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OEMA:

Na oyediaotel xar va vhonownfel and xdbe oudda 8%o onoudacTOY Evag LETAYAWTTLOTAG Yol TN
Yhéooa Tony. I'Adooa vhomoinone unopet va elvan pla and g C/C++, Java, SML % OCaml.
H emhoy? xdnolag dAANG YAGooog vhomolnong umopel vo ylvel xatémy GuVEVVONONS UE TOUS
duddonovteg. Emtpénetar va ypnowonownfolv xou enlong ouviotdtor 1 yefon cpyorelwy, my.
flex/ML-Lex/ocamllex, bison/ML-Yacc/ocamlyacc, JavaCC, x.An. Ileptoobtepec nhnpogopleg
oxetxéc pe autd ta epyaheia B Sobodv otig nopaddosig Tou epyaoTreioy.

ITopadotéa, nuepounvies xot Babuoréynoy

To TUAUATA TOU UETAYAWTTLOTH XAL 1) XATAVOUT| LOVASWY @alvovtal 6Tov magaxdte mivaxa. Ot
nuepounvieg nopddoong avaypedpovtal oty oeAlda Tou yabiuatog.

Turua tov uetayrwrtioty Movddec | Bonus
Aextixde avahutic 0.5 -
2VVTAXTINOS AVAAUTHS 0.5 —
YNUACLOAOYIXOC AVUAUTHS 1.0 —
Evdiduecoc xdhduxag 1.0 -
Beltotonolnon 1.0 1.0
Tehudc xOduxoc 1.0 1.0
Yuvohixy epyacia xar éxfeon 5.0 2.0

TMa ta dudgpopa tuquata ¢ epyaotiag npénel va mopadidetal eunpdbeoua and xdbe oudda o
avtiotolyog xd3xag ae NAexTpovxh Hop@n, xabde xar cagelc odnyieg yia Vv mapaywyh evog
exteléolpou mpoypduuatog enideling tne Aettovpylag Tou aviiotolyou TUHUATOS, and Tov XD
autdv. Kabuotepnuéveg aoxnoeig Ha Pabpoloyolvrtar ue uixpdtepo Babud, aviiotpdpng avdhoya
Tpo¢ 10 Yebévo xabuotépnong. ITapaxalodue, unv nopadidete Tunwuéveg epyaoieg! H popot
XL ToL TEPLEYOUEVA TV TapadoTéwy, ouunepthauBavouévne xot g tehixfic éxbeong, mpénel va
oLUPOYOUY UE TI¢ 0dnyieg Tov dlvovtal oty evétnta 4 Tou tapdvTOC.

IlpoarpeTind Tpuata xor wovddeg bonus

To olvoho TwV povadwy tng napovoag epyaotag elvar 7. And autée, ot 2 uovddeg eivow bonus
(mou onuaivel Tt To 6YVoho LOVEdKY Tou uabfuatog elvar 12) xat avtiotolyoly ota TapaxdTe
TuiuaTa TN spyaotag, Tou elvar TEONLEETLXA:

e (50%) Behtotonoinon evdduecou xHGdxa, He avdluor pofic SeSoUEVKY oL EAEYYOU.

e (50%) Aéoueuomn xataymentdy xul BEATLOTOTOINEY TEAX0Y) XBIxXA.
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1 Ilepuypayr tng YAGooag Tony

H yhdooa Tony elvar pia anhy yAdooa npootaxtixod npoypappationov. Ta xdpla yapoxtnet-
oTd NG €V ouvTtoula elvon To e€rc:

Amhf Sou) xow oUvTady eVIOAGDY xal exPpdoewy Tou Holdlel HE AUTHY XATOLWY YAWGGEHY
oevaplomy.

Baowxol tinol Sedouévwyv yia hoyuég tiés, yapaxtipes, axépatoug aptbuols, povodidota-
TOUC TLVAXEC oL AGTEC.

Aniéc ouvaptioelg, tépaoua xat’ ala f xat’ avapopd.
EuBéheia yetafintdyv 6nwg otnv Pascal.

B3Aobhnn ouvoptioewy.

Iepioodtepeg hentoudpeteg TG YAGooog divovial atig mapaypdpous mou axoroufoiv.

1.1

Aextixég povddeg

Ou Aextiée povadeg g YAwooog Tony ywellovtal ot magaxdtew xatnyoptes:

T Aééeic xAetdid, o onoleg elvan oL TopAXATE:

and bool char decl def else elsif
end exit false for head if int
list mod new nil nil? not or
ref return skip tail true

Ta ovéuata, ta onola anotelolvtal and €va yedupa tou Aatvixol argaBitou, mbavidg
axohouBoluevo and uio oelpd YRAUUAT®Y, Sexaddy Pnplony, Yapaxtiewy UTOYRPAUULoNS
(underscore) % (Aativixdv) epwmuoatixdy. To ovéuata dev mpénel vo GUUTINTOUY UE TIG
AéZetg xhedLd mou avapépbnxay mapandve. Ield xou xepolaia yedupata fewpodvtal Sia-
POPETIXY.

T axépaies otafepés ywele npdbonuo, mov anotehobvtal and éva N teptocdTepa dexadind
dneplo. Hapadelyuoto axépatwy otabepdy eivar ta axdiovba:

0 42 1284 00200

Toug oraflepols yapaxtipes, mou anotehodvtal and éva yapaxtied Uéca Ge ATAd ELOOY K-
ywd. O yapaxthpoag autdg unopel va elval onotoodhnote xowvde yopaxtieas 1 axolovbia
Siapuyric (escape sequence). Kowvol yapaxtipes elvar 6hot oL extundouyior yopaxtipes
TANY TV amAdY xou SMAGY gloaywywdy xou tou yapaxthpa \ (backslash). Ou axolou-
Oiec dragpuyhc Zextvolv pe to yoapaxthpa \ (backslash) xou nepiypdgovtar otov nivaxa 1.
Mapadelypata otabepdy yopaxtiewy elvar ov axdrovbeg:

197 112 7\n; ;\77 ’\de’

T otaflepés ovufolooeipés, mou anotehobvtat and ua axolovbio xowvdy yopaxtiewy ¥
axohoubLY dtapuyng wéoa oe MMAG eloaywywxd. Ou cuyBoloceipéc dev unopoly va extel-
VOVTaL 08 MEELoGHTEREG amd Wia Ypauués mpoyeduuatog. Iapadelyyata otabepdv ouufo-
Nooelpdy ebvat ol axdlovbec:

"abc" "Route 66" "Hello world!\n"
"Name:\t\"Douglas Adams\"\nValue:\t42\n"



ITivaxac 1: Axolouvbiec Staguytic (escape sequences).

Axolovbia I ,
SLapuy epLypagn
\n o yopoxthpac arlayhc yeauuhc (line feed)
\t o yoapaxthpag otnhobétnong (tab)
\r 0 yopaxthpac emtoTeoPic oty apyf T Yeauufc (carriage return)
\O o yapoxtheag ue ASCIT xwdixd 0
\\ o yoapaxthpac \ (backslash)
\’ o yopoxthpag ’ (amhé eloaywyLxd)
\" o yopoxthpac " (Stmhé eloaywyLxd)
\xnn o yapaxthpag ue ASCII xwdwd nn oto dexacdadnd obotnua

e Toug ouuPolixols tedectés, oL onolot elvan oL mapaxdTw:

+ - * / # = <> < > <= >=
o Toug Staywpiotés, oL onolol elvat oL TapaxdTe:

( ) I ] ) ; : 1=

Extég and tic Aextinés povddeg mou mpoavagépbnxay, éva mpdypauua Tony unopel enlong va
TEPLEYEL T TopaxdTw, Ta omola Staywellouy Aextinés novddeg xat ayvoolvtal:

o Kevolc yapaxtijpeg, dSnhadh axohovbicc anotehodueveg and xevd Swwothuata (space), yo-
paxthpes otnhofétnong (tab), yapaxthpes alhayhc yeapuhc (line feed) ¥ yopaxtfpeg emi-
oTpOYHS 6NV apyh TN Yeauunc (carriage return).

o Yyohia uiag yoauuic, 1o onolo apyilouv ue to yopaxtiea % xa tepuatiCoviat ue to Téhog
NG TEEXOUOUS YRUUUTC.

o Yydhia moAddy yoouudy, to onola apyilouy ye Ty axolouvbio yopaxthpwy <* xal TEpUA-
tilovton pe v axohouBia yoapoxtipwy *>. To oydiia authc g HopPRg EMTRENETAL VL
elvat pwhiaoueva.

1.2 Toimou dedopévmy
H Tony unootnpilel tpeig Baoixois tomoug dedouévwy:

o int: axéporot aptuol ueyéfoug Tovhdytotov 16 bit (—32768 wg 32767),

e char: yopaxthpeg, oL

e bool: Aoyuwég Tiéc.

Exté¢ ané toug Baowxotg tinoug, n Tony unootneiletl enlong dbo ovvletoug timoug:

e mivaxeg, nou ouuBoAilovtal ye t [1, émou t Eyxupog tinog, xat

e Aoteg, mou ouuPorilovtan pe 1list [t], 6nou t €yxupog THTOC.

O mivaxeg xau ot Aoteg oty Tony €youv onuactoloyia avagopds: ue avdbeon xat ue mépo-
oA TORUUETEOL TOTE BEV AVTLYRAPOVTAL TA TEPLEYOUEVO EVOC Tiivaxa 1 ulag AMloTag, ahAd amhadg
aviiypdgetal 1 Siedbuvon tng uviung émou eivan anofnxevpévog o nivaxag § n AMota. To ob-
oTNUA XpOVou eXTEAEONS OVOAAUPBAVEL TNV AUTOUATY ATOSEGUEVOY) TOY TLVAX®Y XAl TWV AGTAHY,
vhornoudvtag xdnoov alyoplbuo cuARoYNg oXOUTLILGY.



1.3  Aour Touv npoYEdUUATOS

H yhdooa Tony elvar pro dounuévn (block structured) yAdooa. 'Eva npbypauua €xet yovipind
v Bt doun e éva npdypaupa Pascal. Ol douxéc povédeg unopolv va elvol pwiiaouéveg 1 ula
péoa TNy GAAT %o oL xavoveg euPéetag elvat ot (3ol e autolg g Pascal. To xdpLo npdypauua
elvor pla Souxr) HoVEda Tou dev emLoTEEPEL ATOTEAEGUA XAl S dEYETAL TOPAUETEOUG.

Kdébe Souwxs; wovada unopel va mepléyel mpoatpeTixd:

o Anidoelg uetafBAnTdy.
o OpLoyols UTOTEOYPAUUATOY.

o AnAGoELS UTOTEOYPAUUATKY, oL oplouol Twy onolwy Ho axolovlficouy.

1.3.1 Metof3Antéc

O 3nhdoeig uetafintody Eexwvody ue tov timo. AxolouBolv éva f meplocdtepa ovoUATA UETO-
BANTHY, yopetouéva ye xoupata. Hapadelypoto dnidocwy elvat:

int i
int x, y, 2
char([] s

1.3.2 Aopuxég Lovadeg

O optouds ylag Souwnnc wovédag yivetar ue tn AéEn xAewdl def, mov axohovleitol and tny emixe-
pakida TN Souxic LOVAdAG, T TOTUXES SNADGELS XAl TO GOUX TNG. LTNY EUXEPUALSK avapépeTal
0 T0Tog ETLOTROPHS (TPoaLpETIXE), TO GVoUa TN BoUtXAS LOVEDUG XAl Ol TUTILXES TG ToPEUETEOL
(mpoaupetind). O tinog emotpophc mapahelnetol yio Tig douxés HOVASES Tou dev EMOTEEPOUY
arotéheopa (neBA. dwdixaoies otny Pascal). Ou tunixée napduetpol ypdpovtor uéoa oe mopevié-
oELC.

Kdéfe tumuh nopduetpog yapaxtneiletar and 1o 6voud g, Tov TOO TNE XoL TOV TEOTO TERd-
opatog. H dhwon twv napapétony wotdlel ue exelvn tov YetafAntody. Yuveydueves dnhdoelg
TopauéTeY Ue SLapopeTixotc TUToug f Tpdéno nepdouatog Sty weilovtol uetadld Toug ue eAAnVL-
x& epotnuatixd (). H yAdooa Tony unootnpilel népaoua napauétpwy xat’ alla (by value) xo
xat’ avopopd (by reference). Av n dhAwon Zexwvd pe ™) AEEN xhewdl ref, t61e oL mapdUETEOL TOU
dnAdvovtal mepvolv xat’ avapopd, SlapopeTixd tepvoly xat’ akia.

Axolovholv nagadelyuota emxepaiideny oploudy doulxdy Hovadwy.

def pl ()

def p2 (int n)

def p3 (int a, b; ref char c)

def int f1 (int x)

def int f2 (char[] s)

def int[][] matrix_mult(int p, q, r; int[]1[] a, b)

Ou tomuée dnhdoelg wLag douwis novadag axolovfolv v emxepaiida. H Tony axolouvlel
Toug xavoveg euféletag tng Pascal, 6cov agopd oty 0paTédTNTA TWV OVOUATWY UETABANTGY,
dOULXDY LOVES®Y Yol ToPAUETRPWY.

Yy neplntwon auoPaia avadpouixdy LTOTEOYPAUUAT®Y, TO OVOUA EVOS UTOTROYPGUUITOS
YeetdleTaL Vou EQPAVIOTEL TELY TOV 0ploUd TNS. DTNV MEpINTWwor auTh, Yo va unv topaflactody
oL xavoveg euféhelag, npénel va €yel mponynlel W ddwon e emxepaidag autol Tou unomgo-
Yeduuatog, ywelc To oodua Tou. Autd yivetow ue ™) AEEn xhedl decl avti tng def.



1.4 Exgpdoelg

Kabe éxgppaon g Tony Sabétel éva povadixd timo xa unopet vo anotiuniel divovrag wg amo-
Téheopa wia Th avtod tou timou. (Movaduh elaipeon elvar ) otalepd nil, 1 onola éxet timo
Motag onowoudfnote timou.) Ou exgpdoeig Swaxplvovton oe dlo xatnyopleg: autéc Tou divouy
l-values, o. onoleg nepiypdgoviar otny evotnta 1.4.1 xouw autég mou divouy r-values, mou mepLypd-
povton oTig evotnteg 1.4.2 wg 1.4.4. To duo autd idn TyudY €youy mdpel To dvoud Toug amd T
O¢on toug o wa eviolf) avdleong: ot l-values sugavilovion oto apiotepd uéhog tne avabeong
eve ot r-values oto deid.

Ot exgpdoeig unopotv va eugpaviCoviow uéoa og napeviéoeig, Tou Ypnoueonotolvtat yia AGyoug
ouadomoinong.

1.4.1 L-values

Ou I-values avtinpoocwnebouy aviixeiyeva mou XxaTaAoauBdvouy ¥heo 6T Uyhun ToU UTOAOYLOTH
%xotd TNV EXTEAEOY) TOU TPOYPQUUATOC XoL Ta omold Umopovy va Tepleyouy Tuéc. Tétota avti-
xelpeva elvor ot HeTABANTEG oL OL THEAUETEOL TWVY SOUXGY LoVASWY XL Ta oTovyela TLVaXwY.
Yuyxexpluévo:

e To 6vopa yog wetafBAntic N pLag napouétpou auvdpetnong elvat l-value xat avtiotoLyel oto
ev AMoyw avtixetyevo. O tinog tne I-value eivar o tinog tou aviiotolyou aviixeluévou.

o Av ey elvan yla éxgpaon tomou t [1 xow ez elvor o €xgpoon tomov int, téte e [ea] elvon
wa I-value pe tomo t. Av n tn g éxgpaong ez elvar o un apvnTxds axépatog n TOTE
auth) 1 l-value avtiotolyel oTo oTolyelo ye delxtn n Tou mivaxa mou avtiotolyel oty e;.
H aptbunon twv otouyelwy tou nivaxa Eexwvd and to undév. H tuh tou n dev mpéne va
unepBalvel Ta TEAYUATIXd dplal TOU Tlvaxa.

Ay wa l-value ypnowonowmnlel wg €xgeaon, n tiun g elvon (o ye v Tiun mou TEpLEYETAL
0TO AVTLXEUEVO TTOU AVTLOTOLYEL GE aUTHY.

1.4.2 3tabepég

Yug r-values g YA®ooog Tony cuyxatakéyovtal ol axbéhoubes otabepéc:

o Ouv axépareg otabepés ywplc mpdonuo, énwg neptypdpovtar oty evétnta 1.1. 'Eyouv tino
int xou n Ty toug elvan lom ye tov un apvntxd axépato apltiud nou naploTdvouy.

o Ou otafepol yapaxtipes, dnwg neplypdpovion otny evéotnta 1.1. Eyouv téno char xa 7
Ty Toug elvan (om Ue TO YApUXTHPA TOU TAPLOTAVOUV.

o Ou otafepéc ouuPolooeipée, onwe meplypdgpovtar oty evétnta 1.1. 'Eyouv téno char[].
Kébe tétoa éxppaon avtiotolyel o évay nivaxa, otov onoto Peloxovtal anofnxeuuévor ol
xoeaxthees g ouufolooeipds. Xto Téhog Tou mivaxa amobnxeletar autduata o yopaxTh-
pac *\0?, olugwva ye ) olufaor mou axoloulel n YAdooo C yua e ougBolooeipés. O
otafepéc ouufolooepé elvan 1o udvo eldog otalbepds TOTOU Tivaxa TOU EMLTEETETOL.

o Ot Aé€elc xAewdld true xat false, mou €youv tHmo bool.

o H Aé&n »hewdl nil, mou noplotdvel Ty xevr) AMota xou €xel tomo list[t] yux xdfe éyxupo
tno t.



1.4.3 Teleotég

Ou tekeotéc ¢ Tony dwaxpivoviar oe tedeatéc ue éva 1 SVo teholdueva. Ot tekeotée pe €va
teholuevo ypdgovtat tplv and autd (prefix), evd ou tekeotéc e d%o telodueva ypdpovtal TdvTa
peTall Ty tTeEhovuévey (infix). H anotiunon 1oy tehovpévey yivetar and aplotepd npog ta Se€Ld.
O teleotéc ye 0o tehodueva ATOTLUOUY UTOYEEWTIXE xau Ta dYo TeAolueva, ue edalpeon Toug
teheatég and xoL or, 6TKS TEPLYPAPETAL ToEAXdTw. YTdpyouy enlong T€00eplg TEAEOTES UE eLdLx
ovvtagn. ‘Ohot oL tekeotég g Tony €youv wg anotéheoua r-value.

o Ou teheotéc pe éva tehoduevo + xal — vhonololy toug tedeotéc npoohuou. To telolbuevo
npénel va elval Exppoaon tinou int xat To anotéhecua elvon r-value tou (dov Thnou.

o O tekeotic ue éva teAoluevo not ukornotel T hoyixr| dpvnon. To teholuevo npénet va elvon
Exppaor témou bool xat to (dto elvar To anotéhesud Tou.

e Ou tekeotéc ye dvo teholueva +, -, *, / xou mod vhonoloVy Tig aplbuntixés npdéelg. Ta
tehovpeva mpénel va elval exgpdoslg Timou int xal To arotéieoua eivar r-value tou dlou
TUTOU.

o Outekeotéc =, <>, <, >, <= oL >= vhonolovy Ti¢ oyéoelg alyxplong Yetady Baoxdy Tinwy.
Ta tehodueva mpémet va elvat exgedocig Tou (8tou Baoctxod témou t xar To anotéAcoua elvon
TUTou bool.

e Ou tekeotéc and xat or vhomoLovy avtlototya Tig TEdZels g Aoyuxhg ovleudng xou ddlev-
&nc. To tehodueva npémet va elvor exppdoetc TOToL bool %ot To dto elval xat To antoTéAecUL.
H anotiunon cuvinxdy mouv yenolwonolody autols toug tehectés yiveton ye SBoayuxtixiworn
(short-circuit). Ankad#, av to anotélecua ™ cLVBRxng elvar Yvwotd and v anotiunon
%ol 46VO TOL TEMTOL TEAOVUEVOD, To delTepo TeEhoUUEVO dev anoTiudtal xaddhou.

e O tekeothc # viomotel Vv xotaoxeun un xevic Aotag (cons). To mpdto tehoduevo npénel
va elvat €xgppaon xdnolou €yxupou THmou t — 1 xeparf — xat 1o dedtepo TEAOVUEVO TRéTEL
va elvan €xgpaot tomou list [t] — 1 ovpd. To arotéheoua elvon enlong tomov list [].

o Outeleotéc ue éva tehoduevo nil?, head xou tail vhomorody Teelg Baoués npdlelg AoThV.
H odvtagh toug pwoidlel ye xAforn cuvoapthoewy. To tehoduevo ypdgpetal UECH GE TUEEV-
Oéoeic o mpémer va elvan tomou list[t], yio xdmotov éyxupo timo t. O tekeotic nil?
emoTeépel anotéAeoua TUTOU bool: eAéyyel av wia Aota elval xevih B oyt. O tekeotic
head emotpégel anotéhecua Tinou t: TNV xe@ary g Motag. O teheotic tail emotpégel
anotéheoya tonov 1ist [t]: v ovpd g AMotag. O teheotés head xor tail dev npémet va
xohoUvton ue AMoteg oL onoleg elvar xevéc.

o O teheotiic new ypnotuonoteitar yia T dnuovpyia mvaxemy xo €xet Ty ewdxf olvtaln new
t [el. To t mpenel va elvan €vag €yxupog TUTOC XAl 1) Ex(paoT) e TEEReL v €xel TUmo int. H
T e e mpénel va elvan xdnolog Betinde axéparoc n. To anotéheopa €xet tomo t [1 xon
elvar évag véog mivaxag n otolyelny, Twv onolny ol apytxés Twég elval anpoodidploteg.

Ytov nivaxa 2 oplletal 1) TROTEPALOTNTA XAl ) TEOCETALELOTIXOTNTA TV TEAEGTAHY Tng Tony. Ot
Yeauués mou Beloxoviar uPnrdtepa oTov Tivaxa Tepléyouy TEAEoTEG HEYAADTERYS TEOTEQALOTNTAG.
Teleotéc nou Beloxoviaw oty Bta ypouut €youy v 8o tpotepardtnta. Ol teAeotécnil?, head,
tail ot new, mou €youv e ovvtaly, dev ouuncpthauBdvovtar otov mivaxa.

1.4.4 KAMor dopix@dy (hoviddmy »g ouVApTACE®Y

Av f elvar T0 6vopa ylog Souxng povadag e umapxtd TOnNo emoTEOPNS t, TOTE 1) EXPpaoT
fle1,...,en) elvor pa r-value pe timo t. O aphudc TV TpayUatixdy toapauétpny n Tpénel va



[Mivaxag 2: TpoTepatdTNTA XAl TEOCETALPLOTIXOTNTA TWV TEAECTGHY TS Tony.

/ / Aptfuse O¢on xau
Tekeotéc [Tepiypapy TeNoupévesy TEpOGE’T(XLpL—
oTxoTNTA
+ - Ipbonua 1 prefix
* / mod IToAhamhaotaotixnol TeAeoTéc 2 infix, apiotept|
+ - ITpooletixol teheotéc 2 infix, aplotept|
# Kataoxeut|, Motog 2 infix, deli&
= <> > < <= >= | Yyeolwuxol teheotéc 2 infix, xouto
not Aoyt devnon 1 prefix
and Aoy 60leuin 2 infix, apliotepn
or Aoy 8udleuvin 2 infix, apliotepn

ovunintel ue Tov aptbud TV VTGV Tapauétewy ™ f. Enlong, o tinog xa 1o eldog xdbe mpay-
MOTLXAS TARUUETEOV TEETEL VoL CUUTETITEL UE TOV TUTO XAL TOY TEOTO TEPAOUATOC TNHS AVTLoTOLY NS
TUTLXAG TREAUETEOU, CUUPOYIL UE TOUG TAQAXATE XAVOVEC.

o Av n tunud mapduetpog elvol TOmou ¢ xon tepvd xat alla, TOTE N AvTioTOLYY TEAYUATLXT
TapdueToog Teénel va elvar Exppaon tomou L.

o Av 7 tunua] tapdueteog elval TOmou ¢ xal TEEVE AT’ avapopd, TOTE 1) avTioToLyN TEAYUATLXY
TapdueTpog Tpémet va eivar l-value tomou t.

Koaté v xhfon yuog Souxnc Uovadog, ol mpayUATIXES TopdUETEOL ATOTIUMYTOL OTd dpLoTERd
Tpog T deLd.

1.5 Evtolég

Or evtoléc nou vnootneilel n YAdooa Tony ywpeillovtar oe amhéc xat ovvheteg. O anhéc eviokéc
elvar o axdiovhec:

o I xevi evtoly skip mou dev xdver xaula evépyeta.

e H evtohf) avdfeong £ :=e mou avabitel tnv Tun g éxgeaong e otny l-value 4. H l-value ¢
xou H Exppoon e mpénetl va elvan Tou (Stou tinou t. H l-value ¢ dev npénel va avtiotouyel o
otolyelo atabepric ouufolooeipds. Mdupwva ue 6ca yedgpovtal oty evétnta 1.2, n avéleon
TLVAXWY Xat AoT@V avtiypdger T Siedbuvor evdg mivaxa B ulog Alotag, dnutouvpydvtag
OUYOYLUA — TOTE dEV AVTLYPAQEL T TEPLEYOUEVA.

o I evtord »xAfong Souwic povadag. Ou mpaypatixés TopdUeTEol YPdPovTaL OAVAUEGH OF
nopeviéoec.  Av elvar nepiocdtepes, yopllovtar ye xéuupata. Ot npolnoléoeg yia vy
xAhon elvan ot i8eg 6mwg oty evotnta 1.4.4 ye ) Staupopd 6TL Sev mpénel va opiletar Tomog
EMLOTEOPNS Yl T1) douuxt) wovéada.

O o0vletec evtohéc e Tony elvan ou e€ie:

o H evtohf ehéyyou if eq : by elsif ey : by else : by, 6TOU 10 oXého¢ elsif unopel va emava-
Aaufdveton undév N neprocdtepeg popéc xal 1o oxélog else elval mpoatpeTind. Ta eq xau eg
mpénel va elval €yxupeg exgpdoelg Timou bool. Ta by, b xat by mpénel va elvar axolouvbieg
utag 1 neprocdtepwy eviohdy. H onuaciohoyia tng eviokig elvon énwg m.y. oty Python.
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o H evtolf) ehéyyou for si;e; sp: b, mou poudler ue v aviiotoryn eviody) tng C. To sq
%o sg elvon axolouvlicg ulog B neplocdtepmy ATADY EVIOADY, YWELOUEVKDY UETAED TOUS UE
xéupota. To s; extehelron pla @opd oty évopdn tou Pedyou (apyixomoinem), evéd to So
exteheltan oto téhog xdle emavdndne (Brua). H éxgpaon e npénel va elvat tonou bool xat
TAPLOTAVEL TY) oLVEHXY Tou Bedyou: boo 1 T g elvar ahnbnc, o Bedyog emavaroufdvetaL.
To b npénel va elvar axolovlia ulog 1 teplocdtepwy EVIOAGOY.

o I evtoly dhuatog exit mou tepuatiler v extéheon ng tpéyoucag Souxic wovadag. H
eVTOAY auTh Tpénel va eppaviletal 610 odua plog douwis yovadog ywels TOno ematpopns.

o H evtoly) dhuatog return e mou tepuatiler ™y extéleon g Teéyoucag Souxic Hovadag
%O ETLOTEEPEL WS ATOTEREOUA TNV TLWT| NG Expaong e. H evtoly aut) npénet va epgavileton
070 oGu plag Souxnc Lovadag Ue TOTo ETLOTROPNS T xaL 1) €xppaoT e TEETEL Vo EXEL TOV
8o tomo t.

1.6 BiBAiobnxrn Etoluwy cuvapTiosny

H Tony unootnpilel éva ohvoro mpoxaboptouéveny Soutdy novadny, ot onoleg éyxouv vhomoinfel
oe assembly tou x86 wc wia fifAwbixy érowuwy ovvaptiioewy (run-time library). Eivoaw opatéc
oe %80 douwhy povdda, extég av emoxidlovtat and petafintés, napauéteous 1 dAles doutxéc
novédeg ue to 8o 6voua. Tapaxdte divovtat ol dnhdoelg Toug xan e€nyeitar n Aettovpyia Toug.

1.6.1 Eicodog xat £€0dog

decl puti (int n)
decl putb (bool b)
decl putc (char c)
decl puts (char[] s)

Ot ouVaETACELS AUTES YPETOWOTOLOUYTAL Yia TNV EXTUTWOT TYWMY TOU avhXouy oToug Bactxoig
tomoug g Tony, xaBdg xaL Yo TNV eEXTOTWOT GLUBONOGELRMY.

decl int geti ()
decl bool getb ()
decl char getc ()
decl gets (int n, char[] s)

AvtioTolya, oL TapATdVL CUVOPTACELS YENOULOTOLOUYTAL YL TNV ELCOYWYY TULGOY TOU oVAXOLY
otoug Baouxolg ténmoug g Tony xau yia TV ewoaywyy ouvuBolooeipdy. H ouvdptnon gets
yenowsonotelton Yoo TNy avdyvworn ylog cuuforooelpds Uéypl TOV ETOUEVO YapaxTHpd dANAYNS
voouphs. Ou mapduetpor g xafopilouv 1o péyloto aptbud yopaxtipwy (cuurnepthauBavouévou
Tou teAxol *\0’) mou emttpénetor va dtafaoTtoly xar Tov mivaxa yapaxtiewy otov onolo autol
Ba tomobetnodv. O yapaxthpoag ahhayhc yeouuis dev amobnxeletar. Av to uéyebog Tou mivaxa
eZavtAnOel mpwy ouvavinbel yopaxthpag ahhayhg Yeauunc, n avdyvwon o cuveylotel apydtepa
and 10 onuelo 6mou SlaxdTnxe.

1.6.2 Xuvopthoelg ETATEOTYG

decl int abs (int n)
decl int ord (char c)
decl char chr (int n)

H ouvéptnon abs uroloyilel v andlutn Tiun evég axépatov aptbuod. Ot cuvaptrioeis ord xat
chr petatpénouy and éva yapaxtipa otov aviiotoryo xwdixd ASCII xo aviiotpoga.
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1.6.3 Xvuvaptriocelg drayeipiong cupolooelp®dy

decl int strlen (char[] s)
decl int strcmp (char[] si1, s2)
decl strcpy (char[] trg, src)
decl strcat (char[] trg, src)

Ou ouvaptioetg autég €youy axplBds Ty Sa Aettovpyla ye Tig ouvOYLUES Toug atn BLBAtobrxm
oLVOETHoEWY NS YAGooag C.

2  II\ienc yepoupatixy tng Tony

H odvtagn g yYAdooag Tony Sivetar mapaxdtw oc wopph EBNF. H ypauuatind mou axolouBel
elvan Stpopoluceyy, ol meplocdtepeg auplonuies dung unopody va Eencpacholv av Adfetr xavelig
UGN TOUG XAVOVES TIPOTEPALOTNTAG 0L TROCETALPLOTIXOTNTAS TWV TEAEGTAV, OTWS TERLY pAPOVTAL
otov mivaxa 2. To obufora (id), (int-const), (char-const) xou (string-literal) elvar tepuatind
oVuPola NG YeAUUATIXAS.

(program) = (func-def)

(func-def) = “def” (header) “:” ({(func-def) | (func-decl) | (var-def))* (stmt)™ “end”
(header) = [(type)] (id) “(” (formal) ( “;” (formal))* “)”

(formal) = [“ref”] (type) (id) (“,” (id))*

(type) = “int” | “bool” | “char” | (type) “[” “1”7 | “list” “[” (type) “1”
(func-decl) = “decl” (header)

(var-def) = (type) (id) (“,” (id) )*

(stmt) = (simple) | “exit” | “return” (expr)

| “i£” (expr) “:” (stmt)t (“elif” (expr) “:” (stmt)™ )*
[“else” “:” (stmt)" ] “end”

| “for” (simple-list) “;” (expr) “;” (simple-list) “:” (stmt)* “end”
(simple) = “skip” | (atom) “:=" (expr) | (call)
(simple-list) ::= (simple) (“,” (simple) )*
<Ca11> — <id> “ (77 [<eXpI‘> ( “,77 <eXpr> )*] “) 7 ’
(atom) = (id) | (string-literal) | (atom) “[” (expr) “1” | (call)
(expr) = (atom) | (int-const) | (char-const) | “(” (expr) “)”
( £L+77 | w_” ) <expr> ’ <expr> ( L£+77 ‘ “__” | ﬁL*” | ﬁL/’? | Lﬁmod” ) <eXpI'>
<expr> ( “=77 ’ “<>77 | “<77 ‘ “>77 | “<=77 | “>=77 ) <expr>
“true” | “false” | “not” (expr) | (expr) (“and” | “oxr”) (expr)

“newﬂ <type> “[77 <eXpI.> “]77 | “nilﬂ ’ “nil?ﬂ “ (77 <expr> “)77
<expr> 44#77 <eXpI_> | “head” [ (77 <expr> Lé)’? ‘ “tail” [ (7’ <expr> 44)77

3 IMopoadeiyuota

Yy nopdypapo auth Sivovtol €€ napadelypota tpoypapudteny ot YAGeoa Tony, 1 toAuthoxd-
™t TV onolwy xuuaivetar onuavtxd. o xdmow and avtd ta napadelypata (4 yia napbduota
Tpoypdupata), unopelte va Ppelte Tov apyixd, tov evdidueco xHdxa (ywelc Bektiotonolnon),
LOoPPH TOVY EYYEAPNUATWY SpaoTnEloTolnong TwY Souxdv Lovadwy, xabdg xat Tov TeAtxd xd3xa
oe avtiotolyo UALNESLa TepLypaphic YAWGG®Y tou 360nxay wg Béuata epyaciog oto (dto udbnua
o mponyovueva €11, LEow NG LoTooelldag Tou wahfuatog.
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left middle right

Yyfua 1: Ou ndpyour tou Hanoi.

3.1 Ileg yewa!

To mapaxdte tapddetyua clvat To anAolotepo TedYpaUUa 0T YAGOooK Tony Tou Tapdyel xXdmoLo
anotéheoua opatd 6to Yot To mpdypauuo autd TUTGVEL ATAGS EVo URVLUA.

def hello ():
puts("Hello world!\n")
end

3.2 Ou ndpyoL Tou Hanoi

To npbdypauua tou axohoulel Adver 10 TpdBANUA Twv Thpywy Tou Hanoi. M obvtoun neptypapt
Tou TeoBAjuatog dlvetal napaxdTw.

Yrdpyouv tpelg otihot, ooy TpdTo and Toug onoloug elval nepacuévol n to TARbog SaxtiAloL.
O e€wtepinés Sduetool Tov daxtuhlny elvar Srapopetinés xow autol elvar tepaouévol and xdtw
Tpog T Mavw ot @Blvovca oelpd ewtepxig Slauétpou, dnwe paivetar oto oyfua 1. Znteltol
va petagepBoldy oL Saxtihlor and Tov TEMTO 6ToY TEiTo GTUAO (YENOLLOTOLBVTAS TO dEUTEPO (S
Bonintixd ydpo), axoloubdvtag duwe Toug e€fg xavoveg:

o Kdébe gopd emitpéneton va petagepbel Evag uévo daxtdilog, and xdnolo 6tOAO o xdnoLoy
dAho atdro.

o Anayopeveton vo tonofetnlel Saxtdhog ye yeyaritepn diduetpo méve and daxTdAO e
uepoTERY dLdueTEo.

To mpédypauua otn YAGooa Tony mou Advel autd to mpolAnua diveton mapaxdtw. H ouvdptnon
hanoi elvow avadpouix.

def solve ():
def hanoi (int rings; char[] source, target, auxiliary):

def move (char[] source, target):
puts("Moving from ") puts(source) puts(" to ") puts(target) puts(".\n")
end

if rings >= 1:
hanoi(rings-1, source, auxiliary, target)
move (source, target)
hanoi(rings-1, auxiliary, target, source)
end
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end
int NumberOfRings

puts("Rings: ")

Number0fRings := readInteger()

hanoi(NumberOfRings, "left", "right", "middle")
end

3.3 Ilportou aplbuotl

To mapaxdtew mapddelyua Tpoyeduuatog oty YAdooa Tony elvol éva mpdypopuuo Tou LUTOAOYL EL
Toug mpdhToug aptiuoic uetald 1 xou n, émouv To n xabopiletar and to yenot). To npdypauua
autéd ypnousonotel Evay amhd adydptbuo Yo Tov UTOAOYLoUS TV TEKOTY aptiudy. M Siutinwor
autoV tou akyoplBuou ot Pevdoyidooa divetar napaxdtw. AauBdvetor unddn 6t oL apliuot 2 xat
3 elvan mpddtoL, xaw 01N ouvéyela e€etdlovtat wévo ot agibiuol Tng wopgrc 6k £ 1, 6mou k puodg
apthude.

KigLo mpdypappa

TOnwoe toug aptbuois 2 xa 3

v t =6 uéypl n e Pruo 6 xdve to &gt
av o aptBuog t — 1 elvan mpdhtog téHTE TUTWOE TOVY
av o aptude t+ 1 elvan mpdtog téH1e THnwoé Tov

Alybprbpog eléyyou (elvon o aplBués t tpdtog;)

av t < 0 tote éheyée tov apliud —t
av t < 2 161 0 t dev elvon mpiTog
av t =2 t61€ 0 t elvat TpKTOC
av o t Sopeltal pe 1o 2 téte 0 ¢ dev elvan TpdTog
yio i =3 péypet t/2 ue PAua 2 xdve ta e
av o t dionpeltal Ye tov ¢ toTE 0 t Bev elvan TpdTog
o t elvow mptTog

To avtiotouyo mpdypauua ot YAGooa Tony elvar 1o axdioubo.
def main ():

def bool prime? (int n):

int i
if n < 0: return prime?(-n)
elsif n < 2: return false
elsif n = 2: return true
elsif n mod 2 = 0: return false
else:
for i :=3; i<=n/2;1i:=1i+ 2:
if n mod i = 0: return false end
end
return true
end
end

int limit, number, counter

puts("Limit: ")
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limit := readInteger()
puts("Primes:\n")

counter := 0

if 1limit >= 2: counter := counter + 1 puti(2) puts("\n") end
if 1limit >= 3: counter := counter + 1 puti(3) puts("\n") end
for number := 6; number <= limit; number := number + 6:

if prime?(number - 1):

counter := counter + 1
puti(number - 1)
puts("\n")
end
if number <> limit and prime?(number + 1):
counter := counter + 1
puti(number + 1)
puts("\n")
end

end

puts("\nTotal: ") puti(counter) puts("\n")
end
3.4 Avtiotpogr, cupBohocelpds

To mpdypapua mou axoloubel o1 YAdooa Tony extundver to upvupa “Hello world!” avtiotpé-
povtog 1 dobeloa ouuBolooeipd.

def main ():

def char[] reverse (char[] s):
char[] t
int i, 1

1 := strlen(s)
t := new char[1+1]
for i :=0; 1 < 1; i := i+1: +t[i] := s[1-i-1] end
t[i] := ’\0’
return t
end

puts(reverse("\n'dlrow olleH"))
end

3.5 Talwvounon nivaxa pe 1 wéHodo tng Quoaiidag

O ahyépibuog e puoakidag (bubble sort) eivan évag and toug To Yvwotols xar anholc alyopld-
poug tagwéunong. To napaxdtw mpdypauua os Tony Tov yenowwonotet yia vo tagivounost évay
mivaxa axepatwy apludy xat’ avfovoa oepd. Av x elvar o mivaxag mov mpénel va Tagivoundel
xat n etvon to uéyeloc tou (Bewpolue obupova e ) oduBaon e Tony 61l Ta oToyelo Tov elvan
ta z[0], z[1], ... z[n — 1]), wa napakhayh tou ahyopibuou neprypdgetor we Peudoxddixa we e&ng:

AlybeiBuog tng puoadidag (bubble sort)

enavérafe to e€hc:
vt ¢ and 0 wg n — 2
av zfi] > z[i + 1]
avtiotpede ta x[i] xon x[i + 1]
600 petafdAleTar 1 oelpd WV oTOLYElWY Tou T
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To avtiotouyo mpdypauua o YAdooa Tony elvar to e€rc:
def main ():
def bsort (int n; int[] x):

def swap (ref int x, y):
int t
t :=
X =
y =

end

o< M

int i
bool changed

for changed := true; changed; skip:
changed := false
for i := 0; 1 < n-1; i := i+1:
if x[i] > x[i+1]:
swap (x[i], x[i+1])
changed := true
end
end
end
end

def writeArray (char[] msg; int n; int[] x):

int 1

puts (msg)

for i :=0; 1 < n; i := i+1:
if i > 0: puts(", ") end
puti(x[il)

end

puts("\n")

end

int seed, i

int[] x

x := new int[16]

seed := 65

for i = 0; 1 < 16; i := i+1:
seed := (seed * 137 + 220 + i) mod 101
x[i] := seed

end

writeArray("Initial array: ", 16, x)

bsort (16, x)

writeArray("Sorted array: ", 16, x)

end

3.6 Talivounor Alotag pe ) nébodo tng drouépLors

O olybpibuog e dapéprone (quicksort) de Oa unopoloe guoxd vo Aelnet and to eyyelpidio
optouol ¢ yhdooag Tony! H (oxedév) ouvaptnoraxh napaddayh tou yia Ty talivéunon Ai-
OTMV, TOU TEPLY PAPETAL TAPAXAT, ELVOL SLAPORETIXY AN TNV TEOCTAXTIXY TEWTOTUTY LOPPT| TTOU
ogeiletar otov Tony Hoare xou mou taivouet évay mivaxa ent ténou.
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A\yébprBpog tng drapéprons (quicksort)

xenowonoinoe 1o npdhto otouyeio g Aotag we diaueploth (pivot)
xoeLoe Ta undrowna otoryela g Alotag og dVo Aloteg:
ula mou meptéyel T oTolyElo TOL Elvol ULXEOTEPA TOV SLAMEPLOTY), XL
uta mou mepLéyer Ta otolyela Tou elvar peyahbtepa A loa
tadivounoe Eeywetotd (avadpouxd) tig do AMoteg
oLVEVwoe Ta anoteréouata, TapeUBdhAovTag To SlauEpLoTY

Avtl e EeywpLothc TagLlvounong xal CUVEVWONS, XpnoLonoteltal 1 ouvdptnon gsort_aux(l, r)
mou tadvouel T Alota 1 xow ouyYedVeS cuvevdvel oto anotéhecua 11 Aota r. To npdypauua
oe Yhodooo Tony etvor to e€nc:

def main Q:
def list[int] gsort (list([int] 1):

def list[int] gsort_aux (list[int] 1, rest):
int pivot, x
list[int] 1t, ge

if nil?(1): return rest end

pivot := head(1l)

1 := tail(l)

for 1t := nil, ge := nil; nil?(1); 1 := tail(l):

x := head(l)
if x < pivot: 1t := x # 1t else: ge := x # ge end
end

return gsort_aux(lt, pivot # gsort_aux(ge, rest))
end

return gsort_aux(l, nil)
end

def writeList (char[] msg; list[int] 1):
bool more

puts (msg)
for more := false; not nil?(1l); 1 := tail(l), more := true:
if more: puts(", ") end
puti(head (1))
end
puts("\n")
end

int seed, i
list[int] 1

seed := 65

for i := 0, 1 :=nil; i < 16; i := i+1:
seed := (seed * 137 + 220 + i) mod 101
1l := seed # 1

end

writeList("Initial list: ", 1)

1 := gsort(1)

writeList ("Sorted list: ", 1)
end
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4  Odnyleg yia Vv napddoo

O tehinde petayAoTtiotic neénet vo umopet vo e€dyel xatd Bolinon evdldueco xat tehind xH3ixa.
Egboov dev éyouv xaboprobel o mapductpol Aettovpyiag —f % -i, mou e&nyoldvion mapaxdtw, o
petaylottiotic Oa Séyetar to nnyalo npdypauua and éva apyelo pe onotadfrote xatdinin (wy.
*.tony) nou Bu diveton wg To wovadixd tou Gpopa. O evdiduecog xddxag Ba tonobeteiton o€
apyeto ye xatdAnén *.imm xor o tehxdg oe apyelo ye xatdinén *.asm. Ta apyelo autd Oo
Beloxovtal otov 8lo xatdhoyo xor Ha €xouv To (8o xuplwg dvopa. Ily. and to mnyaio apyeio
/tmp/hello.dna Ou napdyovtal ta /tmp/hello. imm xow /tmp/hello.asm.
To exteléowo Tou TeEAX0U UETAYAWTTLOTH O TEémer var SéyeTal Tig MUEAXAT® TAPAUETPOUG:

-0 omnuaia Behtiotonoinong (npoatpetixs).
-f mpdypauua oto standard input, é€o8og tehxot x®GSixa oto standard output.

-i npdypauuo oto standard input, é€0dog evdidueoou xdduxa oto standard output.

Erntong, n tun mou Ha emotpépetar 0to Aettoupyind olotnua and 10 YeTayAwttioth Ha npénet va
ebvor undeviy oty nepintwon emtuyols weTayAdTTIONG XAt Un undevixt| oe avtibetn nepintwon,.

o v €0%0An avdnTuén ToL UETAYAWOTTLOTY TpoTelveTar 1 Yeriorn evég apyeiou Makefile ue
ta €€Hc (TouldytoToy) yapaxTneloTKd:

e Me amhé make, O dnurovpyel 10 exTEAEOLUO TOU TEAXOY UETAYAWOTTLOTY.

e Me make clean, Ha oBfjvel 6ha avelopétwg ta apyeio mou napdyovtar autduata (T.). autd
Tov Tapdyouy bison xou flex, ta object files xot o tEAS exteléoLo).

‘Eva nopddetyua evée tétotov Makefile, unobétovtag 6t yAdooa vhonoinong elvar n C xon
yivetow ypfon twv epyaielwy flex ot bison, elval To ToapaxdTw.

CC=gcc
CFLAGS=-Wall

compiler: compiler.lex.o compiler.tab.o symbol.o symbolc.o
$(CC) $(CFLAGS) -o compiler compiler.lex.o compiler.tab.o \
symbol.o symbolc.o

compiler.lex.c: compiler.l compiler.tab.h
flex -it compiler.l > compiler.lex.c

compiler.tab.c compiler.tab.h: compiler.y
bison -dv compiler.y

clean:
$(RM) *.0 compiler.tab.c compiler.tab.h compiler.lex.c \
compiler core

H poppn eupdviong 1oy tetpddwy oL Tou TeEAxo) xddtxa o teénet va elvol auTh Tou TpoTe-
ivetow oto BiBAio xan otig Sahéerg. Emlong va Angbodv unddn or napaxdtw odnyles:

o Evdudueococ xdduxag: vo ulobetnbel popponoinor oodivaun ue
printf ("%d: %s, %s, %s, %s\n", ...)

o Telixbc xdduxag: mpoooyR vo dobel oty otnhobétnon (indentation). No axoloubfnfel to
TAPOXATE UTOdELY UL

eTLHETTH: <tab> evtoAr| <tab> épLopa-1, SpLopa-2
<tab> evTtoAY| <tab> épiopa-1, SpLopa-2
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