta k€puata Tov evEw €xouv agla 1 Aemtd, 2 Aemtd, 5 Aegtd, 10 Aemtd, 20
AeTrTd, 50 AcTrtd, 100 AcTiTd (= 1€) Rou 200 AcTrTd (= 2€).

"Evo. GUYKEKQEUWEVO TTOGO UTTOREL VO GYNUATIGTEL Le GUVEVAGUO SLAPOEWV KEQ-
udtwv. IIécor elvaw dAor o Guvdvacuol TTov €xovv agio 300 AeTTOV;
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45.

46.

47.

Evtoldéc emravalnyng

Ymobeén: Tlpopavwg, kdde cuvduacuog da €xel to JToA0 300 KEQUATA TOU
eVOS AeTtToV, 150 KéQUATA TwV dV0 AETTTAOV, 60 KEQUATO T®V 5 AETTTOV KATT.
Yynuatiote GAoVS Toug SuvaTtovg GUVEVAGUOVE KAl LETERGTE AGOUS £X0UV agia
300 AETTTAOV.

Agtavtnon: 471363

[Tpdtog Adyetanl €vag JeTkOS OKEQEALOG, UeYaA)TEQOS aTto 1, TTov Srapelton
OKQEPOS wovo amrd Tto 1 Kol Tov €0t TOL: TETOLoL €lvan ol 3,5,7,11,13, .. ..
Aidvuor wpdTor aguiuol elvarl T Cevyn TOV TEOT®V AQUIL®V TToU SLPEQOuV
katd 2: té€tolol elvan o (3,5), (5,7), (11,13),....

Boelte 1o ddpowoua Tov avticTeo@mv Twv Siduuwv TTEOTOV aQuiu®v:
St () () ()

—~\p p+2) \3 5 5 7 11 13

To p 610 dYpowGua elvar To TTEOTO UEAOGS KADE Cevyoug SIBLUOV TTEWT®V.

To dBpowcua avtd €xer memepaocuévn tun, tn ortadepd Brun (= 1.902), av
VTTOAOYLGTOUV OAa T Cevyn Siduvuwv TedTwv. Ecelg, 6Tov vIToAoyioud Tou
adpolouatog Adfete vITdwn uovo Toug SIGUVLOVS TTEWTOVS TTOV elval UWKEATEQOL
agté 100000.

Boelte 10 wovadikd JeTikd aKEQALO TTOV TO TETEAY®VO TOL glval SERAPRPLOG

eTIKO Ge kAde Déan).
Amavtnon: 34934

Toeig YeTkol axépanor aErduol a, b, ¢ TOL KavoTTOVY Tn GYéon a? + b? = c?

astoteAovv ulo ITudaydpela tuddo. YTrdpxel uio Tétola Teudda (e a > b) yia
v otola wyvel a + b+ ¢ = 1000. Beelte tn.

Ymobeign: Marogouvue va mtapaydyovue wa ITudaydpsia toudda astd Svo omot-
OUGONITOTE OKEQALOUS M, N, UE M > n, GYMUATICOVTAS TOug aQWuols a =
m2 —n2, b=2mn, c=m?+ nZ.

Agrdvtnon: (375,200, 425)

Na ypdawete TTdypauua TTou vo emaindevel Tov TUTTO

i s 1 i 1 0 1

— =3 E — 4 - - -

24 — n(e"m —1) Z n(e?m™ —1) * Z n(edn™ — 1)
n=1 n=1 n=1

Na Setgete, dnAadn, OTL To 8e&l u€log €xel TN TTOAD KOVTA GE OUTH TOU
apLoteQoV uéAoves. Na ctapaticete tnv pocdecn dpwv ce kdde dbpoitcua
UWOMS GUVOVTAGETE TOV TIEMTO TTOV £lvall WKEATEQROS KAT ATTOAVTR TR ATtd
10712,
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48.

49.

50.

Sl

"Evag detikog aképarog apuiuds ue n wnelo mov eivar (Gog ue to dipotcua
TV Suvduemv TAENS n TV Yneiov tov, Aéyetor aQududg Armstrong. ILy. o
apWudg 6 eivar Tétorog kadis 6 = 6. O apWudg 371 elvan emiong auiudg
Armstrong a@ot 371 = 33 + 73 4+ 13,

TFpdwte TTEOYEAUUA TTOV VO TUITTWOVEL OAOUS TOUS auiuovg Armstrong UEyQL TO
10000 otnv oddvn.

"Evag detikdg aképarog apuiuds mov elval (Gog ye To ddpoloua TV TTaQoyo-
VIIKOV TOV Yrelov Tov, AEyetal toxveos aptducs. ILy. o apududs 145 elvan
Tétolo¢ Rowg 145 = 1! + 4! + 5!,

TFpdyTe TTEAYEAUUO TTOV VAL TUTTWVEL 3TNV 0J0vn GAOVGS TOUG LGYLVEOVS AEWLOVS
uéxet to 100000.

Boelte ko TumtwoTe gty oddvn JToloL Unves Twv £T®v 2000-2020 elyav 5 Ku-
QLOKEG.

Ymobeién: Evkola TTookUTTTEL OTL €vag unvag €xel 5 Kuplakég av

e £xel 29 nUEEES KAl N TTEAOTN ToL unvog eivor Kuplokn.
e £xel 30 nuépeg KAl n TTEATN N n detepn Tov unvog eivar Kulakn.
e £xel 31 nUEQEES KO N TTEATN N n devTepn 1 n TEITh TOL Unvog etvon Kuplok.

Oa cag yeewctel 0 alyopuog tou Zeller (Goknon 8 otn ceAlda 71) kou o
aAyouog tng doknong 9 atn ceAida 71).

Méca ce €va doxelo €xovue 150 dompeeg kow 75 pavees umides. Toafovue
TUYalo cevyn uItMov aItd to doyelo.

e Av ol 800 ugtiMeg elval AoTEeg KEATOUUE TN Uiol €50 KoL ETLGTEEPOUUE
Tnv dAAn gto doyelo.

e Av ol 8U0 uTtiMeg elvon poEeg TS KEATOUUE Kol TS dV0 €£w aIrd To
doxelo alld Tpocditovue ulo dorten umida gto Soxelo.

e Av glvon wio doTren Ko wio Loen KEAToUUE TNy AoTIEn €5 Kal ETILGTQE-
@ovue T poven gto doyelo.

H Swadikacio avti guveylteton uéy ol wov aougvel wévo uio uatiha gto doyelo.
T yooua €xel oVt n UItidoy

Agavtnon: Maven

Ymobeién: '"Eato 0Tl 6 kdde emmidoyn ustidiwv, W etvor 1o TARYog Tov deTtomv
kot B to mAndog tov puavpnv urtiMov. EAggte dvo tuxalovg, Stapopetikovs
aképaroug Gto [1, W+ BJ. Av évag tuyatog apududg eivar wkedtepos N (Gog ue
W, éxete emAégel doon Umidlo, aAM®S eTAEEQTE waven UItiAaL.
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52. Toug YeTikoVS aKEQALOVS Ue TO TTOAD 7 Ynela Toug yweltovue e dVo GUvol:
GTO €val €lval Ol OKEQOLOL TTOV GTO PNl TOUS LTTAEYEL TO 1 TOVAd)LGTOV Wia

@OQEA KAl GTO AAAO ol vItoAotTtol. ITowo eivar to TANYOS TV GToeElwv KAde
GUVOAOU;

Agravtnon: 5217031, 4782968
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AravVocuoato-IIivakec-Aouég

5.1 Ewsaywyn

Katd tnv vItoAoYIGTIKAL OVTILETOITLON £VOS TIEORANLATOS TTAQOVGLALETAL TTOAY
GUXVA N avAyYKN Vo aItodnkeVGOVUE KoL VA XEWRLOTOUUE €val TTAMDOC TTOGOTAT®YV,
dlov N drapopeTikoV TVITOV. Me Bdon Toug JepueMwdels TUITOVUG TTOV TTAREXEL Wl
YAOGGO TTROYQAUULATIGLOV WITOEROVV VO 0QLGTOUV dAAOL, GUvIeTOL TUTTOL, Ue KATAA-
ANMAO TEOTIO WGTE VO AVAITAQLGTOVUV €VVOLES TOU TIRORANUATOS UWOS I VO OVTOITO-
KQEIVOVTOL GE OVAYKES TOU TTEOYQAUULATOS wag. Mo GlUyyeovn YAWGGA TTROYQOULOL-
TGOV TTAREXEL OOUES KATAAMNAES TOLAAXLGTOV ylo TNV OaJtodnkevon kol eUKOAn
TEOGTEAAGN oUoeldV TTOGOTRT®WY. H C++ TTaEéxeL, €(Te EVOOUATOUEVA €(TE UECW
tng Standard Library, tAndwopa 1€tolwv doudv, ue SlapopeTikés 1810TnTeg n kdde
wla. Evdewktikd, otn C++ umopovue va asodnkevcovue mocdTntes (Stov TUITou
ue Suvatotnta Tuyaias srpoarrédacng (Snladn, wEOGRAGNS GE OTTOLAONITOTE TTO-
GoTNTO AIT0 AUTES GE (GO XEdvo) N TayvTatng avagntnong. Mmopovue emiong va
YXONOWOTONGoUUE SOUES ue SuvaTdTNTO TTEOGINKNG N ApalpeaNS GToLXElwV. Oa TIg
TreQrypdypovue avalutikd oto KepdAalo 11.

Y10 TEEY0V KE@AAao da avagpepdoivue ce dVo doués opadorroinong OUoLwv TTo-
GOTNT®WV Ue duvatdTnta TuYAlaS TTEOGTIEAAGNG: TO std: :array<> asd to header
<array> ki To std: :vector<> asto to header <vector>. Xe gUykplon pe Tig avti-
oToleS doués TTov KAnpovoundnkav amd th C—10 eVeOUATOUEVO GTATIKO Stdvucua
KO TO duvauko didvucua, £€xouv OAES TIC SUVATOTNTES TOVS, TTOAAD TTAEOVEKTALOTO
Kol dev vaTEEOVV aTd avtég oe TayvTnta. Kadwg Ja delte e kwdikes va xonouo-
TTolovvToL oL TTaAaEg dougg, da Tig meprypdypouue guvoTtTikd. Kadd elvan vo unv
BaciceTon VEOG KOOIKAS GE QTEG.

H C++ gtapéyel emamAéov tn Suvatotnto va ouadoITONGOVUE TTOGOTNTES Slol-
@OEETIKOV (1N kA (510V) TUTTOV YENGWOTIOLWVTAS T Sourn (struct), wov Ya dovue

99



100 Awavvcuata-Ilivakeg-Aoués

TOQOKAT®, KOL TNV ETEKTACN TG, Tnv kAdon (class), Tov Ja avasrtiLovue GTO
KepdAaro 14.

5.2 Awdvvoua

"EGT® 4Tl GTOV KOOWKA LOG YEEWLOUAGTE TIS TTEVTE TTEMTES Suvduels Tov 2. Mito-
eovue va oploovue 1GdEWLeES aveEdpTntes GTadepes TTOGAHTNTES Yyia VO TS aTtodn-
KeVGOUUE:

constexpr int po2_0{1};
constexpr int po2_1{2};
constexpr int po2_2{4};
constexpr int po2_3{8};
constexpr int po2_4{16};

Av Yedicovue va TS TUTTOGOUUE GTnv oddvn Ja TTEETTEL VO SOGOUVUE TIC TTOQAKAT®
EVTOALG:

std::cout << po2_@ << '\n';
std::cout << po2_1 << '\n';
std: :cout << po2_2 << '\n';
std: :cout << po2_3 << '\n';
std: :cout << po2_4 << '\n';

Tt Ja kdvaue av yEeLOLOUOCTE TIS TELAVTA TTEMOTES duvduels, dev elval TTEO-
KTIKO VO KAVOULUE TELAVTO SNAMGELS oUTe elval eVENoTeS lGAQuues aveEdpTntes
Togdtntes. I1Ipo@avag XEeLaLouacTe KATIOL0 EVTOAR £TTAVAANYPNG.

Y1nv weocItddela vo EKTEAEGOUUE TIS TTARAITAV® EVTOAEG Ue )0, da wiropovce
VO GREPTEL KOVEIG OTL 0 KWOOIKAG

for (int i{Q}; i <=4; ++i) {
std::cout << po2_i << '\n';

}

To eTmiTuyydvel. O kOdkag dev €xel AdDog GTn GUVTAEN, TIROGEETE OUWS TNV EVTOAM
TOU eITavalaupdveTon: elvol n eKTUTTOON TNS (WIOG) TTOGOTNTAS Ue OVoud po2. i Ko
Oyt Twv po2 0, po2_1, kATT. O UETAYAOTTIGTAS SEV KAVEL AVTIKATAGTAGN TOV i GTn AEENn
po2_i. Aev vTTAEYEL N SBUVATOTRTO VAL PEQOVUE TIG EVTOAES TTOU OLPOQEOVV AVEEAQTNTES
TOGATNTEG GE KATAAMNAN LOEEN Yia EVTOEN GE EVTOAML ETTOVAANYNG: TTEETTEL VAL TLG
yodwouue wia—uto. To (8o 1oxvel kKow yia TOV 0QLGUO TETOLWV TTOGOTAT®V: SV UTTOQEL
va amAogtomndel aiteQal.

H C++ pag diver tn duvatdtnta vo SnAOdcouue wio ouddo GYETILOUEV®OV TTOGO-
TATOV ue ulo evioAn, wg éva aviikeluevo. O TedTTOC TToV Ja To KAvVouue SLaPEQEL,
0G0V a@oEd Tn doun JToV Yo YENGYOTTONGOUUE, AVAAOYO UE TO GTAOLO (LETAYADT-
TION N EKTEAEGN TOVU TIROYEAUUATOS) KATA TO OTOl0 yiveTow n d€auevon Wvnung yiao
TO GUVOAO T®WV GYETLLOUEVOV TTOGOTNT®WV. 'Eva gUvodo GTotyelwv (Sltov TuTTOU Y0I-
EAKTNEICETOL WS GTATIKO OV TO TTAMIOC AVTOV €vol YVOGTO KATA TN UETAYADTTION,
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dev groKelTal Vo AAAGEEL KATA TNV EKTEAEGN TOU TTEOYQAUUATOC, KOL TO GUVOAO dn-
WovEYELTOL KATA T UETAYAWTTION. X& KAde AAMN TTEQITTTWON OVOUALETOL SUVAULKO.

H yAwooa maeéxel yia yevikin xonon Vo Souég: ugtopovue vo eTAEEOVUE Ue-
TOEY Tov std: rarray<> Kol Tov std: :vector<>. 'Eva std: :array<> Snuovgyesiton
KOTA TN UETAYADTTION KOl §eV €TMITEETETAL N AAAAYR TOU TTANTOUS TV GToLXElWV
uetd tn dnwoveyla Tov. Eivar emwouévog katdAAndo yio ototikd Siavocuato. ‘Eva
std: :vector<> dnulovpyelton KATA TNV EKTEAEGN TOV TTEOYQRAULOTOS KOl ETTLTEETTE-
T N TEOGINKN N apaipeon GToyelwv Ge AUTO. YAOTIOE! ETTOUEVWS SUVAUKA Sto-
voguato. Mo texvikin Stopod TTou TTAROVGLATETAL ETTIONG, €lvol OTL WITOQREL VoL etvol
TILO YEIyoEN n Ieocfacn Twv Gtolyelwy e std: :array<> wopd oe std: :vector<>.

5.2.1 Xtotkdé Avdvvoua

H C++ uag diver tn duvatdtnta va Sndocouvue wo oudda IToGoTAT®V (dlov
TOTOV, Ue TTAMDOC YYWwGTO KATd TN UETAYADTTIGN KOL GTAIEQO GE OA0 TO TTROYEAUUA,
XONOWWOTOLWVTOGS TO std: :array<> amd 1o header <array>.

AnAwon
H SnAdwon €xel tn yevikn woeen
std: :array<tomog,mAndoc> dvoua;

O «T0T06» UIToEel va elival ogtoloadngtote (OxL uovo depeMadng). To «wAndog» eri-
TEETETAL Va elva

e wia axképon oradepd,
e wa aképoun aradepn rocoTnta (Gnlwuévn wg constexpr),

e wa €keEacn, pe davin KALGn GuvaETNGewv constexpr (§7.12), Tou €xel ake-
eoun TWH, YVOGTA KATA TN UETOYADTTION.

Me Tnv TaEAIdve eVToAn Snuwovgyovue uia mocdTnto, cUvIeTn: astoteleliton
aTtod GuyKekQWEVo TIAY0GS GToelmv, cuykekQuévoy TUTov. Elvan €va Stdvucua
TOL €XEL TAL GTOLYEIOL TOV GTN GEWRA KoL €xel BUVATOTNTA TUYAIOGS TTEOGITEAACNS GE
avTd, yeewdceTat, dnAadn, Tov (8lo yeovo yia Thv JTEOGRACN GE 0ITOLOSHITOTE AT
ovtd.

INoeddetyua

"EGT® 0Tl G€ KATTOL0 TTEOYQOUUA WS XQELATETAL VO XEWQLOTOVUE TIC UEGES TeQuo-
KEAGlES kKADE NUEEAS, GE €val TOTTO, YL U GUYKeEKQEWEVN eRSoudda. Mitopovue
va dnAwoouue To Sidvucuo Ue ovouo temper wg EENG:

std: :array<double, 7> temper;

Evvoeltaw 611 Yo €rovue ouurtepuddfer gtnv agyn Tov KOSkA uag to header
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<array>, U€ KaTdAAnNAn evioAn #include.

H SnAwon evog Stoviouatog UITOEEL va yivel TauToypova ue dAA dtovicuata,
{6loc SidoTaong ko TUITOV GTolxelwv. Ily. n Srilwon

constexpr int n{5};
std: :array<double,n> a, b;

dnwovgyel §vo Teayuatikd Stavicuata 5 gtotelwv ue ovopata a,b.

Y1n SNAWCN OTT®WGS TTOQOVGLAGTNKE €81, TOL GTOLXElDL TOU SLavUGUOTOG, av glival
YeueMwdoug TUTTOL, €X0VV AITEOG6LOPLGTN TIwH. Av glval TUTTOV TTOV 0QEICETAL GTn
Standard Library (ektdg Tov std::array<>) n tomov Jtov €xel dSnutoveyndel aird
TOV JTROYQAUULATIGTA Ue TTeoadlogiousvo default constructor, AITOKTOVV TNV JIQOKA-
Yoplouévn Toug TN,

Agykotroinen

Av egmmiugovue va Snuovpyncovue SAVUGUO KoL TOVTOXQEOVO VO OITOSMGOVUE
GUYKEKQUEVES TWES GTA GTOLYEI0L TOV, TIEETTEL va, TTORAYEGOUUE TIG TWES GTN GELRA
ue tn pwoeen Alotag katd tn SnAwon: TtepikAelovue dnAadn, evtog aykictowv {}
T0GATNTEG Ue TUTO (B0 Ue T GgTotyelo Tov Staviouatog (L THITO TTOV VO UITOQEL
va uetateattel ge avtdv). EmmAéov, ta gtoyxela tng AMlotag dev meémel va givon
TEQLOGOTEQO aTtO Tn SidoTtacn Tou Swavicuatos. Av saatidevion Aydtepa, To
vTtoAowTta Yewpovvtan 0 (LeTATEETIOUEVO GTOV avtiGToltyo TUTTo). ILY.

std::array<char,4> letter{'a', 'b', 'c', 'd'};
// letter[0] = 'a', letter[1] = 'b', letter[2] = 'c¢', letter[3] = 'd’

std::array<int,5> prime{2,3,5,7}; // prime[4] = ©
std::array<double,10> a{}; // a[0]=a[1]=...=a[9] = 0.0

EVaALOKTIKA, LITOQOVUE VO SNUOVQEYRGOUUE SLAVUGULO WS avTiyeapo dAloy Sia-
VOGUOTOG UE TOV €ENG TEOTTO:

std::array<int,5> a{1,2,5,7,8};
std::array<int,5> b{a};
auto ¢ = a;

Y1tn devtepn evioAn Snuoveyovue to didvucua b aviypdoviag oAa Ta GTotxeia
aTto dAAo Sidvuaua a, idltov TVITOV Ko TARYoUG GToLElwV. XTnv TElTN, SnuovEyovue
TO ¢ ue 6o TuITo, MANYOC GTotKElwV KAl TWES OTTWS O a.

IHedéoPBaocn cta oy eia

[TpdcPacn ato GTotyela evog Stoaviouatog €xovue av BAlovUE Ge OYKVAES UeTd
TO dvoua Tov Stavdouatog, €va aképawo ueta&v 0 kat D—1, émwov D 1o mtAndog
gtoyelwv (n Sidctacn). To TE®TO, SnAadn, Gtoyelo Tou dloviGUOTOS €lval GTn
Péon 0, to Sevtepo atnv 1, to Tedevtalo otnv D—1. Ilpocggte dtL av Swcouue
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OKEQEOLO EKTOS TwV 0Ql®V TOu Trivaka, SnAadn wkeoTeQo aitd to 0 N ueyaA)TeQo
agto D—1, e da dwayvoetel g Addog agtd Tov compiler.
IMa to Sidvuoua Tov SNABVETOL OG

std::array<double, 7> temper;

TO TEWTO GToelo elvar To temper [@], To devtepo elvar To temper [1], evo TO
Televtalo elvor To temper [6]. Me autd To «OVOUOTO» GUUUETEXOUV GE EKPQAGELS
KOL GE AUTA TO OVOUOTO YVIVETOL N EKYDENGN TWAG.
H exyooenon TWwov 6Ta GTotelo Tou UIToeel va yivel, LeETAE) AAADV TEOTT®V, ®S
eENG:
* UE EEXWOELOTES EVTOAES ERYWDOENGNG
temper [4] = 13.6;
temper [5] 15.0;
temper [6] 16.5;

e ue avayvoon astd To TANKTEOoAdYLo (L ayelo)

std::cin >> temper[Q];
std::cin »>> temper[1];

e ue ekyopenon dAAov array (dtov TAndoug GToyelwv

std: :array<double, 7> temp;
. // give values to temp
temper = temp;

* ue kAon tng cuvvdptnong-uéAovg £fill() ue dpwopua cuykekpwevn twn. H
KAGn

temper.fill(12.6);

ek wEel e OAO TO GTOLKElOL TOV temper Tnv Twun 12.6.

Me Bdon ta Taamdve, av délovue va VITOAOYIGOUUE TO UEGO OQO T®V TELOV
TEWTMOV GTOYEIWY TOV temper TIEETEL VO YOAAPOUUE TNV EVTOAR

double mo3 { (temper[@]+temper[1]+temper[2])/3.0 };

H exTOTTOoNn Tov TWoV TOV GTOElmV YIveTol Ue EVTOAEG GOV ThV

std::cout << "The temperature on Wednesday was
<< temper[3] << " deg. Celsius\n";

O std::array<> elvaw container tng Standard Library kou uitopoiv va xenct-
woTtondovv Ge avTOv OAeC oL SUVOTOTNTES TTOU TOQREXEL QTN (TT.Y. aAyoeLduol).
Ecwtepikd, elval «kEAVEMOC» Yo TO EVGOUATOUEVO Stdvucua TTov kKAngovoundnke
agto tn C. Xe malodtepous kwdkes da Selte va yonoyoirolelton avto astevdelag.
XQEELACETOL GUVETIOG VAL TO TIEQLYRAWOUUE GUVOTITIKA TToQaKkdTw. ‘Oumg, dev vItde-
XeL KavEvag Adyog va yenowosotovue astevdelag to evowuatouévo Sidvucua. O
std: :array<> €xel UOvo TTAEOVEKTAUATO EVOVTL QUTOV.
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5.2.2 Evoouatewuévo GTaTikO dtdvucua

H 8nAwon evoouatouévou SLovOGUATOS UE OQXKES TWES, GULMP®OVO LE TO W)OL-
viouo TTov KAnpovoundnke amd tn C, €xel tn yeviki Loeen

TUTT0¢ Ovoua[mtindog] AMota Twov};

I Tov 0QLeUd AT LGXVOVV OGA €XOVUE OVAEPEQREL YL TO std: :array<>. 'Etal, 1o
TANY0Gg TTEETEL VO elvall OKEQEOLO, YVWOTO KOTA TN UETOYADTTION, KOL N AMIGTA aQ)L-
KOTTO(NGNG UITOQEEL VoL TTOQAAEITIETAL OTTOTE TA GTOLXELOL TOV TIIVOKA £XOVV AITROGOLO-
oloTn TWi (av elvan YeueAwdouvg TUTTOV) N 0 Av 0 TVTTOGS ToUg opiceTon gtn Standard
Library (ektog TOU std: :array<>).

Av Ttapadétovue MOTO 0QXIKOV TWOV GTh SAAOGN, UITOQOVUE VO TTOQAAENPOLUE
va Tpoadlopicovpe pntd to TAndocs. Oa vitoAoylatel aItd Tov aEUIUd Twv GTolyelwv
¢ MoTtog kow To Stdvucua da Snwovgyndel ue avtd to TtAndoc:

T0T0og Ovoual] {twno, twnl, twn2, twnd}; // 4 croyela 6o dvoua

Av mpoadlopiatel ko n Alota kow To TARBog, Ja TTEéTEL n AloTa va €xeL TO TTOAD
10O GTOLXElDL OGA KAl TO Sidvucua. Av €yel AMydtepa, GuUITAnQwvovtol ue to 0.

YUUe®va Ue Ta TOQATIAV®, N SNAMON TNG UETAPANTASC a S EVEOUATOUEVO S1d-
vuoua yio 15 ITeayuatikovg yivetor og eENG

double a[15];

H 8rlwon pe amddoon TeGGAQ®MV OKEQOLMV OEYIKWV TU®V GTOV TIVOKA UE Ovoua
b elvon n

int b[] {3,4,9,12};

‘0,11 avagépaye yio Thv atouiki (0xL w¢ GUVOAO) TTEOGTIEAAGN TWV GTOLXELWV GTO
std: :array<> 1GYVEL KOL YL TO EVEOUATOUEVO Stdvucua. Aev vITdyel n SuvatoTnTa
ERYWDENONG €VOS SLaviouaTog 1 wog MoTtag oe Sidvucua.

Evoouatouévo didvocuo ko Seikteg

H apuuntikni Seiktov (§2.19.2) elvor xpnown Gtny wepiIttewon TTou EKY®ENGOUUE
oe éva Selktn Tn Stevduvon evég GToelov evempatwuévon Stavicuatog!. Téte, n
UeTaKiviion KATA TTOAAATIAAGLO TOU UEYETOUS TOU TUTTOU OGS UETOPEQREL GE ETTOUEVO
N TTEONYOVUEVO GTOLYELD TOV SLOVIGUATOC:

int a[10];
int x p{&a[3]};
int x q{p + 2}, // q == &a[5]

MdAcTa, av woxvel

i std: :array<>, std: :vector<> 1 omowacdimote dAAng Sowig amodnkevel Ta GToyEl
e oUVEXOUEVES DEGELS WVRUNG.
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int a[10];
int x p{&a[Q]};

ToTE N €rk@Eacn *(p+i) elvaw astéAvta tGodvvaun ue Ty a[i] ko, BERara, oyvel
oL p+i == &a[i]. [IpocéEte OTL TlaroTe dev eumodicel va TTEOGTTEAAGOVUE GTOLXELD
TToV Sev avrnkel Gto Stdvucua: avtd asotedel €va TTOA) cuvndcuévo Addog yia
0QXAQELOVG TTROYQAULATIGTEG.

YNUELOGTE OTL TO OVOUO €VOC EVGOUATOUEVOU SLOVUGUATOS €xel Tun, T dlev-
Yuvon tov TTE®OTOL GTolelov Tov. ETtouévwe n ékpeacn ali] elvar astdoAvta 1Go-
duvaun ue tnv x(a+i). Emiong, emitpémetan va yenowoirtomcouue tn dievduvon
0TTOLOVENITOTE GTOLKElOV €VOS Sraviouatos kadws kal tn Sievduven Tov TEOTOV
ogToLyelov UeTd T0o TEAOG TOV.

IMaeddeyua
O ROOKOG

double b[10];

double * p{b};

for (int i{Q}; i < 10; ++i) {
*p = 1.0;
++p;

}

ERYWEEL TWES GE £VO EVEMUATOUEVO GTATIKO SIAVVGUO YENGUOTIOLWVTAS SelkTn
yia va 1o Stateéget. Ioodvvauog ue Tov TTaQAITAVE KOSIKA €lval o

double b[10];

for (auto p = b; p != b+10; ++p) {
*p = 1.0;

}

[Hogatiignoen

H 8pdon tov tedectn sizeof (§2.12.1) Ge evGOUATOUEVO SLAVUGUA, ETTLGTEEPEL
To u€yedog e bytes oAOKAnQov Tov dtavicuatog, SnAadn, To TTANJoG Twv GTol eV
el To u€yedog evog groryelov. ‘ETol GTov TTOQAKATOD KOO

double a[13];
int k { sizeof(a) / sizeof(a[@]) }; // k == 13

SpwVTag KATAANAQ ToV TeAeGTH VITOAOYICETOL TO TANTOG TV GToKElwV Tov Sla-
VOGUOTOG.

O GUYKEKQUWEVOG UNYOVIGULOS VITOAOYLGUOU TOV TTARYOUS UITOQEL val XENGLLOTTOL-
ndel uévo GTn GUVAETNGN GTNV oTolol SNA®INKE TO EVGOUATOUEVO Stdvuaua.
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5.2.3 Avvauikdé Siavucua

Av guidupovue vo Snutovgyncovue €va Stavucuo

e ue wAdog atolyelwv Tov Ya yivel YvwoTd Katd Tnv eKTEAEGN TOU TTEOYQRAU-
UaTOS KO O)L ITLO TTELV, N/KOL

e ue SuvatoTnTo TEOGINKNG N OLPAlEEGNS GTOLYEIWYV,

Ya meémer va yenowoitomcouue dAAo container tng Standard Library kou oyt tov
std: :array<>. O std::vector<> agmod to header <vector> elvow 0 TTANGLEGTEQOG
oTov std: :array<> ®¢ JTEOGC TO XOROKTNELGTIKA TOV.

IMaedderyua

"Ectw 611 9éhovue va astodnkevcovpe €va TTANDOGC TTEAYUATIKOV aQuii®dv TTou
Ya diver o yonotng. IMpogavos da yeeractel didvucuo oAAd n SLAGTAGH TOU
(To WANYog Twv GToElwV Tov) Jev eival yvwoTh Katd Th UETAYADTTIGN 1 OTAV
yed@ovue tov kKodika. Mitopel vo dodel «eEwTepkd», aITd TO XENGTN, ITEWV
apyloel Tnv ewgayoyn aQuiumv. O oxeTikOs kwdkag da etvor

#include <vector>
#include <iostream>

int main()

{
int D;
std::cin >> D; // get dimension
std: :vector<double> v(D);

}

[TpoGEETe GTO TAQRASEYULO TO SLOPOEETIKO TEOTIO 0QLGUOV Tov std: :vector <>
o€ oUYKQLoN ue To std: :array<>. H yevikn wopen tng dnlwaong eivon

std: :vector<timoc> dvoua(rAndog);

To «mtAnYog» umopsel va elvarl gtadepn n uetafAntni TO0GOHTRTA 1 EKPEAGN, TTEOPOAV®OS
UE OKEQOLOL TLUN.

Av 8ev oploovue GuykekQueévn Tun (Ue AloTa 1 Toug AAAOVS TEOTTOUS TTou Ja
dovue ato KepdAao 11), Tta ctoyyelo evog std: : vector<> agtokToUV

e tnv TN 0 (apoV uetateadtel GTov KATAAANAO TUTO) av elvar JeueAwdoug
TUTIOV,

e ool TN €xel Tpokadopicel n Standard Library 1 o TQOYQOUUATIGTAS JTOU
dnwovpynce Tov TUTO Toug, uEGm tou default constructor.
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Katd ta Aowrd, n yerion evog std: : vector <> ue ovoua v etval akeBOS Opota Le
To std: :array<>. To TewTO GTOLKElD €lvan TO v[Q@], To SevteQo elvar To v([1], KATT.
Tig emmuTA€ov SUVATOTNTES TTOV LOS TTOREXEL N KAAGN std: i vector <> (avduesd Toug
T duvatdtnta TEOGINKNC/apaipecng atotyeiwv) da Tic avalvcouvue gto §11.5.2.

Emitpémetan n Sidwon std: : vector <> ue tAMYoc gtoyelmv yvwoTd Kotd tn ue-
TOYADTTION. ‘OUmg, yevikd vaTeRel £vavTt Tov std: jarray<> oe TayVTNTo TEOGHR-
ong ata grotyela. Amd tnv dAAn, av stedkertan To TANYoc Gtolyelwv va uetafindel
KOTA TRV €EEMEN TOV TIEOYEAUUOTOG, TO std: :array<> dev UIToQel Vo XENGLLOTTOWN -
Vel. ITpopavwg, TeplopiceTor n emAoyn wog 6to std: :vector<> (i dAAo container).

5.2.4 Evoouatewuévo Suvautkd dtdvueuo

Av emtidupovue va Seauevcouye KATd Tn StdEKELN EKTEAEGNS TOV TTROYQAUWLOTOG,
GUVEXOUEVO YWEO uvnung yio D gtoyela, TT.). TTEAYUATIKA, UWITOEOUUE VO KAvouue
TO €£1G: KAAOVUE TOV TEAEGTA hew OGTE VA SeGUEVGOLUE UVAUN Yid TO TTARYOS TV
uetapAntov TTov YéAouue Kal vo dnyutovpyncouvue €va delktn KaTdAAnAovL TUTTOU
GTNV OEYN TOU TUAUATOS TnG Secuevuévng uvnung. To véo Sudvuoua TAEOV WUIto-
el va yenowotroindel 0TTwS KoL £va EVOOUOTOUEVO GTATIKG Stdvuoua. 1o TEAOG,
koAeltoaw o tedectng delete[] ®wote va arododel Eovd GTO AelTOUEYIKO GUGTRUA
n Sdecuevuevn uviun. H amodéouevon eivor oA Pactkd va yivetonr Otav TTAE0V
dev ypewdceTon To Sidvucua, kadwg, av dev yivel pntd amd Tov TEOYQEOUUATIGTH, N
deoueuyévn uvnun «XAveTow» yio OAn tn StdEKEL0 EKTEAEGNS TOU TTROYQAUULATOG.

int main()

{
std::size_t D;
std::cin >> D; // get dimension

double * v{new double[D]};

v[o]
v[1] =

v[D-1] =
delete[] v;
O GUYKEKQWEVOS UnYovioUog elval Itio SUGYENGTOS OV TOV GUYKQEIVOUUE Ue Tn

yonon tov std: :vector<> Tov TEQLYyQAWAUE, KLEIMS AOY® TNG OVAYKNG VO YiveToL
entni asodecuevon uvnung. Kadd givor va amoeedyetal n xenon tov.
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5.3 Ilivakag

IToA) GuYVA GE ETGTRUOVIKOVS KOOIKES, ELQPAVICETOL N AVAYKN VO, OLVOLITTOLQOG T -
gouye TTOGOTNTES GE 2 N 3 SLAGTAGELS, TT.Y. GE €VO KOQTEGLOVO TTAEYUOL.

Ioedderyua

"Ectw 61t 9€hovue va emegepyactoue Tig JepuokQaaies evog TOTTOU Yo KAde
NUEEA. GUYKEKQWEVOU €TOUG. AUTEC UTTOEEL va wag SivovTol ue Tnv JTaQOKAT®
woQepn

Huépa | ®epuokpacia (°C)
1 5.0

2 7.5

3 6.4

157 19.1
158 21.4
364 4.5
365 7.0

O nuépec apuovvtar attd to 1 €wg To 365.

IMopatnenote OTL ylo va ITRocdlopicovue U GUYKeKEWEVN depuokpaacio
TEETEL VO YVWEICOLUE GE TTOL0L yeauun etvor, SnAadn Ge JTolo NUEQRO ovaPEQO-
uacte. Me dAAa Adyla, n TTAnEo@oio Lag (oL YeQUOKQAGLES) TTAQAUETQOTITOLEITOL
ue éva axéparo apwud. Emakdiovdo eivar 6Tt n asodnkevon tov TWOV GTO
TEdyeauud uag da yivel ge Sidvucual.

EvaALaKTIKA, oL depuokpacies uitoeel va wog divovtor aTny akoAovdn pwopen

1 2 ... 14 15 ... 30 31
1{ 50 75 ... 83 92 ... 123 11.0
45 65 ... 7.0 9.0
6250 275 ... 283 29.2 ... 273
7126.0 270 ... 26.0 31.0 ... 32,5 33.0
11} 50 65 ... 7.6 10.0 ... 11.0
12| 5.0 75 ... 85 95 ... 12.0 12.5

H mpoTn yeauun stopadEtel Tig NUEPES EVOS UNVA VK N TTE®TN GTAAN TTaAdETEL
TOUG UNRVEG.
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IMopatnenate OTL yio va Teocdiopicovue (o Guykekpuweévn depuokpaacio
el va kadopicovue GU0 akEEoovs auiuovc: Tov unva (YQOUURn) Kot Tnv
nuépa (GTrAn). Xto EOPANUA wog, n ITANQEOQPOQI0. 0QyovaVveTal 6e d0 SlacTd-
GelS. XTo TTEoyeouud pag, da 9éhaue va €xovue tn duvatoTNTA Vo AITodnkev-
gouue Tig depuokpacies ae Tivaka 6V0 SlacTdceE®V.

5.3.1 ZXtatikog Ilivakog

‘Evag 1p0Im0¢ Yoo va dnuiovgyncouvye €va Si8LAGTATO TTivako UE YVWOTES KoL
otadepég SraoTdoels elvarl va ogicouue g TUTTO GTotKelwv evdg std: :array<> dAAo
std: :array<>:

std: :array<std: :array<tomog,didctacn2s , idctacnl> name;

Ou axépaueg woaotnteg didotaonl kal didotacn2, dnAadn To TARY0S yoouu®y Kol
GTNA®V AVTIGTOLYO, TTEETTEL VO EVOL YVWOTES KATA TN UETAYADTTIGN KO GTOVEQES
yio 60 To TTEAoYeauua. ITapatnenote 4Tl 0 S8LAGTATOC TIVOKAS elval GTRV TTEOLY-
waTikoTNTO €vol array ue gtolxeion AAAQL arrays.

[Topadelyuatog xdowy, €vag TEOYUOTIKOS S8ldeTaToS Trivakag ue 12 yoouues
(«uriveg») kol 31 oTAAES («nUEQES») we Ovoua tempr, uitoel va dSndwdel wg &g

std::array<std: :array<double,31>,12> tempr;

Evvoelton 611 €xovue cuuttepuddper to header <array> 0 TTEWV.

H mpocmélacn tov gtoyelmv yivetan BAovTag UETA TO Gvoud Tou Trivaka dU0
OKEQOLOVG, TOV KOEVA eVTOS ayKUA®V: n depuokpacia 6Tis 14 AmeiMov da astodn-
kevtel gtn 9€on tempr [3] [13], kadwc n apiduncon Twv ypauuov kot GTnAdv Eekivd
asté to 02. Hapatnprcte 6Tl Sev gival GwGTOS 0 TEOGSLOELGUAS TOV GTOLElOV TG
Yéong (i,7) ue tov 1edTO tempr[i, j], omws (cwg Ja Teplueve kaveis. H guvtagn
dev elvan AdYog aAAd n Ttogdtnta tempr [i, j] elvon n ypauun j Tov StovOGUOTOG,
éva std: :array<double> (yiati;).

Av gmmidupoiue va SOGoUUE OEXKES TWES GTA GTOLXElD, TIS TtopadéTouue kKatd
YOOUUES, SLOSOYIKA:

std::array<std: :array<int,3>,2> b { 9, 1, 2, 3, 4, 5 };

Me Tn GUYKEKQWEVN EVTOM, SNULOVEYEITAL 0 SIBLAGTATOS TTIVOKOG

01 2
b<345>

‘Oca avaépaue aTnv TTaRdyea@o §5.2.1 yia ta Stovdeuata TTov VAOITOLOVVTL
ue std: :array<> 1Gxvouv kol yia Toug Tivakes. ‘ETat, yia topddetyua, uiropovue
VO OVTLYQApOUUE Ue W EVTOAR ekxmEnong €vo Sidtdatato Jrivaka e dAAO, OUoLd
TOV.

2@0 Teémer vo, TToaé ovue REBatal va, unv Sdcoupe Yo SelkTeg GuUVSUAGUOUS TTOV SeV £xouv vonua,
7.y [1][29] wou avtigtoyel atig 30 PePfpovapiov 1 1 [5][30] wou vIrodnAwver tnv 3In Iouviov.
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[Tivakeg TTEQLEGOTEQWVY SLAGTAGEMV 0QLLOVTAL AVAAOYAL.
Ytnv §5.3.3 Ya Tapovcidcovue €va T eVEMKTO, KOl TTEOTWOTEQO, TEOTIO dn-
woveylag evéc woludidatatov Tivaka ue th xenon StaviGUaTog.

5.3.2 Evoouat®muévog GTOTIKOS TTIVAKOS

Kat’ avtieTolyio Tou eVeOUATOUEVOU SLavOGUOTOS, WITOROVUE VA 0QlGovUE £val
Tivaka gtn C++, ue Tov T0TT0 TT0U £)Xel KAnpovoundel agtd tn C. XuufoMkd, €vog
dididoTarog Trivakag oplteTon ue tnv SnAmwan

TUT0g Ovoua[Sidatacnl][SidcTacn2];

Ou aképares mogodtntes didotacnl kar didotacn2, SnAadn to TAYOS YROUUL®DV Kol
GTNA®V OVTIGTOLYO, TTEETTEL VAL EIVOL YVYWOTES KaTd Tn uetayAdttion. Ilogatnenate
0Tl 0 SdLAGTATOS TivaKAS €vol GTNV TIRAYULOTIKOTRTO €va Sidvucua pe GTotyela
dAAa Stavvouata, Blog dtdotaong.

"Evag meayuatikog Sidtdetatog Trivakag ue 12 yoouués («wnveg») kot 31 Gtneg
(«nuépec») elvar o

double tempr[12][31];

H stpoomédaon tov ctoteiwv yivetaw BAgovtog Uetd To dvopa Tou Tivaka d0o
OKEQEOLOVG, TOV KATJEVA EVTOS OLYKLAWV:

tempr[3][13] = 16.5;

IMopatnenote dT n guvtagn tempr[i, j] meoadioplcel to gtoryeio (0,4) (yratl;) ko
oyt To (i,7) mwovu Ja embuuovGae.

Av emmidupoiue va ddcouvue aEXIKES TWES GTa GToyela, Ttapadétovue e AloTa
TIC MOTES TV GToElDV KAdE yoauung:

int b[2][3] = { {0, 1, 2}, {8, 4, 5} };

Av emugovue, LITOQOUVUE VA TTOQAAENPOVUE TO «EGWTEQIKA» AYKIGTEO, XAVOVTOS
Ouws Tn duvatdTnta vo GuUITAnQWveL o compiler dca GTotyela dev TTEOGSOEICOVUE
(8tvovtag e avtd v Twn 0).

[Tivakeg TTEQLEGATEQWV SLOGTAGEDV 0QLCOVTAL avAAOYaL: TEQIKAElOVUE GE AYKVUAES
v ke Sidotacn. ITivakes TTOAVSIAGTATOL, UE YYWOTES SlAGTAGEIS KATA TN UETO-
YADTTIGN TOV K@SKA, LITOQOUVV VO 0QICOVTOL UE TOV TTOQATIAvV® TEOTo. Elvar 0
OTIAR . SUAWON TOVS ATTO TNV TERITITOCN TTOV YENOWOoToloVcaue std: :array<>
QAL Ol EVOOUATOUEVOL TIivakes elval Atyotepo guyonatol. KaAo eivor va unv xen-
GLLOTTOLOVVTOL TTAEOV.

5.3.3 Avvaukog Ilivakag
Ewsaywyn

Ac vtodéoovue OTL €rovue €va TTAEyUa GTIS V0 SLGTAGELS UE 3 YOAUUES KO
4 gtideg. Ou yoauugg €xovv apiduncn 0, 1,2 kar ou gtrideg 0, 1,2, 3. Kdde 9€on oto
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TAEyUa umoet va wpoadlopratel we S0 aképatoug apuiuois: o tewTog Ja kadopeltel
TN YeOUUn Kol 0 8e0TEQOS TN GTHAN.

EVAaALMOKTIKA, LItoQovue va TTRoadlopicouue wovosruovto wa d€on 6to TAgyua
XONOWOTOLWVTAS €éva aképato aQuiud: gektvovue tnv apiduncn amd to 0 yo n
Péon (0,0) ko TEOYWEOVUE KATA GTHAES £TGL OGTE dradoykd Gtoryela gtnv (Sia
oTiAn va €xovv dtadoxkn apiduncn (5.1). [agatnencte 4Tl n YE€on pe GUVTETAYUEVES

0| (0,0) | (0,1) | (0,2) | (0,3)
0 3 6 9

1] (1,0) | (1,1) | (1,2) | (1,3)
1 4 7 10

21(2,0) | (2,1) | (2,2) | (2,3)
2 ) 8 11

Yynua 5.1: Apiduncn Y€cenv dididoTatou Tivaka KATAd GTAAES

(i,7) oto mAEyua €xer apuiundel ue tnv Twn i + 3 * j. Fevikdtepa, o daels evog
ddidotatou Tivarka A ye M ypauués kar N GTRAEG €xouv apiduncon katd GTrleg
Ty Twn k =i+ M x j. Mitopovue @uaikd va emA£govue aplduncn kotd YQOUUES
oTtote 0 aEWuds tng Yéong (i,7) elvaw o k = i x N + j. ZuuTteQacuatikd, €vag
ddidctatog mivakag M x N ugtopel va dewpndel wg uovodidetatog (Stdvucua) ue
M % N gtoyeia. ‘OTote ypetacouacte to agroyeto atn 9€on (i,5) da to Pelokouvue
otn 9éon i + M x j, av €govue emAEgeL aplduncn katd otndeg n gtn don i« N + j
av €xovue €TMAEELEL apldunon KATd YQOUUES.

[Mopatnenote OtL av €xovue opiduncn katd Gtrileg evog Tivaka M x N kot
yvopicovue Tov aguiud tng Yéong, k, uwiropovue va VITOAOYIGOUUE TN YOO KOl T
oA tng déong: elvan avtioTolya To VITOAOLTTO KoL TO TNAIKO Tng dtalpeong Tov k
ue To wAndog Twv yoauumv. Avdloyo 1oxouv yio Tnv apiduncn Katd YeOouues.

YAodstoinon

H mapagtdve avdivon pag yeeldietor kadng Sev vitdpxet n duvatdtnta gtn C++
va 0QloovUEe Ue AUEGO KO QITTAO TEATTO, £Va TTOAVSIAGTATO THIvaKA Ue SIUGTAGELS TTOV
elval AYvwGTeES KATA TN UETAYADTTION N TEOKELTAL Vo, AAAAEOUV KATA Tn Sidokela
EKTENEGNS TOV TTEOYEAUUATOS. MIToQoUue OUMS VO TOV 0QIGOVUE WS SLAVUGUA, WGTE
VO XENGWOTIONGoVUE To std: :vector<>, ue Tnv €§ng avilgTollon:

e ‘Evag dbidetatog mivakag [a;;] ue Swactdoelg DIxD2, avtictolxel e Sidvu-
cua ue TANYog ctotyelwv D1xD2. To GTtoyelo a;; avticTolyel 6To a[i+D1xj]
(agtodnkevon katd GTAAES) N GTo a[ixD2+j] (amodnkevon KATA YOOUUES).
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* 'Evag toididetatog mivakag [a;;,] ue dactdoels D1xD2xD3, avtictoryel ce
Sudvuopa we TAMidog atotyelnv D1xD2+D3. To GTowelo a;j, avticTouyel

- 070 a[i+D1%(j+D2xk)], av astodnkevovye TEAOTO KATA TV TTEOTN Sid-
GTOON KO UETA KATA Tn Sevtepn,

- 070 a[i+D1x(j*D3+k)], av asodnkevouue TEOTA KATA TNV TTEOTN Sid-
GTOON KO UETA KATA Tnv TEl(TN,

- oto a[(i*D2+j)*D3+k], av amwodnkevovue TTEOTA KATd TNV TELTN Sid-
GTOON KO UETA KATA Tn Sevtepn,

- 070 a[(i+j*D1)*D3+k], av amwodnkevovue TTEOTA KATAd TNV TELTN Sid-
GTOON KOL UETA KOATA TRV TTEWTN.

e AvtigTora 1oxVouV Yo TIEQLEGOTEQES SLUGTAGELS.

"Exovtog vméwn to TTAQAITAVe, UTTOQOVUE VA XENGLWOTTONGOVUE TOUGS containers
std: :array<> ko std::vector<> gou geprypdwaue Gto §5.2.1 yia va LAOITOUL-
gouue €va Tiivaka ue tn pwoeen Swoviouatos. ‘ETol, o reayuatikog SidtdeTatog
Tivakag b ue 8 yoauues ko 6 GTAAEG SNA®VETAL UE TNV EVTOAR

std::array<double,8x6> b;

To ctoyelo Touv gTny 5n ypauun kot 2n GTAAn eivar to b [4+8x1], av gto TEdYEAULd
wag agto@aciooue vo agtodnkevovue Ta GTolxeiol Tov b KATA GTAAEGS.

Eluaate ehevdepol va agto@acicovue Th Gelpd aItodnkevong Twv GTolyelwv evog
ddidaTatou Trivaka (KoTd YRAuUES N KATA GTAAES) aQKel Vo e(LOGTE GUVETIEIS GE
6o tov kwdwa. H agtodnikevon katd GTAAEC KANGTA TOUS SIBLAGTATOVS TTIVAKES
g C++ IT0V aIToInKeVOVTOL UE TOV TEOTTO TTOV TTEQLYQAYNKE TTAQATIAV®, GUULBATOVS
ue toug Sidtdatatouvg mivakeg tng Fortran kol GuveTT®S, KATAAMNAOUS Yo Xenon
OTIC EKTETAUEVEG GUALAOYES LOOMUATIK®OV QOVTIVOV TTOU €X0VV yeael GTn YAOGG
ovtn. 1o Hopdptnua 1.2 TaeovGldieTal TO TS WITOROVUE VO XENGLLOTIOINGOUUE
GTOV KOOKA uos cuvaQtnaels ypauuéveg e Fortran.

Yardpyxer BERALa TO UELOVERTNUO KOATA TNV OVTUETOITLGN TOV SSLAGTATOV TrivaKka
¢ drdvucua OTL TEETEL Vo Yvweicovue To TANYOC TV yeauu®dv (I GTRAOV) UEC®
dAAng mogotntag. ‘Onwg da Sovue oto KepdAawo 14, n C++ TTapéxel To unyavicuod
YLl VO QLITAOTTOLELTOL GRUOVTIKA N XERON TV TOAVSIAGTAT®V TIvAdk®Y. MIitogoiue
va dnuovpyncovue StkO Lag container JTov Vo ATtoTeEAEl «KEAVPOGS» YLl AUTOVGS UE
OTTAG KOl UGLKO TEOTTO XENGNG.

5.4 TMopoatnenocelg

5.4.1 Xtadedg Tivakag

"Eva Sidvucua 11 gtivakag uiroeel, 0mtmg ko kdde dAAn Ttocgdtnta, vo 0QLaTel mg
GTodEQOC TTEQLAAUPAVOVTAS GTOV 0QLGUO TOU Tn AEEn const N constexpr (§2.7) ue
TOVTOXEOVI EKYDENGN OEXKNAGS (KO UWOVIUNG) TWNG:
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constexpr std::array<int,6> powers_of_two{1,2,4,8,16,32};

5.4.2 TIIAnYdog ctoryeiomv

Y& 0IT0L08NITOTE GNUEID TOU KWOKA YXEEWGTOVUE TO TTANYOG TwV GTOLXEIWV EVOS
std::array<> n evog std::vector<> umopovue va to Bovue pe Tn YENON Tng
cuvdptnonc-wéAoug size(). Av a eivon T€TOLOG container, 10 a.size() eMGTEEPEL
To0 WANYOGS TV GTOEIWV TOV, 0G0 €ival Katd Tn GTIYUn The KARGng g size()
(kadwe oTo std: :vector<> to wABog urropel va petapindel).

Etvaw emitpemttin n dndwon Stavicuatog pe undevikd mtindog ctoyxeimv. Tote
Ouwg dev €xel vonua n aITOITELQO TTEOGTIEANGNGS KAITTOLOU GTOLXElOV TOv, Ko BERanal
n size() emoteEpel 0.

5.4.3 AldTEEEN SLovUGUATO®V KAl TIVAK®V

INa va Statpégovue OAa Ta GTotyelol evog SLovUGUOTOS N TTIVOKA YXEELALOUAGTE
EVTOAEC eTtavVAANYNG, TOGES 0GeS oL Stagtdoels Tov. Ily., n ekyoenon TWoOV GTa
oTolela evog SlavUGUOTOS QITO TO TTANMKTQEOAOYLO WITOQREL VoL YivEL ¢ EENG

std: :array<double, 10> a;
for (std::size_t i{Q}; i < a.size(); ++i) {
std::cin >> a[i];

}

EvaAAakTikd, n xerion tov range for (§4.3) astAoirolel Tnv VTOM €TTAVAANYNG:

for (auto & x : a) {
std::cin »> x;

}

[TpoGEETe GTNV TTARAITAV® EVTOARL TN XENGN TNG OVAPOQRAS MGTE Ol EKYWENGELS TUWAG
0TO X va Katevdivovton GTa GTolyelo Tov a.

[Na va Statpégovue €va Ttivaka §U0 SlacTdoemv XEeLlOUacTe S0 EVIOAES £TTO-
vaAnyng, ue UETAPANTES EAEYXOU TTOU SLATEEXOUV N Ui TG «YQOUUES» Kol N dAAn
TIG «GTAAES» TOU. Ol evTOAEG etavdlmpng da elvar n uia uéca atnv diin. Kalo
elvan dtav SateEyovue €vo EVEOUATOUEVO SIBLAGTATO TTiVaKO VO LETABAAAETOL TTLO
yoriyopa o teAevtaiog delktng kadws Ta gToyxela agtodnkevovion Katd YOUUES
(row-major order)?.

YUUeova Ue To TTOQATIAV®, N SHAMGN TOU OKEQEALOV TTivaka a ue Sidotacn 5 X 8
KOL L avAYV®OOoN TWWV GE€ OUTOV OITTO TO TANKTEOAGYLO, YIVETOL WG £ENG

std: :array<std: :array<int,8>,5> a;
for (std::size_t i{@}; i < 5; ++1i) {
for (std::size_t j{@}; j < 8; ++j) {

*Mpocéste 61L gtn Fortran n asmodrikevon yivetol katd 6tideg (column-major order). Tuvemag,
évag Sidtdatatog Tivakag Tng C++ OVTHET®ITICETAL WS 0 AVAGTEOMOS Tov aItd poutiveg tng Fortran.
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std::cin >> al[i][j];
}
}

H cuykekpuuévn €ITAOYA Yo T GERA TV EITOAVOAIPENDV (ATTOKTA TO i TNV TTEOTN
TOU TWNH KAl dtategéyxovue OAA Ta j, uetd aAAAZeL W To 1 kKot Eavadiateeyovue ta
j» KOK.) onuaivel 6Tt 6Tav Jo TANKTEOAOYoUUE TIC TWES KATA Tn SLAEKELD EKTEAE-
ONG TOU GUYKEKQWEVOU KOOWKA, TTEETTEL Vo Sivouue TO GTOLEl0l TOV THIVAKO KOTA
YQOUUES.

"Eva mivaka wouv 6To TTeoPAnUd pag eivor SiStdeTatog aAAd eTTAEEAUE GTOV
K®OSIKA LOG VoL TOV 0QlGOVUE WS LOVOSLAGTATO, TOV SLOTEEXOVUE UE TTOEOUOLO TEATTO"
ulo evioAn estavdAnyng yio kdde tpayuatikin Sidetacn:

std::array<int,5x8> a;
for (std::size_t i{@}; i < 5; ++i) {
for (std::size_t j{0}; j < 8; ++j) {
std::cin >> al[i+bxj];
}
}

H (8o Ttapatipnon toxel Ko £80: N GUYKEKQWEVN ETILAOYA YOl TN GELRA TOV ETTO-
valMpewv emiBAAlel va Ttapadétovue ta Ggtolyelo katd yeauues. Ilpocéste ot n
eTAOYN TG LoEENG a[i+D1xj] ywo tnv TTEocRacn Twv GTotyelwv onuoaivel 4Tt autd
dev agtodnkevovtal ye tn Gelpd Tov Ta Sivouue ce Stadoykés daels. Av DEAaue
va oyvel avuto (Yo Adyoug Taxvtepng astodnkevong) Yo €mperte va evaAddgouvue
™ GelRd TV PEOXWV.

Evvoeltan 611 uitopovue va Statpegovue €va, GV ouaia, ITOASIAGTATO Trivaka
TOV €xel 0QLOTEl WG Sidvuoua, ue wlo evToAn ertavdinypng:

std: :array<int,5x8> a;
// give values to a

for (std::size_t k{@}; k < a.size(); ++k) {
std::cout << al[k] << '\n';

n, 1oduvvaua,

std: :array<int,5x8> a;
// give values to a
for (const auto & x : a) {
std::cout << x << '\n';

}

H ouykekpuévn emtavdAnyn do Tum®GeL T GTOLElO TOV a ue Tn Gelpd Tou PEl-
GKOVTOL GTN UWWAUN TOU VITOAOYLGTH KOL N 0Ttolo. KAJ0oEIGTNKE KATA ThV €L00y®YNR
TOUG (KATA GTAAES N KOTA YRAUUES), OVAAOYO UE TO OV XENGULOTIOIRGOUE TN LOQ®N
al[ixD2+j] nal[i+D1%j] ywo Tnv TEOGTEAAGNH TOUG.
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3.5 Aoun (struct)

‘OTTwg avaeépaue Nén, oL GYETILOUEVES TTOGOTNTES TOV TTEOPANUATOC Hag, we (610
TUTO, £lvOl TTEOTWATEQO VO AVATTAQIGTAVTOL GTOV KOJIKA Lo ue Sidvucua n rivaka
TAEA Ue 1eAQUWUES aveEdeTnTes UETARANTES. TNV 0QYAV®GON TOL KMOSKO AAAD KoL
otn Slaxelplon Twv UeTAPANTOV, Ta SLAVOGUATO KOl Ol THVOKES TTAQOVGLALOUV GNULOL-
VvTkA TtAcovekTRLOTO. o’ OAQ avTd, Sev WIToEOVV VA AVATTAQRAGTAGOUV GUVOMKA
GxeTLduevVeS TOGOTNTES TTOV dev elvar (Stov TVITOL.

Ac Sovue TG UTTOQOVUE VO TTEQLYRAWPOLUE GE KOJIKA Ulat GUvIeTn €vvola, €va
YKo atotyelo. ‘'OTtwg E€pouue, To GTotyelo TEOGSL0plteTon aTtd To dvoud Tov, TO
XMUWKS Tou GUUPOAO, TOV ATOULKO TOu aEulud, Tn Udgo Tov, KA. AUuTd TO GXETL-
Coueva dedouéva etvar SLoLPOEETIKOV TUTTOV KO AVATTAQLOTOVTOL KOAVTEQL WG €val
GUVOAO TTOU GUVOUVALEL GELRES XORAKTIQ®Y, OKEQOLOUS KL TLROYULATIKOUS aQtduons
KATT. Ouundelte 6Tl 0 KATAAANAOG TUITOG YLOL TRV OVATTAQRAGTOCN GELRAS XOQUKTAQWV
otn C++ elvon o std: :string (§2.15).

Ytn C++ vrtdeyer n gvvdetn Soun ue dvoua struct, n ogroia elvor KATAAANAR
VL0l TR GUVOAMKA OVOITOQAGTOCN WS GUVIETNG TTOGOTNTOS UE GUVIGTMOGES TILdAvOV
SLapoeeTikoV TUTTOV. H givtagn tng eivon

struct ovoua Soung {
TUTTOGA UEAOGA;
TOTTOGB uéAogB;

. [/ MO uEAR

b

KOl LWITOQEL VoL ELPAVICETOL EITE GTO GAOUO WS GUVAQTNGNG (KO VO £XEL TTEQLOPLGUEVI
eupéiela) elte ektog, katd TTEOTIUNGN Ge aExelo header. ETtouévmg, o véog TUTTOG €1-
odyeton ue tny srporkadopiouévn AEEn struct akoAovdovuevn amd to dvoud tov. To
ovoua elval TG £ILAOYNGS TOV TIROYQOAUUOTIGTH KOl GUVTAGGETOL UE TOUS YVWGTOUS
KOVOVEG OvoudTmVv. AkoAoVTOUV evidc aykIGTEOV Kol XWEIS GUYKEKEWEVN GELWRd,
SnAwaoelg TocoTNTwV glte JepueMwdov elte dAMAwv civieTwv TOTTOV. Ol GUVIGTOGES
TLOGOTNTEG ATOTEAOVV T UEAN TNG Soung Ko n euPEAELd TOUG TTEQLOQRICETOL GTO
coua g doung. Iapatnenate To 3’ wov akolovdel To katainktiko ‘}. H dndwon
Souncg (N kAdong) etvan €va aird ta Alya onueio tng C++ TTOV EULPAVICETOL O GUV-
Svacuds ‘1. Av To emmiduuolue, UTTOQOVUE VO £XOVUE GTOUS OQLGUOVS TV UEA®DV
KO QITOSOGELS AEYKOV TILWV.

Mo 7ToGATNTA TOU VEOU TUTIOV 0QICETAL UE TOV TEOTO JTOU LGYVEL YO OTTOLOV-
dnarote YepueM@ddn TOTO, WS EENG:

ovouo,_Soung dvoua, LETAPANTAG

‘Exovtog viwéoyn To JTOQAITAV®, UITOROVUE VO 0QIGOVUE €va VEO TUTTO YLl TRV
aVATTOEAGTOCN EVOS YNUWKOU GTOLXElOV WG EENG:

4Tov guvavTolue Kol GTIC ATTOSOGELS AOIKWY TIWWV ue MoTa Kad®OS Kl GTIS aTtaorduncers.
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struct ChemicalElement ({
double mass; // atomic mass
int Z; // atomic number
std::string name;
std: :string symbol;

b

M petapinti torwrov ChemicalElement kow ovoua, .. hydrogen, oplcetan pe tov
KOS

ChemicalElement hydrogen;

H mropagtdve evtoAn Snuovpyel tn uetofAnti hydrogen pe astpoadidQuates TWES yia
o6ca uéAn tng elvan JepeMmddovg TiTTov (N std: :array<>) Kol TG TEOKATOQLGUEVES
TWES Yo To. vTToAowTa. "ETol o mass, Z ivol agtposdioguata kot To hame, symbol
€XOoUV TNV TWwn "".

ATto800n AEYIKAG TWHG GE TTOGOTNTO TETOLOL TUTTOV WIToEEl va yivel ue AMoto-
UEGO GE AYKLGTEO TTOQATETOVUE TWES TTOV OVTIGTOLYOUV GTO UEAN TOU QVTIKEUEVOU
ue tn gelpd Jwov Sndwinkav ctov opiouod tng Soung, ..

ChemicalElement hydrogen{1.008, 1, u8"Yépoyovo", "H"};
Ioodvvapa pitogovue vo yedpouue
ChemicalElement hydrogen = {1.008, 1, u8"Y&époyovo", "H"};

Av nén €yovue wio JTOGOTNTO (BlOV TVITOV, WITOEOVUE VO TNV AVTIYEAWOLUE KATA
uéAn e AAAn katd tn Snutovgeylo tng devteEng:

ChemicalElement hydrogen{1.008, 1, u8"Yépoyovo", "H"};
ChemicalElement elem{hydrogen};

Me tnv televtaio EVTOANL N TS 1GOdVVAUES TNG,

ChemicalElement elem = hydrogen;
ChemicalElement elem(hydrogen);

yivetaw TauTdEova SHAMGN KoL AEYIKOTIOINGN TOV UeAWV Tng uetapfintng elem.
AToutkn TTEOGRAGN GTA UWEAN OVTIKEWEVOL WAS SOUNG YIVETOL UE TOV TEAEGTN .
TO OVOUO TOU OVTIKEWEVOU OKOAOVIEITAL OTTO . KAl TO OVOoud TOU UEAOUGC:

i

ChemicalElement oxygen;
oxygen.name = u8"Ofuyovo";
oxygen.mass = 15.99494;
oxygen.Z = 8;
oxygen.symbol = "O";
std::cout << u8"To XNU1KO OTOlXElO << oxygen.name
<< u8" g€xel olLUBoAO TO "<< oxygen.symbol
<< u8" Kol oToulkN pacda " << oxygen.mass <<'\n';
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YTnv meQlImTwon Tov €xouue Selktn p Ge TToGHTNTA TUITOV Struct, n JTEOGTIE-
Aaon 6to WEAOG Tng ue Ovouo member yiveTal (AAUBAVOVTOS VITOWYN TIC GYETIKEG
TEOTEQOUOTNTES TV *’ KL ‘. , OTTwS Taovaldcovtal gtov Ilivaka 2.3) wg e&ng

(*p) .member

Tétowa €kgeaon yonowodtoteltalr cuxvd otn C++ Katl YU awtd €xel etgaydel eldikog
GuUPOMGUAG, TEAEIWS LGOSVVOULOS UE TOV TTAQAITAV®:

p—>member

H Soun (struct) mwov kAnpovoundnke amd tn C, amotélece tn fdon yio tnv
avamTUEn TV kAdoewv otn C++, 0Ttwg da dovue 61o KepdAawo 14. Ov kAAGELS
ETTEETTOVV ETLITAEOV TN SHAMGON GUVORTNGE®V WS WEAN GE Wo. SOUN.
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3.6 Aoknoceig

1. Anwovepynaote €va didvuoua pe 100 aképata atolyela. Xto gtoryelo Tov dtavy-
cuatog 6tn 9éon i (i = 0,. .., 99) Swcte Ty TN i2+3i+ 1. Katdmw, vtoloyicte
TO UWEGO OQO TWV GTOLXEIWV TOV SLOVUGUATOC.

2. Angovgynate didvucua ue TAndog ctolyelwv N Ttov da To TEOGEL0ICEL O
xenatng. Xto groyelo j (j =0,...,N — 1) dwcte tnv Twn sin(mj/N). Katoy,
VITOAOYIGTE TN UEYLGTN KO TRV EAAXLGTN TWH GE AVTO TO Sdvuceuo KOY®S KoL
T0 TABog Twv GTotKelwv TTov elval KAT awdAvTn Tun ueyaAvtepo agto 0.4.

3. Tpdwte kOSka oL va Snuoveyel dVo TTEAYLATIKOUS Tiivakes A, B ue dio-
otdoels 20 x 30. Xe kdVe agtoyelo (i,5) 1 =0,...,19, 7 =0,...,29) Tov A SwGTE
v i (i + 5)/3 eved oto B(i,j) ddate v Twn 2i — j/3.

() Ymoloyicte Tov avdcteogo Ttivaka BT touv B.

5

’ 7 z ’ T
(B) YmoAoyicte TO yvouevo® twv Tvdkwv A, B*.

(Y) YmoAoyiote to dbpolcua Twv GToyelmv Tng kelag Staywviov (To {xvoc)
tov Tivaka A - BT,

4. Angoveynate €va Stdvuoua a, 100 TEayULaTIK®V GToelmv. Xto gtoyelo j (j =

0,...,99) Tou dravicuatog dwaote Tnv T cos(mj/100). Katd, evalddgte Ta
mwowta 50 croxela pe ta 50 teAevtala, dnAadn, al0] < a[50], a[l] < a[51], ...,
al49] < a[99].

5. Todwte TTEAYEOUUA TTOV VO VITOAOYICEL Kow va agtodnkevel ge didvuouo To
TAQAYOVTIKA TV apWudv attd 1o 0 wg To 12. Katdy, va vitodoyltel 1o e*
aTto to ddpolcua

e~ 20/0l + 2t /1 4+ 2% /20 + - -+ 212 /12!

To = Ya to diver 0 ypnatng. Xuykplvete To ATTOTEAEGUA UE AUTO TTOV divel n
guvdptnon std: :exp() Tov <cmath>.

6. Na violoyicete T0 7 AId TOV TUITO

1 > ((2n))3(42n + 5
LS ey

KQATOVTOS TOUGS TTEVTE TIEWTOVS 6pouvs GTo ddpowsua. To astotélecua ue 15
yneta da weétel va wAncidger tny i 3.1415926535898.

>To ywéuevo TV TWAKwV Aarxn, Bnxp We orolela o Aij, Bij, elvar o mivakag Crrxp ue

aToyyelo
N
Cij = E A Bij
k=1
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YmoSeién: Tlpwta vIToAOYIGTE KO ATTOUNKEVGTE GE SLAVUGUO TO TTALEAYOVTIKA
Tov da xpelacTelte.

7. TodwTe TTEOYQOUULOL TTOU:

(@) Oa d¢yeTaw aIrd TO ITANKTEOAOYLO €va aképoaro aQuud. Na @eovticete
WOTE TO TEOYQEAUUO VO WV TOV KQATA v €lval apvnTikog aAAd va Eava-
ntd apuud, 0GeS POEES XEELAGTEL.

B) Oa avadvel Tov apuiud GTa Yneia Tov kot da Tao astodInkevel ge dSidvucua
10 9écewv.

) Oa TuTmovel Tov aeWud atnv odoévn avticTpo@a, SnAadn GTo AQLGTEQA
Ya etvar to Yneilo TV wovddwv, SEELd Tov TV SekAd®WV KATT., YWEIS KeVA
UeTa&v Tous. Av TUYOV eLPAVITOVTOL UNSEVIKA GTNV QYR TOU «AVTIGTQO-
@OV» aEWILoV, Sev TTEETTEL VA TUTTWVOVTOL.

IMopddetyua: to 1023 Ja yivetar 3201 eved to 100 Ya yiveton 1.

8. To «kdaorwo touv Epatocgdévny» givar £vag alyoprduog stou puitoeel va Beel Toug
YeTikoUg aKEQOLOVG, UEXEL ULOL UEYLGTN TWWH, JTOU €X0UV Thv L80TNTA va elval
TEOTOL (BnAadn va Siapovvtol akEP®OS Wovo amrd To 1 Kol ToV €0VTO TOUG).
YVupowva pe autdv, arodnkevovue Ge €va Sidvuoua OAOUS TOUS OKEQRALOUS
aTto TO 2 UEYEL TN UEYVLGTN TR Ko LETA Staydpouue (1 TTLo agtAd undevicovue)
To woAdagtAdaia kdde apuol Ge avtd To didvucua: Oyt Toug (Glovs ToUS
aplduove. ‘Ogtolor agtoyeivouv, SnAadn dev €xouv undeviatel, elval TEAOTOL.

YmoSeén: Tlpocégte Tl mEETTEL va TTopaAelTtouue Toug auiwovs GTo Sldvucuo
Tov etvan 0.

TFpdwTte TEOYEOUUA TTOV VO BEIGKEL KOL VO TUTTOVEL OAOVUS TOUS TTRAOTOVS AQLd-
wovg uéxet To 1000, epapudtovtag avTd Tov aiyoptduo.

9. O Mavwing, o gmotding, elvar vwedduvog yia va avdper ko va GRAvEL Ta
eoTO 6€ dLadeouo evog kTnEiov. ‘Ectw 0Tl 0 51d8pouog €xel n AAUITTAQES GTN
oelpd. Kadévag €yxel €va yopaktnelotikd apudud: 1,2,3,... . n.

Kadde Aaumtipag €xet o Sikd tov Srakogrtn. To €idog Tou StakdmTn elvon T€é-
TOLO WGTE TOTWVTAS TOV avdfel 0 AUTTTREAS (v elval ofnctog) n afrver (ov
etvan avapuévog). O MavoAng kdver n StadQoués snyave—£Aa (0Gol ot Adyt-
TTNEES GTO duddoupo). Xtn Sradeoun @ dwacyicel To Siddeouo Kal TTATAEL TO
SlakdTTTN KAYE AQUITTAQO TTOU O YOQOKTNELGTIKOS aAEuIuog Tou eivar TTOAAO-
TAAGLOG TOU 7. TNV eTMGTEOPN kKdde Sadpoung dev Tatd Kavéva SlakdTTN.

IT16cou elvan ov avauuévor AaUTTTREES uetd tn dtadpoun n, av vtodécouvue ot
OEXWKA NTav GAoL avauuévorl,

YroSeén: To mAndog twv Aausttripov da to Sivel 0 xpnoTng Katd tnv ekTéAecn
TOV TTEOYQAUULATOG.
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10. Anytovgynaote €va mivaka M x N ye M = 20, N = 60, otov otmoio K = 400
oTolyeio da €xovv Tnv Twn 1 kat Ta viroAowra Ja etvan 0. Ta otoryelo e Tun 1
Ya etvar emmideyuéva ue tuyatlo teomo (§2.20). Tumwate gtnv oYdvn Tov TTivaka
QUTOV KATA GERES, BATOVTOC 'X' Yl Ta Un Wndevikd GTotyelo kot 'o' yia ta
UNSeVIKAL.

11. "Ectw éva mALyua 9 X 9 TTAvem GTO 0ITol0 KIvElTOL £vol LUEURYKL. Xe kdde Pripa
TOV, TO LWUQEUIYKL KIVELTOL TUXOLO GE TETRAYWVO TTOV YELTOVEVEL UE TNV TREXOVGA
Péon tou (GnAadn Ttdvw, KATw, deEld N alaTepd: Oyl Staywvimg). Aev uItoQel
va eUyeL aItd To TTAEYU.

Ye kdde TETEAYWVO TNG TEOTNG YOOUUNGS TOV TTAEYUOTOS VITAQYEL ORYKA £VOGS
0T6Eoc. ‘OTav To uvueunykl, ¢tnv tuxalo tov kivnon, Peedel ce TeTEAY®VO
TNG TEWTING GERAG, «PORTMVETAL» TOV GITOQEO KOL TOV UETAPEQEL €S OTOU
Boedel Ge TeTEAYWVO TNG TEAEVTAIOGS YOOUWLAS TOU TIAEYUATOS OTTOV KOl OLPHVEL
Tov 6TtoQo. To pueunykl umopel vo yeto@épel wovo €va omdo kdde @opd:
edv Bpedel Ge TETEAYMVO TNG TIEWTNG YEAUUAS TTOV dev €xel GTdEo (yrati Tov
TNEE G TTEONYoLUEVN €TIGKEWN) TTEOPAV®S dev Jtalpvel tiTtote. Emiong, av
UETAPEQPEL GTTOQO GE TETEAYWVO TNG TEAEVTOLOS YRAUUNGS TTOU €xel NdNn GITOEO
(aTtd TTEONyovuevn eTickeyn) Sev UITOQEL VAL APNRGEL TO POQTIO TOV.

H kivnon tov puounyklol TeAelwvel OTav LETAPEQREL OAOVS TOUS GTTOROUVS GTNV
TEMKA yoauun.

Na ypdweTte KOSIKA TTOV VO TTROGOUOL®VEL TRV TTARATTAV® Sladikacio aTtd Thv

QEXWKN WG TNV TeEMKNA KATAGTAGN. N TUTT®VEL TO TTAMYOGC TOV KIVAGEDV TTOU
Eyvav. Adate og oYk d€on Tou LUEUNYKLOU TO KEVTQIKO TETEAY®OVO.

12. TIpwTtog xapaxktneiteton kKade YeTikog aképarog apuinds ueyaltepog touv 1 av
dev Suapeltan akEPWS pe dAAO aQud ekTOS ATt TO 1 KAl TOV EQVTO TOV.

TFodwte TTEOYEOUUOL TTOU

(@) Belokel ko agtodnkevel ge Sidvuoua OAOVS TOUS TTEMOTOVS AoV UéXEL
7o 1000. Na To kdvete wg €ENG:

e MeTnaote TTOGOL €lval Ol TEWTOL aképatol uexel To 1000 (vTtoAoyicTe
KO OlyVONGTE TOUG, ATTAD UETQNGTE).

¢ Anuiovynate axképoro didvuaua pue TAndog d€cewv dgot elvar oL TTEM-
Tol aEuiuol.

e YgroAoyioTe £0vd TOUGC TTEMOTOVGS. ATTOUNKEVGTE TOUS QUTH TN EOQEA
GTO didvucual.

B) Ymroloyigel kau TuTTOVEL GTNY 0d6vn Toug Stapéteg Tov aLinov 154938756
Tov elvan TTEAOTOL ITpoGEETe 1L wItopel va eTTavAAAUBAVOVTOL KAITOLOL.

Ymobeén: Two va eAéygete av €vag apuiudg n elval TTe®Tog, Wdgte va Peelte
Kkdgtolov JeTikd aképato aItd 1o 2 €0¢ To n — 1 JTov va Tov el AKEPOS
(B(nAadn ywelc vITOAOLTTO).
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13.

14.

Agtavrnon: 154938756 =2 x 2 x 3 x 7 x 71 x 83 x 313

O vIToAOYIGUAS TNG TWAG TOU TTOA®VOROL p(x) = ag + a1z + azx? + azx® yia
KATTOLO0 GUYKEKQWEVO & UTTOQREL val yivel ue To eAdyloTo TTANdog TTediemv wg
eeng: p(x) = ap + (a1 + z(ag + azz)). Avtég 0 TEOTOG VITOAOYIGUOV, TTOU PU-
GlKA ETEKTEIVETAL GE TTOAV®VUUO OTIOLAGONITOTE TAENGS, ATTOTEAEL TOV Kavova
Horner.

TFpdwte kWSO TTOL VO VITOAOYICEL TV TWA GT0 = = 1.3 TOU TTOAVOVULOU
p(r) = 3.0+ 2.5x — 1422 — 2.123 + 52, epaudiovtag Tov kavéva Horner.

Yobeién: EeKIVAGTE TOV VITOAOYIGUO OTTO TRV TILO ECWTEQIKN TTAREVIEGN.

"Eva yveunykt Beloketar e opdoynvio stAdyua agtd 1000 x 1000 teTedywva.
Ta teTpdywva witoQouvv va eivor elte domea elte wavea. To pueunykt LItoel
va kivndel katd €va TETEAy®Vo Tn @oed, TTAQAAANAN te Toug dEoves (SnAadn,
uwévo AV, KAT®, SeEd, 0PLoTEQRd) GUULP®OVO UE TOUS KAVOVEG:

e Av glvol Ge pavEo TETEAY®VO, OAAAIEL TO XEWUO TOU TETQUYWOVOU GE
AoTEo, GTEEPEL Katd 90° aELGTEQOGTEOMA KOl TROXWEA KATd £€va Te-
TEAYWVO.

e Av elval 6g AGTTRO TETEAYWVO, GAAAIEL TO XEOUN TOVU TETEOYDVOU GE
wavEo, GTEEPeL Katd 90° SeE10GTROMA KL TTROY®WEA KATA £VO TETEAY®VO.

Ac vmodécouue OTL TO TTAEyUa OQXIKA €xEL WOVO AGTIEO TETEAYWVO KoL OTL
TO UvEUNYKL PBEICKETAL AQYIKA GTO KEVTQO, GTO TETEAYWOVO UE GUVTETAYUEVES
(500, 500), ko ue karteYuvon TEOG Ta TTAve. Metd ad 10000 KIVAGELS, GE TToLaL
¥éon (cuvtetayuéveg) Poloketar to wvpunyky, ITowa katevduvon €xel (Tavo,
KdTw, degid, apuatepd); IIoca teTpdywva elvar wava;
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6.1 Ewsayeoyn

"Exyovue Sev uéxor topa T §V0 TEOKATOQIOUEVES POES YAPAKTHEWYV (Streams)
TIOV UWITOQOVUE VO XENGLLOTTOMGOVUE Yo £lGod0 (std: :cin) kot €600 (std: :cout)
Togotntwv. EmgtAéov, vrtdeyovv kat dvo dAAa standard streams, ta std::cerr,
std: :clog, mov elvar guvdedeuéva ue to standard error Tov TEOYEAUUATOS UOGC.
XENGWOITOLOVVTAL YOl VO UETAPEQROVV TTANQOEPOQLO TTOV deV €XEL GYECN UE TOL KOVO-
VIKA OITOTEAEGULATO TOV TTEOYQRAUWLATOS, OTTMGS IT.X. TLROELOOITOINGELS TTQOS TO XENGTN.
Ala€pouv GTo GTL TO TEWTO TUTTOVEL TNV TTANQOPOELO TTOV TOV £XEL GTAAEL AUEGHG,
0TrATE €lvoll KATAAANAO TT.X. YO €TTEYOVGES ELGOTTONGELS N ETLGNUAVGELS AT DV, EVE
TO 5eVTEQO TUTTWVEL OTTOTE GUYKEVTRMOVEL GUYKEKQLUEVO TTAMMDOGC YOQOKTAQ®V, OTTOTE
elval KOTAAANAO TT.Y. YLOL TTANQOMOQEIOL GYETIKN UE TN YEVIKN €EEMEN TNG eKTEAEGNG
TOU KOOKA.

Acg avapépovue aTtAd, xwels va emtektadovue, 0Tl yio €l6080/€E080 YOEAKTREWV
TUOTOV wehar_t VTTOGTNEICOVTOL Ol AVTIGTOLYES UE TIS TTARATTAV® QOES YOQUAKTAQMV
std: :wcin, std: :wcout, std: :wcerr, std: :wclog.

‘OMa ta TopaTtdve streams opicovtan gto header <iostream>.

A76 ™ C €xel kAnpovoundel o unyaviouog ektimmong/avayvoong 6ta stdin,
stdout kou stderr, stouv vAoTrolElTAl pe TS GuUVOQTNGES Tov header <cstdio»
(std::printf(), std::scanf() kAg.). Ov p0€c Tng C++ TTOU AVAPEQAUE TTLO TTOLV
elval €E0QXNG GUYYQOVIGUEVES Ue TIS AVTIGTOLXES TToL KAngovourdnkav amd tn C
(€101 waTe va ustopovv va kAndouv e omotadnmote celpd). Kadwe Sev £xovue Adyo
VO XENGWOTIOMGoUUE TO wnyoviowo tng C, UItoQovue VoL 0VOLQEGOUUE TO GUYYQOVL-
ouo Ue TNV EVTOAN

std::ios_base::sync_with_stdio(false);
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H cvuykekouévn evtoAn meertel va §odel Tty yivel oroladnItote ekTOT®on N avd-
yvoon. ETiteémel BEATIGTOTONGELS GTO XEWQLOUO TV Qo®V Tng C++ JTOU UITOQOVV
VO TIS KOTAGTAGOUV 8L0{TeEQA YRRYOQEGS.

6.2 Poéc apyeimv

Ex1d¢ Ttov mpokadopiouévwv streams ustogovue vo oplcovue streams cuvdede-
uéva ue agyelo. Xto header <fstream> kol Gto Y®WEO ovoudtmv std opigovtor ot
ToTrol (RAdoelg) std: :ifstream kow std: :ofstream.

6.2.1 Anwovgyia
H 6rnlwon

std::ifstream inpstr{"filename"};

dnwovgyel éva stream uovo yia avdyvwon ue Gvouo inpstr, Tov GUVOEETOL UE TO
apxeto ue ovoua filename. Ilpo@avag, To apyelo TEETEL va TEOUTIAE)EL. AvTiGTOot d,
Ue TNV €VIoAn

std: :ofstream outstr{"filename"};

dnwovgyelton €va stream uovo yia eyypa@n ue Ovouo outstr, Tou GUVEEETOL Ue TO
apxelo ue dvoua filename. Av to agyelo avtd Sev vtdpyxel, Yo Snutoveyndel.
H evtoli

std::ofstream outstr{"filename", std::ios_base: :app};

ouvdéel aTo apyelo filename To stream ue OVOUO OULStr £TGL WGTE VOL YIVETOL EYYQOLPN
070 TEAOG TOU. AkOua, n evioAn

std: :ofstream outstr{"filename", std::ios_base::trunc};
«avolyel» To ayelo filename KOTOGTEEPOVTOGS TOL TTEQLEXOUEVA TOV.

Hapartripnon: Qg dvoua agyxelov ue To oJtolo GuvigeTon Wa LeTafAnTi TUITOU
std::ifstream n std::ofstream, usopovue vo YENGWOITOILGOVUE TTOGAHTNTA TU-
Tov std::string, avtl yio celpd XaEoKTAEWV GE SWITAL eiGaymykd (ITocdTnta
TUTToU const char[]). I1y.

std::string fname{"filename"};
std::ifstream in{fname};

6.2.2 Xpnon

H xorion twv mocotitwv Tomov std: : i fstream nstd: :ofstream elvan aIrin: ot
ueTaPANTEG inpstr, outstr Tov SnAWINKAV GTO TEONYOVUEVA (TOL OVOUATO TWV OTTOLOV
etvar, BePalmg, TNG ETTLAOYAC TOV TTEOYQROUUATIGTH) VITOKAIGTOVV Ta std: :cin kot
std: :cout mov eldaue uexel Twea. ‘ETcl, 6Tov kodika



Ecwrtepikd apyeia 125

double a{10.0};
outstr << a;

char c;
inpstr »> c;

n eKTUTTOON TG UETAPANTAS a yiveTal GTo ayelo pe To 0Irolo GUVEEETAL TO outstr
EVK N AVAYV®OGN TOU XOQAKTAQO € YIVETAL OTTO TO OVTIGTOLXO aQyelo TOL inpstr.

6.2.3 Koatactoopn

To kAelowo Twv apyelwv yivetal avtouata WOMS n QOn TOU KOSIKA @UYEL Ao
v euPelela GTnv oTtolol 0QIGTNKAV TA AVTIKEUEVA TTOU GUVIEOVTOL UE OUTA. XTn
GTIAVIOL TTEQITITOON TOV YEEWALETOL VO KAElGEL €val stream ue Ovouo Str WEGH GTnv
eupéiela opuouov Tov (Y. yia va cuvdedel ce dAAo agyelo), uropel va kAndel
n KoTdAAAn cuvdetnon-uélog: str.close();. To stream str guvdéeton Lava ue
aQxelo ue tnv evioAn str.open("filename");.

6.3 EowTtepikd aQyeia

Ye S1dpoEeS YAWGGES TIROYQOUUATIGULOU VITAQYXEL N SUVATATNTA VO XENGLLOTIOL-
NGOVUE «EGMTEQLKO» OXELO TTOU PEICGKETOL GTN UVAUN TOU UVTTOAOYLGTH KoL Ol GE
KATTOL0 UEGo agtodnkevong. Xtn C++ TETOL0 0RXEIDL VAOTTOLOVVTAL UE QOES GUVIEDE-
UEVEG UE GELRES XOQRAKTIQMV.

Me tn cuumepidnyn tov header <sstream> GTo TTEOYEOUULA LOG, TTOREXOVTOL OL
kAdoeg std: s istringstream kou std: :ostringstream. H ektdmtwon e avtikel-
uevo TUTToV ostringstream Snutoveyel €va std: :string ue cuvévwon (ko TTdovin
SLandEE®ON) TWV EKTUTTOVUEVOV TTOGOTRTMOV. AVTOS ATTOTEAEL VOl AKOUO UNXAVIGUO
UETATEOTING aEuWuoV oe string, TTEpa aItd tn cuvdetnon std: :to_string() Tov
eldaye oto §2.15.3. LTo pnyovioud Tou Tagovaldovue 8w €xovue Tn duvatdTnta
Saudppwaong tov apuov, ciupauva ue éca da dovue gty §6.5.

O Tapakdtn kodwkag dnutoveyel éva std: :string 6To omolo astodnkevel n
GeRA XAQOKTREWV "filename_3.dat":

#include <sstream>

int main()
{
std: :ostringstream os;
os << "filename_";
0s << 3;
os << ".dat";
// o0os contains the string "filename_3.dat"
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H etayoyn tou string yivetal kaAwovtog tn cuvdetnon str(), uéAog tng kAdong
ostringstream:

std::cout << os.str(); // prints: filename_3.dat

Emouévmg, yia va guvéécgouvue GTo TTedyeauud uog, Tt.y. yio £€5080, To apyelo ue
ovouo TTov €xel amodnkevtel wg string 6To std: :ostringstream os, divouue Tnv
TIOLQOKATM EVTOANL:

std: :ofstream outstr{os.str()};

Avtikelpevo TUTTOL std: : istringstream ypnoyosolelton yio Thv ovayveoon Ti-
L@V 0ITO TO String JTov €XEL ECWTEPIKA, OTTWS AKEPMOS Ja yvdTav agtd pon agyelov:

#include <sstream>

int main()

{
std::istringstream is{"5 6 7 a"};
int i,j,k;
is »> 1i; // 1 =5
is »> j; // j =6
is »> k; // k=7
char c;
is »> c; // ¢ ="a’
}

6.4 Eic0606-£€060¢ 8edouévav

H extimwon tov JepeModdv TOmov, Koddg Kol 06mV TUTTOV TTAQREXOVTAL AITO
tn Standard Library, ce pon (stream) cuvdedeuévn pe to standard output, 1 To
standard error n ue agyelo N ue string, yivetow ue tov TeAeGTn <<

std::cout << 'a';
std::cerr << "Wrong value of b\n";

H elcodog dedouévwv agtd to std: :cin 1 amd apyelo yivetow pe Tov TEAEGTR >>,
KO TTAAM aveEdoTnta aItd Tov TUTTo TV dedouévwv:

double a;

int b;
std::cin »> a;
std::cin >> b;

Kevol yapaKkTneeg (kat GAAAYES YOOUU®V) GTRV (GOS0 ayvOOUVTAL.
"Evo XaQaKTNEIGTIKO TV TEAEGTOV <<, S>> €lval OTL LWITOQOUVUE VO GUVOVAGOVUE
elcodo n €£080 TOAMWV Sedouévmv tavtoxeova. ‘Etal .. 0 ROSKAg
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",
4

std::cout << u8"To aBpoilopa Tou
std: :cout << a;

std: :cout << u8" ka1 Tou
std: :cout << b;
std::cout << u8" sivat:
std: :cout << a+b;
std::cout << '"\n';

LI
!

LI
7

ugtoQel va ypaptel 1godvvaua

std::cout << u8"To &Bpoilcpa Tou << a << u8" ka1 Tou << b

<< u8" glval: " << a+b << '\n';
eV N avdyvwon U0 TV oIt TO TTANKTEOAOYLO WITOQEE! VoL YIVEL UE TNV EVTOAR
std::cin >> a >> b;

Aelte egtiong tnv §2.12.3, av €xete tnv amoela ywatl n evtoAn std::cin >> a, b
dev ektelelton 0TS Yo vouLce Kaveig.

6.4.1 Eic080¢c-£€€060g dedousvwv AoykoV TUITOV

H exktUTtoon gtnv oddévn n ge apyelo wag ocgdtntag TUITOV bool ITAQOVGLALEL
Ty WB81ouTeEdTNTO VO T UETATEETEL TIEWTA GTOV OvTiGTolXo aképoro (§2.5.3) kot
ueTd vo Ty TuIt®vel. 'ETol n evioAn

std::cout << (3==2);

Tunevel 0. Av emmidugolue va TUTTOGEL TIG AEEELS true 11 false, TIEETEL TTEWTA VAl
«gTeEllovue» Gty £€£080 TO SapopEwTn std: :boolalpha mwouv opltetan gto header
<ios»y:

std::cout << std::boolalpha << (3==2);

H uetatpomn 6e ak€QEaLo eTTAVEQXETOL POV GTelAouue GTny £€5000 TO SLaLoEE®TN
std: :noboolalpha.

To «Sidpacuo» amd To TANKTEOAGYLO 1 aTtd ayelo, Wag TOGOTNTAS TUTTOU bool
VIVETAL WOVO UE TIS OKEQALES TUUEG.

6.4.2 Emtuyio €16680V-££060v dedousvav

H emtuylo ektTToong 1 avdyvoong aitd KAITolo stream €AEYYETAL UWEG® TNG
«TWAG» TOV stream: av elvol false TOTE n €yypaEn N n avdyvoon €xel aroTuyer
av eivar true €xel emtuyel. ‘Etol, n avdyvoon dyvwetov TARdous TToGoTRT®V ().
akeEAlV) agtd €va stream inp ylvetal ue xenon tng evioAng emavdinyng while wg
EENG:
int i;
while (inp »>> 1) {
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}

YTOV TTOQAITAV®D KOSIKA, EKTEAE(TAL N €VTOAN inp >> i KO KATOTV €AEyYETOL N
«TWA» TOL inp. Av n ekyoEnon TWAS ¢tn UeTABANTA i £yve KAVOVIKA, N «TWH» TOU
tooduvauel ue true kKot eKTEAEITOL TO GOUO EVTOA®DY TOU while. AAMAI®G, SLAKOTTTETAL
n ektéleon tov while.

6.4.3 XQNOWES GUVAQTNGELS Yl Streams

M guvdetnon Ttov umoel va xpstaotel cuyvd eivon n std::getline(). Q¢
TEOTO OpLoua SExeTAL €va stream (0PXEl0 €5WTEPIKG N eGWTEQKO N To std: :cin),
w¢ devTeEo €va std: :string KoL ®S TTEONEETIKO TEITO OpLoua €va char. Av dev
TEOGdl0EIGoVUE TEITO OQloua, dewpeltan OTL dwoaue To yaQoxktTiga '\n'. ‘Otav
exteleltan n std: :getline(), Stapdcel amd tn QoNn Keluevo UeEYEL TO XAUQEOKTREO GTO
TELTO OQLGULA (TOV 0TTOLO ATTOQEITTTEL) KL TO AITTOINKEVEL GTO String, KATOUGTEEPOVTAS
0,TL TUXOV €xel awTd. H guvdptnon emGTREPEL Th QON.

Ioedderyua

H avdyvwon plog ypauuns agtd apxelo ue ovoua data.txt n ogtoInkevon g e
std: :string yiveton ue Tov KOSk

#include <fstream>
#include <string»

std::ifstream in{"data.txt"};
std: :string s;
getline(in, s);

AT TG SLdpOoEES GUVOQTAGEIC—UEAN TV Streams XENOWES evol

e n get(), n owola EMGTEEPEL TOV ETTOUEVO YOAQOKTAQEOL OITO TN EON €1GO50V N
EOF av @tdcouue GTo TEAOS Tov aQyelov (0TtoTe N guvdETnen-UEAog eof () yi-
vetow true). Avdyvmon Kol agtoQeupn LLoS YOOUUNS GTh QO €LlGO580UV is UWIToQEl
ETTOUEVOS VO VIVEL UE TOV KMOIIKO

while (is.get() != '\n') {}
e 0l seekg()/seekp() (Yo QOEG e16d50V/EEA50V avTicTOL(O), UE TIC OTTOlES UE-

TOKWWOUUOGTE GE GUYKEKQEWEVO gnueto tng pong. Ily. n yetakivnon atnv apyn
TNG EONG €16080vV is yivetonw ue tnv evioM is.seekg(Q);.

6.9 AlopoQEoacelg

"Exouvue ndn der 6to §6.4.1 Vo diapoppntés (manipulators) tov Taéxel n C++,
Toug std: :boolalpha kot std: :noboolalpha, TTov KaPOEICOUVY TN LOEEN EKTUTI®-
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ONG TTOGOTATWV €VOS GUYKEKQWEVOU TUTIOV, TOU TUTIOL bool. H avtduata ItoeTt-
Aeyuévn twn eitvan std: :noboolalpha.
Y10 header <ios> vmdpyxovv emiong ot

std: :noskipws, std::skipws: (8ev) ayvooUvtor ol Kevol YOQOAKTNQES GTNV
OVAYVOGTL.

H avtdpata srpoemideyuévn Tiun eivar std: : skipws.

std: :noshowpos, std: :showpos: (8ev) TUTTOVETAL TO TEOGNUO + GE TFETIKOVG
oduovg.

H avtdupata rpoemideyuévn tiun elval std: : noshowpos.

std: :noshowpoint, std: : showpoint: (8ev) TuTT@VETAL N TEAELOL GE TLEAYUATIKO
aeuud TToV dev €xel Seradikd UEEoc. Av fntngovue vo TuTTeIEl, GUUITANQW-

vetal e 6ca undevikd kadoeicel, avtouata n entd, to std: :setprecision()
(Iov da avaggpouye TTOQAKAT®).

H avtdpata srpoemideyuévn Tiun eival std: : noshowpoint.
std: :scientific: ol wEayUaTIKOl TVTTOVOVTAL Ue TN WoEEN +d.dddddde + dd.
std: : fixed: ol TTEAYULATIKOL TUTTWVOVTOL UE Th WoE®N *dddd.dd.

std: :defaultfloat: ol TEAYLATIKOL TUTTOVOVTAL UE TN LOEMPN TTOU ETAEYEL O
uetaylwttioting. Elvarl n srpokadopiouévn emTAOyn LOQENGS EKTUTTWGNG.

std::left, std::right: meokaAel aploTeEn/de€ld GTolyion Gtnv ekTVTTWGN
(Uéca oTo drdatnuo Tov Ja kadoplcovue pue To std: :setw() Tov da avope-
QOVUE TTARAKATM).

H avtdpata srpoemideyuévn tiun eivar std: :right.

Y10 header <iomanip> vTdeyovv emiong

o std: :setprecision() mov w¢ opLoua d€xeTAl Eva AKEQEOLO AQLIUO.

Av €youvue oploel std: : fixed n std::scientific ywa tnv emmduunti popen
ERTUTTWONG, TO OQLoua kadoitel To TANYog Twv dekadikwv Yneinv TT0V Jal
eL@EAVIGTOUV (UeTd tnv TeAela). Av o aQuuds uttopel va avastapactodel ue
MydTepa yneia agtd To ¢ntovueva, da GuuTtAnEedel e Lndevikd.

Av dev €xel 0pLGTEL GUYKEKQUEVI LOQPN EKTVTIOONG N OV €XOVUE TIROGOLOQIGEL
7o std: :defaultfloat, td1e TO OQLGUA TOL std: :setprecision() TwEoacdio-
pltel To TANYOG TV crUAvTIKOV Yneinv ue To 0TTolo JEAOVUE VA TUTTOVOVTOL
ot mpayuatikol aguiuol. H mwpokadopiougévn tiwn etvan 6. Av o apuiudg uirtopst
va avastapactodel ue Aydtepa yneio amd To gntovueva, 6V GUULITANQ®VETL
ue undevikd ota Seradikd Ynelo TTOV AITTOUEVOUV.
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e 0 std::setw() Tov w¢ dpoua déxeTal TO EAdYLGTO TANYOG TOV XAQEAKTRQWV
610 oTroio Ja TuTTwdel (N To UEYIGTO TTANDOC YOEOKTRE®Y Uue TO oTroio Ja Sto-
Baotel) n emouevn wocotnta. H spoemtideyuévn tun elvon 0 TTov gpunvedeton

WS U TTEOGSLOELGUOS GUYKEKQWEVOU TTARYOUG.

e ostd::setfill() TwOU WS OELOUO SEXETOAL TO YOQOKTARQEA LE TOV 0TTol0 Jau yeui-
GOUV 0oL KeveG J€aels av o std: :setw() Oploe TTEQLGGATEQES ATTO TNV aKEIPELAL.

O TTEOETIAEYUEVOS YOQEOKTAQOGS EIVOL O KEVOG, .
‘OAot ov manipulators aAvAKOUV GTO X®QEO ovoudtwv std.

IMaeddetyua

#include <ios>
#include <iomanip>
#include <iostream>

int main()
{
double b{3.25};
std::cout << b << '"\n';
std: :cout << std::showpoint << b << '\n';
std: :cout << std::noshowpoint; // reset
double a{256.123456789987};
std::cout << "default\t" << a << '\n'; // 256.123
std::cout << "scientific\t" << std::scientific
<< a << '\n'; // 2.561235e+02
std::cout << "fixed\t" << std::fixed
<< a << '\n'; // 256.123457

std::cout << "with 9 digits\t" << std::setprecision(9)

<< a << '\n'; // 256.123456790

AvTl yio Toug SlopopewTés setprecision(), setw() ko setfill(), usropovue
VO XENGLLOTTONGOVUE TIS AVTIGTOLXES GUVAQRTHGELGC-UEAN kAde Qong, precision(),

width() xot £i11():

#include <iostream»
#include <ios>

int main()

{
std: :cout.width(5);
std::cout.fill('Q");
std::cout << 3; // -> 00003
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std: :cout.precision(9);

std: :cout << 256.123456789987 << '\n'; // 256.123457
std: :cout << std::fixed;

std::cout << 256.123456789987 << '\n'; // 256.123456790
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6.6 Aoknoceig

TpdwTte TTEAOYEOUUA TToU Ja TUTTWVEL GE 0XElO Ue dvoua prime.dat GAOUS TOUG
TEVTAPRELOVS aQLIUOVES TTOV €vol TTEMTOL.

Na Beeite 4 Stadoyikovg JeTikos aképatovg apuiuovs n, n+1, n+2, n+3, Té-
TOLOUG OGTE O TTEMTOS VAl £lvall TTOAAATIAGGLO TOV 5, 0 eVTEQOS TOAAAITAAGLO
TOU 7, 0 TRITOG TTOAAATIAGGLO TOV 9 KL O TETOQRTOS TTOAAAITTAAGLO Tou 11.

Todwte 6To apyelo ue ovoua data OAeg TG TeTEAdES TETOLWV AQWUOV yia
n < 100000. TuTtwete Gty 0ddvn to mARJog Toug.

- Na Snpovpyncete ye Tpoypauuo €vo agyelio ue dvoua trig.dat. No TuIte-
GETE GE AUTO TO NUITOVO, TO GUVNUITOVO KOL TNV EQPAITTOUEVIL TOV YOVIWOV
amd 0° €og 359.9° avd 0.7°. Ov aguuol TTOV EKTUTTOVOVTAL VO €XOUV 5
GNUOVTIKA Ynelo KoL vo elvol GTOL(LGUEVOL GE TEGGEQLS GTHAES: ywvia,
nUiTovo, GUVNUITOVO KO £QAITTOUEVN. LTNV TTEAOTN YROUUR TOU ayelov
va yedwete TOV apuiud TOV YRAUUL®OV TTOU akoAovToUV.

- Awapdaote To apyelo trig.dat ue AAAO TTEOYEOUUA KoL PEE(TE GE TTold ATTO
TIC YWVIES TOV aEYElOV AVTIGTOLYEL TO WKQEOTEQO GFQOLGUO NULTOVOU KOl
GUVNULTOVOU.

Todwte mEoypauua Tou da SExeTal ATtd TO TTANKTEOAOYLO €val TTQOYUATIKO
aeuud zo. No @QeOoVTIGETE MGTE TO TTEOYQOULO VO UV ToV KQATd av dev elvan
oto Swdotnua (0, 1), aAAd va Eavagntd apuiud, dceg @opég ypetaotel. Katdmy,
VTTOAOYIGTE KOl TUTTWGTE GTO aQyelo ue ovoua random.txt Tovg aQuWuovs i,
T2, ...y L1005 d1ov

r1 = [(1001n(zp)) mod 1],
re = [(1001n(z1)) mod 1],
r100 — |(100 ln(xgg)) mod 1| .

H ékpepaon a mod 1 onuaiver 1o Sekadiko uégog tov a. To In(z) elvar o @uat-
KOG Aoydeuiuog. IIpoGEETE OTL GTOV VTTOAOYIGUO TOU 1 XQEWACETAL O T, GTOV
VTTOAOYLGUO TOV Z9 XQeLdIETAL O 21, KATL.!

. ATto9nkeVGTE GTOV VITOAOYLGTI GOS TO ORXElD GTn Stevduvon https://tinyurl.

com/ssvgrades. Ilegigxel 126 Baduovg e€€Taong @ortnT®dv Ge KAIolo uddnua,
Tov koéva ce gexmeratn yoouun. Ot Baduol etvan stpayuatikol apriuol uetagy
0 ko 10. Beeite kaw TuTtOGTE GTNV 0YdvNn OGOl PorTNTES TTHEAV 0 KoL TTOGOL
gxouv Badud ota daotipata (0,1], (1,2], ..., (9,10].

10y aprduot ; Tou TEoKVITTOUV ue avTh T uédodo eivar Yeudotuyaiol GTo SidcTnua [0, 1).
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6. To apyelo gtn devduvon https://tinyurl.com/rndint TeQiéxer 5288 oké-
pawovg apuuole, oe gexwELGTR yoouun o kadévag. AttodnkedoTte TO GTOV
voAoyloti gag. Tpdwte TEdyeauua TTOU Voo Stafdiel TOUS OKEQEOLOVS ATTO
oUTO TO aQyelo kKol va arrodnkevel TOUG CUYOUS GTO aEyelo even.dat Kol TOUG
uwovoug Gto odd.dat.

7. Todwte TEOYEOUUO TTOU Vo Stofdcel wivo Kot €T0G OIT0 TOV YENGTN KoL VO
TUTIOVEL GTO OQXEl0 ue Ovoua calendar TIG NUERES TOL UAVAL UE TN UOQON
(Topddetyua yioo MdeTtio tov 2014):

03/2014
AEY TPI TET IIEM IIAP XAB KYP
1 2
3 4 ) 6 7 8 9

10 11 12 13 14 15 16
17 18 19 20 21 22 23
24 25 26 27 28 29 30
31

Oa yecractel va Peelte:

(@) IMTow nuépa (Aevtépa, Toltn, ...) TEPTEL N TTEOTN TOV Unvos. Ba cag Pon-
IMaoel o alyopduog tov Zeller: delte tnv doknon 8 gtn cgeAida 71.

(B) IIoceg nuépes €xel 0 GUYKEKQEWEVOS unvag. Aelte tnv doknon 9 Gtn Ge-
AMSa 71.

8. Na vmoloyicete Toug deradikoug Aoyapiduovs Twv agunv artd 1.0 €wg to
9.9 ue Priwa 0.1. Na TuTTWGETE TOL ATTOTEAEGUOTO Ue 3 deradkd Wnelo ue tn
uwoEen S8AGTATOV TTIVOKA, OTIWS TIAQAKAT®:

0.0 0.1 0.2 0.3 04 05 0.6 07 08 09
1 0.000 0.041 0.079 0.114 0.146 0.176 0.204 0.230 0.255 0.279
2 0301 0.322 0.342 0.362 0.380 0.398 0.415 0.431 0.447 0.462

9 0.954 0.959 0.964 0.968 0.973 0.978 0.982 0.987 0.991 0.996

H mpwn 6Ttnin €xel 1o aképato UEQOS VOGS ARLUOV EVM N TTEOTN YRAUUN €XEL
70 derkadkd uépog. To dbpoloua Tov TTEAOTOV GTOLXE(OV GTN YEAUUN i KOL TOU
TEWTOV GTN GTAAR § €xel Aoydoduo TTovu Sivetar GTnv Toun Touvg, SnAadn ato
agtoyeto (i,7).

9. Anutovgynate tov Tivaka touv Pascal. O grivakag avtog eivan SidtdoTatod,
n X m, KoL €(€L GTOELO TTOV 0QICOVTOL ATTO TIS GYEGELS

P(i,1)=P(1,j) =1 yla kdde 4, j kot
P(i,j) =P —1,5)+ P(i,j—1) ywwi,j>1.


https://tinyurl.com/rndint
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10.

11.

12.

13.

Poéc (streams)

To kdde «ecmTEQIKO» GTOLYELD ETOUEVMGS Elval TO ADJEOLGUA TV TTEONYOVUEV®V
GTN GTHAN TOU KOL GTN YQOUUR TOV.

e [pdwte kWA TTOV Vo TUTTWVEL 6TV oddvn Tov Trivaka Tov Pascal. Ou
apuuol va elvol GTOL(LGUEVOL KOTA GTRAES KAl KADE yOUUn TOu TTVOKO
VO TUTTOVETOL GE £eXWELOTR yoauun. E@opuocte tov yio n = 7.

¢ TEOTOTONGTE TO TEOYEOUUA OGTE VO EKTUTTOVEL TOV TTIVOKO GTO ayelo
pascal.txt.

"Ect®m n akdAovdn dwadikacio yia €va detikd aképono apuiud («opududs elgo-
S0U»):

e av 0 auudg elvar dTIoG ToVv dtanpovue ue To 2.

e av 0 aEWUog elvar TTEQLTTOS TOV TTOAAATTAAGLACOUUE UE TO 3 KOl TIQOGYE-
Tovue 1.

Eekvovtag agtd €va aouud n, emavalaupfdvouue tn Stadikacio demprvtog
TO agtoTéAecua KAde emavdinyng g apuiuod elGodou tng emrduevng. ZUL@ovo
ue tnv vitddeon tov Collatz, n estavdinyn avtnig tng dtadikaciog Yo dncel wg
astoTéAecua To 1 uetd agto emepacuévo auiud pnudtonv. O apuiuds fnudtnv
Ttov da xeeraoTel yio avTtd €£0QTATOL AITO TOV AQYIKO Wag aQuiud n.

Na ypdawete mtpdypauuo sTou

* Vo TUTTWVEL GTO aE)elo collatz.dat kdde Jetikd aképaro elgéddov amd To 2
uéxot To 100000 (Tre®Tn GTRAN) pall ue To avticToyo TANY0S Twv fnudtwy
uéxot va Byer amotédecua to 1 (evtepn oTridn).

e Na tumovelr gtnv oddvn tov auiud e16édov ToUv elye TO UeyoAUTEQO
aeuud pnudtwv, wall ue Tov apud Pnudtonv.

(@) AnwovQynate ye meoypauua to apyeto random.txt pe 10000 Tuxalovg ake-
eatovg ato Sidatnua [—20,20].

B) Tedwte TTEdYQOUULO TTOV VO StaBdiel To aQyelo random.txt Kol Vo TUITOVEL
otnv oddvn TOGoUS VeTIkOVG, AEVNTIKOUS KAl (Goug ue To 0 apuiuovg
TEQLEYEL.

To apxelo https://tinyurl.com/rndint TeQiéxel 5288 aképaiovg apLduovg,
oe EexwELoTn yoouun o kodévas. Astodnkeote TO GTOV VTTOAOYIGTH Gag. An-
ULOVEYNGTE Ue TTEOYQOUUA VO 0RXELD UE OVOUO rev.ixt GTO OTTOl0 VO avTLyQd-
PeTE TOUG aEUWILOUS TOV TTEMOTOV AEXElOV avTicTEOPA (0 TIEWTOS VO YQOPTEL
GTO TEAOG KOL O TEAEUTALOC GTNV QQYN).

YVuewva ye tnv vtodeon Lemoine, kdde mepLrttog JeTikOg akéQALOg apriuog
ueyaAUTEQOS TOv 5, umoeel va yeapel w¢ ddpoloua evds TTEOTOV aQiuon
KoL TOU SITAAGLOV €vOS AAAOV TIE®TOV aEuWuoy (xwels va eivon astaQaitnta


https://tinyurl.com/rndint
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14.

15.

16.

17.

SrapopeTikol ot §Vo TewToL aprduol)?. Na eAéyEete auth Ty vitédeon yia kdde
TEQLTTO aEWud m amd 1o 7 uéyol To 999999: Beelte TOVS TTEWOTOVS AEWUOVS
P, ¢ TLOV KOVOTIOLOVV Tn Gxéon m = p + 2¢. pdwte tovg apuuovs m, p, q,
ue €va kevo avduesd Toug, ato aQxelo lemoine.dat, ®Gte vo €xeTe TV KAde
TELWAOO GE EEXWELGTH YQOUUN.

H kop8toeldng KaustiAn Ge ITOMKES GUVTETAYUEVES diveTal aTtd Thv e€lGOoN
r(6) = 4cos(6/2) .

EmAégte 70 woaméyovoes yovies 6; (i = 1,...,70) oto didcotnpa 0° €wg 359°.
Ta dkea Tov SLUGTARATOS VO GUUITEQLAOUPBAVOVTOL GE QUTEG.

Tuntwate ge §Vo GTrides Ge apyelo ue Ovoua cardioid.txt TG ywvieg 0; KoL TIS
avtioToryeg Tweg tng asmtostacng r(6;). Kdde tevyog (0;,7(0;)) va etvar gtnv
o yoauun tov apyelov ue €va kevd avdueca. Ot TES Tov Ja TUTTOGETE Vo
elval GTOL(LOUEVES KOl VO €X0UV 4 dekadikd YnploL.

TFpdwTte 6T0 apyelo ue dvoua numbers, Ge EEYWELGTA YOOUUN TOV KODEVA, TOUG
axépoovug n, ue 0 < n < 10%, wou €xouv ddporoua Wneiwv ico ue to ddpoloua
TOV Ynelov Tov 137n.

Y1g Sievdiveoels https: //tinyurl.com/int1200 kou https://tinyurl.com/
ssint1600 Toapéxovtal dvo agxela TTov TrEELEXoUV 1200 kot 1600 ar€QaLovg
auuovg avticgTorya, éva ge kdde ypauun Toug. Astodnkeote Ta 0QXEDL GTOV
vToAoylotn cag. Na ypdwete meoypauua Ttov va «Stafdel» Tous apuinwovg
TOU TEAOTOV 0EYelOL GTO dtdvucua a kKot Toug aEUWULovg Tov JeVTEQOV GTO
Sudvuoua b, kow va ypdgel ato apxelo fileC.txt Toug aprduoig Tou a TTov Sev
JTEPIEYOVTAL GTO b, GE LEXWELGTA ypauun tov kKadeva.

To apxelo otn Sievduvon https://tinyurl.com/ssrepeated meiexer 4996
PeTikoVg aképarovg apduovg Tou eTtavalaupdvovtal, o KaJEvas oe EXmELGTR
yoouun. Astodnkedote 1o GTOV VTTOAOYIGTH Gag. [pdwyte TTEdYQOUULO TTOU

(@) Na Bplokel TTOGES POEES eL@PAVICETOL GTO 0)el0 0 aEUiLog 42.

(B) Na Belokel TOGES POEES enpaviceTtonr 6To ayxelo o apuiuds atn yoouun
42.

() Na Belokel oo eivar ot StapopeTtikol agibuol Touv apyelov.

®) Na ypdoper 6to agyelo single.dat toug aQuols TOUV eUPAVICOVTOL GTO
AEXKO AQXELO, XWEIS TIG ETTAVAAMNPELS TOVG.

(€") Na Belokel wdGeS OoEES emmavalaufdavetar kdde aQuiudg. Auvtn thv TTAn-
0@oQla va Tn Yedpel GTo ayelo freqg.dat ge V0 GTAAES: GTNV TTEAOTN VA
etvaw ov apruol ko T devtepn T avticToly o TTARIN.

210 1 8ev Dewpeltar TEWTOG aELIUSS.


https://tinyurl.com/int1200
https://tinyurl.com/ssint1600
https://tinyurl.com/ssint1600
https://tinyurl.com/ssrepeated

136

18.

19.

20.

Poéc (streams)

Ye éva agyelo ue dvoua freq.dat, TweELEYOVTOL SVO GTRAES OKEQALWV AQLIUNDV: GE
KkdPe yoauun, o detepog apiudg eivar €va «BAEog» TTov Sel)vel TTOGO «LGYVEN»
etvaw kdgtola WdTnTo Tov TEOTOV aEuwuov. I'pdwte 6to apyelo sort.dat Toug
aEuLovg TNG TTEMOTNG GTRANG TOV OQEXKOV dEXelOV, Ue GEWRA ATTO QUTOV UE TO
ueyaAteQo BAQOS TTEOS avTOV Ue To UkEdTEEO BAQOC.

Mgtoeite va xEnGWOITONGETE Yo freg.dat To ouwvuro aeyelo tng doknong 17.

Mo Standeewon evog apyelov kewévou TTov wItoeel va yenclwottondel yio
TNV aodnkevon acItEoLavEng elkovag givar n akdAovin:

(o) H grpotn ypouun touv apyelov TeéTel va yodeet: Pl.

() H devtepn va ypdoel Ti¢ Sl0GTAGELS TNG €lKOVAG: TTAATOS pog (SnAadn
Toug V0 aEWLOUS Ue KEVO UETAEY TOUG).

() Na akoAovdovv ov apuol 0 1 1+ avTol avIItEocwITEVOLVV Ta pixels Tng
EIKOVOS KATA YRAUUES, EEKIVOVTOS OTTO £TTAV®D 0QLoTeQd: KAde Aeukd pixel
avtieToxel 6To 0 ko kdde uavpo ato 1. Ou apruol wirtopovv va Sioywei-
covtow agtd kevd aAAd dev elvan aroapaltnto. Xe kdde Gelpd Tov agyelov
UITOQOUVUE Va £X0VUE €S 70 YOQOKTAQES.

H Swapdppwon avti amotedel €va apyelo tomov plain pbm (portable bitmap)
TTOV UITOEOVUE VO TO Sovue Ue TTROYEAUUOTO OTTEIKOVIGNG.

Angiovynate €va gtivaka 512 x 512 gtov omolo To gToyela Tov Pelokovto
wla Y€on katm ko ulo d€on mave amd Tic §Vo Siaywviovg, KOO Kol devTe-
pevovca (SnAAdN, G TEGGEQLS GUYKEKQULEVES YOOUUES), da €xouv Tnv Twn 1
kot Ta vItoAoTta Ja elvan 0. "Etat, €xovue arodnkevoel wa Sididetatn elkéva
gtov Tivaka. TuTtwote Tnv Ge apyelo pe Katdingn .ppbm kol Stapdepwaon
plain pbm.

Mo Staudeewaon evog apyelov KeWEVoy TTov WItoel va yencluottotndel yio
TNV aToYnkevon ekOVAC e ATTOYXEMGELS TOV YKQEL elval N akdAovin:

(@) n TEAOTN yoouun Tou axelov TEETTEL va ypdpel: P2.

() n Sevtepn TEETEL VA Yd@eL TIS SLOAGTAGELS TNG €KOVAGS: TTAATOS VPOg
(GnAadn Toug dVo aEUiLovg ue Keve UETAED TOUG).

(V) n toitn TEéTel vau £xel €va FeTikd aképato apuud K TTou avTlITROG®mITEVEL
™ uEyloTn Tun Tov YKL Ilpémet va eivan wikedtepn aitd 256. Tugtkn twn
ylo auti givon o 255.

(&) axkoAovdovv Ta pixels TG EKOVAS KATA YRAUUES, EEKIVOVTAS OTTO ETTAVKD
aplotepd. Kdade pixel aviimpocwiteveton amd €va aképato apuiud aso to
0 €éwg kot To K. MeTaE) TV TWOV TTEETTEL VAL VITAQYEL £VAL TOVAAYLGTOV
KeVO N aAdayn yoouung. Ot yoauués tou apxelov TEETTEL va €X0UV G
70 xapartnEes. AtevkoAMivel emouévmg av kdde pixel eivor yoouuévo ce
EEXWOELGTA YQOUUN.
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21.

22.

H Swopopewaon avtn astotelel €va apyelo TUTov plain pgm (portable graymap)
TTOV UITOQOVUE VO TO doUUE UE TTROYQAUUOTO OITTEKOVIGNG.

TFpdwte €va meodypauua ov da Stafdgel To apyelo input.ppgm kol Jo Snutove-
yel wia véa ewdva Gto output.ppgm wc €eng: To pixel (i,7) otn véa ewdva da
elval 0 WEGOG 0QOg Tov pixel (7,j) TNG OEYIKNG KAl T®V YELTOVIKWV TOL (UEXQL
yeltoveg tdeng p). Emouévag, av to (i,7) elvar pakeld asd ta drea, Ta pixels
TOV XENGLULOTTOLOVUE GTOV VITOAOYIGUO elval avTd TTov BEIGKOVTIOL GTO TETEG-
Y®VO Ue KOQUOES T (i £ p,j £ p). Av to (i,7) elvan GTa drEa, oL yeltoveg elvar
AMydTepol (QUTOL TTOV TTEQLEXOVTAL GTO TTAEYULQL).

To mEdypauud cag Ja gntd agtd to xenotn tov aképato detikd apuiud p. la va
TO SOKWAGETE, XENGWOTTONGTE TO 0Q)elo Gtn dievduvon https://tinyurl.
com/fileppgm.

Mua Stapdpepwaon evog agyelov Tov umoest va yenowomondel yio tny agtodn-
KEVGN €yypmung €wkovag ivor n akolovin:

(@) H mpwtn yoauun tov agyelov Teémel va ypdgpetl: P3.

(B) H 8evtepn meémel va ypdeel TS SLOGTAGELS TNG €KOVAG: TTAATOS MPog
GnAadn Toug Vo aEWUOUS ue Keve UETALY TOUG).

() H toltn meémel va €yel éva detikd aréparo apuiud K, uéxel to 255, TT0U
OVTLTTROCTEVEL TN UEYLGTN TWR Tov KAde ypouatos. Turtikn tun etvan
TO 255.

(6) Na akolovdovv ta pixels Tng €wOVAG KATA YEAUUES, LEKWVOVTAC OITO
ETTAV® AELOTEQA. XTO a)elo Do YOA@OVTaL Ol TWES TV XEOUAT®OV «KOK-
Kkwo» (R), «rpdowo» (G), «umtAe» (B) yia to kdde pixel, ue éva kevo ue-
Tag0 Toug. ‘Eva pixel tov €xel ypoua kokkwvo do avaroictator oIrd
v teudda K 0 0 (av to K elvar 255 da ypdeovue 255 0 0). To pixel
ue «Tedowvo» xenuo da aviigtoryel atn yeauurn 0 K 0. To waveo xeoua
etvaw t0 0 0 0 eved to Aevkd K K K. To xitpwwo elvan K K 0. Xe rdde
cuvieTwea RGB umopovue yevikd va €xovue oTtoladnmote T uetagy 0
kol K ®GTE vo TTopdyoure OAQL T XQWOUATOL.

Ou yoouués Tou apyelov TTEETEL va €xouv €w¢ 70 XORAKTAQES.

H Swapdppwon avtin agtoteel €va apyelo tomov plain ppm (portable pixmap)
TOV UITOQOVUE VO TO doUUE UE TIEOYQAUULOTO OTTEIKOVIGNG.

Anpovpyncte éva, apyelo ue dvoua france.pppm ue tn cnuala tng TaAlog?,
oe 512 x 768 pixels, ONGWOTOLOVTAS TNV TTAQAITAV®D SLOUOQRPNOGCN.

TFpdwte TEOyeauua Ttov da Stafdtel Tnv ewkova Tov elvonl astodnkevuévn pe
Sraudppmaon ppgm (delte tnv meprypapn tng dtandepuong atnv doknon 20),
oTo agQyelo input.ppgm, kou da tnv yodpel 6Tto apyelo output.ppgm, ue S

3TQ8L§ KATAKOQUEES Awideg {Gov TAATOUG: UTTAE, AEUKN, KOKKLVN.


https://tinyurl.com/fileppgm
https://tinyurl.com/fileppgm
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23.

24.

Poéc (streams)

Sladeemaon, ooy TNV TTEQLOTEEWEL KATA TN (POEA TV SEKTOV TOU QOAOYLOV
Kratd 90°.

Ymobeién: Xe wa ewkova ue M ypouués kow N GTAAEG, n SegidGTRogn TeQL-
oTEoMN KaTd 90° Snutovgyel ewkova ue N yoouues kow M GTAAES Kol UETAKIVEL
To pixel (i,7) oto pixel (M —1—14),ue 0<i< M, 0<j < N.

[a va dokdoeTe To TTEOYEAUULA GOS XENGLLOTTONGTE TO ayelo aTn dievduvon
https://tinyurl.com/fileppgm.

Todapte éva TEdyeauua TTov va vAottolel to Game of Life* tov Dr. J. Conway.
AvTO TEOGOUOLDVEL TNV EEEMEN TOVTOV®OV OQYOVIGUOV POGLCOUEVO GE GUYKE-
KQUWEVOUS KOVOVEG.

Ye éva TAEyua M x N, kdde TeTEAY®VOo £XEL OKTM TTEMOTOVS YEITOVES (ALYOTEQOUS
av Beloketon oto dkea). Torrodetovue ce Tuyales déoeic K opyaviouovg. Xe
kdVe Prpa tng eg€MENG (Véa yevid):

(@) "Eva kevd 1eTpdywvo Ue akQBOS TEELS «{®VTAVOUS» YEITOVES YIVETOL «L0-
vTavo» (Yyévvnon).

B) "Eva «covtavd» teTpdywvo pe 00 N TRELS «CmVTAVOUS» YEITOVES TTOQAUEVEL
covtavo (emmpioon).

(V) Ze rdde AN TteQimTOon £va TETEAY®VO YIVETOL 1 TTAQAUEVEL KEVO SnAadn
«gredaivel» N TTOQEAUEVEL «VeEKQEO» (ATTd vITEETTANYLGUS N wovagld!).

H «astodnkevon» tng emwouevng yevidg yiveTal a@ov oAokAnewdel o vIToAoyL-
UGS TNG Yo OAQL TOL TETEAYWVA.

Na tumtovete tny kdde yevid e apyelo ToITou plain pbm (Selte tnv TTeQrypapn
g Swapdpewaong atnv doknon 19), ®ate va uiropelte va Tig delte OAeg paldl
SLadoykd?.

Yynuotiote TETEAY®VIKG TIAEyua 512 x 512 kat vitoAoyiote 1000 yeviég. Aoki-
UWAGTE VO TOTIOUETAGETE AQYIKA TOUS 0QYAVIGULOUS OxL GE Tuyales Yé€aelg alld
oe Wa déon kdtw ko wlo Y€on Tdve amd T dvo Swaywviovg, KUELOL Kol
devtepeviovca (BnAadN, Ge TEGGEQLS GUYKEKQULEVES YQOUUES).

G

Eva pvouiykt (Langton’s ant®) Boloketan e opdoydvio mAdyua améd 512 x 512
Tetpdynva. To tetpdywva witopovv va elval lte doTieo elte wavea. AQykd
etvaw 6Aa doTtpa. To pvounykt €xel apxkn déon to KEVTEO Touv TAEYLATOS (TO
onueto (256,256)), katevBuvon TTEOS Ta AV Kol Kveltal e kdde Pripa Tov
GUUP®VO UE TOUG AKOAOVTOVES KAVAOVEG:

e Av BplokeTtal Ge Lav¥Eo TETEAY®WVO, AAAALEL TO XQWUA TOV TETEOYDVOU GE
AGTEO, GTEEPEL aPLaTeRd KATA 90° KoL TEOXWEA KATA €va TETEAY®OVO.

4http ://www.math.com/students/wonders/life/life.html

°Ye cuotiuata UNIX, ue eykatectnuévo To Tredypauuo imagemagick, n evioAr eivair animate
* . ppbm

6http ://mathworld.wol fram.com/LangtonsAnt.html


https://tinyurl.com/fileppgm
http://www.math.com/students/wonders/life/life.html
http://mathworld.wolfram.com/LangtonsAnt.html
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26.

e Av BplokeTan Ge AGITEO TETEAY®VO, AAAATEL TO XEMOUO TOU TETEAYNOVOU GE
wao, GTEEPel de&id katd 90° KAl TEOYXWEA KATA £Vo TETEAYWVO.

FpdyTte TTEAYQEAUULA TTOV VAL TTROGOUOLMVEL TRV KIVAGN TOU Lueunyklov yia 12000
priwata. Kade 100 frgato vo astodnkeVete Tny elkOva ToL TAEYULOTOS GE 0RXELO
ue tn dtaudpewcn plain ppbm (Selte tnv TEQLypa@n Tng SLaUdQE®GONS GTnv
doknon 19). Aeite OAec TIC €IKOVES: TL TTOQATNQELTE;

Ou apuuot 2, 3, 5, 7, 11, 13, 17, 19, ... elvon TtpwTol. Kdde axképato detikd agriud
UITOQOUVUE VO TOV YEAWPOUUE LE LOVADIKO TEOTTO WS YIVOUEVO TTROTWV 0QLIL®V.
H avdAvon avtri Aéyetol ITaQAyovToIToinGn Ge IpadTovs aplduovg. ‘BTl

15 = 3 x5,
364 = 2x2x7x13.

ITPOGEETE OTL GTNV TTALRAYOVTOTTOINGN KATTOLOL TTEMTOL aQudiol LItoel val eIrol-
vaAouBdvovTor.

ATt09InkeVGTE GTOV VITOAOYLGTA GOS TO aRXElO GTn Stevduvon https: //tinyurl.
com/ssprimes. ITeQi€yel ToVS VeTIKOVG AKEQALOVS TTOV EIVAL TTEWTOL KOL ULKQEO-
Tepol ard To 1000. H srpadtn yeauun touv agyelov £xel to mAndog tov apuiuwnv
7OV aroAovdouv.

TFpdTe TTEOYEAUUO TTOU VO YENGWOTTOLEL TOUS aEWUoUS TOu aQXeEloL Yo va
OVOAVGEL GE YIVOUEVO TIEMTOV aQuiu®y To n = 76378260. Beelte dnAadn Ttotot
IO TOUS TEAOTOUS aELILoVS SLaeovv To 1 AKEPOS (XWwELS VITOAOLTTO) aAAD
KO TTOGES (PORES EUPOVICOVTAL WS TTAEAYOVTES Tov. TuTTwWaTe TOUS SLMEETES
TOv n GTNv oddvn, ue €va KeVO avAuead Toug.

Agravtnon: To 76378260 gival To YIVOUEVO TV TTEOTWY akepaiwv 2, 2, 3, 5, 7,
7, 83, 313.

To apxelo otn Sievduvon https://tinyurl.com/bachdegrees Tepiexel Pad-
1ov¢ TTUYIOV TV ATTOPOIT®V EVOG TTOVETILGTULOKOU TURULATOS. TNV TTEWTN
yoouun €xel to ITARY0C TV TTTUXLOVX®V Kol UETA OKOAOVTOUV GE EEXWOLOTES
yoauuécs ot Baduotl mtuylov. Beelte

* TO UEYOAVTEQO KOl TO WKQEOTEQO Baduod,
e 70 TAJog Twv TTTULXOVY®WVY Ue «Alota» (Baduds > 8.5), «IToA) kaAd»
(6.5 < Baduog < 8.5), «Kald» (Badudc< 6.5),
Ta ToEATTAVE® OITOTEAEGUATO TUTTWGTE TOL 6TV 0ddvn.

Katdv, vrodoyiate mwocol srtuytovyol €xouv adud cta dtactipata [5,5.25),
[5.25,5.5), ..., [9.75,10). Tum®ote 6TO OP)elo graduates.txt Ge SLASOYIKES yoOu-
Uég, Ta 6pLa kAde SlaGTARATOS KAl To avTigToryo TAnYog TTuxlovywv. Ta doa
kdVe Sractipatog va Tuwdolv ue 2 Sekadikd.


https://tinyurl.com/ssprimes
https://tinyurl.com/ssprimes
https://tinyurl.com/bachdegrees
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Poéc (streams)

27. To apyelo atn Stevduvon https://tinyurl.com/manyints srepiéxel 3590 axé-

28.

QEOLOVG UE TO TIOAV 7 Wnela, Ge LeEXMELGTA yoouun o kadévag. Arrodnkelote
TO GTOV VTTOAOYLGTH Gag. Beelte Tous apuiwovg e avtd Tou €xouv ddgolGua
Ynelwv (o ue 27. Tpdwyte Toug GTo agyelo s27.txt, éva apuiud ce kdde Gelpd,
KOl TUTTOGTE 6Ty oddvn To MANBog Touc.

AIuds Mersenne AEyeTol 0 AKEQALOS TTOV WITOEEL va, ypapTel GTn woeen 2F —
1, yia kdgtoto aképaro k. IpdTog ardudc Aéyetar kdde akEQEOLOS LEYOAVTEQOS
Tov 1 Jrou Sroupelton arEP®OS WOvo agtd To 1 KoL TOV €QVTO TOV.

Na Beelte Kl Vo TUTTOGETE GTO aQ)eElo mersenne prime.txt GAOUG TOUS OKEQAL-
ovg aEuuovg ugyol To 1000000 Tov elvon TavTOXEOova Mersenne kol ITEAOTOL.
H extiTtwon kdde apuduov da yivetal oe £exwEloTn yoOuun.

Agtavtnon: 3, 7, 31, 127, 8191, 131071, 524287.


https://tinyurl.com/manyints

KepdAaro 7

YUVAQTNGELS

7.1 Ewsoywyn

Y10 TEONYOUUEVA KEQPAAALO £X0VV TIAROVGLAGTEL KAITOLES AT TIC PAGIKES EVTO-
AEG kau €vvoleg TnG C++, EKETES WGTE VO WITOQROVUE VO YRAAPOUUE GYETIKA TTOAVTTAO-
KoUG kwdkes. H guykévTpman duws, 6Aov Tov Kwdika Ge wia guvdeTnon, tnmain(),
KONGTA SUGKOAN TNV KATAVONGH TOU KoL, KUEIWS, Tn Stoedwon Aadwv. Lxeddv td-
VTa 0 KOJKAS asroteAelton astd TuRUata JTov elvan ge ueydiAo Padud avegdotnta
UETAEY TOUG. AUTA WITOEOUV VO ATTOUOVOIOUV GE AUTOVOUES GUVAQTHGELS, VO OTTO-
TeAovv, dnAadn, oUddeS EVTOAWY Ue GUYKEKQWEVO OVoud, Ol oTtoles da kaAovvTal
OTToV KAl OGES (POQEES YEeLdieTaw aIrd Tn main() N AAAES GUVAQTAGELS, XENGLULO-
TOLOVTAS WOVO OUTO TO Gvopd. AVTES oL ouddeg evIoAwv da TTAQOUETEOTIOLOVVTOL
cuvndwes aTtd wia 1N TEPLGGOTERPES TTOGATNTEG, TO 0PIGUATA TNG GUVAQTNGNG.

H ogydvwon tou TTpoyQduuotos WoS GE GUVOQTAGELS £lval £VO TIEMOTO PR GTRV
OITAOTIOINGN TOU KOSIKO KO LOG ETILTEETTEL VO, ETTIKEVTROVOULOGTE GE GUYKEKQUUEVEG,
KOTA TO Suvatov aITAEg, gpyacieg KOTd Thv avdmTuEn 1 Siopdwon Tou TTEOoYEAWL-
uwatoc. ‘Etor gy, évag alyopuduoc ustopel va vAostoindel, va Stopdwdel kar va
BeAticToTroindel avtovoua, avegdeTNTa AIrd TOV VITOAOLTTO KOOKO KOl ETTOUEV®OS
uIToQel va xenaoworoteltar agtd euds 1 AAAOUS GE SLaPOEETIKA TTOYQAUUATA. AT
™ oTyun Tov da VTTAEEEL OITOGITAGN TOU KOO GE auTdvoun, eAeyuévn Guvdae-
TNoN, N XENON TOU QITAOTTOLEITOL GNUAVTIKA KOD®OS WOS ATTAGYOAEl LWOVO TO TTWS TOV
KOAOVUE KO TL 0QIGUATA TTRETIEL VAL «TTEQAGOVUE» GTN GUVAQRTNGN KAl O)L TO JTOLOVG
OKEPBWS VITOAOYIGUOVG EKTEAEL.

H opydvwon tov kodika ge dedouéva kow g Stadikacies (GUVOQRTRGELS) TTOV ETTL-
8p0oVVv Ge aTd TTEQLYEAPETAL WS Sounuévog (structured) n StadikacTikog (procedural)
TIQOYQOUUATIGUOS KoL QITOTEAEL €val AITO TA WOVTEAQ TTROYQAUULOTIGULOV TTOU VITO-
otnpicet n C++.

141
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7.1.1 H é€vvowa tng GuvdeTneng

Ag TTeOGTTOAINGOVUE VO KOTOVONGOUUE TNV €VVOL TNG GUVAQTNGNG GTOV ITQO-
YOOUUaTIoUo ue fAon tTn yvwoTh €vvola Tng WoInUatiking Guvdetnong.

Y1o podnuatikd puitopovue va opigovue 0Tl
flz)=a*+5x—2.

AvTé onpaivel 0TL KATTOES GUYKEKQWEVES TTRAEES (22 4 5x — 2) €Youv QITOKTAGEL
éva dvoua, 1o f, UEG®W TOV 0TTolov Ta TS XENGLOTTOLOVUE OTTOTE XEELOLOUAGTE TO
astotéAeaud toug. ITagatnpovue 4Tl e€apT@VTAL AITO £va GUULOAOD, TO T, KOL ETTOUE-
VoG, 8ev UITOEOVV VoL EKTEAEGTOVUV KL VO oS ddcouv agtotélecua. O cuufoMouog
f(z) vwodnAwvel 4Tt n cuvdetnon f €xel S TAQAUETEO, WS 0PIGUC OTTWS AEUE,
v JTocoTnTa 2. [0 TIS GUVOQTAGELS TTQOYUATIKAG UETAPANTAS TO = GUUPOALLEL
gvav Teaywatikd aprdud. ‘Otav emmduuolue va ektedécouvue TG TEALeS 22 + 5z — 2
yloL RKAITOL0 TR TOU &, WITOROVUE VO XENGWOTIOINGOUUE (VO KAAEGouue) Tn GUVAQ-
Tnon [ Ue ToUTOYQEOVO TIROGOL0ELGUSG TNG TWAS TOU 0QRIGUOTOS, TOU GUUBOAOUL .
'V oavtd yedeovue, T.Y., ¥y = f(2.5) avil yia To 16o8Uvouo aAAd TILO EKTETAUEVO
y = 2.5%2 + 5 x 2.5 — 2. Ov TEAEelg wiropovv vo eKTEAEGTOUV apol) Sdcouvue T
oTo oUuPoro z, Yégovue, dnAadn, tn Sedoucvn TN OTToL euavicetar o x. To
OTTOTEAEGUA TOUG YO TN GUYKEKQULEVI TN ERYWQEELITAL (ETTIGTREQPETAL) GTO OVOoua
TNG GUVAQRTNGONG KOL LITTOQOUVUE VO TO KQOTNGOUUE GE KAITOL0 KATAAANAN TTOGOTNTAL.
Mo ponuatiki, GuVAETNGN UITOQEL VO £XEL TTEPLGGOTEQN AITO £val 0RIGUATA (TTALQROL-
U€TEoug). AoV Tta TTEocdiopicouue OAA, LITOQOUV VO EKTEAEGTOVV Ol TTQAELELS TLC
oTroleg avTiTEocmTeveLl. IIpoeavag, wo guvdeTnon Uitoel vo KAnYel 0GeS POQEES
emmidupovue.

YTOV TTEOYQAUUATIOWO KOTA IJTARQN OVTLGTOLY(OL WITOROUVUE VO «OITTOGTTAGOUUE»
aTto TNV KVELAL OULASO EVIOA®V TOU TIROYEAUUATOS LOGS £VOL TURILO KOOKO KAl VO TOU
dwoouvue éva dvoua. AVTO TO TURUO KOSIKO LItoel va egapTdtol aTtd koula, uio n
TEQLOGOTEQES TTOGOTNTEG. XTOV 0QLGUO TNG GUVAQRTNGNG Ta oplcuata Sev eivan TiTtote
dAAO TTaRd GUUPBOAC TTOU AVTLGTOLYOUV GE TTOGOTNTES GUYKEKQWEV®Y TUTTWV. ‘OTOv
KOAEGOUUE TN GUVAQTNGN UE TO Ovoud TNg, TEETTEL va TTEOGSL0RIGoVIE TAVTOXEOVA
KO TO. 0QIGUOTd Tng, Sivovtag TWES TV avTiGTo®wV TUTTwV 6e Kadéva agtd avtd.
Tote wovo UITOEOUVV VOl EKTEAEGTOUV Ol EVTOAEG TTOU AUTH AVTLITROC®ITEVEL. ‘OTOV
oAoKkAnEmYEl n eRTEAEGN TNG GUVAQETNONG UTTOEEL VO ETTLGTEEPETAL TN UEGK TOV
ovouatog tng. H emotpe@duevn Tiwn umoel voo yonowosondels €16l uiropovue
Vo Ty astodnkevcovue Ge KATAAMNAN UETAPANTA, R VO TNV TUITWGOVUE GE AQ)ELO,
N va Ty cuvustepuddfovue oe guvdetn €keeacn. Xtnv Teplmtoon Tov Jélovue
va AdBouue TEQLGGOTEQA TOV £VOC AITTOTEAEGUATA, UTTOQOVUE VO VITOKATAGTRGOVUE
TO TURUO TOVL K®OSKO Ue GuvdETnen GTnv oTolo da YENGWOoITOINGouUE WS TUTO
ETOTREPOUEVIG TTOGOTNTAS Wl KATAAANAn Soun (§5.5) n kAdon (§14). Evallaktikd,
UITOQOVUE VO TO VITOKATAGTHGOVUE UE GUVAQTNGN N OTTOl0L £XEL ETTLITAEOV oplauaTa
TOV OTTOKTOUV TWN UETA TNV OAOKANQ®GN TNG EKTEAEGNS TNG.
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7.2 Oq@weuog

‘Eva tungo Kodwka Jtov elval ge peydAo fodud avefdptnto amd to VITOAOLITO
TEOYEauUa UItoQel vo astoteAécel wa cuvdetnon. To tunua avtd segulaufdver
SNAWGCELS TTOGOTATOV KOl EKTEAEGULES EVTOAEG KOl WITOQEEL VO TTAQOWETQOTTOLETOL
aTto KATTOLEG GTOTERES N UETAPANTES TTOGOTNTEG—TA 0QIGUATA TG GUVAQTNGNG— N,
0Ttwes Ya dovue ato §7.11, ard TVITOUS TTOGOTRT®WY. Mia GuVAQETNGN UTTOEEL Vo unv
ETOTEEPEL TLTTOTE N VAL ETGTEEPEL WAl ATTAN i GUVIETN TTOGOTNTO. LUVOQTAGELS TTOV
TEETTEL VAL ETILGTEEPOVV TTEQLGGOTERES AITO Uiol AVEEAQTNTES TWES, TTEQLAAUBAVOUV
GTn MGTO 0QLOUAT®V UETOPANTES KATAAANAOL TUTTOU yloL VAL TIG €50yAyOUV.

O 0QoUdS WOG GUVAQRTNONG €XEL TNV AKOAOVIN YEVIKA LOQEMN:

TUTTOGC_ETGTEEPOUEVNG_TTOGOTNTOS
ovouo(TUTTOC_0QIGULATOS_A OpLlouaA, TUTTog oplouatos B dpouaB,...)
{

/] ROBKRAG

}

EvoAAOKTIKA, VITAQXEL N SUVATOTNTO VO XENGWOTIONGOVUE Uiol Ao TIG ETTOUEVES
UOQYES:

auto
Ovouo(TUTTOC_0QIGUATOS A OpLouaA, TUTTOG oplouatos B dpwouaB,...)
-> TUTTOG_ETGTREPOUEVIG TTOGOTNTAS

{

/] ROSIKOG
}
“
auto
Ovouo(TUTTOC 0pIGLATOS A OQLouaA, TUTToG oplouatos B dpwouaB,...)
{
/] KOOGS
}
n Kol
decltype(auto)

Ovouo(TUTTOC 0pIGLATOS A OpLouaA, TUTToG oplouatos B dpwouaB,...)
{

/] kKOOGS

}

O «TUTTOGC_ETMGTEEPOUEVNG TTOGOTNTAG», ALV TIROGOLOQICETAL ENTd, WITOEEl val €l-
val void: vwodnAwvetor €Tol 0Tl dev emMoTEEPeTAL TWN. EvaAloakTtikd, ustogel va
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elval 0TToloGdNITOTE ATTAOG I GUVIETOG TUTTOGC €KTOC ATTO EVOOUATOUEVO SLAVUGULOL
KOL GUVAQTNON (ETLTEETTETAL, OUWS, VO elval SEIKTNG GE evGMUATOUEVO Stdvucua N
guvdeTnon).

H TtpodTn woeen opwowot eivar n salodtepn otn C++ kow to cuvndouévn. H
devtepn elvar yprnown Otav o TUITOC TNG JTOGOTNTAS JTOV ETGTREPETAL EEAQTATAL
OTTO TOVS TUTTOVS TWV OPLOUAT®V. TNV TEITN KoL TETAQRTN LWOEPN 0QLGuov o compiler
TEETTEL VO €E0YAYEL (UE KAVOVES TTOU SLAPEQEOVV) TOV TUTO AITO TOV TUTO TNG TTO-
GOTNTOG TIOU EUPOVICETOL GE €VTOAN return GTO Gwuo Tng guvdpTnong. Puacikd,
av VTTAEXOUV TTOAAEC eVTOAEG return, Ja Treé€mel OAeg va TTOQOVETOVV TWES Ue
Kowd TUTT0. ETITAE0V, £TTLTEETTETOL VO YIVETAL OVOSQOWKN KANGN TNG GUVAQTNONG
(§7.4.1) ko €TGTEOPN TOV ATTOTEAEGUATOS TNG AEKEL UEGO GTO GWUO TG GUVAQTN-
ong vo vITdEXeL AAAN eVTOAN return agtd Tnv ogrola wirosl va egayxdel o THTTOC TNG
ETGTEEPOUEVNGS TTOGOTNTAG.

H Mota ogioudtov uiropel va eivon kevi. Ta oplopata, av vitdeyxouvv, dev UIto-
EOVV VOl ETTOVOOQLGTOVV GTO GOUO TG GUVAQTNONGS KAl N eUREAELd TOUG eKTEIVETOL
®S TO KATOANKTIKO ‘} TOU 6Opatog. Ot SnAwacelg atn AMGTo 0QLeUATOV YIVOVTAL OTTWS
Ol YVOGOTES SNANGELS TTOGOTITOV: EWOKA YLl TRV TTEQRIITTOON TToU YEAOUUE VAL €xOUUE
WS OPLOUO OGS GUVARTNONG Vo EVOOUATOUEVO Sidvuoua (§5.2.2), yencuostotovue
v aroAovin uooen:

TUTOG_GTotyelwv dvoua_dtaviucuatog| |

ITpoo€ETe OTL UETAEY TV OYKVAWV €(0UUE KEVO. TNV TQAYULOTIKOTNTO, GE Wl TE-
Tolo SNA®WGN 0QIGUATOC, «TTEQVA» WS OQLGUA £vag delkTng GTO aEXIKO GTOLXElD TOV
Sravvouatog. Me dAAa Adyia, ol SnAdwacels opicuatog int a[] kow int *a elval 1Go-
duvapes. AuTo €xel WS GUVETTELDL VO UV «JTEQVA» TOUTOXQEOVO Kol N SldGTacn Tou
EVOOUATOUEVOL SLOVOGUATOS OTTOTE, av YEeLdleTol, TTEETIEL va. dodel ue £exmELoTtd
optoua. Ouv containers tng Standard Library stouv da dovue gto KegpdAawo 11 Sev
€XOUV TETOLO TTEOPANUAL.

Av TUYOV VITAEXEL KATTOLO OELGUA TG GUVAQTNONG TTOV SEV XENGLULOTIOEITAL GTO
oWUa TRG—YLaL SLdoEoVS AGYOUS UTTOREL va. Guufel—uItopovue va Ttapaleiypouue To
évoud Tov (AAAG Oyl Tov TUTTO TOV) GTn AIGTO 0QLGUATWV.

O opwoudg wag guvdeTnong dev witopel va yivel 6To coua dAANG GuvdaQTnong:
TIEETTEL VO Yeapel €€ aTTd 0ITOLAONITOTE GUVAQTNGON.

7.2.1 Ewucteopn

H eTmGTROQN TWAS ATTO TN GUVAQTNGON KoL N SLOKOTIR TG EKTEAEGNS TG YivETAL
UE TNV €VTOAN

return TWn;

TOV TIEETEL VAL EULPAVICETAL Ul N TTEQLGGATERES (PORES GTO GMOUA TNG GUVAQTNGNG.
EmmtAéov, kdde duvatn gon ekTEAEGNS TOU KMSIKO TNG GUVAQTNGNG TTRETEL VO G-
vavtd €va TovAdyletov return. Efalpeon gtov kavova va vitdoyel £va TOUAAYLGTOV
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return GTO GOUO TG GuvdETNong astoteAel n main(), gtnv otola To return dev
elvaw avaykaio: av sagaleimetol, dewpeltar 0Tl ddInke wg TeAevtaia exkteAéoyn
YoOouun n evioAn return 0;.

H «twnin» 100 TT00Gd10Q(geTOL GTO return uitoQel va elval Wi LeTafAnTi 1 GTo-
depn mocoTNTA N €K@EEACN (ITOV UTTOQEl VA TTEQLEXEL KAl KANon cuvdptnong). H
TEMKA TWA JT0U Y0 TTEOKVYPEL TTRETTEL VAL €XEL TOV TUTTO TNG JLOGOTNTOC JTOU ETTL-
OTEEPEL N GUVAQRTNGN N VO UITOREL VO UETATEATIEL GE QVTOV.

Mo cuvdptnon Ttov 8ev eTeGTEEPeEL TN (SnAadH «eTGTEEPEL> void), uItoQet,
X®EIS va elvol agtapaltnto, vo weQulaufdvel eviolég return; (ywels twn). Eswiong,
ol TETOWL GUVAQTNON UITOQEEL VO «ETLGTEEPEL» TNV «TWH» UOS GUVAQTNGNG TTOU
«ETOTEEPEL void. Ou akOAovdeg LOEPES TOV return elval, ETTOUEVOS, ATTOOEKTES

void f(int a)
{
/7

return;

void g(int b)
{

}

‘Otav n QONn TOL TEOYEAUULATOS GUVAVTAGEL WEGO GE GUVAQTNGN TRV EVTOAN return,
ETMGTEEPEL GTO GnUElO TTOV €yve N KANGN.

KaAd elvar va vItdeyer uovo éva onueio €£68ov agtd tn guvdetnon. Mitopovue
VO YENGUWOITOINGOVUE (ol UETAPANTA KATAAANAOU TUTTOL Yol Vo astodnkevcouue
TO OITOTEAEGUO TNG GUVAQTNONG GE OTTOLOONTTOTE Gnueio Tapaydel avTtd: KATOTILY,
UITOQOVUE VO TNV «ETGTEEWPOLUE» ATIO éva onuelo, 6To TEAOS TOU GAOUATOS TNG
GUVAQTNGNG.

Av emidupovye, LITOQOVUE VO XENGUOTIOIMGOUUE WG ETTLGTEEPOUEVES TIUES ULOG
guvdptnong ta EXIT_SUCCESS kot EXIT_FAILURE Ttou opigovtow GTto <cstdlibs,
YLl vaL VITOSNAWGOUUE OTL N EKTEAEGN NTAV ETUTUYXNG N O)YL, AVTIGTOLYO.

return f(b);

7.3 AnAwoon

M guvdgTnon yio va KAnJel TteeTel Tponyovuévmg vo €xel Sndwdel, alld oy
agtapaltnta va €xel opiatel. O compiler mEETel va yvopitel 1. to dvoud tng, 2. ta
oplouata (THITo ko TTAYOS TOUS) Kot 3. TOV TUTTO ETILGTEEPOUEVIG TTOGOTNTOS WGTE
va eA€yEel av yivetol 6waTtd n kAnon. Tic GxeTkéS TANEOMOQEIES TIc AauBdvel

e £(Te AITO TOV 0QLGUO TNG GUVAQRTNGNG, AV BEIGKETAL GTO (610 APYELO UE TO GRUELD
grov da kAndel kau TEONYEITAL AVTOU,
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e glte amd tn Sridwaen Tng GuvAETNONG, N oItola JTEETEL va BElcKeTAL GTO (510
apxelo ue tnv kAnon tng. O oQouds Ge AUTH Ty TEQIIT®ON WItoel va BEi-
OKETAL GTO (510 N dAAO agyelo.

OL SNAMGELS TTOU AVTIGTOLOVV GTIS V0 TIEMTES LWOQREMES TOV YEVIKOU 0QLGUOV elval
OKEPBWOS oL (Bleg e Tov 0QLoUd OAAG TO GOUO TNG GUVAQETNONG (TO TUAUO UETOED
TV {}, CLUTTEQLAAUBOVOUEVOV QUTWV) €XEL avTikaTacTodel aTtd To -
TUTOGC_ETGTEEPOUEVNG_TTOGOTNTOS
ovoua(TUTTOC_0QIGLATOC A OpLGUaA, TUTTOS oplouatos B dpwouaB,...);

=.

auto
ovoua(TUTTOC_0pIGUATOS A OQLouaA, TUTTog oplouatos B dpiouaB,...)
-> TUTTOG_ETGTREPOUEVIG TTOGOTNTAG;

Av GTtov oQoud NG Guvdetnong yencworotidnke n telitn N TETOQTN woEEn dev
ugtoQovue va ypdwouue tn SnAdwon ue avtiotowyo teotro. Ipémel va elvarl yvwoTtdg
0 0QLOUOS TNG GUVAQRTNGNG GTO GNUELD TNG KANGNG TG ®WGTE 0 compiler va yvwelcet
TOV TUTTO TTOV ETGTEEPEL. L€ Wl SHA®GN GUVAQTNGNG WITOEOVV VL TTaAAn@Yov
TOL OVOUOTO T®V 0QLOUWAT®V R VoL AAAAEOUV GE GUYKQLGN UE TOV OQLGUO.

A6 £8w kaw TEQA, Ya xenooITolelTol GTAL TTORASELYUATA WOVO N TTEOTN LORPN
0QLGUOV Kol SHA®GNG, GUTA UE TOV TUTTO ETTLGTREPOUEVIG TTOGOTNTOS TTELV TO OVOUQ
TNG GUVAQETNGNG.

H SniAmon wag cuvaQtnong eTITEETIETAL VO ELPAVICETOL OTTOVSNITOTE UITTOQOVUE
va opioovue o wetaPAnTi. Xuvndwg, o SNAWGELS T®V GUVOQTAGE®Y TTOV XENGYLO-
TToloVUE GE €val 0RXELD, GUYKEVTRMOVOVTAL GTNV OQYN TOU OQXEIOV, UETA TIS EVTOAEG
#include, é5m amé kdde guvdptnon! 1, dmwg da Sovue ato §7.8, ot apyelo header.

7.4 KAnon

H kArion wog guvdetnong yivetow woQadétovtag 1o ovoud tng, akolovdovuevo
o€ TaReVIEGELS ATl TTOGOTNTES KATAAANAOU TUTTOV OGTE VA AVTIGTOLOVV GTO OQL-
ouaTd Tng (M va WItoeovv va UETATEATIOUV GE AUTA). Ol TTOGOTNTES QUTES TIQETTEL
TEOPOVAGS VO EIVOL OKEPBOS TOGES OGO KL TOL 0QIGUATA, EKTOS ATTO TNV TTEQITTWGN
TIOV GTOV 0QLGUO N TN SRAMGN TNS GUVAETNGNG TTEOGALOEICOVTAL TTEOKAVOQLGUEVES
TwES (§87.6) yio kdTtola aIrd avtd oTdTE WITOEOUVV va €ivol AYOTEQES.

Mo GUVAQRTNON TTOV ETLGTEEPEL TWR UITOREL va xenatwogtondel 6Ttov Ja xenaot-
woTtolovcoue GTadeQn TOGOTNTA TOV (510U TUTTOV UE TNV ETLGTEEPOUEVI TN, TT.X.
0€ EKYWENGCN, GUVIETN €KEEACN, EKTUTTOON KATT.

lektég omoLAGSNITOTE GUVAQETNONG ETITEETETAL 0 0QLGUSS UeTafAnT®V. Kadwg eivon TTpocTreAddoyieg
ATt OTOLABNITOTE GUVAQRTNGN TOV 0EXEIOV ATTOTEAOUV TNy TOAADY Aad®V Kol yU' AUTO TEETEL val
QTTOEPEVYETAL N XQNON TOUG.
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‘Omote Sev emupovue vo YENGUOTTOMGOUUE TO OITOTEAEGULO WOS GUVAQTNONG,
€xovue Tn duvatdTnTa Vo unv To kdvouue. Mitogovue, SnAadn, va €xouvue ®g ov-
TOVOUN €VTOAL TNV KANGN OTOLAGSNITOTE GUVAQTNGNG' TTROGEETE TNV KANGN TG
read() oTO £TTOUEVO TTOQASELYUAL:

Iaedderyua

#include <iostream>
#include <fstream>
#include <string»>

//declarations

double func(double a, double b); // The definition is elsewhere.
int read(double & a, const std::string & fname);

void print(char c);

// definition
int read(double & a, const std::string & fname)

{
std::ifstream file{fname};
file >> a;
return 9; // All ok

}

// definition
void print(char c)

{

std::cout << ¢ << '\n';

}

int main()

{
double x{3.2};

double y{3.4};
double z{func(x,y)}; // Calls func with double, double.

int i{3};
double t{func(x,i)}; // Calls func with double, int.
// int is promoted to double.

print('a'); // Calls a void function.
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double r;
read(r, "input.dat");
// Calls function and ignores returned value.

}

Ot TWES TV TOGOTHT®Y TTOoV divovTol KATd ThV KANGN GTh GUVAQTNGN XENGL-
LOTIOLOVVTOL WG ORXIKES TWES VEWV UETABANTOV JTOU AVTIGTOLOUV GTO OQIGULOTA,
av avtd Sev gival avapoEES: oL TWES TOug, SnAASN, avTlypd@ovTal GTO OQIGLATOL.
Omroladngtote ypnon kat ailayn Tov oQuoUdT®v GTO GOUO TNG GUVAQTNGNG OVOL-
PEPETAL GE AUTEG TIC VEES UETAPANTES Kol Ol GTIS TTOGOTNTES Ol OITOlES TTEQAGAV
KOTA Tnv KARGn. Av €govue 0QLoua Jtou €lival avamoEd, N JTOGOTRTO TTOV TOU Ol
VETOL KATA TNV KAGN TautigeTal ue To pioua. Ou vEeg UETAPANTES N Ol OVOLPOQES
TOV AWVTLGTOLOVV GTO 0QIGUATA £X0UV EUREAELO TO GO TNG GUVAETNGNG (N AAMKG,
XQOVO «LONG» TN SLAEKELNL KALGNG TNG GUVAQTNGNG).

Ta TTaEAITAVE £X0VV WS GUVETTELQ VO XEELACETAL LOLATEQOS TEOTIOC SHA®WGNGS TV
0QLOUATOV v eTTHVLOVUE VO, £XOVUE TN SUVATOTNTO AAAOYAS GTIS TWES TWV OLEXLKOV
wag uetapAntov. ITy.

#include <iostream>
void add3(double x);

int main()

{
double z{2.0};
add3(z); J/ z = 777
std::cout << z << '\n'; // 7z is 2.0
}
void add3(double x)
{
x+=3.0;
}

Y1tn guvdetnon add3() Tov ToEadelyuatos, 0ITOLadNITOTE LETABOAN GTO OQLGUd TNG
yivetal Ge SlaOEETIKA UETABANTA OTTO AUTH UE TNV OTTolo KARINKE: TO X dnuove-
yeltow KAtd tnv KAMGn ue aykn T avtn wov €xel to z (2.0), yivetow 5.0 ue tnv
EVTOAN TIOV TIEQLEXETAL GTO GWUO, EV® GTO TEAOS TNG GUVAQTNONG KATAGTREPETOL.
To z tapauéver 2.0.

[a vo uitopégovue va egaydyovue IS AAAAYES GE KATTOL0 OQLGUA TTRETTEL OUTO
va dndwdel elte wg avagoQd, Tt.x.

void add3(double & x) { =x+=3.0; }
elte wg delkng, TU.X.

void add3(double * x) { *x+=3.0; }
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IMopatnenate tnv AAAAyn GTOV TEOTO XENGNGS TOV 0QRIGUATOS GTO GMOWO TNS GUVAQ-
TNONG. XTNV JTEAOTN TTERITTTOWGN, N KANGN TTaQauével n (da, add3(z ), wévo Tou Twea
TO Ovoua X €lvOl GUVOVUUO TOU Z* OITOLASNITOTE ALY GTNV TWH TOU X EULPOVITE-
TOL QUTOUOTO KOL GTO Zz. XTn SeUtepn, n KANGn aAAdier GTn GuvdETnGn IteEvd n
Sievduvon tov z, add3(&z). To x «8elyver» AoV aTn petafAntn z. AAMOYR GTO X
dev ugropel va egaydel: avtideta ouws, n LeTaBoAn Tov *x StoTnEE(TAL Ko UETA TRV
ETMGTEOPN TG guvdptnong. To TTaaTtAvm cnuaivel OTL av To dpLoua eivor Stdvuouo
1 1eodvvaua, Selktng e dSidvoucua, dev witogovye va To aAAdEovue: Ta GToLyeld TOV
Slavuouatog, dumg, uroovv vo uetapindovv.

Avapépaie 0Tl VITAQYOUV 0QICLOTO UWEGK TMV OTOI®V UTTOEEl Vo OAAAEEL TR
avTo IOV «delyvouv» N GTO 0TTolo avaEEpovTal (elvar delktec N AvaPOEES). Av Sev
emmupovue Vo ETTLTEETTETAL ALVTH N TEOTITOTTOINGN, KAAD €Vl VL TO VITOSEIKVVOLUE
GTOV UETAYADTTIGTH TTROGYETOVTOS GTn SNA®GN TOU 0QIGLATOC To const. 'ETal, GTov
TLAQOKATM KOKO

void print(const double a[], int N)
{
for (int i{@}; i < N; ++i){
std::cout << al[i] << '\n';

dnAwvouue OTL To GToLKElDL TOV StoviouaTog a elvanl oTadepd UEGO GTO GAOWUO TNG
guvdeTnong. Av Tuxov TtEoGTTaAdoUGaUE VA TEOITOITOINGOVUE KATTOLO amtd avtd, n
uetTayAwttion Jo 6TouaTtoUsE.

[Tpocéste To akdAovdo Tapdderyua:

void print(const std::vector<double> & a)
{
for (const auto & x : a) {
std::cout << x << '"\n';

To dpiopa tng guvdetnong €xel dSnAwdel wg avamoed. Me Tov TROTIO AVTO, ATTOPEV-
yovue tThv aviiyea@n n omolo witopel va eival xeovopoa, Tou Tdavag ueydiov
vector Ttov Ja Sodel wg dploua. Av OuwS a@HvaLE TO a OTTAMS WS avaPoQd, da
ETTEETIAUE GTN GUVAQTNGN va. To TEOToToGel. Kdtl té€tolo Sev elvanr arapal-
TNTO N eMPUUNTO GTN GUYKEKQWEVN GUVAQTNGN KAl YU VTG GUUITANQWVOLUE Tn
dnAwaon tov ogpicuatog pe to const. To a, emwougvmg, elvar ava@oed Ge ctodepd
vector kol n guvdeTnon givor ypnyopn xweic va Stakwvduvevovue tnv «opddTntox
TOU TTEOYQAULATOG.
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7.4.1 Avadeoukn (recursive) kAnon

Ytn C++ eMTEETETAL GE WO GUVAQETNGN va KAAel Tov €autd tng. Mo Guvde-
TGN TTOV KAAEl TOV €0VTO TG ATTAOTIOEL TTOAD OTTOLOONITOTE TTEOPANUA, QEKEL O
aAYOEUWILOG ETTIAVGNG TOU VO UTTOREL VO YROPEL DGTE:

* 0 UTOAOYIGUOS TOU OITTOTEAEGUATOS VO XQELACETOL TNV €QAQUOYR TOU (Slov
aAYOEUWILOU OAAQ GE SLAPORETIKES «TES» YO TA deSoueva LGOS0V ATTO OVTES
TOV JEYTNKE AEYIKA,

* 0 aAy6EWUOg va uItoQel VoL VTTOAOYIGEL TO QITOTEAEGUA YO VOl GUYKEKQLUEVO
GUVOAO «TWwV» Ue GAAO TEOTIO KO OxL Ue e@apuoyn Tou eavtol Tovu. To
GUYKEKQWEVO GUVOAO TTRETIEL VO WITOQEEL VO TO «@PTAGEL> GE KATIOLOL OITO TLS
SLadoxIKES EPAQUOYES TOU €0VTOV TOU.

Hoeddeyua

Acg dovue TOG UITOEOVUE VO VAOTTOUNGOVUE WOl GUVAQTNGN YLOL TO TTOQUYOVTIKO
€VOG aKeQAlOV Ue avadpoulko (recursive) TQOTTO: GUULP®OVA UE TOV 0QLGUO,

| Ix2x---x(n=1)xn=Mn-!xn, n>0,
n. =
1, n=20.

Emougévmg, o vItoAoyleuog TOU TTAQUYOVTIKOU TOU OKEQRALOU N AITOLTEL TOV VITO-
AoylGuo TOU TTOEAYOVTIKOV £vAS dAAoL akepalov (tTov n—1). EmgtAéov, yia n= 0
0 VITOAOYLGUOG YiveTan ue dAAo TedTo (aTtevdelag) kow Oyl ue VITOAOYLGUS AAAOV
TLARAYOVTIKOV).

O 0Qwouog oV JOUNKE TTARATTAV® YO TO TLOROAYOVTIKO EKMEALETAL GE GL-
vdaptnon C++ w¢ €gng

int factorial(int n)
{
int result{1};
if (n > @) {
result = n * factorial(n-1);

}

return result;

}

YTn guvdETNon OUTA £M0VUE TTORAAEPEL TOUS EAEYYOUS TTOU KOAVOVIKA TIQETIEL
va yivovtan (To n va unv eivol oQvnTiKG Kol TO AITOTEAEGUO VO WITOQEL VoL OvoL-
Tapactodel GTOV TUTO TNG £TMIGTEEPOUEVNGS TToGoTNTAG). [Ip0GEETE dTL N KANGN
ng factorial () oTo Goua Tng dev elvar aveg€leyktn: n akolovdia

factorial (n)—factorial(n-1) —factorial(n-2)— ...
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oTOUaTd (KoL ETIGTEEPETAL TR TTOV VITOAOYICETAL XWEIS TNV KANGN Tng) Otav
To opwepa yiver 0.

H ropastdve vAottoinon astAoIrolelton OQKETA Ue Tn XENGN ToL TELOSIKOV

Tedeoth ?:° (§83.5):

int factorial(int n)

{
return (n > @ ? n * factorial(n-1) : 1);
}
Ag Sovue €va dALO, TILO TTOAMITIAOKO TTOQASELYWO XENONG TNG AVOSQOUKNAS GU-
vAQTNoNgG.
INoeddetyua

Ytn Modnpotikin PUGIKA VITAEYOUVV OLKOYEVELES TTOAVWVUU®OV TIOU €XOUV K-
TTolEG ELOIKES 1010TNTES. Mial ATTO QUTES TIG OLKOYEVELEG, Ta TToAvvuuo Hermite,
EUPAVICETOL GTNV KPOVTOUNYOVIKA OWVTWETOTILGN TOV OEUOVIKOU TAAAvToTh. Kd-
TTOLOL OTTO QVTA €tvar

Ho(z) = 1,

Hi(z) = 2z,

Hy(z) = 4z2%-2,
Hs(z) 8x3 — 12z,

Ta woAvovoupa H,(z) tkavoItolovv Thv avadQowkn GxEon:

H,(z)=2zH,_1(x) —2(n—1)H,_o(x) , n>2.

[Tapatnenote OTL XEELOCOUAGTE TA TTOAV®VUULA undevikol Baduov (Ho(x) = 1)
Kol TEAOTOV Baduot (Hi(z) = 2z) ywo va vitodoylGovue attd Tnv avoSQoutki
gxéon to ToAvwvuuo Sevtepov Baduov. AvdAoya, yeewacouacte ta Hi(z) ko
Hy(z) ywa va vitodoyicovue 10 Hi(x), KOK.

Av YeMicGovue va ypdwouue GUVAQTNGN TTOV VO VITOAOYIZEL TRV TR TWV TTO-

Moviuwv Hermite, Hy,(z), ylo kAITold TWi TOU &, LWITOQOVUE VO, UETAYQOPOUUE
TOV TTEONYOVUEVO LOINUATIKO TUTTO GThV 0kOAovIN avaSEoWKn GUVAQTNON:

double hermite(int n, double x)

{

double h;

if (n == 0) {
h =1.0;

}
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if (n == 1) {
h =2.0 x x;

}
if (n > 1) {
h=2.0 % (x ¥ hermite(h-1,x) - (n-1) % hermite(n-2,x));

}

return h;

7.5 INTogatnenoeig

7.5.1 Xtaded opieua

Etvaw 1eQLttd va SnA®coovue wg const €va «ammAd» 0QLoua JTou dev elvor avol-
@oQd. Ot dnAwcelg

void f(double x);

KO

void f(const double x);

elvarl 1oodvvaueg uetagd tous. Emiong toodvvaueg etvarl ko or akodovdeg:

void f(double x x);
void f(double x const x);

ITpocégte Ot n teAevtaia dnAwon, void f(double x const x), StapEpel aItd Tnv
void f(const double x x), gUupwva pe 6ca avaeépaue atnv §2.19.

7.5.2 Xvvoyn SNAOGE®V 0QLGUATKOV

Ac cuvoyicovue 0Ga avaEEQae Yo Th SNA®GN 0QLGUAT®V MG TTEOS T duVATO-
TnTo v €gdyovue aAAOyES atnv Tiun toug. ‘Exovue Tig akOAovdeg TTEQLITTWGELG:

e H twn tng mogdtntag mov da mepactel og dpioua dev uitopel va uetafAndel
KOL QVTIYQAPETAL GTO X:

void f(double x); // argument cannot change

e H mwn tng osdtntac mtov Yo mepactel g dpioua uitopel va uetafAndel ko
TOUTICETAL UE TO X:

void f(double & x); // argument can change

e H twn tng mocdtntag sov da mepactel og dpioua dev uitopel va uetafAndel
KO TQUTICETAL LE TO X:
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void f(const double & x);//argument cannot change

¢ H Sievdvuvon mtov da srepactel wg dpioua dev usopel va yuetapAndel, aviiypd-
QETAL GTO XP, EV WITOQEEL VoL AAAAEEL TO *xp (N TWN GTnv oTola Selyvel):

void f(double *x xp);
// argument cannot change, *xp can change

e H Sievdvuvon mov Ya mepactel wg opioua dev uropel va uetafAindel, ovte
Ouwg To *xp (N TWNH TNy oTtoio Selyvel):

void f(const double x xp);
// argument cannot change, *xp cannot change

e H Sievdvuvon mtou Ja mepaotel wg opwoua witoeel va uetafAindel, TavticeTar
e TO Xp, VA WITOQEL va AAAGEEL KAl TO *xp (N TWR GTnv oTtola delyvel):

void f(double x & xp);
// argument can change, *xp can change

e H «twn» tov Stavdouatog a dev umopel vo yetafAndel, puitopel dumg vo ai-
Adgouv Ta GToyela Tou

void f(double a[]);
// argument cannot change, a[i] can change

e H «twri» touv Swavicuatog a dev ugtopel va yetafindel, aAld oUTe Kol TO
gTolyelo Tov

void f(const double a[]);
// argument cannot change, a[i] cannot change

7.6 TlpokadoQieuéves TWWES 0QLGUATMV

"Eva i8uaitepa xenoyo xoQoKTNELGTIKO, E0IKA GTOUS constructors, 0Ttwg da ava-
@épovue oto §14.5.1, elvan Twg Ge wo guvdeTnon usopel va Sndwdel 6Tl €va n
TEQLGGOTEQO ATTO TO TEAOS, 1 KO OAOL TOL 0QIGUATA TNG, TTOLEVOUV TIROKRAVOQLGUEVES
TWEG:
int func(double a, double b = 5.0);

H kArion tng func() uetd amd tétolo dSndwon uiroeel va yivel eite pue dvo oplouata
elte ye €va oQLoua (TTov avtiaTolyel GTo a) omdte To b Taipvel Tnv TEokadoLGUEvn
T, 5.0. Fevikdtepa, oL TOGOTNTES TOV «TTEQEVOUV» GE WAL GUVAQTNON KATA TNV
KAMLGN TG OVTIGTOLYICOVTAL GTa 0Qicuata Stadoyikd agtd Tnv apyn: av elval ITeEQL-
G0TERES AITO AVTd n kAnon elvarl Addog, eved av dev etaprovv, o compiler avagntd
TeokadoELGUEVES TIWES YL T VITOAOLTTA Ko Sivel Addog av dev Tig Poet.
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Ta tpokadopiouéva oplouata KAAG elval va Tteoadlopitoviol Gtn SrHdwaon tng
GUVAQTNGNGS KL Ol GTOV 0QLGUO TG, KAJws uovo n Sndwaon eival GuvRIng «0QATA»
GTO GnUelo KANGNG Tng.

7.7 Xvvdetnon og éQieua

Acg vtodéoouue 6TL Y€Aovue va ypdwpouue KOSIKO We TOV OTTO0 va, GxedLAteETAL
wao podnuoatikn cuvdetnon f(z) wlog uetaPAnTig Ge KAITOL0 StAGTRUO TV, Vo
ToRdyeTal SnAadn wa celpd cnuelwv (z,y). Mo agtéTelpa elvarl n akélovdn

#include <iostream>
#include <cstddef>

double f(double x);

void plot(double low, double high)

{
constexpr std::size_t n{100};
const double step{(high - low) / (n-1)};
double x{low};
for (std::size_t k{@}; k < n; ++k) {
std::cout << x << " " << f(x) << '"\n';
X += step;
}
}

Hapatnpnaote 0t n plot() Sev wiwopel va yevikevtel yio GuvAQTNGN UE OTTOLOSNITOTE
ovoua ektog amod £, xwels va yivel emtéufacn Gtov KOSKA tng. Oa dédaue n £(x)
va meevd atny plot() wg dpoua.

O unyaviouog mov ewonydn agtd tn C++11 yia va Jtegvovie wg 0QLeUa GUVAQTN-
ong wo dAAn cuvdptnon raeéyxeton amd to header < functionals>. AnAwvouue 4Tt
7o dpwoua €lvon std: : function<>, pe TTOQAUETQO €VTOS TWV <> TOV TUTO TNG GU-
vapTnong Ttov déAlovue va KaAlégouue. XTn SNA®GN Tou 0QIGUOTOS ITaQAAElTTOUULE
TO Ovoua TNG GUVAQTNGNG KAl TO OGVOUd TV 0QLOUAT®V Tng, Kadwg dev Taitouv
KOVEVOL QOAO* UWOVO Ol TUTTOL TOUG £XOVV GRUAGLOL.

"Eva stapddetypa eivol TO TTOQOKAT®:

void plot(double low, double high, std::function<double (double)> f)
{
constexpr std::size_t n{100};
const double step{(high - low) / (n-1)};
double x{low};
for (std::size_t k{@}; k < n; ++k) {
std::cout << x << ' ' << f(x) << '\n';
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X += step;

}

H kAnon tng plot() yiveton

double mysin(double x);
double mycos(double x);
double mytan(double x);

int plot(double low, double high, std::function<double (double)> f);

int main()

{
plot(1.9, 5.0, mysin); // plot of mysin
plot(1.9, 5.0, mycos); // plot of mycos
plot(1.9, 5.9, mytan); // plot of mytan

}

H cuvdptnon mwov da «Jtepdoovue» e dpwoua std: : function<> ugtopel va ivon
cuvinidng guvdetnon (OTTwS GTo JTOAdeyua), guvdeTnon Aduda (§9.4), aviikeluevo—
cuvdptnon (§9.3), cuvdeTnon-wEAog KAAGNG, KATT. KAJMGS KOl Ol TROTTOTTOINGELS TOUS
(§9.3.1). Aev ugtopel va eivan kdgtolwa guvdptnon template (§7.11).

7.7.1 EvaAlokTikol unyovieuot

O unyovioudg ov kAngovoundnke amd tn C yia va dnAdvouue GuvaQTNoNn wg
dploua guvdeTnong, artawtel Tnv SNA®GN TOU GXETKOV 0QLoUATOS WS delkin oe
guvdptnon. Ia tn yevikn SnAwon cuvdetnong

TUTTOGC_ETGTEEPOUEVNG_TTOGOTNTAS
Ovouo(TUTTOC_0QIGULOTOS A OQLGUAA, ...);

0 Selktng sivon

TUTTOGC_ETGTEEPOUEVNG_TTOGOTNTOG
(*évoua_delktn)(TUITOG 0QlCUATOC A SQIGUAA, ...);

O mapevdéoels yopw amd 1o «*Gvoua delktn» ypewdcovior kadng to ** (efaymyn
TWNAG agtd delktn) €yel WwKkEOTEEN TEOoTEQAULOTNTA aTtd TS () (KAMGn GuvdTnong)
(deite Tov IMivaka 2.3): okeptelte TL Yo dSnAwvaue av TToQalelTtaue Tig TOREVIETELS.
Metd amd tétola Sndwon, n uetafAnti «dvouo Selktny» UITOEEl Vo TTAQEL «TUWA» WLE
EKYWOENCON WS GUVAETNGNG pe avTigToro MANndog kot £l60g oploudtwv ¢ (M delktn
oe tétown cuvdptnon). To «dvopa Selktny» dtav akoAovdelton asrd KATAAANAES TWES
TOV OWVTAITOKQEIVOVTOL GTO OQIGUATOL, ETILGTEEPEL TNV TN TTov Ja €5ve n guvdoTnon
TIOV TEQAGE WS OQLGUL:
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double f(double x); // declaration of f(x)
double (xfptr)(double x); // declaration of a pointer

fptr = £, // or &f. Assignment

double x{1.2};

auto y = f(x);

auto z = fptr(x); // or z = (xfptr)(x),
/)y ==z

Me toug delkteg ge guvdpTnon wog Sivetor n SUVATOTNTO VO TEOTTOTTOINGOVUE TV
plot wg €gng:

void plot(double low, double high, double (xf)(double x))
{
constexpr std::size_t n{100};
const double step{(high - low) / (n-1)};
double x{low};
for (std::size_t k{@}; k < n; ++k) {
std::cout << x << ' ' << f(x) << '"\n';
X += step;

}

"Exouue KQOTAGEL TO GOUO TNG ATTAQRAAACYTO Ko €xovue TEOGIEGEL, ue KATAAANAO
o0, Tnv f(x) ota oplouata. H kAnon tng f(x) dmwg ypdoenke, Yewpeltor 1God0-
vaun astd tov compiler pe tnv avagevouevn yia delktn: (x£) (x). Me tn guykekeuuévn
TEOTIOTIOINGN UITOQOVUE VO €XOUUE

double mysin(double x);
double mycos(double x);
double mytan(double x);

void plot(double low, double high, double (xf)(double x));

int main()

{
plot(1.9, 5.9, mysin); // plot of mysin
plot(1.9, 5.0, mycos); // plot of mycos
plot(1.9, 5.9, mytan); // plot of mytan

1

EvaAAoKTIKA, avtl ylo delktn, LWITOQOVUE VO YENGUOTIOMGOUUE TNV OVOpPOQd GE
guvdETnon g GELGUL:

void plot(double low, double high, double (&f)(double x))
{
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constexpr std::size_t n{100};

const double step{(high - low) / (n-1)};

double x{low};

for (std::size_t k{@}; k < n; ++k) {
std::cout << x << ' ' << f(x) << '\n';
x += step;

KOL VO KOAEGOUUE TN GUVAQTNON WS EENGC:

double mysin(double x);
double mycos(double x);
double mytan(double x);
void plot(double low, double high, double (&f)(double x));

int main()

{
plot(1.9, 5.9, mysin); // plot of mysin
plot(1.9, 5.0, mycos); // plot of mycos
plot(1.9, 5.9, mytan); // plot of mytan

}

[Hopatngenon

2Tny TEQITTT®OoN TTou JEAOVUE VO YENGLLOITOINGOVUE Thv EVTOAN using (§2.16)
yloL VO 0QIGOVUE TT.X. TOV TUTIO «OVAPOQEA GE GUVAQTNGN TIOU EITTLGTREPEL OKEQMLO
KoL 8€xeTon SV0 TEAYUATIKA 0QIGUAT», B TOV TUTTO «SelKTNG Ge GUVAQETNGN TTOV
ETLOTEEPEL AKEQOLO KAl dEXETAL VO TTEAYUATIKA 0QIGUATO» N GUVTAEN elva:

int func(double a, double b); // target function
using rtype = int (&)(double x, double y);

using ptype = int (x)(double x, double y);

rtype gr{func}; // reference

ptype gp{func}; // declaration with assignment

7.8 Opydvwon kodika

Ot SNA®MGELS T®V GUVAQTAGEMV TTOU KAAel €val TUAULO KOOKO UITOQOUV VO GU-
ykevipwdoiv ce €éva N Tepuacotepous headers, apyela ue cuvidn katdAngn .h
(egaptouevn amd tov compiler), Ta ooia cuumIeQLAAUBAVOVTOL KATA TRV TIQOETTE-
EeQYAGI0l TOU GUYKEKQUIEVOL TURUOTOS KOO €U@avicovtor dnAadn Gtnv agyn
odnyleg 0TGN



158 ZuvapTicels

#include "name.h"

6rtov name.h to dvopa Tov header, OTTWS TO AVTIAAUPAVETOL TO AELTOVQEYIKO GUGTRUA
(eTTOUEVWG, uItoEel va TTeQLAaufdvetar kow To path gto dvoua avtd). IIpocEETe oL o1
headers wov 0QICEL O TIEOYQEAUUATIGTAG—KOL N «(UGLKN» TOUS WOQPN €lval axelo—
TreQikAelovtan Ge SuTAd elcaywyikd (). Avtideta, ol headers Tov GUGTALATOG—ITOV
dev elval aTTaQAUTATOS aR)ela—TTeQIRAElOVTAL GE <> .

Me tnv cuumepiAnyn tov katdAAnAwov headers o compiler yvwpicer Tov 10O
KMGONG T®V GUVOQTHGEMV IJTOV YEEWALETAL £va Tunpa kadika. Ov opiouol, SnAadn
n wopddeon ToU GOUOTOS TWV GUVAQTAGEWYV, TTOQOVGLALOVTOL KOVOVIKA GE €va N
TEQLOGOTEQO ARXELDL KOJIKA, GE avTigTol la ue Toug headers.

Hoeddetyua
"Ecto 01 GUVOQTAGELS min/max JTov EMGTREPOVV TO WKEATEQO/UEYAAVTEQO AT
dvo apuiuovg:

min: av 6ploU0A < opweuaB eTiGTEEWE TO OQLGUAA AAMWS ETTIGTEEWE TO OQL-
cuaB

max: av 6ploUaA < opweuaB eTticTeewe TO OpLGUAB AAMWS eTTiGTEEYWE TO OQL-
GUaA

MgtoQoUue Vo 0QYOVOGOUUE TOV KAOOIKO MG €ENG: GTO OQXELO Ue Ovouo TT.X.
utilities.h Ya ypdwouue TiG SNA®GELS TOUG (TT.X. Yo oplcuata TUTTov double),

// utilities.h
double min(double a, double b); // declaration
double max(double a, double b); // declaration

KOL GTO ayelo ue Ovoua utilities.cpp TOLS 0ELGULOVS TOVG,

// utilities.cpp
#include "utilities.h"
// Not necessary but good practice

// definitions
double min(double a, double b)

{
}

return a<b ? a : b;

double max(double a, double b)
{

return a>b ? a : b;

}
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H xprion toug ce €va TToyeauua YiveTol i¢ €ENG:
e guutteQrAaupdvouue to utilities.h GTov KOSIKA LOG, TT.X.

#include <iostream>
#include "utilities.h"

int main()

{
double a, b;
std::cout << u8"Awoce SVo mpaypaTikoUG ap1Buolg\n";
std::cin >> a »>> b;
std::cout << u8"0 peyoAltepog eilvatl " << max(a,b) << '"\n';
std::cout << u8"0 pikpodTEPOG €lval " << min(a,b) << '\n';

e KAvouue EEXWELGTO compile GTo utilities.cpp koW GTO AEYEIO TTOV TTEQLEXEL
™ main() ue tnv katdAAnAn Sradwkacio ywa tov compiler Tov xEncuo-
TTOLOVUE KOl

® «EVOVOUUE» TO EEXWELGTA TURUOTO TOU GUVOMKOU TTQOYQAUUATOS GTO TeE-
Aevtaio GTddio JTEWV T dnwovEyla ekTEAEGUOU ayelov, GTn @Acn Tou
linking.

7.9 Xvvdetnon main(

"Exouue ndn xenowoToncel €va agtd Toug §Vo TEOTTOVS GUVTAENS TG PAGLKIAG
GuVAETNGONG KAYe OAOKANQWUEVOL TTQOYEAUUATOC, Tng main():

int main() {..... }
Ieodvvaua Yo uropovcaye va yedpouue
int main(void) {..... }

O 8eUTepog TEOTTOG GUVTOENG ETILTEETTEL VAL «TTEQAGOUV» oQlowata Gtn main()
aTto TO AELTOVEYIKO GUGTNUA (TO 0TTol0 KAAEL TN GUVAQTNGN) KATd TNV évaén eKTE-
AEGNG TOV TTEOYEAUUATOG:

int main(int argc, charx argv[]) {........ }
IeodUvauog ue avtov tov T1poTTo dndwcng (Seite tnv §7.4) elvon ko 0 €ERC:
int main(int argc, charxx argv) {........ }

To TTEWTO OQLoUA, €vaS AKEQEOLOS UE TO GUUPATIKG Gvoua arge, JTalEVeEL Tun KOTd
1 yeyoAVtepn agtd to wAndog twv opioudtwv Tov divovtow Gtn main() n 0, av
TO AELTOVEYIKO GUaTnua Sev uitoel va Tepdaoel opiouata. To devtepo, €va Sidvu-
oua delktwv e char, €xel Sidotacn arge+l ko swepexel oe uopen C-style string
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Ta oplouata. H twn argv[@] elvaw stdvta to dvoua ue To oTolo €ylve n KANGn
TOV TIEOYEAUUATOGS, Ta argv (1], argv[2], .. To TTE®OTO, deVTEQO, ... OQLGUA, EVA n
Tedevtala TWn, argv[arge], elvar 0 (NULL). To Aettovpywd cuotnua UNIX dempeel
WS 0QICUATO TIC «AEEELS» (GELRES YOQOKTAEMV TTOV TTeRLBAAAOVTOL ATTO KEVA) TTOU
akoAovYoUv To Gvoua Tov TIEOYEAUUATOS GTN YROUUN EVTOA®V KATA TNV KANGN TOU.
"E101, av n KAMGn Touv ekTeAEGILOV a.out €val n

./a.out 12 input.dat output.dat 4.5

otn main(), av €xel yivel o oplouos ue tn SeUteEn uoEEr, To arge givol 5, Kol ot
TWES TOv argv eivor:

argv([@] = "./a.out";
argv[1] = "12";

argv[2] = "input.dat";
argv[3] = "output.dat";
argv[4] = "4.5";
argv[5] = 9;

ITpocégte O6TL T opicuata 1 kai 4 dev «TreQvouv» ¢ apuiuol. o va xenacwoston-
Yovv w¢ TéTotol GTn main( ) TWEETTEL VO LETATEATTOUV. [l TO GKOTTO AUTO TTAREXOVTOL
agtd tn C++ oto header <cstdlib> ov GuvaQTRGElg

int atoi(const char * p); // C-string to int
long int atol(const char * p); // C-string to long int
double atof(const char x p); // C-string to double

KOD®OG KAl oL Tio yevikég strtol() kar strtod(). Ov ToQATAV®D 0QITOVTAL GTO
X®EO0 ovoudtwv std. Me tn xprion auToV UITOQOVUE VO £XOVUE

#include <cstdlib»
#include <fstream>

int main(int argc, char xargv|[])

{
int n{std::atoi(argv[1])};
// n gets the value of the first argument

std::ifstream filein{argv[2]};
// open input file. Name is given by argv[2].

std::ofstream fileout{argv[3]};
// open output file. Name is given by argv/[3].

double x{std::atof(argv([4])};
// x gets the value of the fourth argument
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7.10 overloading

Ag ggetdoovue TNy TERITTTOON oL JEAOVUE VO YOAAWWOUUE GUVOQTAGELS TTOV VOl
eRTEAOVV TTOAAOTIAOGLAGUS aduot pe Sidvucua, agibuov ue Sididotacto Tivaka,
1 groAaTtAaclacud dvo Sididotatwy Tvdk®y. Ou TTEAEELS YivovTol Ue SLapoEeTL-
KOUG 0AyoRidULoug aAAd GTO YWEO TOV TVAK®V TEQLYRAMOVTOL Ue TO (510 dvoual.
H C++ uog 8iver tn Suvatotnta (overloading) va yenGYOITTOMGOUUE YO TS GU-
VOQTAGELS TTOU VAOTTOLOUV AUTOUS TOUS aAyoeiduoug To (8o dvoua, TTaeoAo TTou
Ya 5éxovtar oplouata SloPoEETIKOV TUTTOV Kal, GUVOMKA, Ja elval SLopoQETIKES.
Aev elLooTE VITOYEEMUEVOL VO ETTLVOOVUE LOVOSIKA OVOUOTO VIO TIS GUVOQTHGELS
Uag €TGL MGTE VA U «GUYKQEOVOVTAL» Ue AAAES TTapduoles. Oa dovue TOQUKAT® TS
wadnuatikég ouvapTnoels tng C++ JTov opicovton ye To Blo dvoua TTOEOAO TTOU
Tdavov exktedeltan SapoeeTikdg alydpuduog av ta opicuata eivow double, float
n long double.

‘Otav ylvetow n KAMGN Wog GuvdeTnong ue sToAAoUg opleuovs, o compiler eIt
A€yel Tov KATAAANAO pe Bdon ta oplouata (TTARYOC KAl TUTO) TTOV TEQEVOUV. Ag
Aaupdver VITOYPN, OUWS, TOV TUITO TNG ETTLGTREPOUEVNS TTOGOTNTAS ThG GUVAQTNGNG.
Av 8¢ Bpel ula pdévo GuvdeTnon JTov va TOELALEL AKELBMGS, TTAlPVEL VITOWYN TOV TIS
«OQVTOUOTES» UETATEOTES (TT.Y. bool, char, short int ce int, float Ge double,...).
Av mtdM de Bpedel avticToyn cuvdtnon, £EeTACel TA 0QIGUATA APOV UETATQEWEL
int oe double, double Ge long double, delkteg Ge voidx, KAT. YITAQXOUV YEVIKA
TLOAVTTAOKOL KOVOVES YO TNV ETTAOYN TNG KATAAANANG, LOVASIKAG GUVAQTNGNG: AV
G€ KATOL0 GTASLO EUPAVIGTOUV TEPLGGOTEQPES ATTO Ulol «LGOTWES» ETAOYES N Oe
Boedel kauia, n kAnon eivon Addog.

KaAd eivar va ypd@ovTal ol GUVOQTAGELS e Ta kP oplouata (katd TUITO Kot
apud) ue ta omola da kAndoUv WGTE Vo un XEEWGTEL VO YIVOVTOL LETATQOTIES ATTO
Tov compiler wov TYAVOV KAAEGOUV SLOPOEETIKI GUVAQTNGN AITO AUTH TTOU £lye
GKOTTO O TIQOYQOWUATIGTIG.

7.11 Ymodewyuo (template) GuvdQTneng

"Eva 18aitepa onuavtiko yookTnelotikd tng C++ €vavtt TOA®Y dAMwV YAWG-
GOV TTEOYQOUULOTIGLOV €lval N VITOGTRELEN Twv templates (LITodelywata). o Gu-
VOQTAGELS OUTO GnUaivel OTL UITOQOUVUE VO TIS TTOQOUETQOTTOIGOUUE Ol UOVO UE
oplouata aAAd Kal ue TUTTO TTOGOTATWV GTN AIGTO 0QLOUWAT®Y N GTO GOWO TG GU-
vdaptnong. IIdete yio Taeddeyua po GuvdeTnon Jtov OAAAZEL TWES UETALY T®V
V0 oploudtmv Tng (swap). Oa dEhaue va €xovue TETOLO GUVAQETNGN YO OAOVS TOUG
TOTIOUG UeTaPANTOV?, eite elvon eveouatwuévol (int, float,..), elte TEKeTAL VIO
TUTTOVE TTOV 0QICEL O TEOYQAUUATIGTAS (kAdoelg, KepdAato 14). H Suvatdtnta yia
overloading etvon evTTEAGEERTN KAVMOS LWITOQOUVUE VO XENGLLOTTOINGOUUE TO (510 OVOUoL

Z¢youvue 1dn, tnv std: :swap() oto <utility> (§9.2.5).
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yia OAeS AVTES TIG GUVAQTNGELS. TIQ0GEETE OTL OAES Ol TTARAAAAYES StapEQouv Wovo
GTOV TUTTO TOV UETABANTOV Ko YL GTOV aAyoeuiuo:

void swap(int & a, int & b)
{

const int temp{b};

b =a;

a = temp;

}

void swap(float & a, float & b)
{

const float temp{b};

b =a;

a = temp;

}

void swap(double & a, double & b)
{

const double temp{b};

b =a;

a = temp;

Evkolo avtidaufovopacte 0Tl elvol KouaoTiko Kol SUGKOAO GTth Sidpdwan 1 Tnv
avapdduion To vo eTtavaloupdvel KAavelS oUGLAGTIKA TOV (8lo Kodika kdde @od
TToV P€AEL va vITOGTNELEEL W guvdETnon yo €va véo TUTto. H C++ Sivel tn duva-
ToTNTA VO yedipel o compiler tnv avaykaio guvdetnon kdde @oed, apkel o TTEO-
YOOUULOTIGTAG VO TOU €YEL TTAQOVGLAGEL £va VITOdetyua (template) ylo To TTOS va To
kdvel. H oUvtagn tou template yivetal IT10 €UKOAQ KATAVONTA Ue €va TTaQddetyuoL:

template <typename T>
void swap(T & a, T & b)

{
const T temp{b};
b =a;
a = temp;

}

H 1tpocinkn Gtov opioud tng guvdetnong tov template <typename T> (JT0VL QITO-
Telel u€pog tng SnAdwang) opicel 4Tl To dvopa T (Twrov Ja wiropovice va etvon 0TTOLOON-
TOTE TNG ETMAOYAS TOU TTEOYQEAUUATIGTR) GuUPBOALLeL €va TUTTo. Me auvtd Tov TUTO
ugtoQovue vo SNAMGOUUE TO OQIGUOTO, TNV ETLGTEEPOUEVI TWHR TNG GUVAQTNONG,
KOY®OG KL OTTOLEG TTOGOTNTES XEELALOVTAL GTO GWUA TnG. I'evikd pitoQovv va vItde-
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XOUV TIEQLGGOTEQA AT €va TETolo ovouata (Ttapduetol Tov template). EmigtAéov,
oL TEAEVTAlES TTAQAUETQEOL ETILITRETTETAL VO £XOVV TTROKODOQIOUEVES « TIUESH:

template <typename X, typename Y = double, typename Z = int>

H xAinon evdg template guvdetnong yivetow BACoviog Ge <> TOUS TUTTOUS TTOU
OVTLGTOLYOUV GTIS TTOQOUETEOVS ToL template KATA TN GUYKEKEWEVI KARGN, UETOED
TOU OVOUATOGC TNG GUVAQTNGNG KAl TG MGTAS TOV 0QLGUAT®V:

double a{2.0};
double b{3.0};
swap<double>(a,b);

Me avtd Tov TEOITO, Snutoveyovue Entd wo ekdoyn Tou template. Xtnv meplTttoon
TOV Ol TWOQAUETQEOL TOV template UITOQEOUV VO AVAYV®ELGTOUV AId TOV TUIO TV
0QLoUdTOV, N KARLGN WItoQel va Tapaleipel tn enti SnAwcn tovg. H kAnoen Gto Tta-
aITdvm JTopddetyua eivor tlgodvvaun pe tnv swap(a,b). IIpocé€gte Tl av n Guvde-
Tnon TeEvd w¢ 6pLoua Ge dAAN, dev LITTOQOUVUE VO TTORAAENPOVUE TOV TTROGOLOQLGUO
TOV TTARAUETEOV KOD®MS Sev UItopovv va egaydolv agtd Ta (AvOITaQKTO) 0QIGLOTAL.

EKTO¢ aItd TUImog, Ui ToQdueTeog evocg template witopel va eivar gtadepn Tto-
GOTNTA, YVOGTH KATA Th UETAYADTTION, KATTOL0U OKEQEALOV TUTTOL H enum class?.

"Ectw, 1.y, 0TL 9éAovue vo yedpouue Wa GUVAQTNGN TIOU VoL EAEYXEL OV TO
oploud Tng eivol 0KEQEALO TOAAATTAAGLO VOGS dedouévou aprduov. Mitogovue va tnv
VAOTTOMGOVUE (XWEIS EAEYXOUGS YL T 0QIGUATA) WS EENG:

bool mult(int a, int b)
{

return !(a%b);

}

H kMion tng eivan, BEPara mult(a,b). Evallaktikd, av To b elval yvwoto katd tn
UETAYA®TTION, UTTOQOVUE va oplicouue To akoAovdo template:

template<int b>
bool mult(int a)
{

return !(a%b);

}

H xAnon tdte elvon mult<bs (a). O@a dovue Ge €ITOUEVO KEQPAAOLO TTOLOL XENGLULOTNTO
€XEL AVTH N LWOEEN TOU template.

O T1OIT0GS 0PYAVOGNE TOL KWOWKA GE a)ela elval OLAITEQOS GTNV TTERITTTWGN TTOV
meQulaufdvetal wa guvdetnon template. Ilp€mel va srepriaupdvetor gto header oyl
uévo n SnAmon aAld kol 0 0QLGUOS Tou template GuvdETnGNG.

314, SelkTng GE GUVAQETNON 1 AVTIKENLEVD, AVOPOQEY GE GUVAEQETNGN R GTadeEd avTikeluevo, 1 Selktng
e UENOg KAdoNg
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7.11.1 Egaidikevon

YTnv TeRITTT®WON TTOV 0 YEVIKOS OAYOEUWILOS TTOU TTROKVTITEL aTtd €vol template
de pag kavotolel (Tr.Y. WS TEOS TNV TAXVUTNTO N Tov aAyopuduo Tov VAOITOLEL)
VL0l KATTOL0 GUYKEKQUEVO GUVOAO TTOQAUETQWYV, UTTOQOUUE VO SNADGOUUE TTEOG TOV
compiler 0Tt TEETTEL VO xenowoTtolel AAAN poutival GTToTE YEEWAGTEL VO TTAQAYAYEL
KOOKA VIO TS GUYKEKQUEVES TTaAueéTEoVS. 'ETal 1.y, Yo aképoatovg apudyovg atn
swap() da Y€Alaue va yenowottoiel Tov adydprduo XOR swap avtl ylo to yevikod
TT0V 8OInke TTORATIAV®. MITOQOVUE VA GUUTTANEOGOUUE TO AQXEID TTOV TTEQLEXEL TO
vITOdetyua yio T swap () UeE TOV €ENG KOO

template<>
void swap(int & x, int & y)

{
if (&x != &y) {

x "=y,
y "= x;
x "=y,

}
}

Ye auTh Thv TEQITT®on, n KARGn swap<int> (a,b) (1, lwodUvaua, n KALGn Thg swap
ue oplouata TUTTOL int) yenowoditolel Tov el8kO aAyOQUIUO, EVE YLoL OTTOLASAITOTE
JAAN TTOQAUETQEO KAAEITAL O YEVIKOG.

[Tapatnenote 6Tl agtadol@ouue aItd To template TNV TTAQAUETEO TOV EEELOKED-
ouue, dnAadn, agalpovue To typename T, KoL OTTOU EUEOVICETAL N OWTA YRAPOLUE
TO GUYKEKQWEVO TUTTO YA TOV OTTOL0 €EELSIKEVOVUE.

Ioo8vvaua kol aTtAoVGTEQN, Y0 UTTOROVGOULE VO YRAAPOUUE T GUVAQTNGN

void swap(int & x, int & y)

{
if (&x != &y) {

N— .
X "=y,
y "= x;

N— .
X "=y,

}
}

n ogtota Ya TeoTwndel ue fdon toug Kavoveg yio To overloading dmtote KaAéGouue
v swap ye opiouata TUTtov int.

YTnv TeQlITomon TTov YEAOVUE VO KAVOUUE UEQLKN EEELOIKEVGN VIO KATTOLES TTAQOL-
u€tEovug evog template —kdTL 7OV Sev emmiTEEmeTan agto th C++— oynuaticovue véo
template, e AyOTEQES TAQAUETEOVS, GTO OTTOL0 £X0VUE TTROGL0QIGEL ENTA KATTOLOUS
tomoug. ‘Etat, av €govue To

template<typename T1, typename T2>
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void f(T1 a, T2 b)
{

}
V0 «ueQkmC egeldikevuéva» templates etvon

template<typename T1>
void f(T1 a, int b)
{

template<typename T2>
void f(double a, T2 b)

{

[Mopatnenote 0Tl astoteAoVv vEa templates, yio TOV UETAYAMTTIGTH SeV elval LEQIKES
egeldikevoels tng £ aAld overloads.

7.12 Xvvdetnon constexpr

Mo GuvdeTnoen UItoQel vo ITpocdloQlaTel wg constexpr av eival SuvaTO va eKTe-
Aeatel katd Tn StdeKew TNG UETAYAMTTIONS (KAl Oxl WOVO KATA Thv €KTEAEGN TOU
Teoyeduuatog). Evvoeltar 6Tt Ta TuxOv 0plouatd Tng TEETEL vaL elvoil KAl aUTd JTo-
GoTNTES YVOGTES GTov compiler. TEToleg GUVARTAGELS UITOEOVV val xEnaGlLoTtotndovv
oe otadepéc ekEEATELS, Yoo aTtodoon TWNS o GTadepEg constexpr, KATT.

Mo GuvdETnon constexpr EINTEEIETOL VO TIEQLEXEL OVGLAGTIKA OTTOLASNITOTE
EVTOANL €KTOC OTTO €VTOAN goto, try Kol SnAWGELS UETAPANTWOV TTOU €lval GTATIKES
1 8ev ATTOKTOVV OQXKNA TIUN.

Ioaadeiypata

Mia guvdptnon Ttov Beiokel To ueyaAdtepo 80 akepalwv UIToeel vo opLaTel ®g
constexpr wg €Eng:

constexpr
int max(int a, int b)
{
return a > b ? a : b;
}

H ocvuvdetnon Tou VTTOAOYIZEL TO TTARAYOVTIKO UE OVOSQOWKNA KANGN TOU
€AVTOV TNG, €lvol KATAAANAN va 0QLGTEl WS constexpr:
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constexpr
int factorial(int n)
{
return (n > @ ? n % factorial(n-1) : 1);
}

Yuvdptnon oplouévn pe To constexpr IEETIEL VO €lvol TTAMQE®OS YVWOGTH GTOV
compiler TEwv yonowoondel, dev apkel WOvo n SHA®GN TNS OTTWS GTIC VITOAOLITES
o compiler JTEETEL VO TNV eKTEAEGEL KATA TN UETOAYADTTION TOU KAOSIKO JTOU TRV
kaAel. O 0QLGUOS WaG GUVAQETNGNG constexpr TIEETEL VA «0QATOS» GTO GNUElD TTOU
Ya kAndel avtn Ko, VITOXEEMTIKA, 0 (Bl0g GE 0TTOLOONITOTE AAAO Gnuelo KALGNG Tng.
Emouévmg, o oplaudg tng memel va mrepriaufdvetar gto header touv kavovikd da
elxe woévo tn SnAwon tng.

7.13 inline

H extéleon «WwKkQOU» KOOKO LEG® KAMGNS GUVAQTNONG JTOU TOV TEQLEXEL elval
YEVIKA TT10 Xeovopoea ait’ 6,TL av Jtapatedolv auToUGleg oL EVTOAES GTO Gnuelo
kAnong. H C++ Siver tn duvatdtnta vo evnuepooouvue tov compiler 6Tt wio. Gu-
vdgetnon givol KOTAAANAQ WKEN KAl TTEOKELTAL Vo xenaluoitondel cuyvd 0ate, edv
yivetal, vo VTTOKATOGTAGEL TIS KANGELS TG aItevdelag Ue ToV KOOIKO TTOU TTEQLEXEL.
Me avtdv Tov TdTT0 urtogovue va egadelypovue tnv kadvotépnon tng kAMong. H
evnuépman tov compiler ylveTal xenGluoItoldvTos Thy Tpokadopiouévn AEEn inline
GTOV 0QLGUO TNG GUVAQRTNGNG, TIEWV TOV TUTO TNG €TGTEEPOUEVNG TToGoTNTAC. Tla-
adelynatog xdew, Uo cuvdeTnon Jtov PEIoKeL TO UeYOAUTEQO V0 OKEQOLMV Kl
TEOKELTOL VO xenoyoTtondel guyvd, WIToEel va 0QLGTEL WS EENG:
inline
int max(int a, int b)

{

return a > b ? a : b;

[Tpo@avag dev €xel vonua, ko eivor Addog, va opuotel inline n main().

‘OTTOC KO GTNV TTEQITTTOON TNG GUVAQTNONG constexpr, GUVAQTNGN O0QLOUEVIN UE
70 inline TEETTEL VO elval TTAEMS YVOGTH GTov compiler ow yenawoitondel, dev
oEKel WOVo n SNAWGN TNG OTTWS GTIS VITOAOLTTES. ETTouévmg, 0 0QLoUOS TnG TIRETEL
va repriaupdvetor 6to header mwov kavovikd da elxe uovo tn SNAWGN TNng.

7.14 XTOTIKEG TTOGOTNTES

Ot ueTaPANTEG TTOUV 0QICOVTOL GTO GWUA WOG GUVAQTNGNS €XOUV SLAQKELD TWNG
oon ko n Sidpkela exktéleong tng cuvdptnong. Emouévwg, Snwovgyovvion otav
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n QON TOU ITTEOYQAULATOS PTAGEL GTO cnuelo SNAMGNG TOUG GTn GUVAQRTNGN Ko
KOTAGTREPOVTAL OTAV N QON QUYEL aItd Tnv euPéleld Toug. Mitogovue vo opiGouue
KOTAAANAQ KATTOL0 TTOGOTNTA £TGL OGTE VoL Snoveyndel KATd Tn LETAYADTTION KAL,
ETTTAEOV, VO LNV KOTAGTEAPEL KATA Thv £€£080 aTTd T GUVAQTNGN. TNV TERITTTWGN
TOV n Ak Twn dev opltetan, Yewpeltow wg agykn twn to 0 (M n aviictoyn
TeokadoQleuévn TWA KoL TOV TUTO TNG). X& aUTH TV TTEQTTOoNn Kadws ko dtav
n OEXWN TWA UITOEEl VO VITOAOYIGTEL KOTA TN UETOYADTTION, N ATTOS00GN AQEXKNG
TWAG YIvETAL Gg aUTA Tn @Acn. AAM®OG, N aEYIKOTONGN YIveToL Uovo Tnv jreatn
@O0Ed TIOV N EON TG ekTéEAeoNS Yo GUVAVTAGEL TN SHAWGN TNG Ayvoelton Ge OAeG
TG emdueves. H el8kn GuUTTEQLEOQEA TG TTOGOTNTAS ETLTUYXAVETAL TTROGVETOVTOG
GTOV 0QLGUO TG Tnv Ttpokodopiouévn AEEn statie:

void func(double a)

{
static int howmany{Q};
V2

++howmany ;

}

H petafAntn howmany GTo Taddelyuo oUGLAGTIKA LETEA TTOGES POEES KANUNKE n
guvdetnon. Evvoeltar 6Tt «paivetal» uovo péco atn cuvdptnon func().

H pon ektéleong Tou KwOKA GTO TTRONYOVUEVO Ttaddetyuad €xel wg egng: Otav
kAndel n guvdptnon, ayvoeltoaw n SHAmon Tng UeTafAnTng wg static. H sogdtnta
€xel nén Snwoveyndel kow agtokticel tnv Twn 0 katd Tn uetaylwttion. ‘Otav n
EKTEAEGN TNG GUVAQTNGNG GTNV OTTOL0L SNAWVETOL OUTA N TTOGOTNTO OAOKANQwWIEL, n
pon, dnAadn, GUVAVTAGEL TO KATAANKTIKO ‘}, n wocdtnta Sev KatacTépeTal. Tnv
eqrouevn @oEd Tov n Eon Ja GUVAVTAGEL Tn SNA®GN TNG GTATIKAG TTocgdTNTAC, SEV
™ Snuovgyel, oUTe Tng agtodidel TN, AAAd XENGWOTTOLEL TNV JTTOGOTNTO JTOU Ndn
VTTAQEYEL (e OTTOoLaL TN EXEL).

ITpo@avae, Wt GTATIKA JTOGOTRTO KATAGTEEPETAL (SnAadn, elevdepwvetar n
avticToyn wviun) wévo dtav oAokAnpwdel To TEdyeauuo.t

7.15 Moadnupatikég cuvagtnoelg tng C++

H C++ mtopéyel uéow g Standard Library oplouéveg padniatikég GUVOQTNGELS,
XONOWES Yo GUVAYELS VITOAOYLGULOVS GE ETTLGTNUOVIKOUS K®SIKkES. Ol SnA®MGeLS Twv
TEQLOGOTEQWV GUVOQTNGEMV TieQLEXOVTAL G6To header <cmath> kau opltovtar ye To
6o dvoua yio TTEAyUOTIKOVS auluovg (TUTtov float, double, long double) n
ToGdTNTES aképarov TuTov® (§2.5). Ttov ITivaka 7.1 capatidevtal ot dnAwcelg yio
double. ‘OMlec oL GUVOQTNGELS TOU <cmath>, OTtws kar 0An n Standard Library,
OVAKOUV GTO Y®WEO ovoudtwv std.

4apkel va, unv Staxorel To TEdyeauua ue tav std: :abort () f avdloyn cuvdgtnon.
311 omoleg uetatpémouy oe double yio vo KAvVouy TN GYETIKK TTEAEN.
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'Oceg LOINUATIKES GUVAQRTAGELS £XOUV VONUA Yol Wyadikovg agudpois Ttapéyo-
vTow agtd To <complex> (§2.14.2).

[a 16T0EIKOVGE AGYOUG, KATTOLES LWOINUATIKES GUVOQTRGELS YIOL OKEQALOUS KOL Ol
GUVOBEVTIKEG TOUG douég SnAdvovtal 6To <cstdlib>. Kol avtég avikouv GTo 0o
ovoudtwv std. Tétoweg elval:

® Ol GUVAQRTNGELS ATTOAVTNG TWUNG:

int abs(int x).
Emioteépel tnv amdAutn Twn Tou x. OplteTan Kol ylo TOug TUITOUG OQL-
oudtoc long int kot long long int, ue avtiGTolyo TUTO ETMLGTEEPOUE-
VNG TTOGOTNTAC.

long int labs(long int x).
Etvaw ovclacTikd dAAo dvoua yio tTn guvdeTncn
long int abs(long int x);

long long int llabs(long long int x);.
Elvar ovclactikd €va dAAo dvoua yio tnv

long long int abs(long long int x);

® 0Ol GUVOQTNGELS YloL TTNAIKO KOl VITOAOLITO:

div_t div(int n, int d).
YitoAoyltel To TRAKO KoL TO VITOAOLTTO TG Stalpeong Tou n pe to d kKo Ta
ETOTEEPEL GTA UEAN Wag TTogdTnTag TUTTOV Soung std: :div_t ue ovo-
uata quot kow rem avticTouya. Opltetarl kaw yia long int, long long int
ue TUTO eToTEEPOUEVNG TToaoTnTaS std::1div_t kou std::11div_t
OVTIGTOLYAL.

ldiv_t 1ldiv(long int n, long int d)
Etvaw ovclacTikd dAAo dvoua yia tTn GuvdeTncn
ldiv_t div(long int n, long int d);

l11div_t 1ldiv(long long int n, long long int d).
Etvaw ovclacTikd dAAo dvoua yia tTn guvdeTncn

11div_t div(long long int n, long long int d);

Y10 <cinttypes> 0pI{CovTol OKOUO Ol GUVOQTAGELS

intmax_t imaxabs(intmax_t x);
imaxdiv_t imaxdiv(intmax_t n, intmax_t d);

AmoteAovv overloads T®v TOQATTAV® yia Tov TUTO std: : intmax_t Tov <cstdint>.
O 1UTT0¢ std: :imaxdiv_t €xel 6vo uéAn ToTToL std: :intmax_t, ue ovouato quot
KO Tem.

Aelte tnv §8.4 yia To unyavioud UWEG® TOU OITOOVL Ol UWOINUATIKES GUVOQTNGELS
EVILEQMVOUV VL0 GOAALATO KATA TNV KARLGN TOUG.
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C++

7

€6 GUVOPTHGELS TNG

Madnuatik

5133

-POLL 11O MOYIIPUN/MOYIIA0 510X i+ /N (A e1qnop ‘x e1qnop)iodAy e1qnop
T 01 10 wngad g (x @1gnop)q1gd a1gnop
‘'0M1LuA0D Ul T O, T 0L 110 UNAMADOL3L H (x s1gnop)qibs arqnop

0> T AD SOM0IND 1MAI3 DA D O
MM () =T A0 () < D 130X01 DA 1318301 ] »T ‘Uoang 30 uomy, (e a1gnop ‘x e1qnop)mod a1gnop

3npaay
T
(T‘T—) o0 o], 01 Suagznioricnda Suxryogosica 0307, (x a1gnop)yueze argnop
T 0L Q0AOUMU (0M1Y0gO31La 030], (X a1gnop)yuise arqnop
"0MLUADD T
uni A3 PNHO3YILOLD OL ‘T < T O, (0L Q0AOUMUAND Q0MIY0gO31Ln 030], (x @1qnop)ysooe a1qnop
T 0L uA3noLLDd3 UMY0gO31L (x a1gnop)yuey aignop
T Q0L 0A0LMU OMIVOgO31L X (x @1qnop)yutis argnop
T Q0L 0AOLMUAND OMIVOYO3LLL (x a1gnop)ysod argnop
S3x1y0¢031L

‘per 30 [x‘u—]

010 DMO3Y3L01L0 0], "01001MULODL3L
01 AN02100QDA fi ‘T AML DNUOOOLL V], “(fi/z), _wey Suagriorinds 030, (A e1qnop ‘X @1qnop)zueje a1qnop

‘pel
30 [g/1‘g/L—] oro pNO3Y3LOLD O], T 0L Suaznoriends3 030], (x @1gnop)ueje aiqnop

‘pet 20 [g/rig/r—]
010 PNO3Y3101LD 01 ‘[T ‘T—] 010 T O, T Q0L Q0AOUMU 030], (x argnop)utise argqnop

‘per 30 [x (]
010 PNO3Y3101LD 01 ‘[T ‘T—] 010 T O, T Q0L Q0AQLMUAND 030], (x a1gnop)sooe arqnop
‘per 30 x Q. T 0L uAznorLndg (x @1qnop)ueq arqnop
‘Per 30 T O, T Q01 0AOLMH (x e1gnop)uts arqnop
‘per 30 T O], T Q0L orouMuANg (x 81gnop)soo arqnop

53n01310A0MO],

$130U0uLPOD]] uml ua3niod30rLoney uouLOPANT

(0 50031M) <yzewd> Q0L N30ULOVAND SIAZNAIVILLH "/ SOMOAI]T
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[Tivakag 7.1: Emtideyuéves GuvaTnGels tTou <cmath> (uépog B).

YuvdQTnon

Euietee@ousvn twun

IHopatneneelg

Exdetikéc/Aoyopudutkég

double exp(double x)
double exp2(double x)
double expmi(double x)

double log(double x)

double log2(double x)
double log1@(double x)
double logip(double x)

double modf(double x, doublex p)

double frexp(double d, intx p)

double ldexp(double d, int i)

Exdetikd tou x (e%).
2%,
Exkdetikd tovu X, ueiov 1 (€* — 1).

Duokds Aoydeuog Tou x (Inx).
Avadikdg Aoydorduog tov x (log, ).
Aekadikdg Aoydouduog tov x (log;, ).
Duaikdg Aoydouduog Tou 1+ .

To deradikd UEQROS TOU X, UE TO TTEOGNLO TOU
X.

Boeloker x oto [0.5,1) ka y waote d = z2Y.
Emaoteépet o X.

d2'.

Atver ml0  0KQBES  aTTOTEAEGUA ATTO  TO
exp(x)-1 étav 1o x éxel wKEd uéto.

To X wn aQVNTKO.

To X un aQVNTIKO.

To X un aQVNTIKO.

Atver 10 OKQPBES  aTTOTEAEGUA ATTO  TO
log(1+x) étav to x éxel wKEd uéto.

To aképaro UEEOS GTO *P, Ue TO TEOGNULO
TOU X.

B<TEL TO Y GTO *P.

YTQOYYUAOITTOINGELS

double ceil(double x)
double floor(double x)
double trunc(double x)

double round(double x)

long int lround(double x)

long long int llround(double x)

O wkEATEQROS OKEQALOC TTOV Sev elval WkEO-
TEQOG TG TO X, WS TTEAYUATIKOG.

O ueyaAiTeQog arépoalog Tou dev elvar e-
YOAUTEQOG ATTO TO X, KOG TTEOAYLATIKOG.

O TANGLEGTEQOS AKREQEALOS TTOV Jev €xel Le-
YOAUTEQO UETEO ATTO TOV X, KOG TLQOYLATIKAG.
O TTANGLEGTEQOS OKEQALOS GTOV X, WE TTQOY-
WOLTIKOG.

O TTANGLEGTEQOS OKEQEALOS GTOV X, S long
int.

O TTANGLEGTEQOS OKEQALOS GTOV X, WS long
long int.

Av 10 x €xer deradikd uépog to 0.5 n aTEOY-
YUAoOTTONGN YIVETOL GTOV OKEQOLO LEYAAVTE-
OV UETQOV.
Av 10 X €yel deradiko uépog to 0.5 n gTEoy-
yuAoTroinon yiveTol GToV aKEQOLO LeYaADTE-
oV UETEOV.
Av 0 X €yxel derkadiko u€pog to 0.5 n GTeoy-
YuAoTonGn YIveTol GTOV OKEQALO LEYAAVTE-
QOU UETQOV.
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C++

7

€6 GUVOPTHGELS TNG

Madnuatik

X Q01 UL uLQYoLLY (x a1qnop)sqge a1gnop
X Q0L UL ULQYoILY (x o1qnop)sge] a1gnop
‘00 ‘(£-%) am1r 00310yDA1 O, (A e1gqnop ‘x eTqnop)wipj oI1gqnop
£ DL 01ED 00310y0A3N OF, (A e1gqnop ‘x e1gnop)xeuwj o1gnop
£ 01 01£0 0031001 Of, (A e1gqnop ‘x eTgnop)uiwj S1gnop
‘£ ao1 01tuoodie 31 1031 x| 31 uoy UMy, (A e1gqnop ‘x 81qnop)ubisAdod signop
‘(@1qnop BuoT vro1io00 MA
TVINA LSVA dd Y 3e0TF D1o1io)0o
MA IV LSVA dA W) VINT LSV did
PO3g0LO U 491dwod A0L 01D UAZTO
100 A2 A0z + fi - T uoPODM
AuL 01t UOOAUOA 01]] 513301 53031
-01QA3 5110 MOYLIPUN/MOYIIA0 5100 z24+ - (z a1gqnop ‘A e1qnop ‘X a1qnop)ew] a1qnop
53000hD1Y
‘()1 nor Surha
'0MIL3@ X 0,  Surayowrn Sui Songoploy Somondg (x 81qnop) ewweb1 so1gnop
"OMIL3E X O, 7P, 9, .} 8@% = (7)1 (7)1 uourdpany (x e1qnop)euweby s1gnop
X ao1 Soron
(T)j10 — 1 = (x)op0  -ypdo uourdpano uLLI®OUyLLing (x 81qnop)o1Is a1qnop
P -0 ao\ & = (z)j10 X 01 50001y PdO uouLdPANT (x o19nop)jis a1gnop
oirip T 103 Sorpnypdo S130uULdVANT
‘bx 0100330 A0LO
1mM0240033ug01Ln £ 01 31 X 0L Su030
-101Q SUL Q0MIVULL (0L 11q 0)0LA3Y3L
0101 D1 AOLOTXDYAOL 10M 01UO0DIL O, "(A'x)xsputewsi::p3sol (b xjutr ‘A argqnop ‘x arqgnop)onbwsi a1gnop
"01003M0 01200 003LO1OUYIL AOL "01003M0 0031.0310UYAL
5001L 1013A7A U Q0L UOUI02LOYVNAAA0DLO  AOL 5001t 10113102L0VNAA00LO U OF, "/X
U G0 50031 0x1gPM3Q 13X2 A/X 0L Ay Q0L 50021 01003MD OL U Q0O ‘A U-X (A e1gnop ‘x 81gnop)Iispulewsl 81gnop
“£/x
‘0 01 5001t 10112102L0YAA00LO U O], 0L S0031 01D03HD OL U M0LLO ‘AL U-X (A ®1qnop ‘x 81gnop)pouj 81gqnop
Q01£10Y01E0 SONOA0Y0LLE
3120u0uULPODI] um ua3niodz0roncy uouLOPANZ

(A 50021) <yzewd> Q0L N30ULOVANO SBAZNAIVILY '/ SOMDAI]
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7.16 XvuvaQTneeig ywo €AeyY0 YOQOKTNQO

Y10 header <cctype> TTaQEXOVTOL XENGWES GUVOQTAGELS YIdL VO SlaKEUBOVOUULE
70 £l80g (apuiunTtikd Wneio, GUUPOAO, YEAUUO, KATL.) EVOS XORAKTIQO TTOU dExOVTIL
WS OQLoUA (LE TNV OKEQEALO TR Tov). ‘OAES OWAKOUV GTO X®WEO ovoudtwv std. Emt-
GTEEPOVV OKEQOLOL TWA, Un undevikn n undév, av elvar 1 Oyl To eAeyxouevo €ldog
oto te€xov locale. ITapovaidcovton gtov ITivaxa 7.2.

EmugtA€ov, Tov (8o header Kal GTO ¥0EO ovoudt®wv std JTOQEXOVTOL OL GUVOQ-
TRGelS tolower () kou toupper() TOU EMGTEEPOVV TO TETO N KEPAAOLO YOAULL
avtigToyya (E@AGov VITdE)eEL) Tou 0QloUATOS TOUg. Av Sev LITAQYEL TO AVTIGTOLYO
YOAUULOL, ETTLGTEEPOVY TO OELGUA.
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"(91800] 0A3110100410M001L 0LO ~{ |} Ty [\]@i<=>":/ =" +*x() ,3%$#.

5001 01t SVOULMDODX SPAZ “UQDYUQ) OVOYNno 0M1Q13 U Su31Lo 0131Ho - ()3oundst

mMooA udoyyo u qey 1Xo pyyo ‘0a3x oL ‘Dyognno PO0dDIQ “DIMPOA ‘O1duh SMILY) 13gMicaL DA 130011 101L SPOULNDODX ()autadst
"qe) OL U QA3 OL ™ ()uergst

SurmMooA uAoyyo U ey ‘a3 oL ()eoedsst

urooA udoyyo u qel ‘oa3x o1 1Xo Py PYogNno n0odQ “PNNPOA ‘01dbuh SM1L0) 13gmicar va 13001L1 A01L SPOULNDOVX " ()ydeabst
(0yyyo 103 SuritooA udoyyo ‘qer) aoXAzy3 SpouLMDODX () 1I3uUDST

[-p -V ‘6-0 uQoyuQ) MLOAO 031Q033043Q 010 01duh oMLUNoD ()31b1pxST

‘01dbudh 0>n2unIov * ()a1b1pst

"S00ULMDODX S01YDO3M " ()xeddnst

“S00ULMODX S0331L ()IeMOTST

“(10MnpOA uQoYuQ) norugndyn 0L SPOULMDODX ()eydiest

‘(01dbuch u PIMPOA uQOYUQ) SPOULMDPOVX SoLUNMOVDYD (Hwnutest

T 10A13 P110100 01 AD 13XAZY3  uouLOPANT

0OULMDODX 0XA3Y3 MA S130ULODANT 7"/ SOMOM]T

ZUVaQTHGELS Yl EAEYXO|XARAKTIQM
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7.17 Aokneceilg

10.

11.

12.

Na ypdwete guvdeTnon Jtov va d€xeTol ¢ GELGUA €vav TTEAYULATIKO aQuiud
T KOL VO ETGTEEPEL TNV TWA TNG TTOGOTNTOG e=2°/2, Na, tn XONGYLOTTOINGETE
GTO TEOYEAUULA GOS VL0 VO UTTOAOYIGETE KOL VO TUTIWGETE TNV TWNA TNG Yo
xz=0.3, 1.4, 5.6.

. Na ypdwete cguvdetnon Jtov vo SExeTol oG OELGUA TNV OKTIVOL €VOS KUKAOU

KoL va, vItoAoyicel To eufaddv Tov. KaAéate tnv yio axktiva R = 2.3.

Na ypdwete GuvdeTnon Jtou vo SExeTol ™G GLoUa £vav (LKEO) aKEQEALO aQLind
k ko vo ETTLGTEEPEL TO TTORAYOVTIKO Tov, k! Na tnv KaAéGeTe yia va VITOAO-
yloete kal vo Tutwoeete ta 3!, 5!, 7.

Na ypdapete GuvaQTnen ITov va SEXETOL WS 0QIGUATA TEELS TTEAYUATIKOVS aQLd-
woUS KOl VoL VTTOAOY(CEL To ddpoloua TV TETEAYWV®Y Tous. Na Ttn xenoulo-
TOLNGETE Yo Ty TEudda (3.2,5.6,8.1).

. Na ypdwete cuvdptnon ov va eA€yxel ov TO OQLOUA TG, €Vag OKEQALOS

apuudg, elvar TEWTOC N Oyt (N TogdTNTA TTOV Ja ETMGTEEPEL TTOLOV TVTTOV
etvay;). Na Tn yenGWoITTOGETE Yo va eAEYEETe Toug apuiuovg 89, 261, 1511.

No ypdete GuVAQTNON JTOU VO UITOAOYICEL KOL VO ETILGTEEPEL TO UEGO 0RO
TV oTotyelwv evog std: :vector<> akepalnv Tov Ja déxeTon wg dpLaua.

Na ypdwpete guvdQTnen Jtov Vo VITOAOYIZEL KOL VO ETTLGTEEPEL TO UWIKEATEQO
oTolxelo evog std: :vector<> akepalwv oV Ja FExETAU WS OQLGUA.

. Na ypdwete guvdetnon mov va VITOAOYICEL KOl VO ETILGTEEPEL T J€an Tov

UEYLGTOV GToLKeloV €VOG std: :vector <> akepalmv TTOU Yo S€xeTon WS OQLGULAL.

No ypdwete guvdeTnon Tou vo eVOAMAGGEL TIG TWES V0 TTROYUOTIKOV We-
Tapintov. Katdmv, va yodypete TTEOYQOUUO TO OTOL0 VO XENGLLOITOLEL Tn
GuvdETNGN OUTA.

No ypdwete GuvdeTnen TToU Vo, VITOAOYITEL KOL VO ETNOTREPEL TO EGWTEQPLKO
ywouevo dVo std: :vector <> Jreayuatikov aguiuwv we tdto TAndog gtotyeiwv,
dnAadn vrtoAoyicte to >, a;b; av a, b elvar Ta vectors.

Na ypdwete GuvdQTnon JTov va eTLGTEEPEL €va TUXALO OKEQEALO GE StdaThua
[a, b] OV Yo TEOGSLOEICETAL AT T oElGUATA TNG.

TFpdwyte GuvdeTnon IJTov va SEXETAL WS OQLOUO €vo aképalo auwiud n. Oa
emAyel n Tuxalo onuela (z;,y;) 6to TeTEdywvo 1 < z; < 1, 1 < y; < 1 kvt
Ya emoTEépel To TTNAMKO 00wV PeloKovTOL £vTdS €vog KUKAOUL ue okTivo 1
@? + y? = 12) TEOG TO. GUVOMKA.
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13.

14.

15.

16.

KaAéote Tn cuvdetnon yio 8idgopeg ueydies Twég tov n: n = 103, n = 104, .,
n = 10°. Hapatneicte 6T 0 Adyog avTdg yio. TOA) ueydAa n TTEOGEYYICEL TO
AGYO Tov eufadov Tou KUKAOU ue SLaueTo 2 Teog To eUPAdOV TOU TETEAYDVOU
ue TAEVQEA 2.

Y10 agyelo atn Stevduvon http://tinyurl.com/rndint TreQEyovTon akéQoiot
apuuol, évag oe kdde yoouun. H spdtn yoouun tov apyelov JteQléxel To
TAYo¢ Twv apuiuwv TToL akoAovdovv. Tpdwte cuvdptnon TTov vo UETEA
TOGES (PORES EUPAVICETAL TO OQLGUA TG, £vag aképaos apuiudg, ato ayelo.
E@papudcTte tn yia Toug apuiuovg 5744, 6789, 2774.

H yetateoTn agtd KOQTEGLAVES GUVTETAYUEVES, (Z,Y), GE TTOMKES GUVTETAYUE-
veg, (r,0), yivetaw ue TIg akdAovdeg oxaelg

r=/22+y?, 6 = tan"*(y/z) .

H avticTpopn yetatomn yivetal ue Ti¢ GYEGELS:

r=rcost, y=rsind .

Tpdwte Vo cuvaptncels wov Ja Séxovton amd 4 oplouata, =, v, r, 6, kar da
VAOTTOLOVV QUVTES TIC peTatoTies. H mpwtn da déxetan Tweég ota x, y kot da
egayel TWES aTa r, A, KAl n devtepn avticTEO@A.

Ymobeién: Tlpogegte tnv emmloyn mov Ja KAvVeETe ylo Th GUVAQTNON TNG OVTi-
GTEOMNG EQPAITTOUEVING.

H yetatomn astd KaQTEGLOVES GUVTETAYUEVES, (X,Y, 2), GE GPALQIKES GUVTE-
Tayuéveg, (r,0,¢), yiveton pe 115 akdlovdes oxéaelg

r= \/m, 6 = cos* (Z/\/m> ) qﬁztan_l(y/:r) .

TFpdwte wio GuvAETNGN TOU Vo, KAVEL OUTH Tn UeTOTEOTIH. Oa d€xetar €8
0QloUaTA: TEELS TEAYUATIKOUGS aQUILOUS YO TIG KOQTEGLOVES GUVTETAYUEVES
KOL TQEELS YO TIS GPOLQIKES. XENGUWOTIONGTE TO GE TTEOYQAUUA GOGC YLl VO
TUTIOGETE GTNV 0JOVNn TIC GPALRIKES GUVTETAYUEVES TTOV AVTLGTOLOUV GTO
onueta (3.5,2.5,—1.0) kaw (0.0,1.5,—2.0).
Ymobeién: Tlpogegte tnv emmloyn mov Ja KAvVETE ylo Th GUVAQTNON TNG AVTi-
GTEOPNG EQPATTTOUEVNG.
AtveTtar n kaustuAn

r(0) = e — 2cos(46) + sin®[(20 — 7) /24]
GE TIOMKEG GUVTETAYUEVEG. YTTOAOYIGTE TS TWES 7; = 7(6;) ylo TIG TWES TOv
0 6; = {0°,2°,4°,..,358°}. Tpdwte TTEOYQOUUO TTOU VO TUTTOVEL GTO aQE)elo Ue
ovoua butterfly.txt ta onuelo (z;,y;) JTOV OVIIGTOLXOVUV GTIC TTOMKES GUVTE-

Tayuéveg (ri, 0;). XonowoTtotngte o astd TG GUVOQTAGELS TTOU YRAWATE GTNY
doknon 14. H kapatdoAn stov oynuaticetal eivol n «kauItiAn JTetalondac.
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17. H akoélovdn cuvdptnon Sivel TQOGEYYIGTIKA TRV TWR TOU 7 YO OTTOLAONTTOTE

18.

19.

20.

21.

TWR TOv aKEQEAoL N:

4 X 1
N=—S -
p(N) N}; —

e

Mmopel va deyydel 0T limpy o0 p(N) = 7.

e TpdwTe TEOYEOULO TTOU VO VITOAOYITEL TNV TIQOGEYYIGTIKA TIWA TOU T UE
TN XENGON TNG GUYKEKQWEVNG guvdetnong ywa N = 1,2,10,50, 100, 500. T
kdPe W Touv N TVIT®OGTeE Gty od0vn TNV JTROGEYYIGTIKA TWH KoL Thv
ATTOKAMGN AVTAG ATtd TRV OKEPN T Tov m, SnAadn to e(N) = |[p(N)—|.

» Boseite tn wikedteen T Ny, 7t0U kavottotel T oxgon e( Nyin) < 1075,

"Evag un apvntikdg axéparos apuiuds K wredtepog tou 1024 (= 210) umoesl
va avadvdel e dbpolcua Suvduemv tov 2:

K= d929 + d828 + - -d121 + d020 .
Ot GuVTEAEGTEG dy, ds,..., d1, dg OATTOTEAOVV T WNRElo TNG OVATTAQRAGTOGNS TOU
K oto dvadikd cvoTnua.

TFpdwte GuvdETnon TToUV va SEXETAL WG TEOTO OPLGUO €VOL AKEQOLO KOl MG
devtepo éva Sudvuoua 10 Yéoewv. H ouvdptnon da vitoloyiter ta duadikd
yneta do, ..., dg yia Tov aképoaro kot da ta arodnkevel gto didvucua. Katday,
XONGWOTTONGTE TN Yo Vo PEElTE KoL Vo TUTIOGETE GTnv oddvn to Suadikd
yneta tov opuiuov 81, 833, 173.

Ymobeién: Av to K elval ak€QOLOS YRAUUEVOS GTn Suadiki avaraQdoTtacn,
OG0 rRAvel K%2; TI6Go kdvel K/2;

Na ypdwete guvdQTnon Jtov va eAEyxel av To OpLoud Tng, £vog JeTikog aKe-
parog apuiudg, eivan apriuds Mersenne. "Evag aképarog apududg k etvor apriuog
Mersenne av 1o k+1 givan dUvaun tov 2. Bpeite Toug apurduovg Mersenne uexot
T0o 10000.

Na ypdwete guvdeTnon Jtov vo VIToAoYigel To e* agtd tov TUTo
e® ~a0/0 4+ 2t 1+ 2?/20 - 4 212121
Na Beelte pe avtn Tn guvdeTnon Tic TWES Tov e yia x = 0.5, 1.2, 4.1.
Na ypdwpete cuvdeTnon tov va VITOAOYLCeL To NUITovo aItd Tov TUTTO
sina ~ x' /11— 23/3! + 2° /50 — 27 /7 4 2% /9! — 2t /110

Bagoiotelte 6T0 dTL 0 KAde 6Q0G GTO ADQEOLGUA TTEOKVTTTEL ATTO TOV TLEONYOV-
uevld Tov pe TOAAATTAAGLOGUO KATAAAMNANG TtocgdTntag. No xenGLOITONGETE
TN GUVAETNON GOG YL VA VITOAOYIGETE TO NUWITOVO TV 35°.
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22. TodwTte GUVOQTNGELS TTOU VO VITOAOYLCOUV KOl VO ETLGTEEPOVV Ta €”, sinw,
cosx aTO TIG OXEGELS

o0 " oo (71)”562”—’—1 o0 (71)nx2n
e =) — sing = » ————, CoST = » —————

I tn StevkOAVVeN Gag TTORATNENGTE OTL 0 KAde 0p0¢ GTa adpolcuaTo TEOKV-
TTEL ATTO TOV AUEGMS TTEONYOVUEVO AV QUTOS TTOAAATTAAGLAGTEL Ue KATAAANAN
TOGOTNTA.

Y1a adeolouato vo GTOUATATE TOV VTTOAOYIGUO TOUS ATAV 0 OQOS TTOL TTEO-
kertaw vo tpoatedel etvan kAt asréAvTn T wkedTtepog artd 10710,

XENGWOITOINGTE TIG GUYKEKQLUEVES GUVOQTRGELS YO VO BEEITE KO VOL TUTTOGETE
T Tég e~ 92, 8in(37°), cos(m/3). Tuykpelvete TIC TWES TTOV VITOAOYICETE £GE(S Ue
TG TWES TTOV TTEOKVTTTOVV A0 TIS AVTIGTOLYES EVOMUATOUEVES GUVAQTNGELG.

23. Tpdwte cuvdpTnon TTov va S€xetow dV0 SLavOGUATO TTEAYUATIK®OV 0LIu®V,
ue ogrorodnItote wAnYog atotelwv. H cuvdptnon va eA€yyxel av OAo To GTOL-
xelol Tou SeVTEQEOV SLOVIGUATOS TTEPLEYOVTOL GTO TTEAOTO KOL VO ETILGTEEPEL TO
OTTOTEAEGUOL GE TR AOYIKOU TUTTOV.

AToINKeVGTE GTOV VITOAOYLGTH GAS TO aEyelo atn dievduvon https://tinyurl.
com/ssvgrades. Ilepiéxel 126 mayuatikovs apuiuovg, Tov kadéva oe Eexmot-
ot cepd. TpdyTte TTEAYEAUUA TTOV VO XENGLWOTTOLEL Th GUVAQETNGN TIOV Y-
pate yia va eAéygete av ol apuiuol {7.6, 3.2, 9.1} mepiExovianr GToug apuinovg
ToV aQxelov.

24. Todwte cuvdeTnon Tov va gA€yyer av To dpoud tng, €va std: :vector«<>
OKEQAIMV, €lval Tagvounuévo Katd avgouvca Gelpd (ATd To WKQEOTEQO GTO
ueyaAteEo). Na emioTeépel wio T06oTRTO AOYIKOU TUTTOL.

XENGWOITONGTE TN GUVAQRTNGN TTOV YRAWATE GE TTEOYQOUUA GAG Yia va, EAEY-
gete av ta 200 TEOTA GTOLKElD TOV aEYElOV GTO https://tinyurl.com/ssrepeated
etvar tagvounuéva. To Tredypauud GOS Vo YRAMEL TO GYETIKO WHVUUO GTRV
oddvn.

25. Tpdwte GuvdpTnon Tou va S€xeTon wg oplouata dVo wyadikovg ool Kot
€va yopaktripa. O yapaktripag da elvar €vag amd toug +, -, ¥, /. Ooloc-
dngtote dAAog Sev elvar aTtoSekTOS Ko da TEOKRAAEL TNV eKTUTTWGN £VOC Un-
VOUOTOG TTOV Ja EVIAUEQMVEL TOV XENGTN Yl TO AdYog Tov kaw Yo StakdTTTETAL
n ekTéAecn Tng cuvdETnong. AvdAoyo UE TO YOQAKTAQEW, n cuvdeTnon do
VTTOAOYICEL TNV avTiGToLN TTEAEN UETOEY TV WYASIK®V 0QLoUATOV Kol da
ETMOTEEPEL TO aAToTéAecua. To TTEAyeaUUd GOS Vo TV KOAEL KOl VO TUTTWVEL
TO QITOTEAEGUOL TOV TTOAMAATIAAGLAGULOY TwV aQuwv 2 + 3i, 5.7 — 9i.

26. Na ypdwpete 500 GUVOQTHGELS TIOV UETATEETTOVV depuokpacio agtd Paduoic
Kelolov e Baduovg Papevirt kow avticteopa. H oxéon tov kMudkwv Kel-


https://tinyurl.com/ssvgrades
https://tinyurl.com/ssvgrades
https://tinyurl.com/ssrepeated
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clov (C) raw Pagevart (F) elvor yoouutkri. O TUTTOG UETATEOTING elvan F =
9/5C + 32.

Nao TIG XENGWOTTONGETE GTO TTEOYEAUUA GAS YO VO VITOAOYIGETE Tn JeQuUo-
kpacia ce faduovg Pagevdrt ya:

e tn Jdepuokpacio 22°C,
e tn Jdepuokpacio Touv astéAvtov 0 (—273.15°C),

e tn uéon Yepuorpaacio tng emipdvelag tov "HAwov (6000 °C).
ko tn depuokpacio oe Baduovg KeAdglov yia toug 100 °F.

No ypdwete GuvdeTnon Ttov va, Mgl Tn devtepofddwma eslcoon az? +
br + ¢ = 0 KoL vo wag eTMOTEEPEL TIG AVcels. [Ipogégte va kdvete diepevvnon
avdAoya pe TS TWES TV a, b, ¢, TTov Ja déxetan wg oplouata. H cuvdetnon
oo de Yo TUTTOVEL TIG TWES TOV ELLWV OAAD Ja TIC ETTLGTEEPEL GE 0RIGUATAL.

AVO BL8LAGTATOL TTEAYULOTIKOL TIIVOKES TTEQLEXOVTOL GTO OQXeElD GTIS StevdUv-
oelg http://tinyurl.com/ssmatrixA kat http://tinyurl.com/ssmatrixB.
H mpwtn yoauun ce kdde apxelo eivar o aprduds Tov yeauuov kol n detepn
0 aQWuds Twv GTNAWV. Ol ETTOUEVES YOAUUES TIEQLEXOUV TO GTOLYELD TWV TTVA-
KOV KATA YeOUUn, aItd aQlateQd TTeog Ta deLld, dnAadn diadoxikd To Gtoryelio
(0,0), (0,1), ..., (1,0), (1,1), ... yio kdDe TTIVOKOQL.

e Na ypdwete guvdptnon tov vo dwafdcer ta gtoyelo agtd €va apyelo
KOL VO T ekYwEel oe Trivaka. Q¢ oplopata da d€xetar Tov Jrivaka Kot
To dvoua Tov 0Exelov. XENGWOITONGTE TN Yo Vo SDGeTe TWES Ge S0
Tivakes A,B.

e Na ypdwete dAAN GUVAQRTNON IJTOV VO, VITOAOYICEL TO Ywduevo Twv 0o
TVAK®V.

e Nao ypdwete GUVAQTNGN TTOV VA TUITWVEL TO OQLGUA TNG, £Va TTEAYULATIKO
TIVOKOL, GTOL(LOUEVO KATA GTHAEG, pe 4 dekadikd wnelo oe kAde GToLyelo.

XQENGWOTTOLWVTAS TIS JTOQAITAV® GUVAQTAGELS, YOAWTE £va TTEOYQOUUO TTOU
va Stafdgel Toug S0 TTVAKES KO VO TUTTOVEL GTNY odovn To yvouevo Toug.

TFpdate GuvdETNon TOU VO VITOAOYICEL TOV EQULTIOVG GUTUYN €VOG TETQOY®W-
VKoV Trivako wyadikav apiducdv. O GuTUYRG va ATToINKEVETOL GTOV OQXLKO
mivaka. E@apudcte tnv yia tov gtivaka

2.3 -1 1-7i 5.8 —2.9-3.71
—4.91 i 9-031 —-2+0.721
8244 —-08+1i 02451 9—-3i
2.31 —7.149i 0.9 —4i


http://tinyurl.com/ssmatrixA
http://tinyurl.com/ssmatrixB
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30. H agroudrouvon agtd tn 9€on 160QeoTtiag uiag WItdAag Gtny drken evog ela-
Tnelov TeEyed@eTal XEoVikd attd tnv gglcwon x(t) = A cos(wt) + Bsin(wt), ue
A=3cm, B=2cm, w=12Hz.

(@) Na ypdwete GuvAQTNON TOU VO SEXETAL TO XQOVO ¢ KOL VO ETTLGTREPEL TNV
avtioToyn amwoudkeuven x(t).

B) Na ypdwete mEAOYQOULOL TTOU VO XENGLLOITOLEL TN GUVAQTNGN YLl VO TU-
TOCEL GTO aEyelo data TG TWES Twv t kow x(t) ue 4 Seradikd ynola,
yw t = 0.0, 0.5, 1.0, ...,100.0s. Kdde tetiyog Twav va eivol e EexmELotn
yeauu.

31. Na ypdweTe avadQoukin GuvdTnen oV VO VTTOAOYICEL TO TTAQRAYOVTIKG €VOG
ak€poanov auol Bacigduevol Gto 4T

nl — (n—!'xn, n>0,
)1 n=20.

)

32. Na ypdwpete avadQoulkin GuvdeTnon Jtov vo SEXETAL €val OKEQALO 1 KOL VO
ETMGTEEPEL TOV n-00TO aEud tng akoAovdiag Fibonacci. Xpnoyotomate
Yl VO TUTTOGETE TOUS 15 TTEAOTOUS 6OVS Tng akoAovdiag.

33. Na ypdwete avadpowkin GuvdETnen Jou va eAEyYeL av TO OQLOUd TNng, U0l
aképoaun TogoTnTa, elvanl SUvaun tov 2. Na emGTEEPEL T AOYIKOU TUITOL.
No tn yenowoitoncete ylo va eAéygete av ov aguiuol 4096, 65534, 1855932
etvarl duvduelg tou 2.

34. () Tpdwte guvdetnon mov Ja S€xeTol MG TTEMOTO GELGUA £vVa AKEQALO aLIUS,
Ya tov avalel gta Yneio Tov kot o Ta arodnkevel 6To devitepo dpLoud
Tov, €va Sidvuoua TovAdyliatov 10 d€aewv.

() "Evag detikds aréparog apuiids yopakTneigetol mg Talivoponogs av «dio-
Bdcetal» To (Blo aTtd aELeTEQRA TTEOS T deLld Kot avTigTEoEa. O TTaAlv-
dpouog apriudg Sniadn €xet Gia To TEAOTO (Un Undevikd) Kal To TeAeVTAl0
Ynetlo, To 5e0Teo KAl To TTEoTeEAeVTALO KATT. [Ty, o1 aképarol 19791, 4774
etvaw JTOAMvEQouoL.

TFpdwte cuvdetnon Tov da S€xetan €va aképaro aQuiud kot Ja eA€yyel
av elvor JTaAivSouog.

) Todwte e apyelo ue Ovoua palindrome.dat 6Aovg TOUGS TTOAVEQOUOUS
OKEQEOLOVGS TTOV glval yvouevo dVo Teupnelwv apuwnv. Tov ueyaditepo
aTtd avTovg Yedwte Tov gtnv oddvn wagl ue Toug TEUPNELOVS auiuovg
TOU TOV TTOQNYOLYOLV.

35. Tedwte KWK TTOV VA TUTTOVEL GTO ayelo palindrome.dat GAoVS TOUGS TTAAIV-
dpouovg apuiywovg (Beite Tov opoud Toug Gtnv doknon 34) uéyol to 1000000.
Xtnv oddvn va TuTtovel To TTAndog Tovug.
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TFpdwte cuvdetnon stov da S€xetan TElo StavicUaTa TEAYULATIKOV 0QLIL®V,
£€0Tw a,b,c. Ta Staviouata a,b a £xovv omorodnatote TANYog GTolyelwV EVE TO
¢ Ja dewpovue ATl €xel TOUVAAYLGTOV 0GES YEGELS €XEL TO «UKEOTEQOD» Stdvuaua
astd Ta a,b (Gniadn, avtd Tov €xel Ta AtyoTtepa GTotxela). H guvdetnon cog
da avtypdeel ta kowvd cTotxela Towv a,b 6To Sidvucua ¢ kol da eTGTEEPEL
70 mTAndog Toug.

XENGWOITOINGTE TN GUVAETNGN AUTH yid va PAAETe G €va SAvUGULO TO KOWA
gToyela Twv cuvoAwv {1.2,3.4,5.7,8.8,9.2,6.5} ko {3.4,4.3,6.5,5.7}. Tumwwaote
gtnv oddvn Ta GToyelo Tou draviouatog TTov TEOKRVTTTEL. O kdde apuuog
7oV da TuTTveTE va €xel 1 dekadikd pnro.

Hapartripnon: IIpo@avag, To Kowd Ggtolyelo Twv a,b umropovv va eivar Kavéva,
KATTol0 I OAQL TAL GTOLXELDL TOV «UWKQEOTEQOU» SLOVUGUATOG.

TFpdwyte wa guvdptnon pe ovoua digit wov va d€xetar dVo aképara oplGuaTa,
N ko d. H cuvdptnon da emateéper 1o yneio otn 9éon d tov apuduov N.
ITpocégte 6Tl To N piropel va givor apvntikdg. Oswovue OTL GTnv TEOT dEon
etvarl o ynelo Tov povddwv. o topddeyua, n kAnon tng digit ue N=57960,
d=2 meémel va emoTEEPel Tov aguud 6. Av to d elvon pueyaAltepo aTtod TO
mAndog Twv Yyneiov Tou N, n guvdptnon da emmiateépel 0.

To apyelo otn dtevduvon https://tinyurl.com/manyints mepiéyel 3590 axe-
QOLOVG, GE EEXWELOTH yoouun o kodévag. ATToInkeVGTE GTOV VITOAOYLGTH GOG.
XENOWOITONGTE TN GUVAQTNGN TTOV yedwate yio va Beelte To Telto Wneio
Tev ounv Tou agyeliov. Ta yneia Tov Ya Peelte va Ta ypdete GTo ayelo
digit.txt, €vo e kdde celpd.

TFpdwte cuvdptnon mov va S€xetan €va Stdvuoua Ue GToLxeld OTTOLOVONTTOTE
TUTTOV KOl VO EVTOTTICEL KO VO ETILGTEEPEL TO GTOLXEID TTOU EUPAVICETOL TIS
TEQLOGOTEQPES PORES GuveXOUEVA (L TO TeEAevTAlO ATTO dGA guPavicovTal ue (8o
mAndog). EAEyETe Tnv yia tn gelpd atotxelnv {2,8,8,3,5,5,5,8,8,1,6,7,7,7} da
TmEETTel va et To 7.

H ctpon evig teididetatov dwavicuatog 7 = (z,y,z) KATA yovia 6 yuow
aTto Tov dfova Iz, ustoel va avastapacTadel ue Tov TTOAAATTAAGLOGUO TOU
SlavdouoTtog 7 Ue TOV TTivaKo

1 0 0
R,(0)=|0 cosf —sinf |,
0 sinf  cosf

dnAadn, To GTEOUUEVO SLAVUGUO £XEL GUVIGTWGES

x’ 1 0 0 x
Yy | =10 cos —sind Yy

2 0 sinf cos 6 z


https://tinyurl.com/manyints
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Ot TTivakeS GTEOPNS YVUE® OITO TOVS ALOVES ¥, 2 elval avticgTorya ol

cos@ 0 —sind
R,(8) = 0 1 0
sinf@ 0 cos

KOl
cosf) —sinf O

R,(0) =| sinf®  cosf O
0 01

(@) No ypdwete TeElS GuVOQTAGES n kdde wo amd avtés da exktelel n
GTEOMN YU aItd €vav dgova. Kdde guvdptnon da déxeton wg opiouata
* Tn yovio GTEOENG 6 Kat
e £va SIAVUGUO, Ol GUVIGTMGES TOV 0TTOloV da TEOTTOTTOLOVVTAL.
() Na ypdwyete cuvaptnaels ov Ja VITOAOYICOUV TO UETEO £VOS SLOVUGUATOS
KoL TN yovio uetagy dvo Stavucudtmv.
) Na ypdwete mTdypauua wov da xenGyoTtotel Ta ITOQATTAVK YIo VAL KAVETE
To €ENG:
i. Anwovgynate €va Sidvucua pe cuviotwoes x = 0.5, y = —0.3, z =
1.2. Na to oteéwete Stadoykd Katd yovio 30° yoem amd tov dgova
U, RATOTY KAtd yovia 35° yopw astd tov dgova Kol TEAOS KATA
yovia 58° yvpm aitd tov dgova z. TumtocTte gTnv oddvn TG TEMKES
GUVIGTWGEG.
il. YroAoylote kal TUTT®OGTE GTRV 090V Ta UETEA TOU AEYIKOV KOl TOU
TeEMKOU (UETA TIC GTEOPES) SLavOGUOTOS KAJ®MS KoL Tn UETAEY TOUG
yovio.

40. Xtn Moadnpatiki uGiki yENGWOTTOLETAL N 0koyEvelo TToAvwvoumy Hermite,
H,(z). O Badudg n tov wolwviuou elvar aképatog, 0, 1,... Ta medTa ToAVW®-
vuua Hermite etvan

Ho(.T) =1
Hi(z) = 2z
Hy(z) = 42% -2

INa ta toAvovuua Hermite ioyvel n avadgoukn cyéon
Hy,(x) =2zxH,_1(z) —2(n — 1)H,_2(x) , n>2.

TFpdte cuvdpTnon TOU VO VITOAOYIZEL TNV T €vog TToAvwvipov Hermite.
Avtn Ya d€xetanl wg oplopata Evav arképalo auiud n Tov Ja avTITQoGHITEVEL
70 Badud Tov TOAVWVVULOUL Kal €va TTEAYUATIKO = Jtov da elvor To onueio
VTTOAOYIGHOV. Oa eTGTEEPEL TNV TWH TOV H,, ().
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41. Xwn Modnuatikin QUGIKA eu@avicetal n otkoygvela ToAvwvoumy Bessel, v, (z).

42.

43.

H tdén n tov woAvwvipov etvon aképata, 0, 1, . . .. Ta teodta wolvodvuuo Bessel
etvon

yo(z) = 1

y(z) = x+1

yoz) = 322 +32+1

INo ta mwoAvwvuua Bessel toyvouv ol €€ng oxécelg:

yn(z) = (2n—Day, 1(x) +yno(x) n>2,
2y (@) = (nz—Dyn(x) +yn-1(z) n>1,
yo(z) = 0.

XQENGLOTTOLWVTAS TIC TTAQAIIAV® GYEGELG,

(@) ypdwTte GuvdETnGn JTOV VO VITOAOYICEL TNV T evos TToAvwvuuou Bessel.
Avti da dgxeTan wg oplouata €vav aképato auiud n, wov Ja avTLITIEocw-
TeVEL TNV TAEN TOU TTOAV®VUULOU, KoL £Vl TTEAYUATIKG & JTou da elvor To
onuelo VTTOAOYIGLOV. Oa ETLGTEEPEL TNV TWNA TOV Yy, (7). XENGWOITTOINGTE
T yla va vrtoAoyicete ta y3(1.2), ye(4.1).

B) yedwte cuvdptnon ToOv va VITOAOYICEL TNV TEMOTN TTAQAY®YO TOU Yy, ()
(Y z # 0). XenGWOTONGTE TN Yo va. vItoAoyicete Ta y5(1.2), yg(4.1).

H kfavtounyoviki OvTWETOIIGN TOU {LOVOSIAGTATOU OQUOVIKOU TOAAVT®TA
Wdto m oe Suvaukd V = kx?/2) kataliyel GTIG WBL0GUVOQTAGELS Ue XmEIKO

Tunuo
1 vVkm o 2
wn(y)—\/m!ﬁ< = ) Hy(y)e v /2, 7.1)

omov y = zy/Vkm/h vow H,(x) to woAvwvuuo Hermite Baduot n.

XENGWOITONGTE Th GUVAQRTNGN TTOV YRAAATE yia Ta TToAv®vuua Hermite atnv
doknon 40 yio vo VITOAOYIGETE TNV TUKVOTNTO TTHAVOTNTAS (1)) TRG KUUOL-
ToguvdpTnong (7.1). ®a ypdwete wa véa guvdeTnon yu' auth Jtov da déyeton
w¢ oplouata ta n,x. Oewenate ot m =k =h = 1.

No tutwoete 6to apyelo harmonic.dat Ti¢ TWES TNG TTUKVOTRTAS TTHavoTn-
Tag yioo n = 5 oe 60 woamEyovta onuela x gto Swdotnua [—6,6], wagl ue T
avticToyya onuelo z GnAadn to agyelo da TTepiexel dVo GTRAES, = KoL Yi)*).

Ytn Moadnpatikin PuGikn xenGOTToElTAL N otkoyEveLd TToAvOL®y Legendre,
Py(x), ue = € [-1,1]. O Badudg ¢ Touv ToAvwvinov eivaw aképarog, 0, 1,... Ta
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44.

45.

46.

47.

dvo mpnta moAvwvupa Legendre eivan Py(x) = 1 vaw Pi(z) = =z, evo yia
ueyoAUTEQES TWES TOV £ VITOAOYICOVTOL QITO TNV OVASQOULKN GYEGN:

LPy(x) = (20 — 1)xPp_q1(x) — (0 — 1) Pr_a(x) .

TFpdwte Guvdptnon Tov va VITOAoYICeL Ty TR evds TToAvwviuov Legendre.
Avti Ja déxetar wg oplouata évav axképaro adud £ TTou da avTlITEOG®ITEVEL
70 Badud Tov TOAVWVVULOUL KAl €va TTEAYUATIKO = Jtou da elvon To onueio
VTTOAOYLGUOV. Oa eTGTEEPEL TNV TWH TOV FPy(z).

To apxelo otn Sevduvon http://tinyurl.com/rndint JeQiéxel axképaiovg
auuovg, ae gexwEloti gelpd o kadévas. H mwpotn yoauun mepiéyel To mAndog
TV apuuwv TT0V akoAovdovv. Beelte mtoGol aItd avtovg Sev eival TTEMOTOL
apuuol ko TVTTOGTE gty oddovn To TTANYog Toug. Ta Tov €leyxo Tou av
etval TTEMTOGS €vag aEuiLog YENGYOTIONGTE Th GUVAQTNGN TTOU YRAWATE GTNV
doknon 9.

TFpdwyte GuvdETNGN JTOU VO VITOAOYICEL OAOUS TOUS TTEMTOVS aEUILOUS UEXQL
Evav arépato N e@ouotovTag To «kOakvo Tou Epatocdévn». Na tn xenoiuo-
TOLNGETE Yl val BEELTE KOl VA TUTTWGETE GTNY 0YOvVNn TOUS TTEWTOVS AELILOVS
uéxot To 1000.

YAoTrorigTe T yevvitolo wevdotuyalov aprduwy tou Cliff PickoverS:
Ti+1 = ’(100 ln(a:i)) mod 1’ y

ue xo = 0.1. H €rkpeacn a mod 1 onuaivel 1o dekadikd uépog tov a. Ou Teay-
watikol aguiyol z; TTEOoKVTTTOVV TUYilol 6To [0,1). ITpocéEte va ypdwete €Tl
N GUVAQETNON MDGTE VO KAt Ywols oplouarta.

TpdwTte ovadEOUIKI GUVAQETNGN TTOV VO VITOAOYITEL TNV 0QICOVGA EVOG TETEOL-
yovikoV Tiivaka A Sidetacng N x N epapudtovtag tov akélovdo toTrod

N
det A = Z(—l)”jaij det "Z{ij s
=1

yia 6tadeQo j, 7.y 1. To gtoryelo Tov A GTny i ypouun kot j GTRAR GuufoAiceTan
UE a;j, EVW ﬁij elval 0 TIVOKOG TTOV TIEOKVITTEL ATTO TOV A ue dloypaen Tng
i YQOUUNG KoL TNG j oTAAnG. Mitopeite va ypdwete tTn GguvdeTnon OGTte va
Séyetaw = omolovdiTTOTE TUTTOVY;

6http ://mathworld.wol fram.com/CliffRandomNumberGenerator.html
"Aglte v §7.14.

8http ://mathworld.wol fram.com/DeterminantExpansionbyMinors.html
YaKel va oplgovton oL TEAEELS TTEOGIEGNGS Ko TIOAAOITAAGLAGLOD.


http://tinyurl.com/rndint
http://mathworld.wolfram.com/CliffRandomNumberGenerator.html
http://mathworld.wolfram.com/DeterminantExpansionbyMinors.html
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48.

49.

ZuvapTicels

TFpdwTe TTEOYEOUUA TTOV VO XENGLULOTTOLEL TN GUVAQTNGN Y TNV 0QLLOVGA TTOU

yodwate gtnv doknon 47 dGTe vo Toadloitel Tn AMon Yeauuko) GUGTAL-

T0g epapudiovtag th uédodo tov Cramer'”.

H kfavtounyoviki ovTWETOTIGN TOU OTOUOV ToOU Y5Q0YOVOoU KATAANYEL GTLS
OL0GUVOQTNGELS (GE GMPOLQLKES GUVTETAYUEVEGS)

¢n€m(ra 97 ¢) = Rng(r)ng(H, ¢) .

To yoviako TURUo Toug €lval Ol GRAIPIKES APUOVIKEG,

20 +1 (0 —m)! .
Yém(ga¢)_\/ 4:; MPZ”(COw)e””‘b-

Ta cuvaen woAvwvuua Legendre, P (x), IKOvoTToloUV TIG GYEGELS (UE AKEQOULOL
¢, m ywo To oTtoto woyvel —¢ < m < /)

e avil=m

Pgn(x):(—]_)m]_X3X5X~~.X(2m_1)(1_$2)7n/27

e avl=m+1
P'(z) =x(2m+ 1)P"(x) ,

* eV Ge AAAN TER(ITTOON SivovTol aItd TNV avadQowlkn Gyeon
(= m)P" () = 2(20 — )PPy () — (1 +m— )P y(a) .
Ou ywvieg 0 kan ¢ uetafdAlovior ota dtactipata [0, 7] kau [0, 27) aviicToya.

e [pdwte GuvdETNGN TTOV VA VTTOAOYIZEL TO TTARAYOVTIKG £VOS UKQEOV OKE-
eaiov.

e [pdwte GUVAQETNGN TTOV VA VITOAOYICEL TO GUVAPES TToAV®VvLULO Legendre,
P (x).

e TpdyTte GuVAETNGN TTOV VA VTTOAOYICEL TN GOALEIKN QQUOVIKN, Yp, (0, @).

¢ Anuiovynate €va kaQtealavo TAgyua 50 x 100 onueiov 6To emtiztedo 0 — ¢
KOl VITOAOYIGTE G Kadéva aTtd avtd Tic TWES TV Yy, (0, ¢). Ov guvtetay-
UEVEG TV ohuelwv da 1eaIeéyouv GToug AEoveS 6 Kal ¢, GTA SLAGTAULOTO
[0, 7] kaw [0, 27) avticTorya. TuTtwote GTo apxelo ue dvoua ylm data Tig Ti-
UES TV EKPEAGEWV sin f cos ¢, sin @ sin ¢, cos b, Yy, (6, 0)Y 5, (6, ¢) Bniadn,
OUGLACTIKA T Z, Y, 2, Y*) ya kdde onuelo, ue £ = 2, m = 0 (GnAadn,
€va aTtd T d-TEOXLAKA).

1Ohttp ://mathworld.wol fram.com/CramersRule.html


http://mathworld.wolfram.com/CramersRule.html
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50. "Evac aAyopuuog yia va feovue tn pica wag cuvdptnong f(x), dnAadn, tnv
TEAYULATIKA 1 wyadikn T Z otnv ottota n f(z) undevicetan (f(z) = 0), elvan
o aAyopwuog Miiller. XVupwva pe avtév

() eTmAéyouue TEELS SLOPOQETIKES TWES Tg, 1, T2 GTNV JTEQLOYN TNG OVOLN-
Tovuevng pleag.

() Ogplcovue TIc TOGATNTEG

fz2) = f(@o)

wy =
o — X0
w = f(z2) — f(21)
Tro9 — 1
w1 — Wo
a = —
r1 — X0
b = wy+a(zy —x0),
c = f(xa).
(Y) H emoduevn srpocéyyion tng plcag divetar agtd tn gyéon
2c
€r3 = T2 — E )

o0Tov d 0, €v yével uyadikog, apuiuog TTou €xel TO UEYAAUTEQO UETQO
UETAEY Twv b+ Vb2 — 4ac, b — Vb2 — 4ac.

(8) Av n véa TeocEyyon elval tkavoTtoNTikn TTnyaivouue ¢to Priga S0GT.

(&) Otouvue xg < x1, T1 < T2, Tz < x3. Emavolaufdvouue tn Sradikoacia
agto to Priga SOB.

(cT) TéAoc.

ITpoGEETe OTL Ol SLadoIKES TTEOGEYYIGELS TNG QOGS WITOEEL vau elvol utyadikeés
AOY® TNG TETEOYWVIKAG QICOGS, OITOTE Ol TTOGOTNTES =y, ¢, A, B, C, D glvon
YEVIKA Ulyadikeg.

Boelte wa plga tng cuvdptnong f(z) = 23 — z + 1 YENGWOTOLOVTAS TOV aAYs-
owuo Miiller.

51. H padnpatikn cuvdptnon I'(z) uitogel va oQiatel amd tnv €keacn

o] 1+lz
”Z):iﬂn(mz) '
n=1

TFpdwte Guvdetnon mov va vitoAoyicel tnv I'(z). XenGoTomnate tn yia va

delEete oML
1 ) 3
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52.

93.

ZuvapTicels

Ymobeén I: vtodoyicte ta dVo uéin tng eglowong: da meemel va Stamépouv
eNAYLOTOL.

Ymobeién I1: X1o yvouevo Sev UItopovue, QUGLKA, Vo TTAQovue AITELQous 6QoUG.
No GTOUOTAGETE TOV VITOAOYLGUO TOU GTOV TIEMTO QO JTOU SLAPEQREL ATTO TO
1 kat’ awélvtn T Atydtepo 10712,

H cuvdptnon Bessel mpwtov eldovug, aképarag tdeng n, J,(x), umopel vo opl-

otel g €€ng
0 (_1)m T 2m+n
@)= 2. m!(m +n)! <2) '

m=0
Na tumwoete 6to apxelo bessel.dat Tig TWég TV guvopTieewv Jo(x), Ji(x),
Ja(z) oe 150 waméyovta onuela x; gto didotnua [0,20]. To apyxelo da €xel oe
KAde yoouun Tig TWES

x; Jo(xi) J1(1Ii) JQ(l'i)

Ymobeién I: £to ddpoloua dev uropovue, QUGLKA, Vo TTAdQouvue AITelpoug 6Qoug.
No GTAUATAGETE TOV VTTOAOYIGULO TOU GTOV TRWTO QO JTOU KAT ATTOAVTN TN
elvon wkedTEEOG aTtd 10712,

Ymobeién II: Tlopatnenote 0Tt 0 kdde 6pog GTo ddpoloua TTEOKVITTEL ATTO
TOV JTEONYOUUEVO TOU Ue TTOAAAITAAGLOGUO KATAAANANG JtocoTntag. Mitopsl
va cog Pondnacet.

H xvfwkn plca evog Ttpayuatiko agudyoV a witoeel vo VITOAOYLGTEL TTEOGEY-
VIOTIKA ¢ €€ng: EmiA€yovue wo oroladnote un undevikn tun, xg. Eotm
xo = 1. E@apudcovue Tov TOITO

3
Ty + 2a )
g = w2 =0,1,2,...
Tit1 = i fo + a !
ylo va topaydyovue Stadoxikd TS TWES o1, T2, . . .. AnAAdA,
3+ 2a
T Tos g
2z + a
3
2
To = xly s KAJT.
2zi+ a

Kdde tun ago T 1, T2, . . . TEOGEYYICEL OAO Kl KOAUTEQA TO /a. MIitogovue
VO GTOUOTAGOVUE TNV ETTAVAANYN GE KATTOLOL TR X, TTOU LKOVOTIOLEL Tn GYEan
|3 — a| < e, MOV £ WL aEreTd wikErl etk T, Ty, 10712,

TpdaTe GuvdETNon TTOV va SEXETOL WS OELGUA VAL TTEAYUATIKO audud Kal va
ETTLGTEEPEL TNV TTQOGEYYLGTIKA TWH Yol TV KUPBKA elca Tov. XEnGLWOTIONGTE
TN ylo vo. VITOAOYIGETE TIG KUPKES Qites Twv apuumv 20.0, 20.1, 20.2,..., 30.0.
No tumwcete oe apyelo ue ovoua cbrt Vo otndeg apuwv: n Teotn Jda
astoteAeltan agtd Toug apuruovg 20.0, 20.1, 20.2,..., 30.0 kow n devTeEn AITO TIS
KUPKES pltes Toug. Na kpatncete 12 dekadkd yneia GTic ELLeS.
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o4.

99.

56.

TFpdwte €va TTEOYQAUULO TTOV VO TTOLCEL TEIMCA Ue OvTITIAAO TO XENGTn. Xe
oUTO TO TToYVISL, ol Vo TalkTeS ToTTodeTOVV Sradoyikd oe VEaelg TAEYUATOS
3 x 3 n, yevikotepa, N x N, 1o guufoAd toug (.. X n ‘O’) ue oromod va
ETUTUXOVV TO GYNUATIGUS TELASOCS (1, yevikoTepa, N-ddag) (Siwv cuuforlwv Ge
0QLLOVTIOL, KAdeTn, N dtaydvia yoouun. XTnv JeQItToon JTov 8¢ GYnuatioTel
TETOLOL YOUUN, VITAQYEL LGOTTAALOL.

DpovtioTe GTOV KOSIKA GG Vo VITAQYEL SUVATOTNTO ETILAOYRG TOV TTOLOG ITOU-
cel Tpwtogs. To mpdypoauuna da seéTer va Siver etapkels odnyleg GTto xenatn
ylo 1o TS emAyel €on TAEyuatos. IIpo@avmg, TTEETTEL 0 VITOAOYIGTAG VA
ETOLOKEL TN VIKN, KATAEYAS, KL, OGO glval Suvatd, va aITOEEVYEL TNV NTTA.
To JTEOYEOUUO VO TUTTOVEL GE GTOLXELOON WOEEN TO TTAEYUO UeTA aTtd kdde
kivnon: ag eu@aviceTol KATL Gav

XI0IX

I 10

OIXl

DpovTiaTe, eTITALOV, VO TTEQLYQAPETE ETTAQKWS UE GYOMA (TL KAVOUV) TIC OWd-
8€G EVTOA®V TTOV YENGLLOTTOLELTE.

TFpdwte €va mEoypauua TTov vo Ttaicel four-in-a-row ye avtiztalo £6dg. Xe
avTo To TTaLKViSL, SV0 TralkTeg ToTTOYETOUV SLadoXIKA TIS «UAEKES» TOUG GE £val
KOTOKOELPO TTAEyUa M x N (eauoGTe To Yo 7 GTAAEGS €Tl 6 yoouuée). Kdade
udeka TorrodeTelToL GTNV KORUEPN UAS GTRANG KL TTEPTEL €S OTOV GUVOVTAGEL
AAAN WAEKO N TO AKQEO TOU TTAEYUAToS. NIKNTAG £lvol 0 TTAIKTNG TTOV GYNUATICEL
TEGGEQLS GUVEYOUEVES WAQKES 0QLLOVTIWG, KATETMS N Staywvimg. Edv To TtAgyua
YeWloeL YwElS va £XEL GYNUATIGTEL TETOLOL YQAUUN, €XOVUE LGOTTAALOL.

Na @EoVvTiGETE 0 VITOAOYLGTAGC VO Unv eTAEYEL TUXOLO TN GTAAN GTnV ool Ja
olEeL TN «UdEKO» TOV. O TIEETEL TTEOPAVAOS VO TRV ETTAEYEL WGTE VO TTQOGITOL-
Vel va oxnuaticer tetedda. Av Sev yivetar awtd, da Tteémel vo euroditel Tov
avtiTalo va oxnuaticel tetpdda (WOMG £pdel n Gelpd Tov). AAMM®G, UTTOEEL val
ETAEYEL WaL TUXAOL GTAAN.

To meopAnua towv N BactAieoov. Xe wa orakiEpa N x N, ue N > 3, 9élovue
va torodetncovue N PaciMoces oe té€toleg J€cels wote va un Peiokovtol
avd dvo atnv Bra yoouun, otiAn n dtaywvio. Tpdywte Twedypouua TTov va
VITOAOYICEL KO VO TUTIOVEL GTRV oddvn wa T€Tola ToTrodéTnon.

Kdde yoauun tng oraxiépag da €xel mwpo@avos wa uwovo BaciMceca. To wo-
yoouud cag da eivar ITio aITAO oV «YEULCETE» SLASOYIKA TIC YQOUUES ETTAEYO-
VTOG WOVO Tn GTHAN Gtnv ottolo Ya tomodeTndel T0 KOWUATL.

Axolovdnate Tov €€ng aiyopiduo:
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¢ Anuiovpynate €va mivaka akepalnv ue Stactdoels N x N. 'Ectm 6Tl ovo-

udceton board. Ta otoyelo ue Twn 0 Yo AVILITEOGMITEVOUV ETILTEETTTES
Yéoeig.

Angiovgynaote €va Stdvucua axkepalwv pe N oGTotelo kow Ovouo Jt.y.
column. ®a agrodnkevel Tig GTRAES Twv PaciMccdv. H yoauun i do €xet
BaciAooa otn 9éon column[i].

TFpdwTe wio GuvdTnon JTov Ja SEXETAL GUYKEKQWLEVN YRAUUN KOl GTHAN,
Ya evtoTicel Tic «aTayopevuEveg» dEaels (yoauun, GTAn, Sloy®vioug) Kot
Ya awgdver Ty TWR TV avTiGToywv cTolelwv Tov board. ‘Etot, av Kd-
Tolo gTotyelo etvan emitEeTTo (Exer Twn 0) Ja yivetow un emitEemtod (Ue
T 1). Av elvon ndn agtayopevuévo da yiveTar JTio «€vtovny n aIrayo-
eegvon.

TFpdwte wa cuvdeTnon TTov Ja SEYETOUL GUYKEKQUEVIL YRAUUNL KOl GTAANR
Kot Yo «arvEOVEL Tn dradikacio TTov €kave n ponyovuevn. Av KAITOL0
otoyelo elvon amayopevuévo ue tun 1 Ja yivetow ermiteemtd, av etvon
OTTAYOQREVUEVO Ue UeyoAiTeQn T Jo yivetor AyOTEQO OlITOYOQEVUEVO.

Ot 80 GuvaETNGELS LTTOEOVV €UKOAN VA GuYXwveLJOUV Ge uia.

EeKIVAGTE aTTd TNV TEOTN yeouun. Av vrdeyovv Swadéciues Yécelg oe
VTN, ETNAEETE WA, KAVTE KOTAAAMAES TEOTTOTIONGELS GTO SLAVUGUOL KO
GTOV TTivaKka KOl GUVEXIGTE GTnv £Itouevn yoauun. Av dev vrtdeyouv dia-
Véoueg Véoeig onpaivel 0Tl KAITOWOL TTEONYOUUEVN ETILAOYA KEVIG GTHANG
dev odnyel e AMon. Avaupeéate tnv TuxOv astodnkevuévn GTAAN Yol TV
TEEYOVGO YEAUUN, TINYOUVETE GTNV TTEONYOUUEVN, OKVEMGTE TIC AAAAYES
TOV €yvav GTny Teonyovuevn eAOYR GTtRANG. ETAEETte dAAAn GTtiAn. Av
eEavTANYOUV Ol ETUUTEETTTEG GTRAEC GE WOl yeauun, petoxkwndelte otnv
TEONYOVUEVA TNG Kal akoAovdnagte tnv (Gia dradikaactiol.

‘Otav vITOAOYLGTOUV 0L FEGEIS OA®V TOV BAGIAMGG®YV, TUTTOGTE GTNV 0ddvn
™ orkakiEpa (N oVufoAa ge N ypauues, oTtov vIdoyel PaciMooa va
EULPAVICETOL O XAEAKTREAS ‘Q’ AAAMWS VO ELPAVITETOL O YOQAKTAQEAS ).

57. Sudoku. I'pdwyte éva mEoypaupa TTov va Avver sudoku. e avti tn dpactn-

EudTnTa 0 GKOTIOG elval Vo yewlGel TO TTARAKRATO TAEYUA 9 x 9 ue aguiuntikd
Ynelo 0ote kdde yoouun, GTAAn 1 kouTl 3 X 3 va TepLEyel OAa Ta yneio 1 —9,
aTtd wa @eoed to kadéva (ywels eTavdinyn).
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To medypauua da d€xetan £va UEEIK®MS GUUTTANEMUEVO TTALYULA, da TTRoGSLlopltel
To Pnelo oTa Kevd TeTedywva Kol da TO TUITTWVEL GUUITANQWUEVO.

O aAyoewuog TToV wItoeelte va akoAlovdncete elval o €ENng:

(@) Egrkvdue aIto TO TIEMOTO KEVO TETEAY®VO Kal ToTtodeTovue ekel To Yneio
1.

(B) EAéyxouvue av givor agtodektd GUUE®VO UE TOUS KAVOVES TTOV avaeein-
K. Av Oy, To avTikadgToUUe Ue TO 2, 3, KAT. €S 0TOv Peovue aItode-
KTO ynelo. Av egavtincouue ta Yneio xnels va arrodeydolue kaveva,
To TWAEyua Sev €xel Aan.

) Ipoxwedue GTO £TTOUEVO KEVO TETEAYWVO Kal akoAovdovue tnv dia So-
Sikacia. Xtnv JrelTttoon TTov eavTAngouue Ta Wnelo 1-9, To aprvouue
KEVO TO GUYKEKQWEVO KOl UETOKIVOUUOGTE GTO TTEONYOVUUEVO TETEAYWVO
TOV €XOVUE GUUITANQEWGEL. AvEdvouue Tov aEuiud Tou Stadoyikd, eAEyyO-
viag kdde @opd Tic cuvinkes. Av amrodeydovue pnelo, TEOXWEAUE GTO
ETTOUEVO TETEAYMVO, OV T EEOVTANGOUUE, LETAKIVOUULOAGTE TILO THGM K.O.K.

AOKWAGTE TO YO TO TIAEYUQL

53 7
6 119135
9.8 6
8 6
4 8 3 1
7 2
6 2|8
41119 )
719

58. "Evag tpdToc va oxedidoovue €va dididotato fractal elvar o €gnc: Eexvdue
aTtod €va onuelo Tov emMIESov, £6Tw T0 (z = 0, y = 0), KOl TO UETOKIVOUUE GTN
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ZuvapTicels

Yéon (2/,y’) 6OV

r = a-x+b-y+e

Ko a, b, ¢, d, e, f otadepéc.

To véo onueio To petag@épovue ue Tov (610 ULETAGYNUATIGULO GTO ETTOUEVO Gn-
uelo tou fractal (SnAadn, 9€tovue 2/ — = vl ¥’ — y kAL TAEAyovue TO VEO
(2',y")). Tn Sadwkacio avti tnv emtavalaufdvouue e’ daterpo. H akolovdia
Twv onuelov (z,y) TOU TTORAYOVTAL, atotelel To fractal.

TFodwte €va TTEdyeaUULa TO 0ITolo:

(@) Ya Swopdcer agtd to apxelo in.dat 4 ypauués. Xe kade yoouun Yo vitde-
XOLV 7 TTEAYULATIKOL audyuol: oL 6 TTEMTOL AVTLGTOLOVV GTOUS GUVTEAEGTES
a,b,c,d, e, f kAl 0 TEAeLTOLOG GTNY TAVOTNTA p VO YIVEL O GUYKEKQLULEVOG
uetaoynuatiouds. Kade yoouun aviigtoryel oe dAlo uetacynpaticud. To
ddpoloua Twv THAVOTATOV, D p;, OA®V TOV UETAGYNUATIOUL®OV glvor 1.

B) Ba emAéyel €va Tuyaio TTEAYULATIKS aewWud r ato Sidatnua [0, 1). Avdloya
ue Ty TR Tov Yo eaQUOTETAL SLAPOEETIKOC UETAGYNULATIGUOS. AnAadn,
av woxvel 0 < r < p; Ja ekTeNElTAL O TTEWOTOS UETATYNLATIGUOS, OV LGYVEL
p1 <71 < p1+ p2 Ya ektedelton 0 deTEQOC KATT.

() 9a etavaraupdvel To Teonyovuevo Priwa 1000 @oeés coiovtag kKAde @oed
To onuelo JTOV TTEOKVITTEL GTO aQyelo fractal.dat.

AokudoTe TO TTEOYEAUUG GOG UE TIS EENG TTARAUETQOVS GTO in.dat

0 0 0 0.16 0 0 0.01

0.85 0.04 —-0.04 085 0 1.6 0.85

02 =026 023 022 O 1.6 0.07

-0.15 028 026 024 0O 0.44 0.07

KOl

0 0 0 0.25 0 —-0.4 0.02
0.95 0.005 -0.005 0.93 —-0.002 0.5 0.84
0.035 —-0.2 0.16 0.04 —0.09 0.02 0.07
—0.04 0.2 0.16 0.04 0.083 0.12 0.07

Av 9élete, umopelte va oxedidoete ta fractal.dat Touv TEOKVTITTOLV.

TpdwTe €va TTEOYEOAUUO TTOU VO TTAREXEL TRV VITOSOUN Yo VoL TTlEouV «Now-
wayla» dvo Tralkteg. O €vag ustopel va eival o (510G 0 VITOAOYIGTAG. Xe AUTO
To oy vidL kdde Tralktng £xel éva dididotato WAEyua 10 x 10 6To omoio To-
Trodetel To TAOIOL TOV Ko €vo OUolo TTAEYUA yia TIS BOAES TOU evavTtiov Tou
avtizalov Taiktn. O kdde walktng Tomodetel GTo TAEYUA TOV, €(TE 0ELLOVTLAL
elte kAYeta, T €ENg TTAOLOL:
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(@) 1 Metaywyiko (O 9€oelg),
B) 1 Owenktd (4 doeig),

) 1 AvtitopmiAko (3 9€oelg),
(©) 1 YgroPeuyro (3 9€oeig),

(€) 1 NapgraMevTtikd (2 déoelg).

Ta stAola TTEOEAVKOS Sev UTTOEOVV VAL ETTKAAVITTOVTOL GTO TTAEYUA Kol Ot YEGELS
TOUG SeV ElVOL YVOGTES GTOV AVTIITANO.

Kdde maiktng, Stadoykd, emAéyel wa déon Gto TAEYUA TOU avTLITdAov. Av
xTuTtnGeL TAolo, Ya evnuepndel agtd tov aviiztado. ‘Eva stAolo pudiceton dtav
yturtndel oe OAeg Tig Y€celg Tou KaTalaupdvel. LkoTog kdde Taiktn elvon va
Budicel 6Aa ta TAola TV AvTLIITAAOV. NIKNTAG eival aVTdg TTov Ja To eTLTUYEL.

To mEdypouud Gog va TuTtwvel gty oddvn Ta Vo TAEyuata (TTAOlWV Ko
BoAwVv) Tov TTaKTN TTOL glval n GelEd Tov va TTalgel. Ot foAES va gnueldvovTal
ue X av elvan emnituyelc kow ue O av Sev €xouv el To GTdxo. O VITOAOYIGTAG
Ya ntd amd tov Taiktn vo JTeocdlopicel Tn foAR Tov. Av 0 TTalKTNG eivol
0 (81og 0 vIToAoYIGTHG Sev Ja TUTTOVETE TO TTAEyUa TOU GTnv oddvn aAld da
yivetouw n emidoyn gtdyov kaw da €pxetal n Gelpd Gag.

"Ecto n wyadikn cuvdetnon wyadiking uetafAntig p(z). Mo ottoladniote
EYIKN TWAR zp (Yo Tnv ogtola woxvel p'(z9) # 0) Yo cuykAivel ge wlo aItd Tig
olteg tne p(z), aTa onuela SnAadn stov undevicetan n p(z), av tnv petafdAlovue
WG €ENG:

Zi4l = 2i — 1=0,1,2,....
i+1 7 p,(zi)v y Ly &y

AnAadn, av EEKIVAGOUUE OITTO ULOL TWR Zo, N €QAQUOYNR TOV TUTTOV Ja Hwag daGeL
T z1. Me véa e@aguoyn Tou TOTToU da VTTOAOYIGOUUE TN 23, KATL., €S OTOU
TAncldcovpe 66o Kovtd d€lovue Ge W aItd Tig Eltes g p(z), otav dnAadn
Ip(zi)] < € ue € éva oA wikES YeTikd apud. Auti n eTavaAnIttiki Stadikao-
cla amotelel Tov alyodpiduo Newton-Raphson yia epeon lcag, EQAQUOGUEVO
GE ULYOOKES GUVOQTHGELG.

H wyadikid cuvdetnon wyadikig uetafintic p(z) = 23 — 1 éxel olteg ta a =
1, b = /3, ¢ = e727/3 Omowadiirote apyiki TWA GTo Wyadiké eTtimedo,
eKTOC amd tnv z = 0 + i0, o cuykAivel e wo agtd Tic ites. Mitogovue va
Snutovpyncouue wo £yxemun elkova ov e kKdde onuelo 6To uyadikd emistedo
OVTLGTOLYNGOVUE £val XEOUa avdAoya ue Tto Ge Jrola pica katainyel. ‘Etat, ).,
0Ga onuelo KATAAMyouvv GTny a Ta yewuaticovue kokkwva (RGB = (255,0,0)).
‘Oca katalMiyovv atnv b Ta ypwuaticovue tpdova (RGB = (0,255,0)) ko 6ca
KOTAAyouv Gtn ¢ ta ypwuaticovue umde (RGB = (0,0, 255)). To onueio 0+ i0
To xowuaticovue Aevkd (RGB = (255,255, 255)).

(o) EmAégte GTov dEova TV TTeayuatikov N = 512 16aIT€xouees TWES GTO
Sudotnua [—1,1] (ta dkea sepudaupdvovtan): z;, i =0,..., N — 1.
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B) EmAégte GTOV dEova TV @AVTACGTIK®OV M = 512 160TTEXOVGES TWES GTO
Swdotnuo [—1,1] (ta dxea mepulaufdvovtan): y;, j =0,...,M — 1.

) Zynuoticte Tov wyadikd auiud z = x; + iy; ko Peelte To «xpouo» TOv
ue tn Sradikacio TTov TTEQLYRAPNKE TTOQAITAVE.

(&) Agtodnkevaote ta pixels (i,j) ue To AVIIGTOLXO XEOUA TOUS GE QQXELO uUe
ovoua newton.pppm. XenGyuoItonagte tn diaudeewaon plain ppm (Selte tnv
doknon 21 otn ceAdida 137). H eikdva 6Tto newton.pppm elvon €vo. Newton
fractal.

Hapatrignon: Na dewpnoete 6Tl 600 TwEaywatikol eival (Gol dtav n diopoed
TOUG fvon KAT aITOAVTR TWA WkedTeen agtd 1078,

No ypdwpete guvdtnon Touv vo vIToAoyicel Toug apuduovg Bernoulli, B, n =
0,1,2,.... O apgWudg B, vmoloyltetal astd Tov eENg alydprduo
for m < 0,n do
alm| < 1/(m+1)
for j«— m,1,—1 do
alj — 1] + j(alj — 1] — alj])
end for
end for
return a[0] > etvaw T0 By,

EmaAndevate tn oxéon

n m m+1 .
(m+1) 3k =3 (Bk I1 jk)
k=1

k=0 j=k+1

vy m = 2,3,4,5,6 kow n = 7,8,9,10 ®g €ENG: VITOAOYIGTE KOl TUTTOGTE GTNV
oddévn ta Vo uéAn tng e&lcmong yia TS Std@oeg TWES TV m,n' Yo JTEETEL
va etvar (oo (yra To (S m, n).

TFpdwte cuvdetnon Jtou va S€xetan TElo oplouata: €vo SdvuGUo TTEOYULO-
TIKOV aeuuwv pe ottolodngtote wAndog décewv ko §vo axképarovs. H Gu-
vdaptnon da Beloker g Y€celg 6To Sidvucua Twv V0 UWKEOTEQMV TWWV TOU
KOT agtoAvTn T ko da Tig astodnkevel gta dVo aképaia oplouato. Ko-
TOTILY, YeAWTE TTEOYQOUULO TIOU Vo agtodnkelel Ge SLAvVUGUA TIS TIEVTE TIUES
{2.1,3.2,-5.1, 6.3, —1.4} KoL XENGWOITTOMGTE TN GUVAQTNGN TTOV YEAWPATE YLl
va Peelte 7TV elvar or §Vo UIkEATERES TWES TOV, KAT OITOAVTN TWA.

Ymobeén: "Evag agtd Toug TToAAoUS TEOTTOUS Yol va Belte Tig SV0 WKQEOTEQES
TWES elvan 0 €€nc: Poelte aEykd T Y€on Tou WKEOTEQEOV GTOLXElOV GTO Sid-
voouo. Katomy, pdgte gavd yia 1o WkEOTEQO GTOLYELD, TTOQAAEITIOVTAS AUTH
™ @od tn Jdéon mov BENKATE GTO TTEONYOVUEVO GTASLO.
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63.

64.

65.

66.

To moAvwvupo Chebyshev TtpwTov €l80oug, (AKEQOLAS) TAENS N, UITOQEEL VA OQL-

otel WG €Eng:
o (2%——1)%]}
To(z)=2 klzll {x cos [271 )

y |z < 1.

TFpdwte cuvdetnon TTov va VITOAOYICEL TV TWH Tov ToAvwviuov T, (x). Oa
déxeTon wg oplouata Ta n, x.

Katdmw, yedyte TTEOYQAUUO TTOU VO VTTOAOYICEL TIS TWES TOU TTOAV®OVUULOU
Ty(z) ota onuelo z = —1.0,—-0.9,-0.8,...,0.8,0.9,1.0. Na tum®cete GTo Q-
xelo cheb.dat Ti¢ TOQATTAV® TWES TV & WALl UE TIC AVTIGTOWES TWES TOU
TOAVOVUUOV, KEATOVTAS 4 Sekadikd wnela. o Snuovpyncete dV0 GTRAES
oto apyelo: oe kdde ypauun tov da vmdeyel €va evyog Twwv z, Ty(z), ue
KEVO avAuead TOUG.

TFpdwte Guvdptnon JTou vo SEXETAL WS ORICUOTO TEELS OKEQEALOUS aELILOVS
Tov Jda aviurpocwIteouV nuegounvia: nuépa, unvag, £€tog. H cuvdptnon va
eAéyxel av n dedouévn nuepounvia eivar €ykven (GnAadn vitapkti) n oxl. Na
ETGTEEPEL AVTH TNV TTANEOQPOQLO. XENGLOTIONGTE TN Yo Vo eAEyEeTe av elvan
€YKLEES oL nuepounvies 5/12/2016, 31/11/2010, 29/2/2016, 29/2/1900. TuTtocTe T
GYETIKN TTANQO@OQEla GTnv oddvn.

O GaS XEEGTOVV Ol TTANQOPOEIES TG doknong 9 atn geAlda 71.

TFpdwte GuvdpTnon JTov Vo SEXETAL WS OQICULOTO TEELS OKEQEALOVS aELILOUS
(d,m,y) TTOL AVATTAQLGTOVV Wia nueQounvia: nuépa, unvag, £€tog. To vwomEo-
yoouuo da teoTtoTrolel To 0QIGUATA TOU MGTE VA OVTLITROCWITEVOVV TRV NLE-
pounvio tng eyrduevng nuépas. ‘Etol .y,

e ta (d,m,y) = (3,12,2003) n cvvdptnon da to oAAdiel ce (d,m,y) =
(4,12, 2003),
e ta (d,m,y) = (30,11,2003) Ya ta kdver (d, m,y) = (1,12,2003),
) =

e ta (d,m,y) = (31,12,2003) Ya ta kdaver (d,m,y) = (1,1,2004).

XEnowWwomomnate tTh guvdeTnon e TTEoyeauwa Ttov Ja Stafdger wa nuegownvia
azd to xenotn kol Yo tumever gtny oddévn tnv nuegounvio Tng emouevng
nuéQac.

Oa GaS XEEGTOVV Ol TANQOPOEIeS TS doknong 9 gtn ceAlda 71.

TFpdwte Guvdptnon Jtov va §€xetan €va Sidvucua 4 akepalwv wg dpieua. Oa
amodnkevel GTo Sidvucua aVTé TLXAlOVS OKEQEALOUS GTo didatnua [1,8]. O
KOOWKAS GOGC VO €0GQAALTeL OTL oL Tuyalol aguiuol elvor uetagd toug Srago-
QETIKOL.

XENGWOITOINGTE TN GUVAQRTNON GE TTEOYEAUUA TToU da TUTTWVEL GTny oddvn 10
TETEASES dlapoEeTkWV TVYXalwV akepalwv Gto [1, 8.
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67. Tedwte Guvdptnon TTov va d€xeTan TEla Stavdcuata 4 akepaiwv, €6Tw a, b, c,
¢ oplouata.

O kadkag Yo arwodnkevel atigc déaels Tou ¢ Tic Tweé 0, 1, 2 wg €Eng:
e Av 1a a,b gtnv Bia Yéon €xouvv Tov Bro apud, ToTe GTNV avticTowNn
9€on tov ¢ Ja agrodnkeveton to 2.

e Av gtn 9€on i Tov b vIdEXel aEWUOS TOV guEVICETAL GTO a AAAd OxL
atn 9éon i, tote otn 9éon i tov ¢ Yo astodInkevetar to 1.

e Y& dAAn TreQimTmon, SnAadn o apuiudg atn Y€on i tov b Sev vitdoyel GTo
a, Tote otn Yéon i Tou ¢ Ya arwodnkeveTaw o 0.

Fodwte TTEOYEOWUOL TTOU VO XENGLLOTTOLEL TN GUVAQTNGN.
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Xe1peuog GAAULAT®V

8.1 Ewayoyn

[Na va ggac@alicovue tnv 0pINn Aettovylo £vog TTEOYEAUUATOS dev agkel va
ueTayAwTticeTon xweic Addn. Ot ueTafAnTéc kot oL TUTTOL TTOV XENGULOTIOLOVUE TTRO-
UTTOVETOVV VAl IGYVOVV KATTOLEG GUVINKEGS (TT.)Y. Ol TWES TWV UETAPANTAOV VO LTTOROVV
VO avaTtaRacTadolv GToug TUTTOVS TToU eTNALLaUE, TO TANTGOG TV GToElwV evOg
Slaviouatog N KATTOLoL container va unv emreevd kditowa twn). Egtiong, ov guvae-
TAGELS TTOV €XEL EVOOUATOUEVES N YAWGGO N oplcovue euelc, déxovtor oplouata ue
GuYKeKRQWEVa TTedio opiauov: av ta vTtepPRovue, Ja €xovue Addog attoteAéouatal.

Yatdpyxouvv 800 katnyopies Aad®v: avTd JTOU UITOEOVV VA EVTOTTLGTOVV KATA Tn
UETAYADTTION (ETTOUEV®OS KO KOTA TO YEAWWO TOU KOOWKO) KAl OUTA IJtou dia-
TUGTOVOVTOL KATA Tnv ekTélecn Tov Toyeduuatos. H C++ Ttapéxer tnv evioAn
static_assert() ywo TOV €vTOTIOGUO GEOAUATOV KOTA TN UETAYADTTION £V® Yo
T devtepn Katnyoelo JToEyel Tn cuvdeTnon assert() Kol TO Unyovicud errno,
Ta ool kAngovounce amd tn C, kadwg kol Tig ealpécels (exceptions) TovV TS
OVTIKATEGTNGOV.

8.2 static assert()

H evtoAn static_assert() kalelton wg €ENg
static_assert(loykn €kppacn, gtadepn Gelpd XUOKTREWV);

H «\oykn_€ék@pacn» TTEETIEL va elvol KATIOLOL GUYKQLON, OITARL N guvdetn, n
YEVIKOTEQO, KAITOLO TTOGOTNTO TTOV UITOQEL Vol UeTateadtel e Aoykn tun. Esiteé-
TETOL VO ATTOTEAEITOL UWOVO ATO OTATEPES EKPEAGELS MGTE VO UITOROVV VO VITO-
Aoylgtovv asd tov compiler katd Tn petayAwttion. Av n Aoywkn_€k@eacn givor
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OANYNG, n UETAYADTTION GuveylCeTal Ue Tnv emouevn eviolM. AAMWG, da TuTtw-
Vel g oedAua amd Tov UETAYAWTTIGTA TO (GTOdeEd) UnvuUd TTOU TIEQLEXETAL GTN
oTodeEn_GELRA_YOQAKTIQM®Y.

Hoeddeyua

Avagépaue oto §2.5.1 0Tl 0 UEYOAVTEQOS OKEQALOG TTOV UTTOREL VO ATTOINKEVTEL
oe int elvar TovAdygTov o 32767. Extiong, E€povue 0Tl TO dvw 6QLd Tov eivar n
TN g wogdtntog std: :numeric_limits<ints>::max().

Av 9€lovue va egacpalicovye OTL 0 TUTOC int WItoEel Vo AVOTTAQAGTAGEL
aKk€QEAOVS uéxel To 1000000 witogovue va ypdwpouue

static_assert(std: :numeric_limits<int>::max() > 1000000,
"int is not sufficient");

8.3 assert(

Mia W8iétumtn guvdetnon mov Bondd atny 0pdn Aettovpyia evog TEOYEAULATOS
mapéxetar otn C++ ue tn guumepidnyn tov header <cassert>: JrpdkelTal yio Tn
macro! guvdptnon assert (). H Guvdtnon e£aGQaAiiel GTL IKOVOTTOLOUVTOL KATTOLES
TEOVITTOVEGELS TTOV ETAEYEL O TTEOYQAUULATIGTAS KATA Thv eKTEAEGN TOV Kwdwka. H
KAGN Tng yiveTow o¢ €ENnG:

assert(€kgaon);

Av n Tn tng «€keeacng» elvar 0, n eKTEAEGN TOU TIEOYQEAUUOTOS SLOKOTITETOL,
TUTTOVETAL GTO standard error TOU ITEOYEAUULOTOS TO CQXEI0 KOL N YQAUUR GTNV
ogtola BelokeTon n kKANGn TG assert (), KAYWOS KL TO OQLGUA TG (N «EKEPEOAGN»).

H kMon tng assert () ayvoeital, Kol GUVETTOS dev UITOEEL Vo TTROKAAEGEL Slal-
KOTIA TNG EKTEAEGNG, AV €XEL 0QLGTEL GTOV TTEOETIEEEPYAGTH TO Ovoua NDEBUG sroiv Tn
guugteRlAnyn Tov <cassert>, av Snladn vidyel TTEW n evtolM #define NDEBUG,
n dodel avticToyn evioAn Katd Tn UETAYADTTION.

Yuviidwg, n assert() kaleltow katd tn Swadwkacio touv debugging, ue opioua
KATTOL0 Aoy GuVINKN n omola uetateémetor e 0 dtav elvar false (GUU@®VA e
TOUG YVWGTOUS Kavoveg, §2.5.3), TTeokaldvTog StakoTtn tng ektéAeons. ‘Etol Tu.y.
av 0 kOSkac TTEQLAOUPBAVEL TNV eVTOAM assert(N<10);, To TTEOYQAUULN GTAUATA e
KOTAAANAO TTANQO@OQLOKS wrivupa av dev toxvel to (N<10).

H cuykekpévn guvdptnon kalelton ywpic to mweodeua std: : (dev avikel GTo
X®EO0 ovoudtnv std) kadwg elvar macro GuvdETnen Kot Ol UEEOS TNG YAWGGOS.

gkpoaon Tov ToEdyeTal 0Itd Tov TEoETEEEEYAGT Tng CH++ KoL Sev elval eVGOUNTOUEVI GTh
YAWGGO.
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8.4 X@dAuato LOIMUATIKOV GUVOQTNGE®DV

O evowpatouéves yodnuatikés cuvagtioelg tng C++, ITivakag 7.1, aAAd kot
ol TIQAEELS UETAEY aQU®V, XENGWOITOLOUV V0 UnyavIGLOUS YLol VO EVAUEQWGOUV
yioL Tn un o9 exktélecn Toug. Av n mwocsdtnta math_errhandling, Jtou eivon int
ue T Ttov kadopltetan agtd tnv vAoToinon, €xel Tnv Tiwn MATH_ERRNO, vTtoGTn-
plcetal n aAlayn Tng TWNG TNG KAJOMKNG UETAPANTAC errno: av €xel Thv TWR
MATH_ERREXCEPT vTtogTnEiovtow otv £faupecels grpayuatikov apuiuwv (Floating-
point Exceptions, FE), kot av, 6mwg cuvndng, €xel o bitwise OR twv §vo, SnAadn
(MATH_ERRNO | MATH_ERREXCEPT), Ttapéyovtan kot ot dUo unyavicuol. Ov atadepég
math_errhandling, MATH_ERRNO kow MATH_ERREXCEPT Ttaéyovtonl aItd To <cmath>.

O unyoviouds twv egapécemv rpovrodétel 0Tl €xel dodel, elte avtouata amd
Tov compiler elte EnTd AITd TOV TEOYQOUUATIGTA, N EVTOAN

#pragma STDC FENV_ACCESS on

TEOC ToV TrpoeTeEepyaatn. H cuykekouuévn evioAn euttodicel opiougves PeAtigto-
TIONGELS GTLS TIRAEELS KAl XENGLULOTTOLEITOL KATA Tny gVpecn Gpaiudtowy (debugging).
‘Otav dev xEeELALOUAGTE TTAEOV TO UNYOVIGUO T®V EEALREGEMV TTQOYULATIK®V OQUILW®YV,
UITOQOVUE VO SOGOUUE TNV EVTOAR

g#pragma STDC FENV_ACCESS off

TQOG TOV TTQOETIEEEQYATTN.

Ytnv TreQimToon Tou dodel 0QLoU EKTOC TV ETTLTEETTOUEVOV TWOV GE UL LOL-
INUATIKA GUVAETNGON, N TTOGOTNTO €rrNo, N OTTola £VOL MACro TOV TTROETTEEEQYATTIH
KOL YU QUTO SeV OVAKEL GTO XWQEO OVOUdT®V std, agtd TO <cerrnos, OITOKTA Tnv
Tiwn EDOM kow eyelpetal n e€aipeon FE_INVALID, n ogtola 0Qltetal GTo <cfenvs.
Ou 1TeELGGATERPES GUVOQTNGELS GE QUTH TNV TEQIITOon €maTEE@ovv NAN (Not-A-
Number): o €\eyyog av wa srocotnta elvar NAN pgtopel va yivel yue tn cuvdotnon
std: :isnan() Tov <cmaths. Auti d€xeTol WS GELGUA TNV TTOGOTNTA KOl ETTLGTEEPEL
AOYIKA TWWH.

Av T0 aIroTéAEGUA TNG LWAUNUATIKAG GUVAQETNGNG ivol UEYAAITEQO AITTO T OQLO
TOL WITOQEEL VO OVOITOQRAGTAGEL O TUTIOC TNG ETLGTEEPOUEVNG TToGdTNTAC (OVer-
flow), n errno yivetow ERANGE kou eyelpeton n e€alpeon FE_OVERFLOW. H cuvdptnon
EMOTEEPEL TNV TWN (Ue Tavo Jtpdcnuo) HUGE_VAL n HUGE_VALF n HUGE_VALL,
(avdAoyo av to astotélecua eivan double, float, long double).

Av 1o padnpatikd agtotédecuo elvan dstelpo, Tk N aEvVNTIKO, N AITQOG-
d1opLoTo, n errno yivetow ERANGE, eyelpetow n FE_DIVBYZERO KO €TGTREPETAL
+INFINITY. O €Aleyxog av wa socotnta elvar INFINITY ugtopel va yivel pe tn
cuvdptnon std: :isinf() Tov <cmath>. AT d€xeTal S GELGUO TNV TTOGOTNTO KO
ETLOTEEPEL AOYIKIN TIUN.

XTnv TEQIITTOON TTOV TO ATTOTEAEGUO (OGS LOINUATIKAG GuvAQTNong eival IToA)
UWKQEO YL VO ovaTtoQacTtodel GTOV ETIGTEEPOUEVO TUTTO, UITOQEL N errno va yivel
ERANGE kou va eyepdel n egalpeon FE_UNDERFLOW. H emtigtpe@duevn ToGOTRTO LITO-
eetl va yiver 0.0 i kdatola un kavoviki i kovtd ato 0. O €leyxog av wa tocgdTnta
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elval un Kavovikn wItoQel va yivel pe th guvdetnon std: : isnormal() tov <cmath>.
AvTti S€xeTAL S OELGUOL TNV TTOGOTNTA KOl ETTLGTEEPEL AOYIKNA TIUN.

TéNog, av to agtoTéAecua €xel GEAAMLO GTEOYYUAELGNGS AGY®w TOU TEOTIOL OVOL-
TOEAGTAGNS TOV TTEAYUATIK®OV AQUWIUWV GTOV VITOAOYIGTA, uitopel va eyepdel n
e€alpeon FE_INEXACT.

Av emmdupovue va eléygovue tnv 0pddTNTO TNG EKTEAEGNS ULOS WOONUOTIKAG
GUVAQTNONG, EKYWQEOVUE, TTEWV TNV KANGN Tng, To 0 GTNV TTOGOTNTA errno Kot 0KUL-
PWOVOUUE OAES TIC EEALQEGELS TTEAYULATIKWV OQUWIUAOV (e TNV EVIOANR

std: : feclearexcept (FE_ALL_EXCEPT);

Metd ard tnv KAMGn, eAEyxoude TNV TWR TTOV €xel TAEOV n errno n egetdiovue
TTol0L egapeon €xel eyepdel, ue Tn guvdptnon std: : fetestexcept() Ttov <cfenv>.
H ovuykekpwévn guvdetnon déyeton og dpoua tnv e€aipeon Tov embupovue va
eAEyEouUE KOL ETTLGTEEPEL AOYIKN TN true/false av €xel eyepdel 1 OyL.

Ioeddetyua

#include <cerrno»
#include <cfenv>
#include <cmath>
#include <limits>
#include <iostream>

#pragma STDC FENV_ACCESS on

int main()

{

errno = 0; // clear error. No error code is ©@.
std: : feclearexcept(FE_ALL_EXCEPT); // clear exceptions

std::sqrt(-1.0);
// errno becomes EDOM, FE_INVALID is raised

if (errno == EDOM || std::fetestexcept(FE_INVALID)) {
std: :cerr << "argument out of domain of function.\n";

}

errno = 9;
std: : feclearexcept(FE_ALL_EXCEPT);

std: :pow(std: :numeric_limits<double>::max(), 2);
// errno becomes ERANGE, FE_OVERFLOW is raised
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if (errno == ERANGE || std::fetestexcept(FE_OVERFLOW)) {
std::cerr << "Math result not representable.\n";

}

errno = Q;
std: : feclearexcept(FE_ALL_EXCEPT);

auto y = 1.0/0.0;
// errno becomes ERANGE, FE_DIVBYZERO is raised

if (errno == ERANGE || std::fetestexcept(FE_DIVBYZERO)) {
std::cerr << "Division by zero.\n";

}
}

[a Tnv eKTUTTOoN TV UNVULAT®V GEAALATOS UItoQel va xenolwoitondel n Gu-
vdptnon std: :strerror() amd to header <cstring>. Avtn 8€xetar wg pLovadiko
OQLOUOL TO errno Kol eTLOTEEPEL char x UE KATAAANAO TTANQEOQ@OQELOKO URVUU, TO
ogtolo uiropel va Tumwdel. H yAwooa tov unvoupdtov umopel vo adddger dev da
avagepdolue GTO TTWOGC.

Ioeddetyua

#include <cerrno»>
#include <cmath»>
#include <cstring»>
#include <iostream>

int main()
{

errno = @; // clear error
std::cerr << std::strerror(errno) << '\n';

std::sqrt(-1.0); // errno becomes EDOM.
std::cerr << std::strerror(errno) << '\n';

8.5 Etmpefoeig (exceptions)

(Y7to emegepyaaoial.)
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Baocikég €vvoleg tng
Standard Library

9.1 Ewoayoyn

"Eva 18waitepa onuovTtikd xaaktneloTtiko tng C++ €vavil AAA0V YAwGG®V, elval
0Tl o el TANToS SoulkwVv GTOLElwV Yo TNV avATITUEN K®OSIKA Ge VYNAJTEQO
eTiTedo, IO AITOUAKQUGUEVO aTtd To eTimedo tng unyavig. Ou emekTAGES TNG
Baowng yAwooag pacicovior 6to unyovioud twv kAdcewv (Keediawo 14) kar twv
vrmodetyudtwv (templates, §7.11, §14.8), kow amwotedovv uépog tng Standard Library
(SL).

H SL €yxel tpelc BAGIKES GUVIGTWGES:

* TOUG containers, dOUES UE KATAAANAQ YOQOKTNELGTIKA Yo Tnv asodrnkevon
ko Swayelpion Sedouévmwv oTToloLdNTIOTE TUTTOV, N KAde wia ye SlopoeTl-
KES WL0TNTEG. YITOKANMGTOUV TA EVEOUATOUEVO SLOVUGUOTO KOl ETTEKTEIVOUV
GNULOVTIKA TLS TTERLORLGUEVES SUVATOTNTES TTOV £x0VV AvTd. MeTag) dAAWV TTE-
eulaufdvovton containers Jtov TTAREXOVV TN SUVATOTNTA UETOPOANGS TOV TTANR-
Youvg Twv oToElwY TOug, KAVOUuV cavTouatn Togvouncn (.. std::set<>,
std: :map<>) kal TaxvTaTn avdkTnon dedouévav elte ue akéQEAo aQLIUNTIKO
delktn (Tw.y. std::vector<>, std::array<>, std::deque<>) elte ue delktn
0ITOLOVLONITOTE TUTTOV (TT.). std: :map<> ). 'Exouue ova@EQel Kl XENGLLOTIONGEL
nén oto KepdAato 5 dVo containers, toug std: :array<> ko std: :vector<>.

* TOVG iterators, €va €idog delktn oe Véoelg wag akoAovdiog otolyelwv, OT®S
T.X. €vOC container, evog string 1 evog agyelov. Ot iterators €xouv Tnv (St
LoEEN Yo OAeS TIC AkOAOVIIES GTOLYEIWV UE ATTOTEAEGUOL VAL TTOREYXOVV GUYKE-
KEWEVO, eviolo TEOTTo yia Tn Staxelplon Toug. Mitogovue vo TTROGTIEAAGOVUE
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€va gTotyelo evog container 1 WG QONG AVEEAQTNTA AITO TO TGS YIVETAL GE
YOUNAS emiztedo n opydvwon twv dedouévov e aVTA.

* TOUG aAyopLduovg, GUVOQRTAGELS TTOU VAOTIOLOUV Ue TTOAD OITTOTEAEGUOTIKO
TEOTIO TUAUOTO KAOSIKOA TTOU YEEWALOVTOL GUYVA: TOEWVOUNGN GTOLXEIWV ULOGS
akolovdiog, avatiTtnen N AvIIKATAGTOGN GTOLEIOV UE GUYKEKQWWEV TWA GE
avtn KAT. Ov adydpuduol eivar ge pueyddo Badud avegdptntol amd tov TUTo
TOu container JTov yEnowodItoleltal yioo tnv amodnkevon Ttwv ctoxelwv. H
OVEEORTNGIOL AVTN EEAGEAAITETAL LE TN YENON TV iterators.

EmmAéov, n SL mepulaufdver ta avtikeiueva-cuvaptricels (function objects) kot
TOUG JTEOGAQUOYElS avtwv (adapters), ata omoia Ja avagepdolue TTaEokdTw. Ot
JTPOCAPUOYELS TwV containers (container adapters) kow To bitset, uépn kot avtd Tng
SL, 8¢ Ya TaEovGlaGToUV.

Méyot Twpa €xovue xenatwogromaoel Stdpopa tunuata tng Standard Library, ka-
Yog kdde TL TOL TTOEXETAW aTtd headers (.. €lcodoc/EE0d0c deSouévwv, padnuo-
TIKESC GUVOQTNGELS, OpLaL ORUIULWY, Wyadkog TUITOG, KATT.) TTEQLAAUBAVETOL GE QUTA.
Kdaowa amd avtd vidoyovv kot gtn C, avtovclo N JToQouold. Xe autd To UEQOS
Tou BAov Ja Solue KLEIWS T VEQ YORAKTNELGTIKA TTOU TTRocdéTeL n SL.

Y10 TEEXOV KEPAAOLO D0 TOQOVGLAGOUUE OQLGUEVES BONINTIKES SOUES KAl GYe-
TIKEG €VVOLEG TNG YAWGGAG. XTa eTtoueva da avapepdolue GToug iterators, GToug
containers Kol GToug aiyopibuouvg sTov Taeéyovtow amd tnv SL yia tn Siaxelpion
Twv containers. o eufdduvon GTic TTORATIAVD €vvoleg guupovAevteite Tn BiAlo-

yoapio ([3] ko [4]).

9.2 Bondntikéc Aouég Kol XUVOQTNGELS

9.2.1 Zevyog (pair)

H SL stapéyel containers mov asrodnkevouvv Cevyn TW®OV KOl GUVOQTAGELS TTOU
YOEWATETOL VO ETILGTEEWOVY SV0 TrogdTntes. o Tnv VITOGTAELEN awTwv, o header
<utility> mepulaufdvel, avdueca e AL, tTnv kKAdon std: :pair<T1,T2>. Eivau
class template ko JreQexel 6vo wéAn e ToTTous T1, T2 KOBWDS KO TIC KATAAANAES
GUVOQTNAGELS YlaL TO XEWLoUO Toug. Ta dvo facikd puéAn €xovv ovouata first kau
second. Opwoudg evog cevyoug (Tt.x. yioo T1=int kow T2=double) ue amwddoon tng
Teokadoplouévng ylo kdde TUTTO TWUNG N ENTAGC OEXIKNAG TWNG YIVETAL WG EENG:
std::pair<int, double> p1; // p1l = (0, 0.0)
std::pair<int, double> p2{3, 2.0}; // p2 = (3, 2.0)

H mpdoPacn cta uéAn tov std::pair<> elvow duecn, gue Tn YENON TOU OVOUATOS
TOVG:

std::pair<int, double> p{3, 2.0};
std::cout << "first element is "
<< "second element is

<< p.first <«
<< p.second <<'\n';
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EVOAAOKTIKA, avTl yio Ta ovOuato Towv UeAwv ugtoel va yencwoitondel to vito-
detyuwo ouvdptnong std: :get (). Q¢ mapduetEog Tou template puItogovv vo, etvar ot
aképares atadepég 0 N 1, eEdyovTag avtiGTolya To TEMTO N 1o SeVTeQo UEAOGC:

std::pair<int, double> p{3, 2.0};
std::cout << "first element is " << std::get<@>(p) <<
<< "second element is " << std::get<i>(p) << '\n';

std::get<@>(p) = 5; // p = (5,2.0)

EVOALOKTIKA, WITOROVUE VO XENGULOTIOIMGOUUE WS TTAQAUETEO Tou std: :get() Tov
TOTO €vOg UEAOVGS TOU Cevyoug apkel BERora awTdg va elval povadikog (DaTte va
E€0EL 0 UETAYAWTTIGTAG TTOLO GTOLYElD VAL ETVAEEEL):

std::pair<int, double> p{3, 2.0};
std::cout << "first element is "
<< "second element is

<< std::get<int>(p) <«
<< std::get<double>(p) << '\n';

Kataokeun evog std: :pair<> umoel va yivel xonGlloItolwvtoag Th GuvdQTnen
std: :make_pair():

template <typename T1, typename T2>
std::pair<T1, T2> make_pair(const T1 & f, const T2 & s);

Tou <utility> wg e€ng:

std: :pair<int, double> p; // p.first 9, p.second = 0.0
p = std::make_pair(4, 3.9);//p.first = 4, p.second = 3.0

O TedeGTNG ekyWENONG UETAEL VO Cevywv, p=q;, agtodidel tnv Twn q. first oto
p.first kol Tnv TWA q.second GTO p.second, KAVOVTOS UETATQOTES TUTTOV, OV
yoeldgovton. MeTagd cevy®dv (8lov TOTTOU 0QILOVTAL Ol YWOGTOl TEAEGTES GUYKQLONG
(Tivakag 3.1), agkel va €xouvv vonua yia toug TuTtovs T1LT2. o Tov Tteocdiopieud
™G Gx€ong dV0 TEVYDV YIVETOL TTEOTA GUYKELGN TV ueA®v first. Av dev eivan {oal,
TO QITOTEAEGUA TNG GUYKELONG TOug kKadopltel kaw Tn gx€on Twv fevywv. AAMKOGC, n
oUykElon Twv second glvol VTR TTOV KoDoEItel av Ta cevyn elvar (Ga 1 Jtolo elva
WKEATEQO KOL TTOLO UEYAAVTEQO.

9.2.2 Tuple

H kAdon std: :tuple<T1,T2,T3,...> yevikeVel To std: :pair<> yio 0ITtoL0dN-
Ttote TAMYo¢ aTotyelwv. ITapéxetan agto to header <tuple>. ‘Eva aviikeluevo auTig
g KAdong astodnkevel ulo n-ada mocotntwv (ue n = 0,1,...). Oglouodg evog tuple
(wAewddag) (.. ywa Tl=int, T2=double, T3=int) ue astdéSoon Tng TTEOKATOQLGUE-
vng yto kdde TUTTO TWRS N ENTAGC OEXIKNAG TWNGS YiveTal w¢ €ENG:

std::tuple<int, double, int> t1; // {0, 0.0, 0}
std::tuple<int, double, int> t2{3,4.1,-2};
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[ tnv elcaymyn ctoyelnv ce wa TAstdda witogel va xoncpwottoindel n guvdetnon
std: :make_tuple():

std::tuple<int, double, int> t;
t = std::make_tuple(9,1.2,3);

H cvuvdptnon std::get() meémer va yoncwomondel ylo Tnv TTEOGITEAACN TOV
ueAwv evdg std: :tuple<>. H mapduetpog tov template moérrel va eivar gtadepds
ak€parog auiudc amd 0 €mg n—1, 6TT0V N TO TANTOG TV GToLXElWV TTOV ATToINKEVEL
n JrielddoL:

std::tuple<int, double, int> t{3,4.1,-2};
std::cout << std::get<@>(t) << '

<< std::get<i>(t) << ' '

<< std::get<«2>(t) << '"\n';

EVOALOKTIKA, WITOROVUE VO XENGUOTIOINGOVUE WS TTARAUETEO Tov std: :get() Tov
TUTO €vOC GToLXElOV TG TTAELAdaG, apkel BEPara avTog va elvar wovadikds (wate va
£€0€L 0 UETAYAWTTIGTAG TTOL0 UEAOG VO ETTAEEEL):

std::tuple<int, double, int> t{3,4.1,-2};
std::cout << std::get<double>(t) << '\n'; // 4.1

Ot TeAeGTES EKYWENONGS KL GUYKQELONG YEVIKEVOUV TOUG AVTIGTOL(OVS TG SOUNG
std: :pair<>.

"Eva std: :tuple<> 80 ctoyelwv umopsl va mdeel Twn asd €va std: :pair<s,
oo yivouv autouato ol TWaVES UETATROTIEG GTOV TUTO TWV GTOLXEWV.

9.2.3 XZuvaQTneelg eAdlGTOV/UEYLGTOU

Y10 header <algorithm> oplCovtal Ol GUVAQRTAGELS TTOV SLOKEIVOUV TO EAAYLGTO,
std: :min(), T0 wéylato, std: :max(), KO TO EAAYLGTO KOL TO UEYLGTO TOVTOXQOVAL,
std: :minmax (), KATTOLWV AVTIKEWEVOV, WS templates.

YTnv oIt TOUS HoEEN, ol Vo TErTeg dExovtal dVo TTocgdTnteg 1 wa AGTta
TOGOTATWV [610V TUITOV. ‘OTOV €10V V0 0QIGUATO, ETTLGTREPOVV GTAJEQN AVaPOQd
GE QUTO TTOU €XEL TN WKEOTEEN N ueyaAvtepn Tun aviiotorya. ‘Otav §€xoviar Mota
TWAOV VTOGS {}, ETGTEEPOVV AVTIYQAPO TNGS TTEAOTNG UKEOTEENS N UEYAAVTEQNGS TIUNG
avticToyya. Kor 6tic 800 TeQurt®aoels, o GUYKQEIGELS YivovTal (e TOV TEAEGTH <.
ILy.

auto a = std::min(3.1,5.5); // a= 3.1
auto b = std::max({12,3,5,17,9});// b = 17

H cuvdptnon std: :minmax() &€xetar dVo oplowata 1 wio AMGTA 0QLOUATOV Ko
ETOTEEPEL €va std: :pair<> Ue TEOTO GTOLXEID TO (TIEWTO) EAAXLGTO Kol deVTEQO
To (TeAevtaio) uéyligto agtd avtd. H gUykoion yiveton ue tov teAectn <. ILy.

auto ¢ = std::minmax({3,2,9,-1});// c.first = -1, c.second = 9
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Av Sla@gpouv oL TUTIOL TV 0QLGUAT®V, TTRETTEL VO KAAEGOVUE TIC GUVOQTAGELS
KOl GUYXEOVWS Vo TTpocdlopicovue entd Tov emduuntd TUITO KOS TTOQAUETQO TOU
template. Xe avto Tov TUTTO Yo LETATEATTOVV TA 0QIGULATA KAl AVTOV TOU TUTTOU Ja
etvar 1o arotéAecua. ‘ETol otov KOdwka auto a = std: :min<double>(3,4.5); 10
a elval Teaynatikds ue i 3.0.

OL TTOQAITAVKD GUVAQTAGELS UWITOROUV VO XEnGlwoTtondolv (e Tnv aItAi Loeen
TOUG OV YlOL TOV KOWO TUTO TwV OQGUAT®V 0QIETAL O TEAEGTAC <. AUTO LoYVEL
yio GAOVG TOVG EVGMUATOUEVOUS TUTTOVUS. Oa Sovue 6to KepdAawo 14 Ttods opl-
covtaw VEoL TUTIOL OTTO TOV TTROYQOUUATIOTA Kol Tt¢ kadopitetow n dpdon twv
TEAEGTWV GE AVTOVG. TNV JTERITITOGN TTOV Yo TA 0QlGUuaTa Sev 0QICETOL O GUYKE-
KEWEVOS TeAeatng n emdupovue va To Guykeivouue pue dAAo TEOTTO, UITOEOVUE Val
TEOGOLORIGOVUE TO KELTHELO Ue TO 0Itoio Ja yivel n GUYKQELGN T®V 0QLGUATOV GTLS
TOQATIAV® GUVOQTAGES WS €ENG: Slvouue ®wg TeAevTalo OQloua wio cuvdeTnon n
€va avtikelipevo—guvdptnon (M guvdetnon Aduda) stov S€xetan dVo oplouata Kot
ETOTEEPEL TN AOYIKA TWN TNG GUYKQELGNGS TOUS (AVAAOYO UE TO KQLTHQLO TTOU £XOVUE
Péoer).

IMaeddeyua

"Ectw 611 €rouue SVo moayuatikois apuovs a,b kar Y€Aovue va Peovue tov
WKEOTEQEO Kat airoAvtn Tiun. IIQoGEETE Tl 0 KOSIKAGS

auto ¢ = std::min(std::abs(a), std::abs(b));

dev Bplokel avTd TTOL CNTOVUE.
Mgtopovue Vo XENGWOITOIGoUUE T SeVTeEn LoEEN Tng std: :min() a@ov
oploovue (o KATAAMNAR GUVAQTNGN GUYKQLGNG

bool absless(double a, double b)
{
return std::abs(a) < std::abs(b);

}
Tn cuvdptnon avti da JTepdcovue ®g TEITo dploua gty std: :min():

auto ¢ = std::min(a,b,absless);

9.2.4 Xvvdgetnon yetaxkivnong

O header <utility> gra€xel ueTagd dAAwv Tn fondIntikn GuvdeTnon uetakivn-
ong std: :move( ), n ogrola SExETAL WS GELGUO ULl TTOGOTNTO OITOLOVSHITOTE TUTTOV.
To évoud tng eivar JTOEATAAVRTIKG® dev TIEOKAAEL KAITOWL peTaKivion. Xtnv ov-
olol, EVNUEQ®VEL TO UETAYAWTTIGTA OTL ETITEETETOL VO «UETOAKIVAGEL» TNV TWA TOV
oplouatog avtl va tnv avitypdwel. Emoteéper Sndadn to dpioua Ge KATAAAnAR
HoEEN yia petokivion (n omolo witoeel vo unv SlopEpel aTtd TNV KATAGTAGN Yo
QVTLYQALPN).
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Acg Sovue tn xpnon kot xEnoWoTnTd tng ue €va mapddeyuo: €6tw OTL Y€Aovue
va evaAAdEouue TIC TWES dVo UeTaPANT®V, a,b. O GYETIKOS KOIKAG etval

auto c = a;
a =b;
b =c;
IMopatnenate OTL oL UETAPANTES a,b XENGoTTolovVTOL Wik POEd Yo AvAyvVmGn TNg
TWRG TOUG KOl UETA AITTOKTOUV dAAN T, XTOV TTaQAITAve K®Ska, Snytoveyeital n
UETOPANTA € UE AVTLYQEOPH OTTO TRV a KOl AVTLYQA@OVTAL Ol TWES TV b,c GTIS a,b.
H upetapinti ¢ da katacteael dtav TeAeldcel n euPéleld tne.

[1pOGEETE TNV TTAROKAT® TEOITOTTOINGCN:

auto ¢ = std::move(a);
a = std::move(b);
b = std::move(c);

H uetapAntii ¢ Snutoveyeltar kat, Suvntikd, atoktd YwEis aviiypa@rn aAld ue ue-
Takivngn v Tun (ko tn wviun) g a. H a dev €xel kataoTooeel: n €6OTEQIKN
NG AvaITaQdoTacn, ouwg, eival ameoadidplatn. Metd tn petokivnon, n ueTafAntn
a witopel UWOvo va kataoTEo@el (Otav Angel n euféletd Tng) N vo AITOKTAGEL UE
uetokivnon tnv T (Ko YEVIKOTEQM, KATAGTAGN) AAANG Ouolag UETABANTAGC. XTnv
ETTOUEVN EVTOAN, N a QITOKTA TNV T (KAl Tn uvAun) tng b, Suvniikd yweic avti-
yea@rn. AviigToryo 1Gxvouv Kol Yoo Ty b kot Ty T tng ¢. Av ou uetafAntég a,b,c
elvar oUvdeTOU TUTTOV, N AVTLYEAPN TOUS lval XEOvoPBOEO VM N UeTOKIVAGN TV
TWAOV TOUG yivetaw TiLo yenyopa. BéBawa, da meétel va €xouv oplatel yio Tov TOTTO
TV TTOGOTATOWV KATAAAMAOS KATOGKEVAGTNG Ue UETAKIVAGN (Mmove constructor) Ko
TEAEGTNGC ekyWENONG Ue uetakivnon (move assignment). O containers tng Standard
Library €xouv kadopiouéveg, elte pntd €ite AUTOULATA, TETOLES GUVAQTNHGELG-UEAN.

9.2.5 ZXvuvdetnon evalloyng

Akduo wa fondntikn guvdotnon ToEEXETAL 6To <utility> katl elvow n Guvde-
Tnon evailayng, std: :swap (). H cuykekévn d€xetan Svo mtocgdtnteg (Grov THTtou
KoL EVAAAGGGEL TIG TWES TOUG, Ue ueTaxivaon':

double a{3.1};
double b{4.2};
std::swap(a,b); //a=4.2, b =23.1

‘Ontwg Jdo Sovue TaEAKAT®, Ol UETAPANTEG GTn std: :swap<> WIitoQovv va eival
containers n dAAol gUvdetol TUTTOL (TT.). std: :complex<>).

H std: :swap() umopel evallaktikd va dextel dU0 evomuatmuéva dtavicuata,
{6rov TAnBoug GTotgelwv, kKo va evOAAdEEL (LOVO) TOUGS SEIKTES GTO TTEAOTO GTOLYEI
TOUuG. Me auTd Tov TEOTIO eKTEAEl OUGLAGTIKA WLl TTOAU YyeHyoEn €VAAAGYNR TV
OVTIGTOLY WV GTOEIDV TV SLAVUGUATOV:

I8ette Tnv §9.2.4 yio Tn GYeTIKNA GUTATNGN.
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int a[100];
int b[100];

std::swap(a,b); // a <-> b

9.2.6 Xvuvdetnon avtalAayng

O header <utility> mapéxer emiong tn Pfondntikn cuvdetnon aviaAdaync
std: :exchange(). H ouvdgtnon avtn S€xetal o¢ TTEOTO OQLGUO €VO QVTIKEUEVO
KOl ©¢ 8eVTEQO WloL TR TTOV WItoel va ekywendel (ue Tdavid UeTATEOTR TUITOV)
oto aviikeluevo. Exktelel Tnv ekywoenon yetaxkivovrag (M avitypd@ovtag otav Sev
€XEL vONUa n UETAKIVAGN) TNV TYWA KOL ETILGTEEPEL TRV ORXKNA TYWH TOU OVTIKEWEVOU.

int b{3};
int c{5};

auto a = std::exchange(b,c); // a=3, b=5

9.3 AvTtikeipevo-Xvvdoinon

Oa GUVAVTAGOUUE TTOALES PORES GTOV 0QLGUO TMV containers Kol ILALITEQO GTOVG
aAyoeuiLoug, Tnv £vvola evog OVTIKEWWEVOL TTOU OTAv akoAovdelitor amd tevyog TTo-
evIEGE®V Ue KAVEVQ, £va N TTEQLGGOTEQN 0QIGUATA, ETILGTEEPEL KATTOLOL TWH® GUULTTE-
LpépeTal SnAadn wg cguvdeTnon. H wocoTnTo QUTH XOQOKTNEICETOL MG OVTIKEIUEVO—
oguvaetnon (function object n functor). Eivow avtikelyevo yiog KAAGNG ylo Ty ool
oplcetan o tedeatng ‘()™ da dovue Mg 6To KepdAawo 14. EvaAAOKTIKA, witoel va
elvaw kdatowa guvdgtnon Aduda (§9.4).

Me tnv guumepidnyn tov header <functionals, n C++ TTAEEXEL GTO XWQEO OVO-
watov std €va apuiud asd Teokadogiouéva avtikelueva-cuvaptioetls. Etvar oA
class templates kol S€xovTol ®S UWOVASIKA TTOQAUETQO TOV TUTO TOU €vOC N TWV
500 oQoUdTOV TToV Yo TOUG «TTeEdCeEL» 0 aAyoeruog Tou da Ta YENGYLOTTOUNGEL.
Ta Teokadogiouéva avikeipevo~suvotnaeels divovton gtov Ilivaka 9.1 yatgl ue tnv
TEAEN TTOV EKTEAOVV.

Acg ggnynicouye TOV TROTIO YERGNGS KOl AELTOVQYIOS TOVGS €XOVTAS WS TTAQASELYULOL
€va, amo autd, To std: :plus<T>. Me th SnAwon

std: :plus<int> a;

opltovue €va avTKELEVO, Wol TT0GOTNTA dnAadn, avtol) Tou TUTTOU, UE ITQOKOL-
Yopwouévn tiwn. To avikeluevo a €xel tnv W8idtnTa, dtav akolovdeltar amd dvo
OKEQEALOVS G Ttapévdeon (oplouata), vo €xel ws Tun to dpoloud toug. IIpoceste
OGO WOLACEL N GUYKEKQUWEVN TTRAEN Ue TNV KARGN Wag Guvdotnong’:

26TV TEAYLOTIKGTITO, YiveTol KAiGn Tov tedeath ()’ Tou oplleTal 6TV GuyKERQWEVIL KAdGN,
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auto b = a(3,5);

To b elvar int ue Twn 8.

Fevikdtepa, n €keeacn std::plus<int>{} Snuiovgyel €va avavLLo OVTIKEL-
uevo TUTToV std: :plus<int> ue mpokadopiouévn Twn, OTTOC AKEPOS N €kpEacn
double() n double{} Snutovgyel Evav (avovouo) Tteayuatikd ue tun 0.0.

H yonowdtnta kol 0 TROTTOS XENONGS TV OVTIKEWEVOV-GUVAQTAGEWY GE OAYO-
ewuovug kar containers da TAEOVGLAGTOVV GTO ETTOUEVA KEPAAALOL.

ITivakag 9.1: TTIpokadopiouéva avtikeipevo-cuvaQTneelg tng C++

Avtikeipevo-Xvvdgetnon Twn tedectn ()’
negate<T>{} —opoua

plus<T>{} opwoual + oploua2
minus<T>{} opwopal — oproua2
multiplies<T>{} 6pwoual * Gploua2
divides<T»>{} oopwoual / dpional
modulus<T»>{} opwoual % épwoua
equal_to<T>{} opwoual == dpleual
not_equal_to<T>{} opwoual != dpicual
less<T>{} opwoual < épwoua
greater<T»>{} opwoual > dpwoual
less_equal<T>{} opwoual <= dpioual
greater_equal<T>{} opwoual >= épwopal
logical_not<T>{} I dptoual
logical_and<T>{} opwounal && dproual
logical_or<T>{} opwoual || dpicual
bit_not<T>{} ~opLoua
bit_and<T»>{} optoual & dpwopal
bit_or<T>{} opwoual | dpwoua
bit_xor«T»>{} opwoual A épwoua

9.3.1 IIgocaguoyeic (adapters)

To avtkeluevo~-GuvaQTNGELS, lte elval agtd ta TeokadoQleueva elte OxL, Ol GU-
VOQTAGELS AAUda 1 akOUO Kl Ol GUVAYELS GUVOQTRGELS N Ol GUVAQTAGEIC—UEAN ULOLG
KAdong, witopovv va TeottoTtondovv ue tn Boridela Twv Tpocapuoyéwv (adapters).
OL TTp0GARUOYELS TTAREXOVTAL GTO XWEO ovoudtwv std amd to header < functionals.

Axkolovdel n mepLypa@n Twv V0 T YENGUL®V TTRQOGAQUOYE®V YL OVTIKELEVO—~
GUVOQTNGELG.

ue Vo opicuarta. H kAon auth meocdiogitetal arrd tn cuvdetnon—-uélog tng kAdeng operator ()
KOL N €TMGTEEPOUEVI TR ATTO AVTA glval n TWH TNG €KPQEAGNG.
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std::bind()

O 70 onUOVTIKOS aItd Toug Tteocapuoyeic elval o std::bind(). Me KatdA-
AnAn ypnon Touv UIToQOVUE VO, TEOTTOTTOINGOVUE W0 GUVAQTNGN N €VOL AVTIKEULEVO—
GUVAQTNON MGTE €Va N TTEQLGGOTEQO OTTO TO OQIGUATO OUTMOV VO €(OUV GUYKEKQL-
uéveg Tég. Iapdyouvue £TGL Ul VEQL GUVAQRTNGN N €Vl VEO OVTIKEULEVO—GuVAQTNGN
ue (oo n Aydtepa oQloUaTa OTTO TA AQXKA KOL UE GUYKEKQULEVES TWWES yia OGa
Aetmrouv.

Iaeddeyua

std: :minus<int> a;

auto b = std::bind(a, 10, 2);
std::cout << b() << '\n'; // 10-2 -> 8

auto ¢ = std::bind(a, std::placeholders::_1, 10);
std::cout << ¢(3) << '\n'; // 3-10 - -7

auto d = std::bind(a, 10, std::placeholders::_1);
std::cout << d(3) << '\n'; // 10-3 -> 7

auto e = std::bind(a, std::placeholders::_2,
std::placeholders::_1);
std::cout << e(3,5) << '\n'; // 5-3 -» 2

Katd tn dnAwon tov b, To std::bind() déxeton w¢ TEMOTO dELGUA TO a, €val
OVTIKEULEVO-GUVAQTNON (TTOV UITOEEl VoL VOl KOl QV®OVUUO), KOl ®S ETTOUEVO,
GUYKEKQLLEVES TWEGS Yl Ta oplouata tov a. To véo avtkeluevo-guvdoinon, To
b, KaAelTow XWEIS TWES eVTOG TTaReVIEGE®V Kaw Sivel TtAvTa Tnv (Sro TWA.

Ytn SnAwon tng ITocoTNTaS ¢, To std: :bind() 8€xetal w¢ TTEWTO dELGUA
€val AVTIKEULEVO—GUVAQTNGN, KOS SeVTEQO TNV TToGgdTNTA 1 JTTOV 0QICETAL GTO XWDQEO
ovoudtwv std: :placeholders tov header < functionals, kol w¢ TElTO Lot TWH.
To véo avTikeluevo—GuvAQETNGN TTOV TTORAYETAL AITO TO AEXKS, To ¢, da JTaipvel
WS TEAOTN TWH VTR TTov Yo TTEOGSLOEICETOL TEOTN (KOl WOVASIKA) KATA Thv
kAnon tov tedectn ()’ 6T0 ¢ ko WG devtepn to 10.

Ytn dnuovgylo Touv d, TO VEO OVTIKEUEVO-GUVAQTNGN E€XEL WS TTEWTN TWN
7o 10 kol ®g devTeEn, TNV TTEAOTN (Ko wovadiki) T Jtov da TEocdlopiteTon
KATd Thy KANGn tov teAecti ().

Ytn SnAwaon Tov e, n Sevtepn Twn Tov da TEOGSLoLGTEL KATA TRV KARGN TOU
Tedeatn ()’ da TeRAGEL WS TTEAOTO GELGUO TOV ORXKOV OWVTIKEWEVOU-GUVAQTNGN
EVO N TTEAOTN TWN Ja agtoteAécel To deVTeQO AELGUA.

O mpocapuoyéag std: :bind() ustopel emiong va xenotwostondel yio vo. KAAE-
GOUUE GUVOQTNGEIG-UEAN KAITOLOU OVTIKEWEVOU. Q¢ TTEMTO OQLGUd TOU TTROGOL0-
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oftovue tn Stevduvon® wag GuvEETNONG-UEAOUGS, 1 YEVIKOTEQD, EVOS UEAOUS WS
kAdong. Q¢ deltepo dpoua opitovue €va OvTikeluevo 1N delktn Ge avTikeluevo n
cuvndéatepa, tnv Tn std: :placeholders: :_1 av 9€Aovue va TtdeeL TWR OITO TO
TEOTO OELGUA KOTA TNV KANGN TNG JIROKVTTTOUGAS cuvdotnong. Katdmy, akoAov-
Yovv Twég yla Ta oplouata Tng GuVAQETNONG—UEAOVG, av TTRoRAETTOVTAL, THOV®S e
Tn XeNon Twv ovoudtwv std: :placeholders: :_2, std: :placeholders: :_3, KATT.

IMapeddetyua

using cntr
cntr a, b;
auto sizea = std::bind(&cntr::size, a);

std::cout << "the size of a is " << sizea() << '\n';

auto size = std::bind(&cntr::size, std::placeholders::_1);
std::cout << "the size of b is " << size(b) << '\n';

std: :array<int,10>;

std: :mem_£n()

O 6e0Tep0G GNUOVTIKOS TTROGAQUOYENS elvar 0 std: :mem_fn( ). Mitogel va vIto-
KOTAGTAGEL TO std: :bind() oTn GuUykeKEWEVN €£QAQUOYN TTOU eldoue TTAQAITAV®.
O std::mem_fn() &€yeton wg wovo dpoua tn dtevduven wog GuvdeTNeNg—UEAOVS
KO €TGTEEPEL GuvAdn cuvdptnon e ta (Sia oplouata TG GUVAQRTNONG-UEAOUG,
GUUTTANEOUEVO OUWS Ue €va ardua oploua, To TETo. ‘Otav kAndel avtn n véa
GLUVAQTNON, TTEETIEL VO TTROGELOEIGOVUE WS TTEMTO OELGUA TO OVTIKEULEVO GTO OTTOL0
Ya Spdoel n GUVAQRTNON-UEAOGS KAl KATOTILY T 0QIGUATA TNG:

std::array<int,10> a;
auto size = std::mem_fn(&std::array<int,10>::size);
std::cout << "the size of a is " << size(a) << '\n';

9.4 Xvvagtnceig Aduda

Mo guvdptnon Aduda elval €vag e0xENGTOS UNXOVIGULOS Yo va oplcouue €va
OVTIKEIUEVO—GUVAQTNGN, EVOAOKTIKOS Tng kAdong. H cuvdptnon Aduda witopel va
TAQEOVGLOGTEL GE OTTOLOONITOTE GNUEID TOU KAOSIKA Ja UTTOROVGE VO ELPAVIGTEL ULl
SNAmon ToGATNTOS KL GUVTAGGETAL WS EENG:

1. O oQwouds tng gexkvd e g Un GTaATkES (§2.2) TOGOTNTES TTOV YEELALETOL N
guvdETNGN aIto TO TEQPAALOV TNG, YROUUEVES EVTOS OYKLAWY, ‘[ ]°, Kl XwEL-
ocuéveg ue kouuata. Ov TocdTntes avtég kadoeltovy Tnv KATAGTAGN Tng. Xe

%n omola Boloketar pe tn Spdon tov teleothn &’ (§2.19).
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oUTO TO onuelo TTEOGOLOEITOVUE KL AV JEXETOL AVOPOEA GE QUTES TIS TLOGO-
TNTEG, OTOTE TIS yenowotolel amevdeiog, 1 yeewdleTon WOVO TIC TWES TOUG,
oTtoTe oL TTogdTnteg avitypdeovtal. Iy, av n cuvdetnon Aduda yeetdgeton
VO TQOITOTTOINGEL TNV TTOGOTNTA a Kol Vo Stafdael Tnv TWR Tng JT1060TNTOC b,
ugtoQovue va Tnv gligaydyovue ue [&a,b].

H Mota uetagd tov ayruAov uitoeel va eivon kevi. Egtiong, witopel va €xel
uévo To GUUPoAO & oTTOTE £xEL TEOGRAGN e AvaPOEA GE OAES TIS TTOGOTNTES
TOV TTEQRAAOVTOS TnG. Av VITAQXEL TO GUUBOAO =" UTTOQEL VO XENGLWOTTOINGEL
TO AVTYEOPA OA®WV T®V TTOGOTAT®V.

2. Axolovdel wa Moto opoudtwv evidg Tapeviécewv. Xe auTh TRoGL0QltovuE,
0TS aKEP®WS KoL GE U0 GuVAIN GUVAQETNGN, TIC TTOGOTNTEG TIOU SEXETA
KOTA TNV KAMon tng. Ymdoyel Stapoed tng AMGTAS TV 0QLGUAT®OV 0Tt Tnv
Jreonyovuevn AlGTO TOV TTOGOTATOV 0ITO TO TEQPBAALOV: Ol TTOGOTNTES EVTOG
OYKVA®V TTEQVOUV Wa oed Gtn guvdetnon Aduda, 6Ttav Tnv JTeocdlogitovue
WS 0QLoUa GE KATTOL0 aAyoeuduo: avtideta, ol TToGOTNTES EVIOS TTAREVIEGEWV
TeEvoUV KAde @opd Tov kaAeltaw n cuvdgtnon Aduda. H Alcta opioudtwv
ugtoQel vo elval KEVA KoL TOTE WITOQROVUE VO TTOQAAENPOVUE TIG TTAQEVIEGELS.
Ta oplouarta emitpémeTon va €xouv ToeTiAeyueves TES (§7.6).

3. Axkolovdel wpoarpeTikd n JTEOKAVOEIGUEVN AEEN mutable, av emmduuovye va
UITOQOVUE VO TEOITOTTOLOVUE TNV KATAGTOGN ThG guvdotnong Aduda. H aillayn
TNG EGMTEQLKNG KATAGTAGNS Gnuaivel va. AAAGZOUV Ol TTOGOTNTESG EVTOC AYKU-
AV TTOUL €xouv Tepdoel ue avtiypaen (GnAadn voa aAldcouv Ta avtiyeapd
Tovg). H mdavin aAlayn Twv TTOGOTAT®V QUT®OV GNUOIVEL OTL Ol KANGELS TG
guvdpTnong Aduda Sev elvor aveEdETNTES UETALY TOUG.

4. Av n guvdptnon Aduda dev €xel efapéaels (exceptions), UITOQOVUE VO EVIYLE-
Q®WGOVUE TO UETAYAWTTIGTH GYETIKA, YEAMPOVTOS TIQOALQETIKA TNV TteoKadoQL-
ouévn A€en noexcept.

5. Arkolovdel TEOARETIKA 0 TIROGEL0ELGULAS TOU TUITOV TNG ETILGTEEPOUEVNGS TTO-
GoTNTOS GTn UoEeEN —>type. Av dev mpoadiopicetan pntd, eivaw duvatd va
TEOKVYPEL OTOUATO OITO TO GOUO TNG GUVAQTNONG: OV OV ELPOVICETOL KOL-
véva return o TOTOC glvol void €ve av VITAQYEL wia EVTOAN return o TUITOG
TEOKVTITTEL ATTO TNV €KEPQEOCN TTOU TTROGOL0QICETOL G AUTN. ALOPOQEETIKA, dev
yiveTor ouTéUaTn AVayvoELGR TOU TUTTOV.

6. Akolovdel To coua Tng guvdptnong Aduda eviog aykictpwv. To coua Guvni-
Ywg elvarl woA) aTtAd, Guyvd Wovo wa eVToAn return TTOU ETMIGTEEPEL KOATAA-
AnAn srogdtnto.

IMaeddeyua

Mo guvdptnon Aduda Jtov d€xeTar V0 OKEQLOL 0RIGULATO KOl ETILGTREPEL AVTO
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TTOU €YEL TN WKEOTEEN aTtéAvTN TWh, elvan n

[1(int x, int y) —-> int
{ return (std::abs(x) < std::abs(y) ? x : y); }

IMaeddetyua

M guvdgtnon Aduda, TTov opltetal uEca Ge kamolo guvindn guvdotnon, d€xe-
TOL €VOL OKEQEOLO OPLOLLOL KOl ETTLGTEEPEL TO AJQEOLGUO AUTOV KOL LG OKEQOLOLS
TOGOTNTAC @ TOV €XEL OQPLGTEL GTNV TEPIKAElOVGA GUVAQTNGN, €Vl n

[a](int x) { return x+a; }

"Exovue sapoAeipel Tov TTROGO0QIGUO TOV TUTTOV TNG ETTLGTREPOUEVIS TTOGO-
ntag kadwe pitogel va guvaydel astd tnv evioAn return.

H cuvdptnon Aduda eivor avaovoun, dev witopel vo KOAEGEL TOV €0VTO TNG OVOL-
Spoutkd, Kol GTN GUYKEKQWEVN LoEON uropsl va xenowottondel uévo wg dptoua
KATTOLOU AAyoEWUoU N TTEOGAQUOYEN, OTTwS da Sovue TTaEAKAT®. EVOAAAKTIKA,
uItoQovue va SGouue Ovoua GE U GUVAQTNGN AdUda, K¢ £ENC:
auto fun = [](int x, int y) —-> int

{ return (std::abs(x) < std::abs(y) ? x : vy); };

’

n
const auto & fun = [](int x, int y) -> int
{ return (std::abs(x) < std::abs(y) ? x : vy); };
n Ko
auto && fun = [](int x, int y) —-> int

{ return (std::abs(x) < std::abs(y) ? x : vy); };

ITpoG€ETe TO KATAANKTIKG *; ° TTOU OAOKANQWVEL TS SnA®acels ue agykn tun. H xenon
NG GUVAQRTNONG Aduda uItoel TTALOV val YIVETOL KOL OUTOVOULO, XWEIS VOl XEELATETAL
va elval OQLouoL:

auto x = fun(-5,3); // x =3

9.4.1 INagatngnon

Mo guvdptnon Aduda Sev ustopel va eivon template. ‘Ouws UItoQel va. GUUITEQL-
peedel wg template av ®G TUTTOS €VOC N TEQPLGGOTEQ®VY OQLOUAT®V TIROGOL0QLGTEL N
Tmeokadogiouévn AEEn auto:

IMapeddetyua
H cuvdptnon Aduda

auto g = [](auto x, auto y) {return x+y;};
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adpoltel Ta oplouatd Tng 6ITOoV TUTTOV KL av €lval, OKOWO KOl SLopOQETIKOV.
H evtoAn

std::cout << g(2,3) << ' '
<< g(2.4,3) << "'
<< g(2.4,3.4) << '\n';

TUTTWOVEL

55.45.8

9.5 Bondntikég €vvoleg

Ye emtopeva Ke@AAao Yo XEELGTOVUE TIS EVVOLES TNG AEEIKOYQAPIKAG GUYKQELGNG
800 akolovtwv kot Tng yvialag acdevoic Stdtagng. Ba TS TAQOVGLAGOUUE ESM.

9.5.1 Asg&woyQa@ikn cUykeien

H €vvola tng AeEKOYQA@IKA «UWKQEOTEENS» OKOAOLIIAS WS TTEOS KATToloL dAAN,
TROGSL0QICETAL WS EENG:

YuykEIvovTol LETAEY TOVG Ta GToyela TTov Bplokovial 6Tis (Sieg Yaels aig dVo
akoAovdieg, EERVOVTAG ATTO TNV TIEMOTN YEGN KO TTEOXWEOVTOS UWEYQL TRV TEAEVTALOL.
Av Bpedel gevyog Avicwv GToyelmvy, TO ATTOTEAEGUA TNG GUYKQLGNG TOUG €VOL N T
NG GUYKELONG TV akoAoLIwv. Av OAa Ta avticTorya Gtotyelo elvon (Ga péyeL va
TeAelwaoel n wa amo Tic dvo akolovdieg, ToTe n akolovdia ue Ta AyoteQa GToyelo
(avTi Tov €EaVTANINKE TTEMOTN) elval n wWKEOTEEN. Av ggavtAndolv Tavtoyeova oL
arkolovdieg, eivan loeg.

9.5.2 TI'viigia acdeving ddatagn

Yuyvd 9o GuvavTAGoUUE TRV £vvold UoS GuvdeTnong SVo 0ELGUATOYV (Blov TVITOU
TIOV ETTLGTEEPEL AOYIKN TWR, true/false, av TO TTEAOTO €lval «WKQEAOTEQRO» (O,TL KL
av onugaivel avutd) amd to devtepo. Afue OTL n guvdeTtnon auvti, £€6Tw comp( ),
rkadopltel yvriicia acdevi SidTta&n av IKOVOTTOLOUVTOL TO TTOQAKATH KELTAELOL:

e comp(a,a)==false ylo 0TTOLOSNTTOTE a, SNAASN KAvEVA GTOLXElD SV elvor «Ui-
KEATEQO» OTTO TOV E0VTO TOV.

e Av 1oxvel 0Tt comp(a,b)==true ko comp(b,c)==true TOTE OYVEL KAl OTL
comp(a,c)==true ywa oJtoladnIToTE a,b,c. AnAadn, LGxveL OTL TO a €lvol «Ui-
KEOTEQEO» ATO TO € OTAV TO a elval «WKQEOTEQO» aItd To b kar To b eivon
«WKQEOTEQO» OITT6 TO C.

e Mitopovue va opicouvue tnv tgodvvauia §Vo ctolyelwv a,b otav woxvouv Tav-
T0xeova Ta comp(a,b)==false kol comp(b,a)==Ffalse, SnAadn dtav Kavéva
dev elvan «uikEATEQEO» ATtd TOo dANo. Tdte, av To a eivan 1odvvauo tov b kot
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To b glvar 160SVvVOULO TOU €, VITOXEEWTIKA TO a €lval 1GodUVOULO TOU ¢, Yol
OTTOLOOATTOTE a,b,c.
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9.6 Aokneceig

1. Angovgynate €va avtikelpevo—guvdptnon ue ovoua 1t0. Autd Ja Séxetan Eva
TEAYUATIKO OQLGUO Kol o eTTLGTEEPEL AOYIKA Tun, true n false, av eivol aQ-
vnTiko 1 Oxl. Na gekiviigete amd €va TEoRAJOQLGUEVO AVTIKEILEVO-GUVAQTNGN
KO VO YQNGYOTIOINGETE TOV TIROGOQUOYEa std: :bind().

2. Tpdwte wla cuvdptnon Aduda Ttov da S€xetan €va axképalo opioua ko Jda
ETOTEEPEL AOYIKN TN, true n false, av eivan detikd N oxL.

3. IIpocapudate €va TTEOKATJOQLGUEVO OVTIKEIUEVO-GUVAQTNGN OGTE VA EAEYXEL
v TO akEQEOLO OELEUd TOU elval GQTLOG.

4. Todwte ulo cuvdpTnon Adudoa Tov da déxetor €vo TTEAYUATIKG OQLGUO KoL
Ya emoTEéPel Aoyikn Tiun, true n false, av elval (Go 1 Ol Ue (L TTEOLYWLOL-
TIKA UETAPANTA TOU TTEQRAAAOVTOC Tng ue Ovoua a. Miopelte va To KAVETE
TIROGAQUOLOVTAGS €VOl TTROKAJOQELGUEVO OVTIKELEVO—GUVAQTNGN,

5. Me guvduacud TTEOKOTOQLGUEVOV OVTIKEWEV®V-GUVAQTAGE®WY, POV T TIQO-
GOEUOGETE KATAAANAQ, SNULOVEYNGTE €va avTikeluevo-guvdetnon mov da d¢-
YXETOL €VOL TTEOYUOTIKO OQLoUo ko da eAEyxeL av OUTO OVAKEL GTO SLdGTNUO
[—2.5,4.5). Mtopelte va To kdvete ue guvdTnon Aduda;

6. Anutovpynote ue tn xenon tov std::mem_fn() €va avrikeluevo-cuvdpTnon
7oV Ja ETGTEEPEL TO PAVTAGTIKO UEQOS TOU ULYaSkoU 0pleuatos Tov. Oa
KOAEL Tn guvdptnon-uéAog imag() tng kAdong std: :complex<>.
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Iterators

10.1 Ewayoyn

Ou iterators eivar To PAGIKG «EQYOAElD» YOl TNV TTROGTTEAAGN GTOLXEIWV GE €val
container. To 710 GNUAVTIKG XAEOAKTNELGTIKO TOUS glval OTL agtoTeAoVV Tn Bdon yia
TOV OUOLOUOQPO TEOTIO YELPLGLOV OTTOLOVONITOTE container.

"Evag iterator cuustepupépeton Ge ueydAo Padud wg Selktng ce atolyelo evog
container IaQOA0 TTOV SLAPEEEL WS €vvola aTtd To €(dog Tov delktn IOV TTOROL-
owdoaue oto §2.19. Xe avtideon ue Toug cuvndelg delkteg, €vag iterator €xel vonuo
uévo yua s Jaels amodnkevong Ge €va GUYKEKRQWEVO container (1 std: :string n
Q0N N EVGOUATOUEVO Stdvucua) kodDg ko oe ula déon uetd 1o Tedevtaio groyelo.
Aev uoel va egoydel ue tn Spdon Tov TeEAeGTR & GTO Ovoud €vOS GTolelov N oS
9éong ce container!. ‘Evag iterator TTpoGSLOQICETAL OIS TV ETUGTEEPOUEVIL TN, G-
yopuWuwv tng Standard Library i cuvoQTnee®v-UeAdV TV containers n woQdyeTol
amd dAdo iterator.

10.2 AnAwon

Mo Togdtnta ue ovoua, Ty, it, WITOEEl va 0pLaTEL WG iterator yio €va container
(7t.x. std: :vector<double>) wg €ENnc:

std: :vector<double>::iterator it;

I[Mopatnenote 4Tl evwd n évvola Tov iterator elvar kown ywa 6AOVG, O TUITOS TOU
iterator elvow dueca Guvdedeuévog ue Tov container GTOV OITOI0 OVOPEQETOL KO
GTOV 0TT0l0 WIToEel Vo xEnGYoTTotndel.

In 8pdon Tou GuykekEWEVOL TEAEGTH TTaEdYEL évo Guviin Selictn.

219
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Kdde container €xer g u€An 500 GUVOQTAGELS TTOV ETLGTEEPOVV GUYKEKQLUEVOUS
iterators: ge éva container pue évoua ¢, n c.begin() emGTEEPEL iterator TOU «del-
Ve GTnv et Yéon amodrikevong tovu c. Estiong, n c.end() emioTepet iterator
TI0V «delyvel» atnv emduevn déon uetd tnv tedevtaia Yéon amodnkevong Tov cC.
Emouévmg, ov dnAwcelg dvo iterators ue ovouata b, e, aTnv agyn ko e uia déon
UETA TO TEAOG €vOg container TUTOVL std: : vector<double>, ue dvoua v, €ival

std: :vector<double>: :iterator b{v.begin()};
std: :vector<double>: :iterator e{v.end()};

IMopatnenate 4Tl 0 TUITOG TOV UETAPANTWYV b,e elval apkeTd GUvIeTog Ko wakeUs. H
AEEN auto TTOV TEOKAAEL AVTOUATN AVAYVMELGN TOV TUITOV GE WO SNAMGN UE QXN
T (§2.2.1) elvan wWadtepa xenown. Me auVTh, oL TTOQATTAVD SNAMGELS ATTAOITTOLOV-
VTOL GE

auto b = v.begin();
auto e = v.end();

KaAo etvar va Sivouvpe tn Suvatdtnto ctov compiler va BEATIGTOITOEL TOV K®-
OIKA LOG KOL VO LOG EVRUEQMVEL OV GE KAITOL0 cnuelo katd Addog srpocrtadncouue
va uetapdiovue atolyelo evdg container, eve dev da €mperte vo To kdvouue. TV
aUTO TO GKOTO opltovtal ot iterators e Ggtadepés TmoodTntes. Iterator e €va Tu.).
std: :vector<double>, uéow Tov omolov dev uItoeel va aAAdEEL n Tun ot déon
TOV «delyvel», oplleTal WG EENG:

std: :vector<double>::const_iterator it;

Kdde container agéxel iterators tou dev witopovv va uetafdAovv Ta GTotyeio ata
ogrola «delyvouv», TOUG const_iterators, UEGW T®V GUVARTAGEWV-UEA®Y cbegin() kal
cend(), kat avaloylo twv begin() kow end().

Avti va ypnoyomocouue GuVAQETNGN-UEAOS YloL TOV TIROGOL0QLGUO iterator N
const_iterator oTnv apyn n ce ulo Y€on uetd To TEAOG EVOg container, witopovue va
KOAEGoLUE TIS GUVRDELS GUVORTHGELS std: :begin(), std::end(), std: :cbegin(),
std: :cend() ue dpwoua To dvouo TOv container:

auto b = std::begin(v); // b = v.begin()
auto e = std::end(v); // e = v.end()

auto cb = std::cbegin(v); // cb = v.cbegin()
auto ce = std::cend(v); // ce = v.cend()

O guvagptnoelg std: :begin(), std: :end(), std: :cbegin() kat std: :cend() Ta-
pé€xovtaw amd omotodnTtote header maexel €va container: dSnAwvovtor £Itiong Ko
GTov <iterator>.

"Evag iterator usopel vo petatpamel avtoyoato oe const_iterator wote va
ATTOTEAEGEL QQYIKN TWA N va ekywendel 1 vo GUUUETAGKEL GE KAITOL0 GUYKQLON
ue const_iterator. To avitiotpopo Sev 1oyvel. Autd cnuaivel OTL GTIC TTORAKAT®
SniAwacelg
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std: :vector«<int> v(100);
std: :vector<int>::const_iterator it1{v.begin()};//correct
std::vector<int>::iterator it2{v.cbegin()}; // error

n tedevtalo eivor Addog.

Ag vmeviuuicouue gto onuelo avtd 0Tl dtav Sndwveton €vag iterator, OTTMS Ko
OTTOLAONITOTE TTOGOTNTO, UTTOREL va TTROGOL0QLGTEl WS const. Tote elvon agrapal-
TNTN N ATO500Nn OQYIKNG (KoL WOVIUNG) «TWAG» TOV, OTIWS LGYVEL YO OTTOLOSNITOTE
Tocotnta. ILy.

std: :vector<double> v(100);
const auto it1 = v.begin();
const auto it2 = v.cbegin();

[Mopatnencte otL ot itl, it2, yio 6An tn dudekela Tng Cong toug da Selyvouv ce
ouykekQweévn déon Ggtov v (GTnV 0Qxn TOU) Kol Sev WItopouv vo petaxkvndouv.
Axodua, u€om tov itl uropovue va AAAGEOVUE TNV TWA TOV TEWTOV GTOLXEIOV TOV
v Ba dovue TOQOKAT® TTOC) ev®d SeV UITOQOVUE VO, TO KAVOUUE UECH TOU it2.

10.2.1 Iterator ot JTOQAueTEO template

[TpoGéETte OTL LVITAYYEL TTERITTTWGN O TVTTOS TWV GTOLXEIWV VOGS container 1 o (8log
o container va elval AyvwoTog, vo opltetal, SnAadn, o¢ TTaQdueTQog Ge template.
"Etou 1., uiwopovue vo. £xouue

template<typename C, typename T»>
void f(C & a)
{

std: :vector<T> v;

C b;

}

Méca otn cuvdptnon f() opicovue €va std: :vector<> yua agtodnkevcon GToxelwv
tomov T kaw wia swogoTnta TuTTov C (ITov uItopel va elval kKATTOLOC container, T.y.
std: :vector<int>). Av deAicouue va opiGouue iterators ylo QUTES TIC TTOGOTNTEG
dev apkel va yodwouue

std::vector«T>::iterator itv; // error
C::iterator itb; // error

IMpéTer va evnUEQE®GOUUE TO UETAYAWTTIGTA OTL Ol ek@Edoels C: :iterator ko
std: :vector<T>::iterator asoteAlovv TUITOUS (KO Oyl UEAN TV KAAGE®V, OTTOC
Yewel agtd wovog Tov). AuTd YivETOL 0V GUUTTANEOGOUVUE TIC SNAMGELS TV iterators
ue n A€En typename:

typename std::vector«T>::iterator itv; // correct
typename C::iterator itb; // correct
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10.3 Xenon

Avagépaue 6Tl 0 iterator ko o delkTng GuUUITEQLEEQOVTAL Ue TOV Blo TEATTO.
AvTo 16x0el kKoBwc:

e H Spdon agtd ta aplotepd, Tov TEAEGTR *  GTO dvoua evdg iterator, pwag Sivel

TEOGROGN GTNV TTOGOTNTO TTOV aTtodnkeveTal GTn J€on Tov container gtnv
omolo «8elyvel» o iterator. AnAadn, n JrocoTnTA *it €ival TO GTOLYELO TTOU
Poioketar atn 9éon sov «Beiyvel» o iterator it. H Spdon tov TeAeGTn ** Ge
iterator 0Ttws o end(), Tov dev «Belyvel» e Y€on evog container Sev €xel
vonpa (ko etvor Addog).

H Spdon tov tedeatn —>  divel tpocfacn Ge UEAOS TOU GTOLElOV GTO OTTOLO
«delyver» €vag iterator. AnAadn, av to gtoyelo atn J€on mou Selyvel o iterator
it €xer u€log ue ovoua member, n €keeacn (xit).member icoduvauel ue
it->member. Xtnv mEOTN £k@EOCN Ol TTAREVIEGELS elval avaykales AOym Tng
XOUNADTEQENS TTEOTEQAULATNTAC TOV TEAEGTA TEOGRACNS GE TWA, *’, WS TQOS
TOV TEAEGTN ETAOYNS UEAOUG, . .

H 8pdon ce €va iterator, elte amrd Ta apleTeQd TOU €lte aIrd Ta degld, Tov
TEAEGTN ++’, KOl GE KATIOLEG KATNYOQIES iterators, Tov TEAEGTN ——', €xEl WG
QITOTEAEGUOL VOL UETAKIVELTAL O iterator gTny €ITOuevn 1 Ty Jtponyovuevn don,
avtioToya. Xe avtideon ue Toug SelkTeg, OEV ETITEETETAL VO UETOAKIVAGOUUE
€va iterator TTEWV TNV QQYKN N UETA TNV TEMKN TOU €TLTEeTTh J€on (). TO
begin() kou to end(), aviicTolya, €vOg container).

Y1oug iterators TuxaloS JTEOGTIEAAGNG, WITOROVUE ETILITAEOV VO TTROGIEGOLUE
N va a@AREGOVUE £va AKEQEOLO OQUWIUO N KOL VO €(OVUE WG OITTOTEAEGUA EVOL
dAMo iterator Ttov «delyvel» n YEagelg uetd (ITEOS To TEAOG) N JTEW (JTEOS TV
aEyNn Tov container). Xe VTR TNV Kotnyola iterators €xouv eiong vonuo ot
gUvdeTol TEAEGTEG += KO ‘—=', JTTOU TTEOKAAOVV UeTOKIVAGN TOU iterator TTov
BelokeTow GTO APLOTERS TOVGS UEAOGS KATA O0eg JETels TROGELOQICEL O AKEQALOG
oTo deEl Toug uENog.

Mgtopovue va agpapécovue €va iterator Tuxalos ITEOGTEAAGNS OTTO AAAOV
{6rov TUTTOV, TTOV Selyvel aTov (Blo container. To astotéAecua eivor n agTOGTOGN
TV iterators (Ttoceg YEaelg uegoAafoiv).

Y10 TeQLoaiTEQQ €(BN iterators, dvVo iterators (Siov TUTTOV, TTOV SElYVOUV GTOV
{610 container, LITOQEOVV va GUYKEWOUV UETALY TOUGS UE TOUG TEAEGTEG ==, ‘1=,
WoTe va draatieTovovue av elval (Gol—dnAadn, «delyvouv» atnv o d€on—n
OyL. XTOug iterators TuYalOS TTROGTIEAAGNG £XOUV VONUA KoL Ol VITOAOLTTOL TEAE-
O0TEG GUYKQELONG® €TGL, n €k@eacn itl < it2 elvon aAndng otav o itl «Selyver»

TEW ToV it2 (evvoeltanl gtov (Slo container).
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10.3.1 Iagadeiyuata
Acg dovue Tn ypnon twv iterators ue Jropadetyuata:
IMoaeddeyua

"Ecto 611 9€lovue va dwcouue tnv TWwn 3.5 GTa GToLEl €EVOG container Jtov
TEQLEYEL TTEAYLATIKOUS 0pLdovs ko €xel dvoua v. MItopovue va To KAVOUUE Ue
TOV K®OOKO

for (auto it = v.begin(); it != v.end(); ++it) {
*xit = 3.5;
}

[Ipocéste MG ypdeouue Tn GUVINKN YO T GUVEYIGN TNG €TTAVAAWYNG: O
iterator, TTOUL UETOKLVEITAL TTEOC TO TEAOG Ge KADe eIravdAnyn, GUYKQEIVETOL TOV
iterator tng mEWING Y€ong yetd to TEAOS Tov container. ‘Otav @Tdoel ekel, n
eravdAinyn StaxkdmreTon kOJDg €xovue Stateegel OAo Tov container.

Telelws 1G0dVVALOS KODIKOAG UE TOV TTAQATIAV®, YRAMETOL UE TN XENGN TOU
range for:

for (auto & x : v) {
x = 3.5;
}

[ tnv akeiPela, o compiler uetamdcel e6mTeEIKA KAde range for gtnv avTi-
GTOL(N €KMEACN UE iterators.

Ioaeddeyua

"Ecto 611 €A ovue va TuTtsovue aTny oddvn o GToLEla VoS container TUITOV
std: :vector<double> ue Gvoua v. MItogoUue va TO KAVOLUE UE TOV KMOSIKA

for (auto it = v.cbegin(); it != v.cend(); ++it) {
std::cout << *xit << '\n';

}

[TopaTNENGTE TNV ETAOYR TOV GUVOQTHGEMV—UEADV YL TOV TTQOGOLOELGUO TV
iterators aQyng Kot T€AOVG. Xe guvduacud ye tTnv avtépatn Snlwon, o it eivon
const_iterator oe std::vector<double>. Aev ypelagduacte (Ko, yio. aAG@d-
A€laL, UE TN GUYKEKQEWEVN SHA®GN SEV ETTLTRETTOVUE) TNV TEOTTOTTOINGN TWV GTOL-
Yelwv TTOov «Sel)vel» 0 GUYKEKEWEVOGS iterator.

10.4 KatnyogQieg

Ou Bacikég katnyopieg iterators srapatidevial wapoakdtw. Omws Ja egnyncovue
oto §13.3, ot epapyies {input, forward, bidirectional, random} ko {output, mutable
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forward, mutable bidirectional, mutable random} Twv TUTTwV ylo TOUG iterators, GTnv
ottola kKAPe TUTOG €xel OAES TIS LOLOTNTES TOV TTEONYOUVUEVOL, GUUTTEQLPEQRETAL GOV
QUTOV, KoL €XEL KAITTOLEG ETTLITAEOV LSLOTNTEG, EVOL TTAQASEIYUATO KANQOVOUIKOTNTAG.

10.4.1 Input iterators

Ou iterators €1G080V UITOEOVV VAL Yenctwogtondovv yio va Stafdcovue Ty TWn
otn Y€on Tov «Selyvouv», kol udMoTa puovo uia @opd. Emouévmg, av o it elval
TETOLOG iterator, Sev eTMITEETETAL N XENON TOV *xit GTO AQELGTEQEO UEAOC EVTOANG
exkywenong. Emitpémovtan

e H Spdon tou telectnt —>’ ylo avdyvoon UEAOUS GTotyelov.

e 1 uetaxivnon Tov iterator uovo KaATd W Y€on kol LWOVO TTEOS TO EUITEOC, UE
TNV EVTIOAML ++1it N Tnv it++,

* 1 GUYKQLON Yl LlGOTRTO N un, ue iterator stov «delyvel» oe uia d€on yetd to
TENOG wog arkoAovdiag otoyelwv. H Suvatdtnta cUykelong wioeel va unv
oplceTan yia iterators e dAAeg DEaelg.

H duvatdtnta evog té€tolov iterator va Stafdoel Tiun wovo ulo @oed cnuaivel 0Tt
€vag iterator €lgddov KAl €vol avTiypo@d Tov, av uetokvndov TTEOS T EUITTEOC,
etvaw wdavd va delyvouv e Sapopetikés Yéaels. Emougvmg, av p elvan €vag iterator
16680V, GTOV KOOIKA

auto q = p;
++p;

++q,

bool eq{p==q};

TO eq dev elval aITOQEALTAT®S true, (MG KO va. Unv 0QIZETOL. LUVETTWG, KAde avd-
YVOGON TWAG TTRETEL VO EVOAAAGGETAL Ue UETATOTTION (Ko Ol VEQ avAyV®GN TWAG).

Iterators €1G680V WItoEovUV vo GuvdedoUv pe POES e1lGOdov (TT.). QEXED YLl avd-
yvaoon). Etvaw ot istream_iterators movu magovacidcovtar gto §10.9.2.

10.4.2 Output iterators

O iterators €£680v uIroEovv va yenctwogtondolv wovo yio va SGovue T Gt
Péon Tmov «delyvouv» ko Oyt ylo va «Stapdcouv» To gtotyelo. AnAadn, av it eivon
TETOLOG iterator, eTUTEETTETAL N EVTOML EKXWENONS *it = ..., n ovdyvoon TWAG
OITo KATOL0 QON N YEVIKOTEQA N ATTOS00N TWNGS Kal eV vTToGTNEICETAL AAAN XENGNn
Tov xit. Egtiong, emitpémetan wovo n petaxivnon tou iterator katd ulo Yéon yetd, ue
TNV EVTOAML ++it 1 Tnv it++, kow wdAGTO TTEETTEL vaL yiveTow eVOAAAE wetd amd kdde
exkywenon TWNs. Autd cnuaivel 0Tl €vag iterator €£680v umoel va yenacwostondel
TEO0¢ ula katevduvon (ITEOGS To TEAOS TNG akolovdiag).

YUykowon ya ieotnta §vo iterators ££080v dev elval agtapaltnto va 0QLCETOL.
Akouo ko dTav 0pICeTal, TO eq GTOV TTOQOKAT® KMOSIKA
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auto q = p;
++p;

++q;

bool eq{p==q};

Sev elvan agtapalitnta true.
Iterators €£680vV LITOQOVV VO YENGLLOITOINTOVV YOl TRV TTROGTIEAAGN QONG EEG50U.
Eivaw o ostream_iterators stov Tapovacidcovtar gto §10.9.2.

10.4.3 Forward iterators

Ou iterators povig katevduvong (aTtd Ty aEyn TTEOS To TEAOS Tng akolovdiog
TIWWOV)

e Sivouv mEoGPacn ywa avdyvwon Tung otn 9€on Jtov Selyvouv, ue tn Spdon
TOV TEAEGTN * N GE UWEAOG TOU GTOLXEIOV UE TOV TEAEGTN —>,

e uIToQOVV va uetarkvndovv katd pla d€on, wdvo OGS T £UITEAC,

e uITOEOVV va GUYKEWOUV, UOVo ylol LIGOTRTO 1 un, e dAAO iterator QUTAG TNG
KOTNYyoQLaG.

YUVETI®G, Ol iterators WOvig kateduvong £xouv TOVAAXLGTOV OAES TIG LWOLOTNTES TOV
iterators £lGO80V KoL UTTOEOVV VO GUUTIEQLPERETOVV WS TE€Towol. ETtimtAéov, uirogovv
va yencotondovv yia Stafdcouv tnv (Sio T TOAAES POQEG.

O\ const_iterators yia Toug containers

e std:: forward_list«<>,

e std: :unordered_set«<>,

e std: :unordered_multiset«<>,
e std: :unordered_map<>,

e std: :unordered_multimap<>,

elval avtov Tou eldoug.

Mutable forward iterator

"Evag iterator aUTRG TNG KATNyoElOS TTov elval ko ££080v, SnAadn ustopel va
yodwel gtn 9é€an srov Selyvel, etvaw mutable forward iterator (TQOTTOTTONGLULOG iterator
uwoving katevduvong). Tétowor elvar ov agtlol iterators Twv containers JToOU AVOEPEQ-
dnkav 1o TAVW®.
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10.4.4 Bidirectional iterators

Ou iterators SuTAnG katevduvong €xouvv OAeG TG WOIOTNTES TwV iterators WOVAG
KATEVIUVONG KOl UITOQOVV Vo GUUTIEQLPERTOUV ¢ TETOooL. EtimtAov, emitpéetal
va yetakivndouv katd uio d€on mweog Ta Ticw, ue Tov TeEAETTR —-.

O1 const_iterators yio Toug containers

e std::list<>,

e std::set<>,

e std: :multiset«<>,
e std: :map<>,

e std::multimap<>,

elval avtoy Tou eidoug.

Mutable bidirectional iterator

"Evag iterator auTtng tng Katnyoelag Ttov eivanl ko ££080v, SnAadn witogel va
yodwel atn 9éon grov Selyvel, elvon mutable bidirectional iterator. Tétowor elvar ou
agtlol iterators Twv containers Jtov AvaEEEINKAV GTNV TTEONYOVUEVR TTAQEAYQAPO.

10.4.5 Random iterators

Ou iterators Tuyolag TIEOGTIEAAGNS €XOUV OAeC TIC WOLOTNTES TWV iterators Oi-
TG KATEVYUVONGS KOl WITOEOUV Vo, GUUTIEQLPERTOUV WS TéTolol. EmgtAéov, Omwg
avagépaue oto §10.3, umopovue

* VOl TOUG TTROGUEGOVUE 1 APOLREGOVUE EVA AKEQEOLO AELIUO KOL VOL TTALQOLYAYOUUE
€ToL VEO iterator, UETATOTILGUEVO GE eTtduevn N Ttponyovuevn déon,

® VO UETOKIVIGOUUE TOVG (810UG Ue TOUG GUVIETOVGS TEAEGTES “+=" Kal —=,

e Vo a@alpécovue €va iterator Tuxolog TEOGITEAAGNS AITO AAAOV DGTE VO VITO-
Aoyicouue Thv aITdGTAGN TOUG,

* VO TOUG GUUITANQ®GOVUE UE OKEQALO JEIKTN EVTOC AYKVADV: av it elval TETOLOG
iterator, n ék@eacn it[n] wwoduvauel ue *(it+n),

* VO TOUG GUYKQIVOUUE UETOEY TOUGS e OAOVGS TOUG TEAEGTES GUYKQLONG.
Y& VTR TNV KATRYoElol AVAKOUV
* oL const_iterators Twv containers

- std::array<>,
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- std: :vector«<»,

- std: :deque<>,

e 0L const_iterators Tov std: :string (wov eve Sev elvar container GUUITEQLPE-
QETOL WG TETOLOG GE KATIOLES TTEQLITTWGELS),

e 01 Selktec oe gtadepd atorgeio (const T x, 6Iwov T 0 TUITOC TwV GTOYKEIWV)
oe evonuatouévo didvucua (§10.8).

Mutable random iterator

"Evag iterator auTng Tng KaTnyoelag Ttov eival ko ££080v, SnAadn uitogel va
yodwel atn 9€on Ttov Selyvel, Aéyetow mutable random iterator.

10.5 Bondntikéc GUVOQTNGELS KAl KAAGELS

[ va uItoQovue va yedmouue KOSIKO YEVIKG, TTOU Vo LGYVEL Yo SLAQPOQES KATN-
yopieg iterators, n Standard Library mapéyel ue to <iterator> Gto x®Eo ovoudtmv
std, kdgtoleg BonInTikég GUVAQETAGELS Kol KAAGELS.

10.5.1 std::advance()

H cuvdptnon

template<typename Inputlterator, typename Distance>
void advance(Inputlterator & it, Distance n);

déxeton €vav iterator eLlGOS0v, it, KOL UL TTOGOTNTO OKEQEOLOV TUTTOV, N. Av 0 it elvan
GTNV TIEOYULATIKOTNTO

TUYAIOS TTEOGTITEAAGNG, N KANGN TnG Llgoduvauel ue it += n;.

SumAng katevdvuvong, n KAGn Tng wooduvauel we n SLASOYIKES KANGELS TG EVTO-
MG ++it (av n>0) L —it (av n< 0).

uovng katevduvong n €16680v, n KANGN Tng €xel vonuo, WOvo av To n dev eivan
0EVNTIKG Kal looduvauel ue n StadoykéS KAMGELS TOv ++it.

10.5.2 std::next()

H cvuvdeptnon

template<typename ForwardIterator>
ForwardIterator next(ForwardIterator it, Dist n = 1);
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0UGLAGTIKA KOAel Tnv std: :advance() Ko eTMGTEEPEL iterator, n J€aels uetd Tov
it (xwelc va TeoTtoTTolel TOV it). Av TO n elval aEVNTIKG, O iterator JTOU ETNGTEE-
@eTo €lvol TTEWV TOV it, 0 oJtolog TrEETel va elvar StItAng katevduvong. Av Sev
TEOGOLOELGTEL TN yidL TO N, VTS Talgvel Tnv T 1.
ITpocégte Ot 0 emMGTEEPOUEVOG iterator uitopel va «Selyvel» €€m amd ta dola
Tov container (0TtoTe Sev UTTOEEL VO ¥ENGWOTTONYEL yia TEOGITEAAGN GTOLYEIOV).
O tUmog Dist etvan axéparog?.

10.5.3 std::prev()

H cuvdptnon

template<typename Bidirectionallterator>
Bidirectionallterator prev(Bidirectionallterator it, Dist n = 1);

oVGLAGTIKA KaAAel Tnv std: :advance() Kol eTGTEEPEL iterator, n YEGeLS TTEWV TOV it
((wels va teoToTolel ToV it). Av To n givol AEVNTIKO, O iterator TTov ETLGTEEPETAL
elvan uetd tov it. Av Sev TRoGdLoELeTEl TWR Yol TO h, AVTO JTalpvel Ty T 1.
[Tpocégte OTL 0 eTMOTEEPOUEVOG iterator witopel va «Selyvel» €€m amd ta dola
TOv container.
O tVT06 Dist efvar axéponog®.

10.5.4 std::distance()

H cuvdptnon

template<typename Inputlterator>
Dist distance(Inputlterator it1, Inputlterator it2);

8éyetan Svo iterators itl ko it2, (Gtov TUTTOUL, IOV «Selyvouv» GTOV (Slo container.
Av ot iterators eivon TuxaloG TEOGITEAAGNS, N GUVAQTNGN ETNGTEEPEL TO it2-it1
EVE G€ AAAN TEQIITT®ON QUVEAVEL TO TOTIKO AVTIYRAPO Tov oplouatog itl €wg dTov
yivel (6o pe it2 kow emMGTEEPEL TO TTANYOG TV avEncewv. Ilpo@avag, TEETTEL GTNY
tedevtalo JrepiTtTwon o itl va un «delyvel» uetd Tov it2.

O tUmog Dist efvou aréparog?.

10.5.5 std::iter_swap()

H cuvdptnon

template<typename ForwardIteratorl, typename Forwardlterator2»
void iter_swap(ForwardIterator1 it1, ForwardIterator2 it2);

’typename std::iterator_traits<ForwardIterator>::difference_type
Stypename

std: :iterator_traits<Bidirectionallterator>::difference_type
‘typename std::iterator_traits<Inputlterator>::difference_type
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EVOAAAGGEL TIG TWES TV GTolElwV GTIS JEaelg Tou «Selyvouv» ol iterators itl, it2.
Ou iterators pgtoQovv va eival Sla@oEETIKOV TUHTTOV (KoL Ge SL1apORETIKG container)
aAAQ TTEETIEL val elval TovAdLGTov mutable forward iterators.

H cuykekQévn guvdetnon Jtoéyxetol GTo <algorithms.

10.5.6 std::iterator_traits<>

Yuyva yeewdceTon va ypdouue guvdetnon template (e TaQAUETEO TOV TUITO VOGS
iterator. O TOIOC 7OV Yo WeEdTeL WS TaEAUETEOS dTav Ya kAndel n Guvdgptnon, ue-
TOPEQEL TTANQOPOQELES, UETALY AAAWDV, GYETIKA UE TNV KATNYOQIOL GTNV OITOl0L AVIKEL,
TOV TUTIO TWV GTOElwY GTO oTtola Selyvel Kol TOV KATAAANAO TUITO Yol «OTTO-
otdoels» (Srapopeg dvo iterators). Mirogovue va e€aydyovue GVTA TNV TTANEO@OQIA
ue tn Pondela tng kAdong iterator_traits<> wg ggng: av T elvaw o TOTTOG TOL
iterator,

* 1 KOTNYoElOL GTNV OTTOl0l OWVAKEL O iterator €ival n
typename std::iterator_traits<T»>::iterator_category
AvTtic o TOTOC £ival £vag aTtd Toug
- std: :output_iterator_tag,
- std::input_iterator_tag,
- std:: forward_iterator_tag,

- std::bidirectional_iterator_tag,

- std: :random_access_iterator_tag.
Oa dovue TTOEAKATH TTAQASELYLO XENONS TOV.

* 0 TUTIOG TV GTOLElWV GTa oTtoia Selyvel elvan

typename std::iterator_traits<T>::value_type

® 0 TUTIOG YlO. OLITOGTAGELS GTOLXEIWV elvol

typename std::iterator_traits«<T»>::difference_type

10.6 ITapedderyua

"Ectw 6Tt 9€lovue va ypdouue wa guvdetnon wov Jo avtyedel To TEOTO,
TE(TO, TEUITTTO KATT. gToelo Ge €va didoTnuoa kAstolov container, e SLASOYIKES
Yéoeig kdgtorov dAlov. Ag tnv ovoudcouue copyodd. Ta Stactrigato Yo TTe0cd1001-
covTal agto iterators.

Av emidugovue va avtiypdypovue kdde devtepo GTolyelo Tou container a GTov
container b, yetd tnv 6ydon 9€on tov, da mEETTEL VA LITOQOVUE VAL YRAOUUE
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copyodd(a.cbegin(), a.cend(), std::next(b.begin(), 8));

Ac ypdwpouue tn guvdptnon. Oa SéyxeTon TEELS iterators:

e o1 3Vo TErTOL Yo opltouv €va SidoTnua GTov aylkd container: n 9éon JTov
delyvel o TEWTOC Yemwpeltal mg agyn eva o deVtepog delyvel oe wia d€on uetd To
TENOG TOU SLOGTALOTOS TTOU Lo evilagpépet. Ot iterators avtol dev Yo uiropovv
VO TROTJTOTTONGOUV Ta GTOolelol TOV container Gtov ogtolo delyvouv. Ag Toug
ovoudoouue begl, endl.

e 0 TQlTOG iterator, £6Tw beg2, Ya Seiyver e dAAo container, ge 9€on oL Yau
Yewpeltan ws n agyn. Xtov devtepo container da ylvetor n aviyeo@n Twv
gtoyelwv. Aev ypewdcetanl va oplgovue TO TEAOS TOU SLOGTAUOTOS EEQouue
aTtd Toug dVo TEOTOUC iterators akEPWS TOGO GTolyelo Yo avTiyedipouue.
Oewpovue BEPata OTL eTTaEKOVV oL Yéaelg Tov aroAovdolv To beg2 yio 0Geg
TWwES Ya aviypdypouye.

Kadwgc n guvdptnon el vo epouotetor yio iterators 8o Ttidavag Siopo-
QETIKWV containers, TEETEL va ypapel wg template pue V0 TAQAUETEOVS YLl TOUG
TUTTOUG TV iterators: ou Vo TTEMTOL iterators Yo £xouv Kowd TUTTO Kol 0 TEITOS K-
Totov dAAo. H guvdptnon de ypetdeton va emmateépet tirtote. Emrouévmg, n Snidwon
ng sivatl

template<typename Iterator1, typename Iterator2>
void copyodd(Iterator1l begl, Iteratorl endil, Iterator2 beg2);

Mo TTEAOTN AITOTELRA VO, YRAAPOUUE TOV OQLGUO TNG GUVAQTNGNS glval

template<typename Iterator1, typename Iterator2>
void copyodd(Iterator1l begl, Iteratori endi1, Iterator2 beg2)
{
while (begl < endl) {
xbeg2 = xbegil;
if (begl == endl - 1) {
break;
}
begl+=2;
++beg2;
}
}

IMopatnenaote O0TL Sev opigetan iterator uetd to end() evog container omdTe ITEE-
TEL Vo unv petakncovue tov begl oe t€tola déon. IIpocEEte ATl n eTAOYyR Tng
uetakivnong tov iterator begl ue Tov teAeaTn +=’, n GUYKELGN TOV pe Tov endl xenat-
LOTTOL®WVTAS TOV TEAEGTA <’ KO N apalpecn akEQaov agto tov endl Log VITOYEEDVEL
va dempovue 0Tl 0 TUTTOS Twv begl, endl elvar iterator Tuyalag TTEOGTIEAAGNG.
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O beg2 astauteliton va €ivol TOUAAXLGTOV iterator €080V, KODMS YENGULOTTOLOVUE
udVo TNV eKYOENCN TWNS UEG® AVTOV Kal, AUEGHOS UETA, TNV TTEOMINGH Tou KATd
wa Y€on.

"Evag dAAOG TROTTOS Vo ypdpouue tTn GuvdeTnoen eival o €ENg

#include <iterator>

template<typename Iterator1, typename Iterator2>
void copyodd(Iterator1 begl, Iteratori endl, Iterator2 beg2)
{
while (begl != endl) {
xbeg2 = xbegil;
if (std::next(begl) == endl) {
break;
}
std: :advance(begl, 2);
++beg?2;
}
}

IMopatnenate 4t n TRowIncn Ttov iterator begl katd Vo JEaoelg yiveton xenowo-
TOLWVTAS Tn cuvdetnon std: :advance(). Emiong, o €\eyyog av o (Siog iterator
elvaw evtdc Tov SacTiRpatog yivetow begl !'= endl. Me avtég Tic €TMAOYES apKel
va givan o begl iterator eigédov.

[Tpocéste Tl Adyw TNG GUYKEKEWEVNGS GUYKQLGNS Tov begl pe to TéA0g Tou Sta-
GTAUOTOG, TIRETIEL VO EAEYXOVUE UNTTOS AUTOC SETTEQATGEL TO TEAOG, TIOV TOV UETOTO-
Ticovue Katd dvo Yéaers. Av elvon uio déon TV TO TEAOG TTEETTEL vaL SLakOWPoLUE
v emavdAnyn. ‘Eyovue 600 SuvatdTnteg yia va To KAvouue auTo:

e va eAéyyovue av begl == std::prev(endl).
e va eléyyovue av std: :next(begl) == endl.

H ypnrion tng std: :prev() agtartel to endl (dpa kow to begl) va elvan iterator
dutng katevduvong. EmiAéydnke n std: 1next () kadwg apkeltal ce iterator wovig
rateduvong.

YuvopltovTag, N GUVAQRTNON GTNV TOEWN TS ekdoyxn amoutel o TvITog Iteratorl
va elval iterator povig katevduveng TouAdylGTov, Kow 0 TUTToG Iterator2 va eivan
iterator €£6060V N emOUEVOS GTNV LeQaE)LOL.

EVaAAOKTIKA, WItopovue Vo yodpouue tTn GuVAQTNONn wg €ENG

template<typename Iterator1l, typename Iterator2»>
void copyodd(Iteratori begl, Iteratori endi, Iterator2 beg2)
{
while (begl != endl) {
xbeg2 = xbegl;
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++begl;

if (begl == endl) {
break;

}

xbegl ;

++begl;

++beg?2;

}
}

Me Tn véa woEen, n amoitnen yio Tov TUIto Twv begl, endl €xel yalopwaoel: apkel
va etvan iterator e1gddov. IIpocegte OTL xpeldaTnke va Kdvovue d00 TTROMINGELS TOU
begl kou evlidueca wio avdyvoon TWAS GTo GTolyelo Tov delyvel avTog.

10.7 Emidoyn cuvdetnoeng ue fden tnv katnyoeia iterator

Ov GUYKEKQEWEVEG €KBOXES TNG GUVAQETNONG TTOV TTAROVGLAGTNKAV GTO ITaQd-
deryua Tuyailver va unv Slu@EQouv Ge TaXVTNTO EKTEAEGNS N GE OTTALTRGELS WWAUNG.
TFevikd ouwg, ol Stdgopeg katnyopleg iterators emMPAAAOUV N ETILTEETTOVY TN XENGN
aAYOEWIL®Y e SLOLPOQETIKA YOQOKTNELGTIKA Kol £TTLOOGELS. AVAAOYO (e TRV KOTN-
yopla Twv iterators Jtov da YENGWOITOMGOVUE KATA TNV KANGN TG GUVAQTNGNG,
P€lovue va ekueTAMEVOLOGTE TNV AvTiGTOyN ekdoXN TnG. AVTd yiveTal we €ENG:

Q¢ TEWTO PAULO, GUUTTANEWVOUUE TO OQIGUATO TNG GUVAQRTNONG G KAde ekdoyn
ue €va akouaL:

e 1 exkdoxn Tng GuvdeTnong yua iterators tuyalog TTEocTEAAGNS Ja SExeTOL Lol
TT0GOTNTO TUTOV std: : random_access_iterator_tag,

e 1 ekdoyn Tng GuvdeTnong ywo iterators wovig katevduvong Yo déxeton o
TocoTnTa TUTOL std: : forward_iterator_tag,

e 1 Backin ekdOYN TNG GUVAQETNGNG Yo iterators elGodov Ja SExeTAL Ua TT0GO-
Tnto TOTTov std: :input_iterator_tag.

IMopadéTouue OAeS TIS EKSOYES (e TNV TEOTTOTIOINGN QUTA TTOQUKAT®:

#include <iterator>
template<typename Iterator1, typename Iterator2»
void copyodd(Iteratorl begl, Iteratorl endil, Iterator2 beg2,
std: :random_access_iterator_tag name)
{
while (begl < endl) {
xbeg2 = xbegl;
if (begl == endl - 1) {
break;
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begl+=2;
++beg?;

template<typename Iterator1, typename Iterator2>
void copyodd(Iterator1 begl, Iteratori endil, Iterator2 beg2,
std:: forward_iterator_tag name)
{
while (begl != endl) {
xbeg2 = xbegil;
if (std::next(begl) == endl) {
break;
}
std: :advance(begl, 2);
++beg?2;

template<typename Iterator1, typename Iterator2>
void copyodd(Iteratori begl, Iteratori endi, Iterator2 beg2,
std: :input_iterator_tag name)
{
while (begl != endl) {
xbeg2 = xbegl;
++begl;
if (begl == endl) {
break;
}
xbegl ;
++begl;
++beg?2;
}
}

Ou JropaTtdve cuvaptnoels elvar egeldikevaels (§7.11.1) evog yevikdtepov template
yua Ty copyodd (stov Sev €xer yoapel kadwg dev da yonowooindel wote). ‘OTmg
avapépaue 6To §7.2, LTTOROVUE VA TTAQAAENPOVUE TO GVOUO TOU ETILITAEOV 0QIGUATOG,
KOD®OG aVTO Sev YENOWOTIOLETAL GTO GAOUO TOV GUVOQTAGEMV.

Qg devTEEO PrAUO, GUUITANE®VOLUE TOV KWOWKA UE GUVAQRTNGN TTOU £XEL WS 0QL-
ouata Toug Teels iterators. Kadwg Stapépel 6To TAMYoC Twv 0ploudtov KQATtd TO
{dlo dvouo e to template TOL yedwaue. X AUTA Th GUVAQTNGN YIVETOL N €ITLAOYR
TNG KATAAMNANG Ee1dikeVoNG:
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#include <iterator»>

template<typename Iterator1, typename Iterator2»>

void copyodd(Iterator1 begl, Iteratori endi, Iterator2 beg2)

{
typename std::iterator_traits<Iteratoril>::iterator_category a;
return copyodd(begl,endi, beg2,a);

}

ITA€ov, n kMion tng copyodd() ue TEELS iterators €TAEYEL TNV KATAAMNAOTEQN €K-
Soyn®, Tov DewENTIKA elval PEATIGTOTTOINUEVI YI0L GUYKEKQLUEVI, KATIyoQlal iterator.

10.8 Iterator e eveomUATOUEVO ditdvocua

Ac avapepdel €d® OTL yLaL TO EVEOUATOUEVO SLAVOGULATA—TTAQOAO TToU SeV £Xx0UV
OAOL TOL XOEOKTNELOTIKA TV containers—uitopovue va YENOYOTIOIMGOUUE TOUS GU-
videlg delkteg yia va oplGovpe «SlGTALATO» iterators, 0TtV XEELALOVTOL TETOLA.

"Ecto 6TL £xovue €va evemuatouévo didvucua 5 gtotyelov ue dvopa a. Ouundelite
(§2.19) 6T o Gvoua evog SLavOGUATOC €lvol KoL SEKTNG GTO TTEMTO GTOLXED TOU
eve n TEocdecn evog akeEAIOV N GE AUTO TO GVOUO LWOS UETAPEQEL N FEGELS UETAL.
"Eta, to a elvan Seiktng 6To a[@] evd To a+5 delyvel ge uia Féon uetd to TeEAevTOLO
agTowelo (TTov etvarl To a[4]).

Ou Seikteg a, a+b uIropovv va yenciuoitomdovv dmov xeetdcovtal dvo iterators
TOV VO «delYvouv» GTNV oy ko Ge pia d€on petd 1o TEAOS GTO EVOOUATOUEVO
Sudvuoua a. Ov Guykekpuévol iterators elvar Tuyalag TteocméAacong. Evallaktikd,
YLl TRV JTTOQAYOYA TOV GUYKEKQUWEV®V iterators UIToQOVUE VO XENGLLOTIONGOVUE TIS
GuVORTNCELS std: :begin() kou std: :end() ue dploua To Gvoud TOL SLAVUGULATOG.
Avtég Ttapéyovton amd to header <iterator> (kat agtd ITOAAOUG dAAoUG). Eivan
TIEOTWOTEQN N YENGON TOUGS EVOVTL TOV SEKTWV AEYNS Kl TEAOUG.

10.9 Ilpocaguoyeic ywa iterators

10.9.1 AvdcTto@ot iterators

Yardpyxer epiTttoaon va xeelaoTovue €va iterator TTov va wItoel vo SlaTteegel £va
container avdoTEo@a, AItd TO TEAEUTOLO GTOLEIO TTEOS TO TEWTO, e TV (Sial gv-
xonatia TTov €xouv ol iterators «0RONG QoEdc» Tov £xouvue ava@Epel. Ol avAGTEOPOL
iterators ITEOKVTITOUV UE TTEOGAQUOYN T®V AITA®V iterators kai, OTTwS avtol, Sia-
KEIVOVTOL AVAAOYQ LE TO OV ETTLTEETTOVV N YL TNV TEOITOITONGN T®WV GTOLXEIWV GTA
oot «delyvouv». OL TUTTOL TETOLWV iterators, Tr.x. yia €va std: :vector<double>,
etvan

SMmopeite va To eAéyEeTE av kdde ekSoXA TUTIWVEL KATAAANAO Wivuga, Gty 09évn Katd Ty KA
Tng.
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std: :vector<double> : :reverse_iterator
KOl
std: :vector<double>: :const_reverse_iterator

QVTIGTOLYO.

Kdde container stov €xel iterators SLTANG KaTeDHUVONGS N TTO YEVIKOUS TTOQEYEL
KOl avdoTEo@oug iterators. TéTolol containers ITOREXOVV GUVOQTIGEIG-UEAN YO TOV
TEOGOLOELGUO AEYIKOU KAl TEMKOU avdGTQOQOU iterator:

¢ O guvapTnoels-ueAn rbegin() kot rend() €mGTEEPOUVV AVAGTQOEO iterator
(reverse_iterator) Gto Tedevtaio GTolyelo kow Ge uia Yéon TTELY TO TTEWTO
GTOLYELO AVTIGTOLYAL.

e Oicrbegin() kow crend() €TGTEEPOVV AVAGTEOPO iterator ge gTadeQd GToL-
xelo (const_reverse_iterator) gto tedevtaio Gtotyelo ko Ge uia 9éan v
TO JTPWTO GTOLYELO OVTIGTOLYO.

ITpoGéETe OTL Ol TEAEGTES ++, ——, dTaV SoVV GE AvAGTEOEO iterator (e gtodepd
oToyelo 1 OxL), TOv UeTAKIVOUV Ge wia Y€on sTpog Tnv agyr N JTpog To TEAOS TOU
container ovtiGToLyd.

Iaeddetyua

"Eoto 011 9€lovue va Tumwcovue atnv odovn to gTolyelo €vog container TU-
Tov std: : vector <double> ue dvoua v, ue avticTpopn Gelpd. Mitopolue va To
KAVOLUE UE TOV KMOIKO

for (auto it = v.crbegin(); it != v.crend(); ++it) {
std::cout << *xit << '\n';

}

O it elvon TOTTOUL std: : vector<double> : :const_reverse_iterator.

10.9.2 Iterators Qong

Mo pon €16080v TToUV €)xel Guvdedel ue apxelo N ue To TANKTEOAGYLo (SnAadn
ue to standard input, std::cin, TOU TIEOYQAUUOTOS) WITOQEL VO TTQOGOQUOGTEL GE
iterator eLlGO80V OGTE VO WITOEOVUE VAL T XEWRLGTOUUE OTIWS KAde akoAovdia Tuwv,
7). ue €va alyoprduo tng Standard Library. Kadog omtoloadngtote iterator «Selyvel»
GE GTOLXELOL GUYKEKQLUEVOL TUTTOV Jal TTEETTEL N QON VAL TTEQLEXEL TOV (510 TUTTO TYMV.

"Evag iterator eigé8ov 110U GUVOEeTAL ue TO std::cin kow usoel va diafdoel
OKEQOLES TIWES OTTO AUTO, TTAQAYETOL WG EENG:

std::istream_iterator<int> a{std::cin};
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O a elvan iterator eigéddov, GTnv «aEyn» tov std::cin. H uetokivnen touv otnv
emwéuevn 9éon yivetar ue Tov TEAEGTH ++ Kow n TTEOGROGN GTNV TWA UE TOV TEAEGTH
ER

'Ontwg Ya dovue 610 KepdAawo 12, ae €éva alyoprduo tng Standard Library ypeta-
couacTe iterator aEyns kot TEAOULG Yo To elELoud wag akolovdiog twwv. O iterator
TOV AVTUITROGMITEVEL TO «TEAOGS» (ETTOUEVN Téon aIrd Tnv TeEAevTOlol TWNR) OTTOLOG-

dngrote EONG €1GA30V AKEQRAIWV TW®V SNA®VETAL WG EENG:

std::istream_iterator<int> b{};

IMapeddetyua

"Ectw 611 9€Aovue va feovue To dYQOoLGUO TV TTRAYLATIKMV 0QUIUOV TToU Tre-
QLEYOVTOL GTO OXEl0 ue dvouo data. Mitogovue va yedouue Tov K®OSKO

std::ifstream in{"data"};
std: :istream_iterator<double> beg{in}, end{};
double s{0.0};
for (auto it = beg; it != end; ++it) {
S += xit;

Ye avtioTolylo pue Toug iterators ge Qon €LlGO80v, LTTOEOVUE VO 0QIGOVUE iterators
cuvdedeuévoug ue apyelo ywa eyypaen n ue to std: :cout. ‘Etat, av to aviikeluevo
out €xel cuvdedel ue apyelo TEAYLATIKOVY apuuwyv, n SnAwaen

std: :ostream_iterator<double> beg{out, " "};

dnwovyel €va iterator €£080v we ovoua beg oL UITOEEL VAL YEAWEL TTOOYUATIKES
TWES GTn Eon out. OTTOLASNITOTE EKYWENGN TWUNS GTO *xbeg (1 kAl GTo (Slo To beg) ue-
TOPEQREL TNV TWH GTO 0RXELD. AKOAOVIWES EKTUTIOVEL TN GELRA XORAKTIE®VY (BnAadn,
YXOQAKTNRES EVTOC SUITA®V ELGOYMYIK®V) TTOV ITTROGOL0QIGOUE KATA Tn dnyutovyla
Tov beg, ko petarwveltar gtnv emduevn Y€on. H dpdon tov tedeatn ++° Ge iterator
€€080v elval eTLTEETITN AAAD SeV TTEOKAAEL UETAKIVAGN: GTNV TIROYULATIKOTNTO deV
Kdvel TlIwote.

Mgtopovue va JTTaQaAelpovue vo TEoGdlopicovue Katd Tn Snutoveylio Tov iterator
TN GePA YOQOKTAE®V TIoU Ja «GUUITANQWVEL TIS TWES TTOV Ja TUTTOVOVTAL. X€
TETOLL TTERITTTOON dev Yo Sroyweitovton SLadoyIKES ERTUTTWGELS.

Ouv mpocapuoyelc std::istream_iterator<> ko std::ostream_iterator«<>
Tapéxovtor agto To header <iterator>.

10.9.3 Iterators €lcaymyng

Avagépaue 0TL n dpdon Touv TeAeaTn *° ge €va iterator a diver mwEocPBacn Gtn
P€on mov delyvel avtdc. Av avTtdg elvon iterator €£080v 1 TTOUEVOS GTNV LeQaE)i,

Sion n TawTéYEOVIL aVAyvRGn TWAS ATt Th ot
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ugtogovue va aAlddgovye tnv TWR Tng JEoNng Ue ekY®OENCN TNG VEAS TUNG GTO *a.
YTrdpyxer mepimTmaon, edikd KATA Tn xenon Tov ailyopuwnv mwov da dovue oto Ke-
@dlaro 12, va embuyolue eicaywyn véouv GToryelov Kl Ol TEOITOTTOINGN VITAQ)O-
VTOG KATA TV ekywEnon TWNGS ucw iterator. ' avutd 1o 6kottd n Standard Library
TaEEXEL GTO <iterator> to std::insert_iterator <>, éva vmddeyua iterator ££06-
80v TTOV GUVSEETAL e GUYKEKQWWEVO container KoL GUYKEKQWEVN JE€on Ge avTOV.
H exyodoenon TWng uécw oVTOU TOU iterator TTROKOAEl £LGOY®WYR GTOLYEIOL GTOV
container. H SnAdmwon kot n xpnon touv @oivetol GTov akOA0LYO0 KOSKL:

std::vector<int> v; // empty vector
v.reserve(10);

std::insert_iterator<std::vector<inty>> iend{v,v.end()};
xiend = 1; // v is {1}

++iend;

xiend = 2; // v is {1, 2}
++iend;

xiend = 3; // v is {1, 2, 3}
++iend;

std::insert_iterator<std::vector<int>> ibeg{v,v.begin()};
xibeg = -1, // v is {-1, 1, 2, 3}

++ibeg;

xibeg = -2; // v is {-1, -2, 1, 2, 3}

++ibeg;

I[Mopatnenate OTL N TEAOTN EIGAYWYNR GTOElOV Ue Tn YERon Tou ibeg yivetal GgTnv
apxn tov v. H etcaywyn tou emduevou GTotyeiov UEGw Tov ibeg yivetal aTnv auEécws
emrouevn d€on kaw Oyt T TNV )i, 0TtHg Ja avéueve kavels. To ibeg €xel guvdedel
ue ouykekeuwévn déon uvaung (awtn Jtov €8eyve 1o v.begin() Katd TOV 0QLGUO
TOU ibeg) KoL €XEL TEOXWENGEL [LE TNV TEWTN XENON TOU GTnv erouevn déon amd
QUTN.

Onwg Yo avagpépovue gto Kepdlawo 11, n eigayoyn ctotgelov Ge container
UITOEEL VO TTROKAAEGEL TN UETOKIVIGN KATIOL®V N OA®V TOV GTOLXElwV Tov. Xe TETola
TEQITMTWON, Ol iterators GTo GTOLXElDL AKVEWVOVTAL, TTOOVV va delyvouv GTig JEaelg
ue 1§ oTroleg elyav guvdedel KO GUVETTMOG SeV ETLTEETIETAL VO yenatpototndoiv. Xto
GUYKEKQWEVO TTOQASELyUa £Yve YERon tTng guvdetnonc—ueéAovg reserve( ) n ogroia
deouevel kATTOlEG GuVEXOUEVES TEGELS LYAUNG YOl TNV ETTEKTOGN TOL V. Me auTd Tov
TEOTIO €EQGPAAIGAUE OTL OL ELGAYWYES TOV AMywV GTOLXElWV TOV TTapadelyLatog dev
Ya eokaAEcouv uetakivnon Tou vector e AAAO TUAWA WVAUNG.

H cuvdgptnon std: :inserter () tov <iterator> maéxel £va eUkoAO TEOTO YL
va Snulovgyncouue €va insert_ iterator MGTE VO AVOQPEQETOL GE GUYKEKRQWEVN J€an
€VOg container. Aéyetonr wg oplouata €va container kot €va iterator ge aVTOV Ko
ETMGTEEPEL €va KOTAAANAO insert iterator:
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std:
auto

std:
it =

Iterators

:vector<int> v;

it = std::inserter(v,v.begin());

:vector<int> c;

std::inserter(c, c.end());

O std::insert_iterator<> kol n cuvdgtnon std::inserter() usogovv va
yonowomondov yio GAOUS TOUG containers JTOV TOREXOVV TN GUVAQRTNGN-UEAOS
insert(). Omwe Ya dovue gto KepdAaro 11, n insert() moapéxetal agtd OAoUg Tov
containers ektog aIrd To std: :array<> ko To std: : forward_list<s.

H Standard Library stopéyer 0o akdua insert iterators ue tig fondntikég G-
VOQTAGELS TOVGS GTO <iterator>:

O std::back_insert_iterator <> SnA®veTal OTTWS GTOV TTOQOKAT® KMOSIKA

std: :vector<int> v;
std: :back_insert_iterator<std: :vector<int>> b{v};

H exyodenon Twng W€cm autov, elgdyel véo atolyelo GTo TEAOG Tov container
GTOV OJTO(0 OVOPEQETAL, UE TNV KAMGN TNG GuvdeTnong-wéAovg push_back ()
Tou container. Mitopel va yonowomowndel yio 0Goug containers ItaQEXOUV
TéTow guvdeTnon-uéAog, dnAadn toug std::vector<»>, std::deque<> Ko
std::list<>.

H cuvdetnon std: :back_inserter() ue oQwoua €va OItd TOUS ITTAQOTTAV®
containers Snuovgyel €va katdAAnAo back insert iterator:

std: :vector<int> v;
auto it = std::back_inserter(v);

O std:: front_insert_iterator <> SnA@vetal OTTOS GTOV TAQOKAT® KMOSIKA

std::list<int> c;
std::front_insert_iterator<std::list<int>> b{c};

H exyopnon tung u€cw auvtol eigdyel VEo GTolyelo GTny aEyn Tov container
GTOV OTTOL0 AVOPEQRETAL, UE TNV KANGN TG GUVAQTNONG-UEAOUS push_front ()
Tovu container. Mmopel va xenowostoindel yio 6Goug containers JtoQEXOVV T
GUYKEKRQWEVN GuvdeTnon-uéAog, dndadn toug std::deque<>, std::list<>
rot std: : forward_list<>.

H cuvdptnon std:: front_inserter () ye oQwopa €vo aItd TOUS TTOQATTAV®
containers Snuovyel €va katdAAnAo front insert iterator:

std: :list<int> c;
auto it = std::front_inserter(c);

Ou iterators €LGOYWYNGS TTOQOVGLALOVV LELOLTEEN XENGILOTRTO GTOUS AAYOQLIULOUS
Tov Taeéxel n Standard Library (KepdAoo 12).
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10.9.4 Iterators petokivnong

O std: :move_iterator touv <iterator> elvol ITTROGAEUOYENS YO OTTOLOSNITOTE
iterator e.6OS0V N ETTOUEVOL GTNV LEQAQXIO. ZVUITEQLPEQPETAL AKEPOS OTTWS O iterator
TIOL TTEOGAEUOTEL Ue udvn StapoEd OTL N AVAYVOGN TS OTTO0 VTOV ueTarivel (Kou
dev aviypdeel) Ty Tun Gty ool Selyvel.

YTOV TTOQEAKATOD KOSKA

#include <vector»>
#include <iterator>
#include <iostream>

int main()
{
using cntr = std::vector<std: :vector<int>>;
entr a(5, {1,2,3});
entr b(5);
std: :cout <« sizes of a before:
for (const auto & x: a) {
std::cout << x.size() <<

7

1 LI
7

std: :cout << "\b\n";
std: :cout << " sizes of b before: ";
for (const auto & x: b) {
std::cout << x.size() << ' ';
}
std::cout << "\b\n";
std: :move_iterator<cntr::iterator> beg{a.begin()};
std: :move_iterator<cntr::iterator> end{a.end()};
auto bit = b.begin();

for (auto ait = beg; ait != end; ++ait) {
xbit = xait;
++bit;

}

std: :cout <« sizes of a after: ";
for (const auto & x: a) {
std::cout << x.size() << ' ';

std: :cout << "\b\n";

std::cout << " sizes of b after:

for (const auto & x: b) {
std::cout << x.size() <<

",
4

std: :cout << "\b\n";
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}

7o dudvuoua a €xel 5 Y€oels. H kdde wa agtotedelton amd Eva Sidvucuo akepaimv ue
aExkn ekywenon Towwv apunv. To (Gto woyvel kaw yo To didvucua b uévo TT0UL GE
avTo Sev €yxovue ekywenon Twov. Ta emiPefarwvouue pe ekTUTTOGN TOV TARTFOUG TV
otolelwv kade déong ota a,b. Katdm, wpocapudcovue Toug iterators aQxng Ko
TEAOVG TOL a dSnuovEYwVvTag iterators uetakivnong. Katd tnv emtakoAovdn ekyopnon
TWOV aItd To didvucua a 6to didvucuo b U€cw avToV, yiveTol n UETAKIVAGN TOV
otolyelwv Tov a 6t1o b. To emiPePfar@vouye ye TNV €KTUTTOON TOL TANTOUGS TwWV
oToyelwv kdde Yéong ata Sravicuata a,b. To a TALoV wiropel WOVo va KATAGTEAPEL
N v Tou ekywEndoUv KATAAANAES TWES Ue UeTakivnon Ge auTo.

Yyetikn fondntikn guvdetnon eivor n std: :make_move_iterator () Jtov TTOQE-
xeTow amod To <iterator>. Autn S€xetan €va iterator Ko ETLGTEEPEL TOV KATAAANAO
move_iterator. 'E1Gl, GTov Ttoonyovuevo kwdwka, n Snutoveyla tov beg, end da
UITOQOVGE VO YIVEL UE TIG EVTOAES

auto beg = std::make_move_iterator(a.begin());
auto end = std::make_move_iterator(a.end());

Kaw ot iterators uetakivnong mapouvctdcouy W8ialtepn xenGwoTNTo GTOUS OAYO-
ewWuoug TToV TTaRéXel n Standard Library (KegdAowo 12).
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10.10 Aocxknoeig

1. Todwte cuvdptnon mov Ja dExetar dvo iterators beg, end kow Ja eTMGTEEPEL
iterator GTo WKEOTEQO GTOLKElD (L GTO TEAEVTALO ATTO T ULKEOTEQA GTOLYELD)
oTo SidoTnpa JTou 0pIcouv avTol: aItd To beg £€wg wia don TEW TO end.
YUUTTANQ®OGTE ETTOUEVHOS TOV KOSIKA

template<typename Iterator>
Iterator minelement(Iterator beg, Iterator end)

Ou iterators va givow 660 L0 JeueMdSOUVE TUITTOV UTTOQRELTE.

2. Tedwte cuvdptnon Jtov da dExetan Vo iterators wovig katevduvong, beg kot
end, kouw Jo eAéyxel av Ta GToEld GTO didoTnUa JTOV 0QICovV avTtol (ATTd
70 beg €w¢ wia Yéon grEv TO end) eivor TagvounuEva amd To UKEOTEQO GTO
ueyoA)TEQO. B0 eTTLGTEEPEL AOYIKA TN, ZUUWITANQWGTE ETOUEVHOS TOV KOSIKA

template<typename Iterator>
bool is_sorted(Iterator beg, Iterator end)

{}

3. Tedwte cuvdptnon TTov Ja déxeton Vo iterators STTANG kateYuveng beg ko
end, ko da avacTEEPEL T GERA TV GToElWY Tou StacTnuatog [beg.end).

4. Tedwte guvdptnon Tov Ja d€yeTan TEELS iterators: ol Svo TTe®TOoL, begl, endl da
oplcouv wo akoAoLIO TTEAYUATIKAOV aEWuwV KAl 0 TelTog, beg2, da TTR0G510-
pltel tnv apyn dAAng akolovdiogs Teayuatikov apunv. H cuvdotnon va emt-
GTEEPEL TO EGWTEQLKO YWOUEVO TV V0 akoAovhwv (BnAadn to Y, aif;). Oc-
®WENGTE OTL VTTAQEYOVV UeTd To beg2 TovAdylgtov 6ca Gtotyela gto [begl,endl).

5. Tedwte cuvdptnon sov da S€xetaw Svo iterators SiTTANG katevduvong beg
ko end, kot Jo Tagvouel aItd TO WKQEOTEQRO GTO UEYOAVTEQO TA GTOLXElDL TOU
Sraotiuatog [beg,end). Na xonoosotneete tov alyopiduo tagivounong bubble
sort (§B".2.1).

6. Todwte Guvdptnon TTov va SExeTaL TEELS iterators:

e 500 (6lov TUTTOL Ue ovouata begl, endl TTov Ya opitouvv €va SideTnua
[begl,endl) kot

e ¢vog Teltog ue ovoua beg2, mdavaog StapopeTikol TVITOV AITd Toug begl,
endl. Autog da Selyver aTnv 0pxn KAITOLOV SLAGTARATOG.

H cuvdptnon va eléyxel av ta atotxeio ato ddotnua [begl,endl) elvan (o
ue tTa avtioTtolya GTolxeld GTo SidoTnua TTov 0E)icel attd to beg2. Av oA
elvaw (0a, vo eTOTEEPEL true, OAM®S va eTGTEEPEL false. OewENncote OTL
VTAEYoVV uetd To beg2 TovAdyleTov 0Ga Gtolela Gto [begl,endl).
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10.

Iterators

TFpdwte GuvdeTnon Tov va S€eToL TEELS iterators:

e V0 (6lov TUTTOVL ue ovduata begl, endl Tov Ya opitouvv €va SidoTnua
[begl,endl) kot

e ¢vag Toltog ue dvoua beg2, mdavaig StapopeTikol TUITOV aItd Toug begl,
endl. Autog da Selyver gTnv 0PN KAITOLOV SLAGTARATOGC.

H ocvuvdptnon da aviypdeel to ctoyela touv dwactnuatog [beglendl) oto
didotnua 0V EEKvA e To beg2. OewEnate dTL VTTAEYOVV UeTd To beg2 Tou-
AdyroTov 6ca gtotyelo gto [begl,endl).

YAogtomate tov alyopuduo quicksort (§B'.2.3), wote va tagvouel amd to ui-
KEOTEQRO GTO UeyaATeEQO To GTolxelon wag akolovdiog uetagd Svo iterators
beg, end.

TFpdwte cuvdptnon mov da d€yetan dvo iterators beg, end ce ulo akolovdia
aképaumv apuiuwv. No eAéyxel av To un Wndevikd GToxeld TOU SLUGTALATOS
[beg,end) eupavicovton To kadéva wio wovo @oQd.

ONovue vo ypdapouue GUVAQTNGN TTOV VO SEXETOL

e Jvo iterators begl, endl wwov opictovv Sidcotnua Ge €va container,

e ¢va dAMo iterator beg2 e dAAo container, THAVOS SLoPOEETIKOV TUTTOV.

H cvuykekpuévn guvdptnon da aviypdeel OAa To gTolyelo Tou SLUGTALATOS
[begl,endl) ce Swadoywkegs Y€ceic amd to beg2 kar uetd. Av evroTicer oud-
dec lowv kal Stadoyikdv ctolyelwv Yo TTAQAAETEL KATA TNV avTyQa@r oA
To gToyElol TNG ouddag €KTOC agtd To TEWTO. ETaTeépel iterator Gto VvEo
container, GTnv TwEOTN Y€on Uetd To TeEAgvTaio GTotyelo Tov €xel yoapTel. O-
WENGTE OTL €TTOEKOVV oL JEGels uetd To beg2 yio 6Go. GTOLEl0l AVTLYQROPOUV.
Emouévmg, GUUITANQ®GTE TOV KOSIKO

template<typename Iteratori1, typename Iterator2>
Iterator2

uniqg(Iterator1 begl, Iterator1 endi1, Iterator2 beg2)
{

}

Katdmv, Snutovpynaote éva std: : vector <int> kou astodnkeote ge aVTO TOUG
apuuovg 1,6,6,5,2,2,2,8,9,9,8,9,7,0,1,1. KaAéote tn cuvdetnon ov yed-
POTE YLOL VO AVTLYQAWPETE TA LOVASIKA GTOLXElDL TOUV Ge AAAO container. O véog
container gpémel va €xel Tig Tweés 1,6,5,2,8,9,8,9,7,0, 1.

MgtoQeite va. TQOITTOTTOINGETE TO TTEOYQEOUUA GG WGTE va TiRocTidevton Ta
ogtoyela ae véeg J€aels uetd to beg2;
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11.

12.

13.

TFpdwte cuvdetnon Ttov da S€xetan 1€aaeLs iterators. Ot dvo TEMTOL, begl,
endl, da €xovv Bro TOTTO KO da opicouvv €va dudotnua [beglendl) ce wa
akoAovdia eigodov. Ov dAAol dvo, beg2, end2, da €xouv (Glo TUTO, (CwS Sto-
(POQEETIKO AITO TOV TUTTO TOV TIEMTOL {eVYous, kaw da oplcouv €va StdaTnua
[beg2,end2) ce dAAn axoAovdia eigddov. Ou iterators vo eivar TOLAALGTOV
wovng katevduvong. H guvdptnon da emoteépel 1o TART0C TV KOW®OV GToL-
yelwv atig Vo akolovdies. ITpoaéEte va Aaupdvete vIToWn uia Yoed Ta GTOol-
¥elo Tov eTaAvaAaUPAvovTaL.

XENGWOITOINGTE T GUVAQTNGN TTOV YRdaATe yia va Beelte TtoGol aprduot eltval
rowol atic akolovdies {2,2,3,4,4,2,5,6,7} v {9,8,7,6,4,2,5,4,3,2,1,2,4}.

Agtavtnon: giva 6, ot {2,3,4,5,6,7}.

TFpdwyte Guvdetnon pe tnv akolovdn Sniwon:

template<typename ForwardIterator, typename Size, typename Type>
ForwardIterator
locate(ForwardIterator beg, ForwardIterator end, Size n,

Type const & value);

H cuvdetnon cag da evtoTtigel tnv TpdTn eu@dvicn tng akoAovdiag n So-
doyikawv atowyelwv (cwv pe value, uetagy twv iterators beg,end. Oa eTGTEEPEL
iterator otn J€on TOL TMEWTOV GTOLXEIOV ATTO TNV OUASH TwV N SLASOXKOV
otoyelwv N to end av Sev Peédnke TéTola oudda. ‘OAotL ot iterators elvail Tov-
Adyotov forward iterators.

Amodnkevate T gepd {1,2,2,3,3,3,4,4,5,6,6,6} oe std: :vector<int>.

XENGWOITOINGTE TN GUVAQTNGN TTOV YEAWATE MOGTE VO EVIOTIGETE TNV OKO-
Aovdia {4,4}. Xe qrowa F€on tn Perkate, UETEMOVTAS AITO TRV AQXN;

TFpdwte GuvdeTnon Tov va JEXETOL MG 0RIGULATA

e £vo cevyog aTto iterators e1g0dov, begl, endl, oL opicovv wa Tagivoun-
uévn axkolovdia GToryeiwy.

e ¢va devTepo Cevyog aTto iterators eigddov, beg2, end2, mbavwg drapope-
TikoV TOTov amd ta begl, endl. Ta beg2, end2 opitouvv devtepn Tagivo-
unuévn akolovdia cToryeiwy.

e ¢va iterator €£08ov, beg3.

H cvuvdptnon da avtypdeel oe Y€celg amd to beg3 kot uetd, ta kKowd GTol-
xelo v Staotnudtov [begl,endl) kan [beg2,end2), Statnpadvtag T Gelpd TOUG.
Av kdgtolo gtorgelo epgavicetow ml @oEES GTo TEWTO dStdoTnua KoL m2 GTo
devTeo, va avitypdeovtal ta TEwTa min{ml,m2} amd avtd. Oa emMGTEEPEL
iterator otnv akolovdia €£6dov, aTnv emouevn JEon agtd Tnv TeAevTalo TOV
€xel yoopel. Oewpovue OTL VITAEXOVV 0Ceg VEaelg xpetdcovtal uetd To beg3.

YUUTTANQ®OGTE ETTOUEVHOS TOV KOSIKA
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14.

15.

Iterators

template<typename Inputlteratorl, typename Inputlterator2,
typename Outputlterator>
OutputIterator
f(Inputlterator1 begl, Inputlteratori endi,
Inputlterator2 beg2, Inputlterator2 end2,
Outputlterator beg3)

Na Ydewpncete 011 dV0 GToyelo elvar «lca» Otav kavéva dev elval (KEO-
TeQO aIT0 TO dAAO. AnAadn, un YENGUOTIOWMGETE TOV TEAEGTA ‘== ylo Tn

gUykelon 800 GToElwv a,br n 1GoTNTA Toug va eAEYXETOL UE TOV KOIIKA
I(a<b) && !(b<a).

TFodwte TEOYEaAuUa GTo ottolo Ja dnutovgyelte std: :vector<int> 0L dat
arodnkevouv T aképaueg Tweg {5,5,5,6,7,8,1,2,3,4} kou {11,5,9,7,5,3,3,3}
ovTiGTOL(O. XENGULOTTOGTE TN GUYKEKQWLEVI GUVAQTNON Yid val BEElTE KAl vau
TUTIOGETE GTRV 0Ydvn Ta KOwd GToLxelol TOUG.

TFpdwyte GuvdETnen JTOU VA EVTOTTICEL TNV TTEWTN €u@AvViGn Tng akoAovdiog
ueTaEY Twv iterators first2,last2 gto Sidotnua [firstllastl). H clUykpwon twv
otoyelwv da yivetar pe tov telectn ==. H guvdptnon da emiatoépel iterator
GTNY aEYN TNG TTEMOTNGS eu@dviong N lastl av Sev fpedel n gntovuevn akoAovdio.
O iterators firstl,lastl kou first2,last2 efvow wovng katevduvong.

SUUTTANQ®OGTE ETTOUEVAOS TOV KOSIKA

template<typename ForwardIt1, typename ForwardIt2»>

ForwardIt1

search(ForwardIt1 first1, ForwardItl lasti,
ForwardIt2 first2, ForwardIt2 last2)

{}

XENGWOITONGTE TN GUVAQTNGN TTOV YEAWATE MGTE VO EVIOTIIGETE TNV OKO-
Aovdia {13,12,11} otn cewd {15,14,13,12,11,15, 14, 13,12, 11}.

"Ectw 10 ToAvwvuuo Baduot n,
() = ag + a1z + ang + ot anz™.
[Mopatnencte Ot
ao + a1z + asx® + - + apa” :a0+x(a1+a2w+---+anx”_1> .

Emouévag, av 9écovue g, 1(x) = a1 + asx + - - + a2 !, éyovue

pn(x) =ap + an—l(x)v n>1. (10.1)
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16.

H grponyovuevn gyx€on uitopel va xenaoylototndel yio va VIToAOYIGOUUE TRV TWR
€VOS TOAVWVUUOV Py, (), av yveeicovue Tnv Twn evog AdAAOV, GUYKEKQLWEVOL,
TOAM®VVUOV gn—1(z). TTQopavag, po(z) = ao.

TFpdwte avadpouwkn cuvdetnon mov va S€xetar dvo input iterators stov va
oplcouv €va SldoTnuo Ue TTEAYUATIKA GToleld (TOUG GUVTEAEGTES TOU TTO-
AvoVvOuov), Kol wo Teayuatiki tun x. H cuvdptnon da emieteépel tnv
TWA Tov p,(z) agtd tnv 10.1. Ovclactikd dnAadn da vAottolel Tov kKavova
Horner. XenoyoItoGTe TN ylo VO VTTOAOYIGETE TIS TWES TOU TTOAVWVUULOU
p(r) = 2+ 52 — 6.52% + 4.52% yuo © = 2.3, —7.1, 3.8.

TFpdwte ouvdptnon mov va d€yxeton o akoAovdia aviikewévov n omola da
oplceTon aard dvo iterators, first ko last, (dtov TuITOL. H Guvdptnon da evio-
TiCeL T TEAOTA SV0 (TOVAdYLGTOV) (8ol GTotyela TTOV PEIGKOVTOL GE SLASOXIKES
Véoeig. Oa eTmoTEéPeL iterator GTo TEOTO A avtd. Av dev Bpel (o GTol-
xelo oe Sradoykés FEaelg, va eTGTEEPEL TO last. ZUUTTANQWGTE ETTOUEVWOS TOV
KOS

template<typename Iterator>
Iterator f(Iterator first, Iterator last) { }

Amodnkevote e twég {1,14,3,5,6,7,7,9,12,12,17,12,15,15,15} ce KaATAA-
AnAn std: : forward_list. Xonowwoowwvtog tTn GuvdeTnon TTov yedpaTte, Vo
Boelte OAec TG ouddeg (Slwv GTOLXEIDV KAl VA TUTTWGETE GThV 0ddvn Ge TToles
déaeic e Motog Belokovtal ta (Sto kol Stadoykd GTotxeia.

Ymobeién: T tnv Alota tou §dInke TTopamdve, ov d€aets elvan (5,6), (8,9),
(12,13, 14).






Kepadlaro 11

Containers

11.1 Ewayoyn

Ou containers xENGWOITOLOVVTOL YO TNV OTToONKeLGn Kot Stoyelpion GUAAOY®DV
OTTO AVTIKEUEVOL OTTOLOVONTTOTE TUITOV, KOWoU Oumg yio oAa. Kdbde container €yet
TIAEOVEKTAUOTOL KO UELOVEKTALOTO OTOV GUYKQIVETOW Ue TOUS VITOAOLTTOUS. O Ko
TAAANAOG container, ®GTOGO, VTTEQEXEL GE GUYKQLON e Th WOVASIKA avtiatoyn doun
Ttov Jwoexel n C (kow kKAnpovoundnke gtn C++), TO EVOOUATOUEVO GTOTIKO N Su-
Voo Stdvucua.

‘Ontwg avapépaue 6To KepdAato 5, T0 evomuatouévo dtdvucuo, OTtmg KAnQo-
voundnke amd tm C, umopel va €yel didotaon elte ywwoTR KATA Th UETAYADTTION
elte TEoGdiopLcduevn KATd TNV eKTEAEGN TOV TTEOYEAUUOTOS. MeTd Tn dnwovyia
Tov Jev €xouue OVGLAGTIKA L8lalTteQeS eVUKOAlES GTn dlaxelplon Tov (Y. dev uio-
povue va Teocdécouue GToyEelo avAueGa GTo RO VITAQYOVTA Ue €UKOAO TEAOTO
N va KAVOuue yeriyopn avagntnon). Avtideta, €vo onuavtikd YOQOKTNELOTIKO TV
containers (ektd¢ €vog) elvar 0Tl kKAvouv Suvaulkn diayelpion pwvaung (déousvon/o-
Todéouenvon), Ko WAMGTO auTouata. AVTo Gnuoivel TS YwEIlS Tnv Ttapéupoacn Tov
TIEOYQAUUATIGTH, Ol YEGELS WVAUNG TTOV KATAAAUBAVOUV WITOEOVYV VA AVEAVOUV 1L VOl
UELOVOVTOL MGTE VO XWEOVV T GTOLXElDL TTOU AITOTEAOVV KAde GTiyun Tn GUAAOYN.
Kdarolol containers €ImitQemrouy ye oA aTtAd LiYaviGUo Yo TOV TTQOYQOUUATIGTH,
TNV ELGAYOYR N SLayQOLPN GTOLXEIWV GE 0TTOLOSNTTOTE Gnuelo Toug. AAAoL astodnkev-
OUV TO. GTOLXElDL TOUG UE TETOLO TEOTTO NMGTE N AVOLHTAGN GE QTA VA vl TAYVTOTN.
AVTEG KO AAAES SUVATOTNTES TOUGS LOG SLEVUKOAIVOUV GTO VO TTROGAQUOGOVUE TOUG
containers tng C++ GTIC AVAYKES TOU TTEOYQEAUUATOS LAG.

247
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11.1.1 Koatnyogieg container
Ou containers SlakQEIvovTal GE TEELS YEVIKES KOATNYOQIEG:

e Ou sequence containers (GEWQLOKES GUAAOYEG) elval GUAAOYES OUOEWWV GTOL-
xelwv GTIC oTroleg kADe €va €xel GUYKeEKQEWEVN €O ®GS TTEOS T VITOAOLITAL.
Avti n oyetikn 9€on TEOGSL0QICETAL KATA Ty elgaywyn Kdde GTolxelov Ko
etvaw avegdpTnTn aIrd tny Twn tov. ILy. av cuykevipwaoovue évav apuiud Gtol-
xelwv ae €vav TE€Tolo container TROGIETOVTAS T SLadoykd GTo TEAOG TOV, Ya
astodnkevdolv GTov container Ue Th GUYKEKQEWEVN GERA TTOV ELGRYINGAV.

H Standard Library srepiAapupdvel TéEvie KAAGELS TTOV €lvol sequence containers:
array<>, vector<>, deque<>, forward_list<> kou list<>. EmarAov, o ev-
cOUATOUEVO Stdvucua Kat To std: : string k ustopovv va dewpendovv 4t €xouv
TOLEOUOLOL XORAKTNELOTIKA Ue containers TETOLOV TUITOV KOl VO XENGLLOTTOUN-
Yovv ue TTAEAITANGLO TEOTTO.

e O associative containers (GUAMOYEG GUGYETIONG) elval Ta&vounuéves GUAOYEG
GTIS oToles n Yéon kade gToxelov €£0pTATAL LWAGVO QITO TRV TN TOU KOl TRV
TWR TOV VITOAOWT®V GTOYEIWVY, KOl TTROGOL0QICETOL GUL@®OVO UE KATIOLO KQL-
Tielo tagvouncong. Ilpocéste mwg n avtduatn tagvéuncn JTov yivetal Kotd
TNV ELGAYOYN TV GTolyelwv de onuaivel OTL oL containers AUTAG TNG KATNYO-
elag etvon eldikd oxedacuévor N ot wévol wkavol yio tagvouncn. To onuavtikd
TAEOVEKTRUA EVAVTL TOV sequence containers eival n tayVTNTO GTNV £0EGN
GUYKERQWEVOL GToLelov (e Suadikn avacitnon) kadog n akolovdio Ge av-
ToUg elvan ndn tagvounuévn. EmutAéov, €vag container Jtouv eyyunuévo oIto-
Onkever Tagvounuéva To. GTOLXEld, VITEREXEL EvavTl VOGS sequence container
mov Ya tagvoundel pntd. O compiler dev €xel TEOTO Vo egag@alicer Tl Sev
Ya TeoTroTOICOUUE KATA AdDOC TOV TOagvounuévo sequence container kow
0UTE WITOQOVUE VO SLOTTIGTWGOVUE XWELS VTTOAOYIGTIKO KOGTOS OTL O sequence
container gival OVTwGS TAEWOUNUEVOG.

H Standard Library swaéxel 1€66e01s KAAGELS TTOV €lvon associative containers:
set<>, multiset«<>, map<> row multimap<>.

e Ou unordered associative containers (GUAMOYEC GUGYXETIONG XWQEIC TAEN) ATTO-
Tedov gUvoda atolyelwv xwels kadopiouévn celpd. H 9€on kdde atoryeiov
oe TETOL0 GUAAOYN elval UEV GUYKEKRQEWEVN OAAG UItoQel va. AAAdEEL KATA Thv
ERTENEGN TOV TTEOYQAUUATOS (TT.Y. UETA OTTO ELGOYWYN N SLolyQopr, GTOLXEIWV).
OvuclacTikA €xel vonua va eAEyxouue UWOVO av €vo. GTotyelo VITAQyeL N Oyl Ge
éva, Tétoo container. O €Aeyxog avTOG €lval YEVIKA TILO YENYOQOS ATTd Thv
avagnTnon Gtoyelov GTIC dAAeS KaTnyoples container.

Kat’ avtiotoyla tov associative containers, n Standard Library maéxel 1€o-
GEQLS KAQGELS QLUTNG TNG KOTNYOQLOGS:

— unordered_set«<>,
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— unordered_multiset«<>,
— unordered_map<>, KoL

— unordered_multimap<>.

11.2 AnAwon

Ot containers etvar vVAoTTOIMUEVOL OC VITOdelypaTa kKAdong (class template (§14.8)).
AEYOVTOL WS TTEMOTN TTAQAUETEO TOV TUITO T®V TTOGOTATMOV Ttov Ja amodnkevdoiv
1, GTNV JTERITTTOON TV std: :map<>, std: :multimap<>, KO GTIC TTARAAAAYES TOUG
XWEIS Tdgn, std: :unordered_map<>, std::unordered_multimap<>, TOUG TUITOUG
6U0 TTOGOTNTWV, KOY®S avTtol agtodnkevouv evyn TUV.

EmumtAéov, ou containers d€yovtor kol AAAES TTAQAUETEOVG:

e Ytov std::array<> ITEETEL VO TTEOGOLOQIGOVUE EKTOS OTTO TOV TUTO KAl TO
mAndog twv ototyeiwv TTov Ja agtodnkevel, wg devtepn TTapdueTo. To TTANR-
Yoc meémer va elvarl gtadepn (constexpr) €kpeacn, SnAAdN yvooTi KATd Tn
UETAYADTTION.

e XTOUG associative containers n €youevn ITOQAUETEOS UETA TOV N TOUGS TUITOUG
TV astodnkevouevov Twov Kadopltel To KELITRELO Ue TO 0Tolo yiveTal n To-
gwvounon.

e Ytoug unordered containers ot €yroueves dVO TAQAUETEOL TEOGELOEICOVY TN
guvdgtnon hash kol To KELTAELO LGOTNTAS GTOLYEIWV.

H televtaio ToodueTQog GTOUVS containers oyetieton pue tn Stoyelpion tng uvi-
ung kaw €xel mweoradopiouévn Twn. Tn §€xovtar dAol o containers €kTd¢ aITd TOV
std: :array<>, kadw¢ ge AVTOV n déouevon Uvnung yiveton KOTd Tn UETOYADTTIGN.
Ag Ya avapepdovue TTEQLGGATEQRO GE AVTN.

INa va yiver Stadéoipog €vag container Ge KAITOLO0 KOOWKO TIRETEL vaL yivel n
cuugtepiAnyn tov avtictoyov header:

® <array> Yo TO array<>,

® <vector> ywa To vector«<»,

* <deque> Yo To deque<>,

e <forward_list> ywo t0 forward_list«<»,
e <list> ywa to list<>,

e <set> ya ta set <> kar multiset<s,

® <map> Yyl T map<> kol multimap<>,

® <unordered_set> ywo Ta unordered_set<> kai unordered_multiset<>,
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e <unordered_map> ywo T unordered_map<> kal unordered_multimap<>.

Ac emavaddfouue 6TL oL containers, 0Ttws 0An n Standard Library, oplcovtar 6To
X®WEO ovoudtnv std.

11.2.1 Teostor oQLGuov

Ac mopadécouue KATOLOUG YEVIKOUS TEOITTOUS O0QLGUOV, TTOU €lval KOWOL Yol
OAovg Toug containers €ekTO¢ aItd Tov std: :array<>. Toug TEOITTOUS OQLGUOV VS
array<> da toug Tapovaidcovue gty §11.5.1.

"Ectw cntr €vag 0mroloadnItote TOTOC container. £Toug TTOQOKAT® 0QLGULOVS TO
<T> OWVTIITEOG®ITEVEL GUAAOYIKA TIG KOTAAANAES TTOQOUETEOVUS ToL template kdde
container (TUITOG GTOLYEIWV, KOLTHELO TAEWVOUNGNG, KATL.).

¢ H 8ilwcn

cntr<T> c1;
oplcel To cl wg €va kevd (xwels GTotyela) cntr.

e O KOSIKOG

cntr<T> c1;
// fill c1
entr<T> c2{c1};

oplcel o cl wg €va aQykd Kevd cntr, gwodyel GToxelad e avtd (Yo dovue
TOQOKAT® TTMS) KAl dnutoveyel To c2 wg avtiypa@o tovu cl, gtoelo TEog
agtoyeto. Ta cl, c2 eémel puatkd va eivon (Stov TOToV. IIpoGELTE OTL 0 TUTTOG
mepulaufdvel ekTOS amd To eldog Tou container, Kol TIS TTAQAUETQOUS TOU
template. IcodUvayeg ye tnv TeAevTalo EVTOAN €Vl Ol TTAQROKAT® EVTOAES

cntr<T> c2=c1;
cntr<T> c2(cl);

e O kOOkOC

cntr<T> c1;
// fill c1
cntr<T> c2{std::move(cl)};

opltel To cl we €va aEyKA KeVO cntr, €lGAYEL GTOLYEL GE QUTO Kal, GULPOVA
ue oca avaeépaue otn §2.18.1, Snuovpyel To ¢2 ue uetaxivnen Twv GTOLEIWV
Tov cl. ‘'OTtwe €xouue avaQEQEL, n UeTakivion gtolyelwv elval TTLo yeryoen asto
v avtyeaen. Metd tn uetakivnon, to cl vidyel aAld eivon kevd. Mitopsel
va yenowottondel udvo yua uetakivnon dAlov container tOmov cntr<T> o€
QUTOV (N VA KATAGTEOPEL).

Ico8vvaueg ue tnv teAsvtalo evioAn eivar ot
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cntr<T> c2=std::move(cl);
cntr<T> c2(std::move(cl));

e Mitopovue vo Snutovgyncovue €va container pe GUYKEKQUEVES TWES V1, v2,

v3, .., Yl ta gToyela Tov, Tapadétovtas tTn MoTa TW®V KATd Th SHA®GHR
TOoU:

T v1l, v2, v3, ...;

cntr<T> c1{vl, v2, v3, ... };

Ico8vvaua da wropovcaue va ypdwpouue wiot aItd TIG EVTOAES

cntr<T> c1 = {v1, v2, v3, ... };
entr<T> c1({vl, v2, v3, ... });

Evvoeltan 611 ol Twég tng MoTag Teémel va givar Tou (Siov TUTTov e Ta
ogToyelo Tov container 1 va UITOEOVV VO, UETATEATIOVV OQTOUATA GE QUTOV.

e Av beg kau end eivow Svo input iterators otnv idia akolovdia Tiu@v, ue Tov
beg va un «beiyvel» uetd Tov end, uirogovue va Snuovpyncovue €va container
OVTLYQAPOVTAS GE OQVTOV TO TUAUA TV GTOlXElwv GTo dtdatnua [beg.end). H
GXETIKN EVTOAN glval

cntr<T> c1{beg,end};

O tOTmog Twv gToelwv GTo Sidotnua [beg,end) Sev elvar astapaitnto (610G
ue TOV TUTTO TV GTOolelwv Tov container: kel va wirtopel va petotaitel
OQUTOUOTO GE QUTOV N YEVIKOTEQD, Ol TWES TWV GTOLYEIWV VO LTTOQOVV VoL TTOL-
paydyouvv uEcm KatdAAnAov constructor (§14.5.1) Ta cTotyelo Tov container.
‘E1ol av T.x. 0 container airodnkevel double, Ta GTolXEl0 TOL SLOGTAUATOS
uItoQovVv va givon int (kadwg opltetal n uetatEomn int Ge double) aAAd Oyt
std: :complex<double>.

Hoeddetyua

H Snwovpyio €va std: :vector<int> ue ogtolelon TOUG OKEQOLOUS TTOU
Taatidevion Gto agyelo data uiropel va yivel wg Eng

std::ifstream in{"data"};
std: :istream_iterator<int> b{in}, e{};
std: :vector<int> v{b,e};

EmatAéov Tov TTOQATTAV®D, VITAEXOUVV Kol AAAOL TEOTTOL yid SHAMGN Ue TAUTO-
xeovn aItddocn aEYIK®OV TW®V, GUYKEKQWLEVOL Yo kdde container.

Iaedderyua

YTOV TOQOKAT® KMSKA opigeTar wa uetafAnti vl wg vector akepainv, Ue ToU-
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TOXQOVO 0QLGUO TV AEYIK®OV TWAV TV GToyelwv Tov. To vl avtiypdgetal Katd
™ dnwovyia evog duotov vector pue dvoupa v2. Katdmv, Snutovpyelton kot €vo
set<> sl ye avilypapa Tov GTotelmv Tou vl, XENGWOoTOIDVTOS KATAAANAOUS
const_iterators. Me tnv emouevn evioAM To GTolxelio Tou sl ueTakivouvTol Ge
VEo set<> TToUL Snuovgyeital 6e avtd To cnuelo:

#include <vector>
#include <set>

std: :vector<int> v1{0,2,-2,4,-4,6,-6};
std: :vector<int> v2{vi};

std::set<int> s1{vil.cbegin(), vi.cend()};
std: :set<int> s2{std::move(s1)};

‘OGS OAeGC 0L UETAPANTES EVOOUATOUEVOV TUTT®V, WOl LETOPANTA TUTTOU contain-
er KOTOoTEEPETAL OTav n Qon exktéAeong Pyel ektog tng eupélerds tng. H kato-
GTEOMN TNG eEAeVIEQOVEL AUTOUATA TN UVAUN TTOU KATOAAUPAVEL AQUTA.

11.3 Teototoinen container

Y& 0Ttol00nITOTE container €kTO¢ Tov std: :array<> Tov Snulovyeltal ue G-
ykekpwEVo atadepd TAnNdos gtoyelmv, eLlGaywyn 1 TEOToToineNn GTolyelwy yiveton
WG €ENGC:

e Me ekywpnon dAAov container, (dtov TUITOL:

cntr<T> c1,c2;
cl = ¢2;

Me tnv JTOQATTAVKD €KYOENCN, TA AEXWKA GTotelo Tou ¢l KATOGTEEPOVTAL
KoL avtyed@ovtonr otn 9€on toug ta gtoyela tov c2. To uéyedog tou cl
TEOGARUOCETOL MGTE VO XWEEGEL AKELPOS TA GTOLElD TOV 2.

Av dev emmidupovue va Statnereovue Tov ¢2 UITOQOVUE VO LETOKIVAGOUUE (KO
OxL VO QVTLYQdAAPOUUE) TO GToLEla Tov GTov cl:

c1 = std::move(c2);

[Mopatnencte tn xenon tng std: :move() tov <utility> dcte o c2 va ueto-
TEAITEl GE TTOGOTNTO TTOV WITOEEl va ueTarvnel.

e Me ekywpnon AGTOS GTOLXEIWV:

cntr<T> c;
c = {vl1,v2,v3, ...};
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Me auTi TV €VTOAR Ta GTOLXE(DL TOU C AVTIKAUIGTOVTAL 1 KATAGTEEPOVTAL KOl
KOL ovTyed@ovtor atn J€on Toug ol TES Tng AleTag, aAldcovtag Tdavov
kot To u€yedog tovu c. O TWES Tng MGTaS TTEETTEL VO LTTOROVV VAL UETATQATTOVV
QVTOUOTO GTOV TUTIO TV GTOLElWV TOL container.

e Me evalloyn GTolxelmv ue container (8lov TUTTOV, YENGYOTTOLWVTOS TN GUVAQR-
Tnon std: :swap() Tov <utilitys:

cntr<T> c1,c2;
std: :swap(cl,c2);

n, wwodvvaua, th cuvdeTnon—-uéAog swap():

cntr<T> c1,c2;
cl.swap(c2);

H cuvdetnon swap () uetaxivel, Sev avtypd@el, Ta GTolyelo Tov €vOg container
GTOV dAAO KOl avTiGTRO@A, UEe GUVETTELO VO €lval TOXVTATN.

e Me tn cuvdptnon-uélog insert() kdde container, ekto¢ amd array<> Kol
forward_list<>. O w®TOG container Sev vITOGTNEIEL elGAYWYR GTOEl®VY. O
devtepocg ovoudcel Tn guvdptnon insert_after (). Aéyetal wg opiouata €va
iterator e gtadepd ctoxelo (const_iterator) Ggtov container yio Tov otoio
KOAElTOL, KO Wiol TR KOTAAARAN Yoo agtodnkevuon Ge avTov, Ue AvIlyQo@n N
uetakivnon:

cntr<T> c;
c.insert(pos, elem);

Me tnv woQastdve KARGN yiveTol elGaymyn avilypd@ov Tov elem i uetaxivnon
Tov elem—av €xel TEOGAEUOGTEL ue tnv std: :move(). H 9€on eicaymyng ko-
Yopitetan (Yo sequence containers) n yrpoteivetal (i associative containers)
aTto Tov const_iterator pos. @uundeite 0Tl Ge associative containers n 9éon
Tov gToyelov kadoElgeTal WOVO AITO TNV TWA TOV GE GXEGN Ue T NENn VITAQ)O-
VIO GTOLXElOL KO, ETTOUEVMGS, LIToQovue WOVo vo vItodelgovue tnv midavi d€on
yla va yivel 1o ypryopa n eicaywyn. H emiotpe@ouevn tun elvon iterator gtn
9éon tov véou croelov!. Iapatnpricte 6Tl ue Tn GuvdeTnon-wéAog insert ()
yivetou eiGaywyn véou gtolyelov kol Ol AVTIKATAGTAGR KATTOL0U VITAQXOVTOG.

e Me T0 punyovioud tov alyopiduwv stov da dovue oto Kepdiaro 12.

Emiong, uetafolMi tng TWAS €vOS GTOLXEIOL GE sequence container WItopovue va
KAVOUUE UE TO WNYOVIGUO TV iterators Jtov sreptypdwaue 6to Kepdioaro 10 i tov
Sektv (§2.19).

Awaypaon ctotyelwv yivetow:

Iye set<> ko unordered_set<>, map<> km unordered_map<>, av 1o Groyelo (i 10O
KAeWSL Tov) VTTdEyEL NON, ETLGTEEPETAL iterator GTO UTTAQXOV GTOLXELO.
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e Me tn guvdptnon-uéAog clear (). Avtn Stayed@et OAQ T GTOLXEID APRVOVTOS

KEVO TOV container yio Tov 0Tol0 KAAelTal. Aev ETNGTEEPEL TITTOTE («ETLGTEE-
@el» void) kot BERora OKVEAOVEL OAES TIC OVOAPOQEES, TOUS SEIKTES KL TOUG
iterators e GgTouxela Tov container:

c.clear();

Me tn xpnon tng cuvdptnong-uélovg erase() kdde container ektdg aTd
array<> kot forward_list<>, o wa asd TIC TOQAKAT® WOQPES:

c.erase(pos);
c.erase(beg,end);

Me tnv eadTn KAon Siayedgetal To aTolelo TTov delyvel o const_iterator
pos: ue tn devtepn dwaypdgovtal Ta GTolyelo ue const_iterators Gto Sid-
otnua [begend) (agtouteiton, BEPata, To SidoTnpa vo unv elvon Kevo Ko va
etlvaw StdoTnua 6to c). Av o ¢ glvar sequence container n GuvdETNGN €ILGTEE-
el iterator gtnv extduevn déon amd to tedevtalo Gtolyelo TToV draypdenke
eEVe Ge associative containers Sev eTmGTEEPEL TITTOTE.

e Me katdAAnAovLS aAyoeLILouG.

[Tépa amd avtovg, kdde container TTOEEXEL KO GAAOVS UNYOVIGULOUS YLoL TTQO-
OTEAOLCT KO UETOPOAN T®V GTOLXEIWV TOU.

11.4 Kowd uéAn Tov containers

Kdde container (aAAd kol To std::string) opltel «eGWTEQIKA», GUYKEKQLUEVA
ovouata TUTTwv. ‘Exovue ndn gapovacidcer gto Kepdiowo 10 toug TUTTOUS Yo
iterators ge gtoyyelo oTadepd N un, const_iterator ko iterator avtictoya. Kd-
TOLOL containers JToREXOVV KOl TOUS avAGTEO@OUS iterators, e GTolxelo GTodeQo
(const_reverse_iterator) n un (reverse_iterator). Ysdpyxouvv emaA€ov kol AA-
Aot TUTToL. MeTagd dAlwv, kdde container oicel (ue typedef (§2.16.1)) Toug €gnc:

e value_type, TT0V glval 0 TUTTOG TV GTOLElWVY TTOV aItodnkevel,

reference, JT0VU glval 0 TUITOG TNG AVOPOQEAS GTA GTOLEla,
const_reference, TTov glval 0 TUITOG TNG AVOPOQEAS Ge GTadepd GTolyela,
pointer, mov elvar 0 TUTTOG TOV SelkTn GTO GTOLXELDL,

const_pointer, Ttou elvail o TUTTOG Tov delktn Ge gTadepd aTovyela,

difference_type, TToU €lvol €UTTEOGNUOC TUTTOG YL SLOPOQRES VEGEWV TwV
agtoyelmv,
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e size_type, TToU elval AITEOGNUOS OKEQEOLOS TUITOS Yo Tnv apiduncn (kot To
TARYo¢) twv Y€cewv attodrikevong.

Ot TUTTOL OVTOL WITOEOVV val xenalwoItomndoUv aItd Tov TTEOYQRAUUOTIGTH Yia Th Sn-
AWGN GYETIKAOV TTOGOTRTMOV. TN SNA®GN YRAMOLUE TOV TUTTO TOV container, KATOTILV
ToV TeEAeaTH eUPEAeLag ', KO UETA TO dvouo Tov TuTov. 'Etol Tu.y.

* 0 KATAAANAOG TUTIOC Yo apiduncn twv gtotelwv evog std::vector<int>
elvon o std: :vector<int> ::size_type.

¢ 0 TUTOGC TWV GTOLXEIWV TTOV TIEQLEXOVTOL G €val std: : vector <double> gival o
std: :vector<double> : :value_type. AMA®GN TOGOTNTAS KATAAANANG YLl VOU
attodnkevcoel grolxeion TETolov container pue dvouo v eivor n akolovdn

std: :vector<double>: :value_type a;
H uetapAntn a eivor tomov double.

AVTOG 0 €UUEGOG, POLVOUEVIKA TTEQLTTOS TIROGOL0ELGULAS TOU TUTTOV TV GTOLYEIWV
N TV SEKTOV KOl OVOPOE®WV GE avTd, €xel Wialtepn yenowdtnta dTav o TUITOS TOV
container eivar Tadueteog template. Akolovdwvtag oca avapépaue oto §10.2.1,
av oe template pe TTAEAUETEO €va TUTIO container YEAOVLUE VO XENGLULOTIOINGOVUE
TOV TUITO TOV GTOLXEIWV TTOV aTTodnkevel AVTOG, TTEETEL VO YRdWouue KATL GO

template<typename C»>
void f(C c)
{
typename C::value_type a;
Y/
}

H petapAintn a €xel KaTdAANAO TUTO yio Thv aTtodnKeEVGN TV GTOLXEIWV TOV C.

Ou containers TOREXOVV, ETITAEOV, OQLGUEVES KOLWVESG GUVAQTAGELC-UEAN YioL TRV
TAQAYWYN iterators, Tov EAeyyo Tov ueyédoug Toug, Tn GUYKQELGH TOUG, TNV EKXMENGN
Twov, KATT. ogatidevtal Tapakdtm.

Ouundeite 6Tl wa cguvdeTnon-uéAog tng kAdong X, ue dvouo member, Kalelton
Yyl €VOL OVTIKELEVO OUTRG TG KAAONG ue Ovouo a, KAVOvTag XENon Tou TEAEGTN
ETAOYNGS LEAOVG, *., LETAEY TOV OVOUOTOS TOU container Kol Tng GuvdeTnong (Ue ta
oplouatd Tng):

a.member();

Evtog mapeviécemv akolovdovv ta oplcuata tng guvdetnong, av vidoyovv. du-
GlKd, 0V N GUVARTNGN-UEAOG ETTLGTEEPEL KATTOLAL TIWH TTOU TN YQELALOUAGTE, TIRETEL
VO TNV EKYWENGOVUE GE TTOGOTNTA KATAAANAOL TUTTOV.
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11.4.1 Iterators aQyng kot T€Aovg

"Exovue ttopovacidoer 6to Kepdlowo 10 TIC GUVAQTAGEIC-UEAN TTOU TTOQRAYOUV
iterators aQyng kai T€AOvVS Ge orrolovdnmote container. Tic mwapadétovue Guyke-
vipwTikd otov ITivaka 11.1.

[Tivaxag 11.1: Zuvagtnoeic-ueAn yua iterators e containers tng Standard Library

Yvuvdptnon Emietee@duevog iterator

begin() Iterator gtn 9€on Tov WEWTOL GTOLKELOL.

end() Iterator e uia 9éon uerd to teAevtaio aTotyelo.

cbegin() Iterator gtn 9€on oV MWEWTOL GTOLKElOL (XWEIS SuvaTtdTnTO TEO-
JroTroinong).

cend() Iterator oe uia 9éon uetrd to TeAevtTaio aTotyelo (xwElg Suvatod-
TNTO TEOITOTTOINGNG).

rbegin() AvdcTpo@og iterator gtn Yéon tou TeAevTaiov GToLKElOV.

rend() AvdcTpoog iterator Ge pia déon IOV TO TIEWTO GTOLXELO.

crbegin() AvdcTpoog iterator gtn déon touv TeAevTtalov GTouelov (WELS
duvatdtnta TEOTOTTOINGNG).

crend() AvdcTEoog iterator Ge uia déan JTELY TO TEAOTO GTOLKElD (WELS
duvatdtnta TEOTOTOINGNG).

Ov avdotpopot iterators dev gragéxoviar agtd to forward_list<> kou TOUG
unordered containers. O forward_list<> Jrapéyel TiIc GuvaETNGELS before_begin()
kot cbefore_begin() mov emGTEEPOVY aviiGTolya iterator kau const_iterator
ce d€aon TEW TO TTEAOTO GTOLKE(O.

Yrreviuuicovye 0Tl TO «TEAOS» YO TOUG iterators Kol TOUS avAGTEOMOUGS iterators
evog container elvar ulo d€on uetd tnv tedevtaia 1 JTEWV TNV TEOTN OAVTIGTOLYOL.
Kadwng exel dev vmdpyel atolxelo, dev €TITEETETOL N ATTOITTELQRO TTROGITEAAGNS TOU
ue tn dpdon Tov TeAeGTH x' gTov iterator. IlpocEgte emiong Ot o reverse iterator
rbegin() Yewpeltan mwg elvon gTELV TOV reverse iterator rend( ) 0o GUVEVAGUOS TV
Vo yonowevel Gto va Statpéxovue €va container avdoTEo@a. AvtiGTorya LGYVOUV
YLl TOUS OVAGTEOPOUG iterators e aTadepd GTotyelo, crbegin(), crend().

11.4.2 “Eleyyog ueyédovg

‘OMot (oxedAV) oL containers TTAREXOVV GUVOQRTAGEIG—UEAN TTOV ETILGTEEPOVV TTO-
GOTNTES OXETIKEG Ue To ueyedog toug. Elvar or akdAovdeg:
size() Emicteépel To TAnYog Tov GToyelmv KATd Tn GTyun Tng KARNGNG.
H ovuykekpwévn cuvdptnon-uélog Sev oplcetar yio forward_list<> kadwg

dev elvar W8altepa ypriyopn n VAOTOINGNH TG ylo TETOLO container.

max size() Emiotpépel To puéyiato duvatd mAndog gtoyelowv (kadoiiduevo agtd tnv
vAoToincn). Ta €va array<> €mGTEEPEL O,TL Ko n size().
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empty() Emicteéper Aoyikn tun, false/true, av o container eivar kevog n OxL.
Etvaw 1go8vvaun pe size()==0 al\d Tdavov TTL0 yeryoen.

Ou cuvagptricels size () kawmax_size() €MGTEEPOVV TWNA e TUITO TO size_type
TToV oQlteTan Ge kAVe container. ‘E1ot, €vag std: :vector<double> pe dvoua v €xel
TAndog gtolyelwv Tou umopsel va ekywendel e petafAnti OTTOS GTNV TTOQAKAT®
EVTOAN

std: :vector<double>: :size_type n{v.size()};

H xprion tou auto yia tnv auTéuaTn ovayvoelen THTTOV AITAOTTOLEL ThY TTEOonyovLEVn
EVTOML

auto n = v.size();

11.4.3 XUykeion containers

INa 8Vo TocdTnTeS (S1ov TUTTOV container 0ELCOVTAL Ol TEAEGTES GUYKQLONG TOU
ITivaka 3.1 ue tn yvwaotn gpunveta tovs. H igdtnta o containers onuaiver 4t €gouv
To (810 TANYoc aTowyelwv, pe Ty (Sia Gelpd kow Twn. H €vvola Tov «ukeoTeEQOU» N
«ueyaAiteQov» kadopiteton Ae&ikoypapikad (§9.5.1).

Ia Toug unordered containers Sev €xel vonua (kow dev TOREXETAL) N duvatdTnTa
GUYKQELONG YLOL WKQEOTEQO KAl UEYOAVTEQO QAN UWOVO Yol LIGOTNTO. KO OVIGOTNTAL.

H oiykpion §vo containers Sia@oeTikoV TUITOV UItoQel va yivel ue KatdAANAOUS
alyopuiuovg. ®a toug Treprypdwpouue 6to Kepdiato 12.

11.5 Sequence Containers

11.5.1 std::array<

O container std: :array<> Siapépel ge TOAMA aTtd Toug VITOAOLTTOVGS containers
tng Standard Library. ITepiBdAlel w¢ «KEAVEPOGS» TO EVOOUATOUEVO Stdvucuo ue
TIAY0G GTOLXEIDV YVOGTO KOTA Tn UETAYADTTION Kal €xel eigaydel atn C++ waTe
VO KATOGTAGEL TO GTATIKG Stdvuoua Tou kAnpovoundnke amd tn C Swayxeplowo ue
TTaEduolo TEOTo ue Toug dAAovg containers. ‘Eva array<> astodnkevel ta gtoiyelo
TOU Ge SLadoyIKES YEGELS Uvnung.

O ouykekuévog container givar 1810iTEQOS KAYWS n dnuovgylo Tov yivetal katd
Tn SudeKelo TNG UETAYAMTTIONS Ko TO TWANJog GTotyeiwv Tov Sev uitoel vo peto-
BAndel katd tnv exktéleon tov TTEOyeduuatoc. ‘Etcl, kdmolol amd Toug yevikoug
TEOTIOUGS 0ELGUOV SEV €XOUV EQPOQUOYN GE OUTOV.

O tomog std: :array<> TaEEXEL OAOVS TOUG KOWOUS TUTTOUG, TIC GUVOQTHGELG—
UWEAN KOl TOUG TEAEGTES GUYKQLONG Ttou Tapovaldoaue oto §11.4. H yporion tov
meovTodETel Tn guuTepiAnyn tov header <arrays>. Ou iterators Jtov TTAEEXEL O
TUTOS AWTAC, 0QUNG KAl AVAGTEOMENGS POEAS, €lval Tuxalog TIRocTéAacng (random
iterators).
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Oq@ioudg

OpLoud evog array<> €xouue Ue Toug TEOTIOVS TToU akoAlovdouv. Xe dAovg, To
mAndog twv otogeiwv, N, elvan wio aképoun ctadeprn ToGATNTA, TTOV UITOQREL VA
TIEOKVITTEL OTTO KATTOLOL EKMEACN N KAGN GuvdQTNong constexpr. nyacia £yl To
TANY0g va UItoQel va VITOAOYLGTEL KATA TN UETOYADTTION.

e H dnAwon

std: :array<T,N> a;

opltel T0 a w¢ €éva array<> ue N d€aeic yia gtoryeia ToTTov T. Ov Twég Twv
ogTolelwv elvar asteoadioplateg, av o ToTtog T eivan artd Toug JepeAwdels n
av dev vrtdeyel Teokadopiouévog constructor (§14.5.1) otnv kAdon T.

e O kOSkOC

std: :array<T,N> ail;
// assign values to al
std::array<T,N> a2{al};

opltel To array<> al, Tov exkywEel TWES (Yo dovue TTAROKAT® TTOS) KL On-
uoveyel to Blov IOV array<> a2 g avriypa@o tovu al. Icodvvaueg ue tnv
TedevTOolo EVTOAIL €VOL KOL Ol TTOQAKAT® EVTOAEG

{a1};
al;

7

std::array<T, N> a2
std: :array<T, N> a2
std::array<T,N> a2(al);

Av emiduuovue vo opicovue €va array<> KoL N AEYKA TOU TWH Vo TTRogAdel
ue uetaxivnon towv GToyelwv AAAOV array<>, TEEITEL VO UETATEEWPOUUE TO
aE)WKO array<> Ge TTocgdTNTA TOU UItoel va petoxkwndel ye tn guvdeTnon
std: :move() kaw va ypdwpouue

std: :array<T,N> ail;
// assign values to al
std::array<T,N> a2{std::move(al)};

n ¢ 1I6odvvapes ekpedcoels. H petakivnon ivor yevikd o ypriyopn aatd tnv
aVTLYEaEN OAAD Q@rveL TO GTOolelo TOV AQYKOV array<> GE AITROGSLOQLGTN
KOTAGTOGN.

e O kOOIKOC
T vi,v2,..., VN;
std::array<T,N> a{vl, v2, ..., vN};

dnwovyel to array<> a ue N gtorgeio. Ot apylkés TWES avutav JTagatidevtal
eVTOG aykicTEwv. Edv kdmoleg ( OAeg) Tapadeltovtal, n AlGTO TUWOV GUUITAN-
QWVETAL GTO TEAOG TG e Tnv seokadopiouévn Twn T{} ylo TO GUYKEKQLUEVO
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TUTO TV GgTotelwv, (N T eivor cuvidmg To 0 aEov UeTaTEAItel GTOV TUTTO
T). Elvar AdBog av n AMloto TteQrlaupdverl TTeEQLEGOTEQES TWES AITO TA GTOLYEIL
Tov array<>. lcodUvaua ge Tnv ITOQAITAveD aQ)lkoItoincn Yo UItoQovcoue vo
YOAWouuE TS EVIOAEG

std::array<T,N> a = {v1, v2, ..., vN};
std::array<T,N> a({vl, v2, ..., VvN});
std: :array<T,N> a{{vl, v2, ..., VN}};

ZUVETTOG, GTOV KOO
std::array<int,10> a;
std::array<int,10> b{};

Ta Stavvoupata a,b €gouvv 10 aképaia GTolyelo: To GToleld ToOv a dev €xouv
GUYKEKRQWEVN TN ev®d Tov b €xouv Tnv Twn 0.

[eocméAaon croyeinv

Exyoenon Tiwng e OAa Ta gTotyela evog array <> UETA Tn Snuloveyla Tou WIitost
va yivel

e ue Tn guvdptnon-uéAog fill(). X1ov kodika
std: :array<int,10> a;

a.fill(20);

dnwovyelton €va array<> 10 9écewv e apyikd aspoadiopiates Twés. Kato-
TV, OAQL TOL GTOLYElDL ATTOKTOUV Tnv Tn 20.

e Me ekywpnon dAlov array, (dtov toTov. I1pocéEte GTL 0 TUTTOC TTEQLAAULBAVEL
kot To TAndog Groelmv:

std::array<int,10> a, b;
a.fill(20);

b = a;
Me tnv tedevtalo evTIoAn YIVETAL AVTLYQOPNR TWV GTOLEIWV TOV a GTa GTot el
Tov b. Av dev eidupovue va SLATNEIRGOUUE TOV a UITOEOVUE VO LETAKIVIGOUUE
(Raw Oyt vo avtypdypouue) o GTolxelo Tov GTo b:

b = std::move(a);

e Me ekywpnon AlGTOS GTOLXEIWV:

std: :array<int, 3> a;
a = {_11_21_3};



260

Containers

Evvoeltaw 6tL ol TWWES Tng MGTAC TEETTEL VO UTTOROVV VO UETATEATTOVV OU-
TOUOTO GTOV TUTO TV GTOElwY Tou container kow dev Yo TrEémel va elvon
TEeELOGOTEQRES aTto TIS Y€aelg Tov. Edv kdoleg (W OAeg) Ttapaleistovtal, n Al-
GTO TWOV GUUITANQOVETOL GTO TEAOG TNG UE TNV JTEOKOTOQIGUEVI TWA YLl TO
GUYKEKQWEVO TUITO TOV GTOLXEIWV.

Me evalloyn ctoyxelwv ye dAlo array<> (8lov TUTTOV, YENGYOTTOLWVIAS Th
guvdptnon std: :swap() Tov <utility>:

std: :array<int,10> a, b;

a.fill(20);

std::swap(a,b);

1, wodvvaua, tTh cuvdeTnon-ueéAog swap():

b.swap(a);

H cuvdptnon swap() uetakivel Ta gtolyelo Tou evog array<> GTov dAAO Kol
avticTeo®a.

[TpoGTrEAOGN KAl ETTOUEVHOS, SUVATOTNTA UETAPBOANG TWV UELOVOUEVOV GTOLXEIWV
€VOG array<> YylveTol w¢ €ENG:

e Me Tn ypnon aképalov Selktn UETALY TV OYKVA®DV ‘[]”:

std::array<int,5> a{2,4,6,8,10};
std::cout << a[@] << '\n'; // a[o] = 2
a[3] = a[2]+a[1]; // a[3] = 10

Me tn ypnon tng cuvdptnonc-uéAovg at() ue aképowo opwoua. To TTE®TO,
devtepo, TEITO,...0TOXElD €vOC std: :array<> ue Ovoua a elvor To a.at[Q],
a.at[1], a.at[2],... I[Ipocé€Ete TS n dta@oed aTtd TV TTEONyoLUEVN TEQL-
TTOON €lval OTL AV TO OQLGUA SeV avTIGTOLXEl GE déan Tov array<> eyelpeTal
ggalpeon Tov TUTTOL std: :out_of_range. LTnv meRITTT®ON TTOV QVTH SEV GUA-
An@Iel, SLaKOTTTETAL N EKTEAEGN TOV TEOYEAUUATOS. O ATTLTOVUEVOS EAEYXOS
GTNV TWH TOL SelKTN €XEL WG QITOTEAEGUO VAL EVOL TILO OLEYR N TTEOGRAGN GTO
GTolxelo aTt’ 0,TL Ue TIG OlyKVAEG.

XTOoV KOOKO
std::array<int,5> a{2,4,6,8,10};

std::cout << a.at(@) << '\n';
std::cout << a.at(10) << '\n';

TUTIOVETAL TO TIEWTO GTOLXElD TOU a Kol SLaKOTITETAL Ue unvuuo Addoug n
ERTEAEON KOATA TNV QITOTELQRA TTROGTIEAAGNS TOU €VOEKATOV GTOlElOV TOL a
(Radws avtd dev vTTdEYEL).
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e Me to vItodeyna cuvdetnong std: :get(). Aéyetan wg dploua €va array<>
KO €XEL S TTOQAUETEO TOUL template wio axképan ctadepd —OxL uetapintn,
WKEOTEEN ATTO TO TTADOC TWV GTOLXEIWV TOV array<>. LTOV KOO

std::array<int,5> a{2,4,6,8,10};
std::cout << std::get<3>(a) << '\n'; // a[3] = 8
std::get<@>(a) = 5; // a[o] = 5

ERTUTTWVETOL TO TETOQRTO GTOLYELD TOV array <> Kol OAAAZEL N TWR TOV TIEMOTOV
uéow tng std: :get(). IIpoceEte GTL 0 €AEYXOGC TG TTORAUETEOV Tov template
(va. elvor un aQVNTIKA KoL WKEOTEEN aTtd To TTAMYOC TV GToyelmwv) yivetol
KOTA TN UETAYADTTION. AUTA SLOKOTITETOL OV N TTOQAUETQOS €XEL TWN EKTOG
TV 0ploVv.

e Me Tig guvaptnoelg-uéin front () ko back(). AUTEG TGTEEPOVYV AVAPOQRD
GTO TEMTO KAl 6To TeAevtalo atolyelo avtictorya. Evvoelton 6Tl To array<>
Ya €xel TovAdLGTOV €va GTOLELD AAMDS EXOVV OTTEOGOLOQLGTN ETTLGTREPOUEVI
TN

std::array<int,5> a{2,4,6,8,10};

std::cout << "first element is " << a.front()

<< last element is " << a.back() << '\n';
a.front() = 11; // al[o] = 11
a.back() = 55; // a[4] = 55

e Me tn Spdon Tov TeEAeGTN *’ Ge Ovoua iterator. Pucikd, av o iterator elvarl Ge
otodepd GToelo (.. const_iterator) Sev umopovue va uetafdiovye tnv
TN TTOV «Sel veL» VTOS AAAD uovo vo Th StaBAGouuE.

e Me tn Spdon touv TeAeGTR %’ Ge delktn Ge KATOLO GTOLElD TOL array<>.
Emitpémeton n uetaxkivnon tov delktn ge dAAn d€on.

YTOV KOOIKO

std::array<int,5> a{2,4,6,8,10};
int *x p{&a[1]};

*p=30;

--p; /7 p =&alo]

*p=1;

70 deUTERO GTOLXElD TOV array<> Jraipvel Ty TWh 30 KoL TO TIEMOTO TNV TR
1.

EVaALOKTIKA, UITOQOVUE VO YENGUOTIOMGOUUE Tn Guvdptnon-uéAog data()
TIOV ETGTEEPEL OEIKTN GTO TTEMTO GTOLXEID TOV array<> Ylo TO OTTOL0 KAAELTAL.
"Etol, 6Tov Kodka
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std::array<int,5> a{2,4,6,8,10};
int x p{a.data()}; // p =&a[@]
p+=2; // p =&al2]
*p=-1;

To TlTto GToyelo Tov a yivetow —1.

11.5.2 std::vector<»

[Togotnto TOTTOL std: : vector <> agtodnkevel Eva GUvoAo GTotxeliwv (Slov THITOU
oe Sradoykes YEGELS UvRUnG, TTLTEETTOVTAS TRV TUXALO TTEOGTIEAAGN GE AVTA. ‘'OTtwe
KoL o€ kAVe sequence container, Ta GToryelol ATOINKEVOVTOL UE TN GELRA ELGAYWYNRG
TOUG.

"Eva vector<> Snuovgyeltal KOTd Tnv €KTEAEGN TOVL TTEOYEAUUATOS KoL OxL
KOTA Th UETAYADTTION 0TS cuufaivel 6Tto std::array<>. ‘Exel tn duvvatotnta
ueTafoAng tov TMANYoUg TV GTotelwv Tov ue TEOooINKN N apaipecn GTolxElwV
oe omolodnmote onueto Ttov. H uetafoii tov stAndoug eivan baitepa ypriyopn ov
yivel 610 TéAd0¢ TOou container, Xxnua 11.1, (ektd¢ av astartndel uetakivnon ce ye-
YaAUTEQO TURUA UviuUnG, 0mwg Ja egnyrncouvye). e 0molodnIote dAAo cnuelo tov n
Tmeoadnkn N agaipecn gtotyeiov elvar ayn, Alyo n stoAv. o va egacpaMatel 0T
Sradoyikd atotyela Pplokoviar e Sladoyikeés V€GeS Lvnung, n elGaymyn n sioyaen
oTolyelov oe kdolo d€on agrontel Tn UeTakivion OA®v TV €TOUEVOV GTOLXEIWV"
n Swadwacio yeewdceTon xeOvo avdAloyo Touv TIANYOUS TwV UETOUKIVOUUEV®V GTOL-
xelwv. H yetakivnon KAITOLwV GTOLEIWV AKVQ®VEL TOUS JEIKTES, TOUG iterators Ko
TIS OVOLPOQEES TTOV €xovue 0ploel Ge avTd. ETAEov, av To TURUO TR UWVAUNG TTOU
Sratédnke amd To AELTOVEYIKO GUGTNUN GE €va vector Sev €ITTOQKEL yloL TNV €LGal-
YOYR GTOLelOV OTTOVSNTTOTE GE QUTO, YIVETOL UETAKIVILGN OA®Y TwV GTOLXEIWV, WAL
Ue TO TTEOGTWEUEVO, GE VEO, UEYAAUTEQO TUNUO UVAUNG. XE AUTH TNV TEQITT®ON,
OM\oL oL SelKTEG, iterators KoL QVAPOQRES TTOV €XOVUE OQIGEL GE GTOLXELOL TOU OEXKOV
vector<> TToouv va 1exUouV KoJws GUVEEOVTOL UE TO TTAAALO TURWO WVAUNG.

Yynuo 11.1: Aoykn Soun vector

Acg onueltwdel €8¢ OTL LTTOEOVUE VAL TTROGOUOLAGOVUE Th GUUITEQLPOQT VOGS vector
av yenowomoticovue duvaukd didvucua (§5.2.4), TS EVEOUATOUEVES GUVOQTNGELS
std::malloc(), std::realloc(), std:: free() ywa déouevon, aviypo@n N eAev-
V€pmon puviaung, kot SIKES LOS GUVAQTAGELS VL0 ELGAYOYNR GTOLXElOV Ue uetakivnon
A ®V. ‘'OAQ TOL TTOQATIAV® OUWS, TTEETIEL VO TTEOGSLOELGTOVV ENTA OITTO TOV JTQO-
yooupatioti. H avtdpatn Siaxelpion tng wpocinkng n dlaypa@ng GTotelwv KoL n
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Ouol0. GLUITEELPOQEA UE TOLS AoLTTOVS containers divouv GTo vector<> GNUAVTIKO
TAEOVERTRUOL €VAVTL TOU SUVAUKOUD SLOvUCUOTOS KOl KOVEVO UELOVEKTNWO GE T~
xUtnta n evyonotio. Emougévmg, to std: :vector<> elval o sotwuntéog container
otav ypewgduacte Suvaukn Staelipion LVRUNG, xmELS ELOIKES QITOLTAGELS, Ol OTTOLES
Ya kavoTtotovvtan kKaAVTeQA aTtd dAAO container.

O 10706 std: :vector <> mapéxel GAOVES TOUS KOWOUGS TUITOUG, TS GUVAQTHGELG—
UEAN KO TOUGS TEAEGTEG GUYKQELONG TToU TTapovaldoaue 6to §11.4. H xprien tov 1tQo-
UTod€tel Tn guurtepiAnyn tov <vector>. Ou iterators Tov TTaEE el €va vector <>,
0QING KAl AVAGTEOPNS POQAC, €lval TUYALAS TTROGTIEAAGNGS (random iterators).

Opwoudg

H kAdon std: :vector<> mapéyel SidpoQoug unyaviguos ylo TOV 0QLGUO TTO-
gotnT®V ue mdavi Tautdypovn agtodoon aQylkng Twng. ‘Exovue non ev kdstoloug
attd avtovg gto §11.2.1° yia ;Angotnta, da toug emavaldfouue ue Guvtouion Kot
Pa Taovctdoouue TOUS ETIITAEOV Unyovicuovs yio Tn dnwovyla vector.

e H egvtoln

std: :vector<T> v;

dnwovyel éva kevd vector <> yia agtodnkevon gtoyelwv toTtou T.

e O KOOKOG

std: :vector«T»> vi;
std: :vector<T> v2{vi};
std: :vector<T> v3{std::move(vl)};

dnwovyel To vector <> v2 ue avirypa@n tov vl ko to vector<> v3 ue ueta-
kivnan tov vl. H dnwovgyla pe uetaxivnon eival toxdtatn Kados LETAPEQETOL
WOVO N ECWTEQKN avaItapdotacn Tou vl. Avtn elvar cuvidwg €vag delktng
GTO TIEMTO OITO TO ATOUNKEVUEVO GTOLXELDL KO €VOG OKEQEALOS YLoL TO TTANJ0G
TOUG.

e O KOOKOC

T a1, a2, a3, ...;
std: :vector<T> v{al, a2, a3, ... };

dnwovyel €va vector <> ue TANYOG KoL TWES GTOLXEIWV TTOV TTEOGSLOEITOVTAL
aTod tn AMota wov akolovdel To dvoud Tov.

e Av beg kar end eivar dVo input iterators gtov [6io container n QOH €1GO60UV,
ue tov beg va un «beiyvel» uetd Tov end, LITOQOUVUE VA SNULOVQYRGOUUE €Va
vector <> KOTOUGKEVATOVTAS T GTOLEl0 TOU OIT0 T GTolyelo GTO SdaTnUd
[beg,end) ue tnv evtoAn
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std: :vector<T> v{beg,end};

EKTOC ard Toug KOwoUg unyavicuois oplouov, €va vector<> wugtopel vo dn-
woveyndel wg egng:

e H egvton

std: :vector<T> v(N);

opltel To v wg €va std: :vector<> ue N 9éceig yia avruikeipeva togtov T. To
mAndog N meéttel va elval aképaia ToaoTnTo, oTodepn n uetapfinti. ‘OAo T
otolyela Talpvouv agyikd Twh T{}, tnv meokadopiocuévn yio. Tov toTo T2,
Av o T elvan evowuotwuévog TUTTOG, n Jrpokadopiouévn Tiwn elvar 1o 0 ue
KOTAAANAN LETATQOTIN.

e H evtoln

std: :vector<T> v(N, elem);

opltel 10 v w