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OEMA:

Na oyediaotel xar va vhonowndel and xdbe oudda duo omoOLBAGTOVY EVag METAYAWTTLOTAG Yol TN
yYh&ooa Dana. I'A\édooa vhomoinone unopel va eivan o and g C/C++, Java f OCaml. H emhoyh
xdmotag dAANS yAdooag vionolnong umopel vo ylver xatémy Guveyvénong ue to dddoxovta.
Entpénetar va yenotwonowmfoldv xaw enlong ouviotdtat 1 xpfion epyakelwy, m.y. flex/ocamllex,
bison/ocamlyacc, JavaCC, x.An. Ilepioodtepec mAnpogopiec oyetxéc pe autd ta epyohela Oo
doBovv oTic napaddoets.

ITopadotéa, nuepounvies xot Babuoréynoy

To TUAUATA TOU UETAYAWTTLOTH XAL 1) XATAVOUT| LOVASWY @alvovtal 6Tov tagaxdte mivaxa. Ot
nuepounvieg napddoong avaypdpovtal oty oeAlda Tou yabiuatog.

Turua tov uetayrwrtioty Movddec | Bonus
Aextxde avahutic 0.5 0.5
2UVTAXTINOS AVAAUTHS 0.5 —
YINUACLOAOYIXOC AVUAUTHS 1.0 —
Evdiduecoc xdhduxag 1.0 -
Bektotonolnon 1.0 0.5
Tehudc wdduxoc 1.0 1.0
Yuvohixy epyaocia xat éxfeon 5.0 2.0

TNa ta dudgpopa Tuquata ¢ epyaotiag npénel va mopadidetal eunpdbeoua and xdbe oudda o
avtiotolyog xd3xag ae NAextpovxh Hopn, xabde xar cagelc odnyieg yia Vv mapaywyh evog
exteléalpou mpoypduuatog enideling tne Aettovpylag Tou aviiotolyou TUHUATOS, and Tov XD
autdv. Kabuotepnuéveg aoxnoeig Ha Pabporoyolvtar ue uixpdtepo Babud, aviiotedpng avdhoya
Tpo¢ 10 Yebdvo xabuotépnong. ITapaxalodue, unv nopadidete Tunwuéveg epyaoieg! H popoy
XL TO TEPLEYOUEVA TV TapadoTéwy, ouunepthauBavouévne xot g tehixfic éxbeong, mpénel va
oLUPOYOUY UE TIS 0dnyieg Tov dlvovtal oty evétnta 4 Tou napdvToC.

IlpoarpeTind TpuaTa xot Lovddeg bonus

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

e (25%) Layout (off-side rule).
e (25%) Behtiotonoinom evdidueoou xHIxa.

e (50%) Aéoueuon xataymentdy xul BEATLOTOTOINGY TEAX0Y XBIXA.
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1 IlIepiypayr tng YAGooag Dana

H yAdooo Dana elvon yia ani yAdooo npootaxtixod npoypauuatiopod. To xdpta yopaxtnet-
oTuxd Tng v ouvtoula elvat ta e€fg:

o Amhy dour) oL oUvTagy evIoAOY xat exppedocwy Tou potdlel ue avtiy g Python.
e Boouwol timol dedouévmy yia axépatoug aptbuotc dbo ueyehdy xat nivaxec.

o Am\éc ouvaptioelg, népaoua xat  afla 1 xat’ avopoped.

o Euféheia petafintédv 6nwg otny Pascal.

o BiBAobxn ouvapthoewy.

Hepioodtepeg Aemtoudpeteg g YAMOGAS dlvovial 6T Tapaypdpoug Tou axolouhoiv.

1.1  Aextuxég povddeg
Ou Aextinég povadeg g YAdooag Dana ywpilovtar oTig mapaxdte xatnyoples:

o T Aééeic xAetdid, o onoleg elvan oL TopaxdTw:

and as begin break byte continue decl
def elif else end exit false if

is int loop not or ref return
skip true var

o Ta ovduarta, Ta omola amoteholvtal and €va Yeduua Tou Aativixol aigaBritou, mbaveg
axohoufoluevo and uia oelpd YpoUUdTwY, Sexadixdy Yneloy f yapaxtipwy uToYEdUULeNS
(underscore). Ta ovéuata dev npénet vo cuunintouy pe g MZetg xAedid tou avapéphnxay
nopandve. Held xar xepahalo yedupato Oewpolvtal Stoapopetixd.

o T axépaies otabfepéc ywplc npdbonuo, nou anotelobvton and éva # neptocdtepa dexadind
dneplo. Hapadelyuoato axépatwy otabepdy etvar ta axdiovba:

0 42 1284 00200

o Toug otaflepolc yapaxtipeg, mou anotelodvral and €vo yapaxthpo Héod O ATAL ELOUYW-
ywd. O yopaxtipag autdg unopel va elvar omotoadinote xowvdg yapaxthpag N axolovbia
Siapuyric (escape sequence). Kool yapaxtipeg elvor 6hot oL extundouuor yapaxtipes
TANY TV anA)Y oL SMAGY eroaywywdy xou tou yapaxthpa \ (backslash). Ou axolou-
Oiec duapuyhic Zextvolv pe to yoapaxthpa \ (backslash) xou mepiypdpovtar otov mivaxa 1.
IMapadelypata otabepdy yopaxtiewy elvol ou axdrovbec:

197 112 7\n; ;\77 ’\de’

o Twc otallepés ovuforooeipée, mou amotehodvton and pia axolovblo xowvdY yapaxThewy 1
axohoubLdy Staguyhc uéoa o SAd ewoaywyLxd. Ot suuBolooceipés 8ev unopolv va exte-
tvovtat oe neplocdtepeg and ula yeouués npoyedupotoc. Iopadelyuata otabepdy ouufo-
Aooelpdy etvar ou axdrouvbeg:

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

o Toug ouuPolixols tedectés, oL onolot elvan oL mapoxdtw:

+ - * / h ! & |
= <> < > <= >=



ITivaxac 1: Axolouvbiec Staguyfic (escape sequences).

AxolovBia I ,
SLopuy epLypagn
\n o yopoxthpac arlayfc yeauuhc (line feed)
\t o yoapaxthpag otnhobétnong (tab)
\r 0 yopaxthpac emtoteoPic oty apyf T Yeauufc (carriage return)
\O o yapoxthpag ue ASCIT xwdixd 0
\\ o yoapaxthpac \ (backslash)
\’ o yopoxthpag ’ (amnké eloaywyLxd)
\" o yopoxthpac " (Sumhé eloaywyLxd)
\xnn o yapaxthpag ue ASCII xwdwd nn oto dexacdadnd obotnua

o Toucg Staywpiotéc, oL onolol elvat oL TapaxdT:
( ) L ] , : :=

Extég and tig Aextixéc yovddeg mou mpoavagéphnxay, éva npdypauua Dana unogel entong va
TEPLEYEL T ToPAXATw, Ta ontola Staywpellouy Aextixés Hovades xat ayvoolvTat:

o Kevolc yapaxtipeg, dSnhadh axohovbieg anotehodueveg and xevd Swwothuota (space), yo-
paxthpes otnholétnoneg (tab), yapaxthpes alhayhc yeapurc (line feed) ¥ yopaxtipes emi-
oTPOYRS 6TV apyh TN Yeauunc (carriage return).

o Yyohia uiag yoauuic, 1o onola apyllouv ue to yopaxtipa # xal tepuatiCoviat ue to Téhog
NG TREXOVOUS YRAUMTC.

o Yybhia noAddy yoouudy, to onola apyilouy ue tnv axolouvbio yopaxthpwy (* xal Tepua-
tilovton ue v axohouBia yapoxtiewy *). To oydiia auths g HopPRg EMTEENETAL VL
elvat pwhiaouéva.

1.2 Toinou dedopévmv

H Dana unootnpilet d%o Baoixols timoug dedouévwy:
e int: axéporot aptfuol peyéhoug tovhdyiotov 16 bit (—32768 éwg 32767), xat
e byte: un apvnuixol axépatot aptbuol twv 8 bit (0 éwg 255).

Exté¢ and toug Baouxois tinoug, 1 Dana unootneilel entong tinoug mvdxwy, ot onolol cuyufo-
AMCovtow pe t [n]. To n Oa npénel va elvar axépata otabepd pe Hetinh Ty xou To t €yxupog Timog.
Yrnootplilel enlong éuueca évav TOmo hoyudy exppdocwy, o onolog duwg yenotuonoteitar ubvo
ot ouvlfxeg g evtohfic if. Autdg o timog Sev mpémel va ouyyéeton Ye Tov TUno byte, mou
unopel va ypnowonoteltal yio ) dHAworn YeTaSAnTdy Aoyixod tinou.

1.3  Aoux Tou npoyeduuaTog

H yAdooa Dana eivon pio Sounuévn (block structured) yAdooa. Eva npbypauuo €xet yovipid
v B doun ye éva npdypaupa Pascal. Ol douxéc povadeg unopodyv va elvar pwiiaouéveg 1 ula
uéoo oty dAAY %o oL xavoveg euféetag elvar ot (dlol ue autolg g Pascal. To xdpLo npdypauua
etvar pla Souxr) Hovada mou dev emoTeépeL anoTéAeoua xat 3¢ déyeTal ToHpAUETEOUC.

Ké0e Souuxs| yovado unopel va neptéyel mpootpeTixd:

o Anhdoelg uetafAnTtdy.



e OpLouolc UTOTEOYEAUUATHY.

o AnAGoeLg UTOTEOYPAUUATOY, oL oplouol Twy onolwy Ho axolovlficouy.
Televtalo cUGTATIXG GTOV OpLoUd Uiag Souwig Lovdadag elvat To odua g, Tou elval éva umhox
eviohdv (BA. evéotnta 1.6).
1.3.1 Metof3Antéc

Ou dnhdoeig petafintdy yivovtar ue tn AéEn xhedt var. Axolouvfolyv éva 1 teptocdtepa ovéuata
peTAPANTAY, N AEEN xhedl is xat évag timog dedouévwy. Ilepiocdtepeg ouveydueves dnhdoelg
LeTafBANTAV unopoly va yivouy enavohaufdavovtoag ) AéEn xAewdt var. Tapadelypata dnidoewy
elva:

var i is int
var x y z is int
var s is byte [80]

1.3.2 Aopwuxéc povadeg

O oproude plag douwaic wovadog yivetow ue ™ AEN xhewdl def, mou axohovbeitar and tnv emuxe-
pakida Tng Sounc HOVEdaS, T TOTUXES SNADOELS XAl TO GAOUI TNG. LTNY ETUXEPUASA avapépeTal
10 6voua g douic Lovddag, o THnog emoTEOPRS (TPOLEETIXG) XAt OL TUTUXES TNG ToPGUETEOL
(mpoanpetind). O tinoc emotpophc mapahelnetol Yo Tig doUXES HOVASES Tou deV ETLOTREPOUY
anotéheopa (neBh. Swadixactieg oty Pascal). Av undpyet, o tinog entotpophc axohoubel tn Aé&n
xAewt is xat dev unopel va elvon tHmog nivaxa. Ot tumixég mapduetpol, av UTdEYoUY, YedpovTal
HET To Slaywploth ¢ (dYo tekeleg) xaw i ovvtady toug woudlel ye auth g dHAwong UeTaBANToY,
pe ) Stopopd 6Tl AEEN xhedl as avtixabiotd Ty is.

Kébe tunuai napduetpog yapaxmeiletar and to dvoud g, Tov TOTO NG XL TOV Tp6TO NERd-
ouatoc. H yAdooa Dana unootneilel tépaoua nopapétponv xat’ alia (by value) xaw xot’ avogopd
(by reference). Kot a&la nepvolv puévo ot napduetpol Ty Baoxdy tinwy. Av duwe tpornyeita
TV OVOUATeY Toug 1 AEN xAedl ref, té6te mepvoly xat’ avagopd. Erniong, 6heg ol mapducteol
ooV Thvaxa TeEpvolY xat’ avapopd ywels va yivetat yeron tng AéEng xhewdl ref. Ytoug timoug
TLVOXQ TOU YENOLUOTOLOVYTAL VLo TIG SNAGOELS TUTLXMY TUPUUETPWY UTOREL Vo TopaAeimeTaL TO
uéyebog g mpdTNg ddoTaomng.

AxohouBolv mapadelyuota eTXEPAAIOY 0pLoUOY oDV LOVESKY.

def pl

def p2: n as int

def p3: a b as int, c : ref byte

def f1 is int: x as int

def f2 is int: s as byte []

def matrix_mult: a b c as int [10] [10]

Ou tomuxég dnhdoeig ulag Soulxhg povadag axorouvboly v emxepaiida. H Dana axolouBel
Toug xavoveg eufBéletag tng Pascal, écov agopd otny 0patédTNTA TWV OVOUAT®Y UETABANTOY,
SOy HOVASWY XL ToHEAUETEWY.

Yy neplntwon auoPaia avadpouixdy LVTOTEOYREAUUAT®Y, TO OVOUA EVOS UTOTROYPOUUATOS
YEEWLETAL Vo ELPAVIOTEL TIELY TOV 0pLoUS TNG. 2NV TERITTWOT oUTY, YLoL VoL UNY TapofLaoTody
oL xavoveg euPéretag, mpénel va Exel mponynbel wa §7Awon tng emxepaAidag autol Tou uToTpo-
Yeduuatog, ywelc to adua tou. Autd yivetal ye ) AéEN xhedl decl avti tng def.

1.4 Exgpdoeig xow cuvirixeg

Kabe éxgppoaon tng Dana Swabétel éva povadind tino xow unoget vo anotiuniet dtvovtag wg anoté-
Aeoua pLa s autod Tou Tinou. Ou exgpdoslg Sraxplvovtar oe 8o xatnyopleg: autég mou divouy



l-values, o. onoteg neptypdgoviar otny evotnta 1.4.1 o autég mou Sivouy r-values, mou mepLypd-
povton otig evotnteg 1.4.2 wg 1.4.4. Ta dvo autd eldn Tyudy €youy mdpel To 6voud Toug and T
Oéom Toug o wa eviolf) avdbeong: ot l-values sugaviCovtor 6to apotepd pélog g avdbeong
evdd ot r-values oto 8eEL6.

Ou ouvbixeg tng Dana neprypdgovtar oty evétnta 1.4.3. Xenowwonotodvtal ubévo e cuvdua-
ou6 ue v eviohy if xav o umohoylouos Toug diver wg amotéheoua Yo Aoy} Tiun (ahndn 7
(peudn).

Ou exgpdosic xau ov ouvlfxeg unopolv va eugavilovtar uéoa oc nogevliéoelg, mou ypnouuo-
molodvTal Yio Adyoug opadonolnong.

1.4.1 L-values

Ou l-values avtinpoownetouy aviixeiyeva mou xataAouBdvouy yheo 61N UyHun Tou UTOAOYLOTH
XATE TNV EXTEAECT, TOU TROYPAUUATOS Xt Ta onola umopovy vo meptéyouy Tiwég. Tétow avti-
xelpeva elvor ol YetaBAnTég, oL mopdUETEOL TV SoUIXGY UOVAd®Y, Ta OTOLYEl TLVEX®Y XoL oL
otafepéc ouufohooeipée. Luyxexpluéva:

e To 6vopa yog wetafAntic A pLag mapauéteou ouvdetnong elvan l-value xat avtiotoryel oto
ev AMoyo avuuxelpyevo. O timog g l-value elvar o tonog tou avileotolyou aviixeluévou.

o Ou otafepéc ouyPorooeipée, dnwg meptypdpoviar otny evéotnta 1.1 eivar l-values. Eyouv
tono byte [nl], émou n elvar o apbudg yopaxtipwy mou mepéyovial otn cuufolooeilpd
npocavinuévos xatd éva. Kdébe tétowa l-value avtiotolyel o éva aviixelpuevo timou niva-
xa, otov onoto Bploxovtor anobnxeuvuévor ue ) oepd ou ASCII xwdixol twv yopaxtipwy
¢ oupfolooepdc. Lto téhog Tou mivaxa arnofnxedetar autdpata o yapoxthpag *\07,
obupwva pe ) obuBaocn nou axolovbel 1 yAdooa C yua tig oupPorooeipés. Ov otabepéc
oupPolooelpéc elvat to uévo eldog otabepds Tinou nivaxa tov emtpénctal otny Dana.

o Av [ elvar yia l-value tomou ¢ [m] xou e elvan wia Exgpaor tinou int, téte [[e] etvor pua
l-value ye tdmo t. Av n Ty g éxgpaong e elvan o un apvnTixdg axépatog n TOTE AUTH 1)
l-value avtiotolyel oto otolyeto ue delxtn n tou nivaxa tou avtiotolyel otny . H apibunon
TV otoyelny Tou tivaxa Eexwvd and to undév. H tud tou n Sev mpéner va umepPaiver Ta
TpaypaTiXd Gpta Tou mivaxa (n < m).

Ay yia l-value yenowonowmnbetl we éxgpaon, 1 Tiuh authg g €xgeaong elvat ton ue v T
TOU TEPLEYETAL 0TO aVTIXElUEVO Tou avTtiotolyetl otny l-value.
1.4.2 3rtabepég

Ytg r-values ¢ YA®ooog Dana cuyxatakéyovtar ot axdrouvbes otabepéc:

o Ouv axépateg otabepée ywplc mpdonuo, énwg neptypdgpovtor oty evétnta 1.1. Eyouv tino
int xou n Ty toug elvan lom ye tov un apvntxd axépato aptiud nou noploTdvouy.

o Ou otafepol yapaxtipes, dnwe neplypdpovior otny evéotnta 1.1. Eyouv tino byte xau n
Ty Toug elvan Lom ue tov xwdixd ASCII Tou yapaxTipo TOU TAGLGTEVOUY.

e O AéZeic xhedid true xau false. Eivou tooddvapeg ye toug otabepoic yopaxthpes *\x012
xan *\0?, avtiotouya.
1.4.3 Teheotég

Ov tekeotéc g Dana Swaxpivovion oe tedeotéc ue éva B 800 tedodueva. Ot teheotéq pe €va
tehoduevo ypdgovtat nply and autd (prefix), evd ot teheotés e dYo telodueva ypdgpovtal TévTa
petall Ty tTeEAovpévey (infix). H anotiunon twv tehovpévey yivetow and aplotepd npog ta Se€Ld.



IMivaxag 2: TpotepatdTnTa XL TEOGETALRLOTIXOTNTA TWV TEAEGTGY Tn¢ Dana.

/ / Agtfuse O¢on xau
Tekeotéc [TepLypapy teNoupévesy TEpOGE’T(XLpL—
oTxoTNTA
+ - | [Tpbonua, Aoyuei dpvnon yia byte 1 prefix
x / h & IToh\oamhaotacTtixol TehesTté 2 infix, aplotepn
+ - | ITpocletixol teheotég 2 infix, aplotept|
= <> > < <= >= | Yyeolwuxol teheotéc 2 infix, xouto
not Aoyt dpvnomn ocuvinxody 1 prefix
and Aoyt 60Ceuin ouvinudy 2 infix, aplotept|
or Aoy 8Ldlevin ouvinudy 2 infix, aplotepn

O teleotéc ye 0o tehodueva amoTLUOLY LTOYEEWTIXE xau Ta dYo Tedolueva, ue edalpeon Toug
teheotéc and xat or, OnwG MEPLYPAPETAL TUPANET.

'‘O)ot ot tekeatéc tng Dana €youv wg anotéheoua r-value 1 ouviin. Teptypdgpovtal extevide
TUEAXATE.

o Ou tedeotéc ue €va teholduevo + xal — vhonololy toug Teleatéc tpoonuov. To teloduevo
mpénet va elvan éxgpaon TUmou int xat to anotéheoua elval r-value tou Sou timou.

o Ou teleotéc pe éva teloduevo | xaL not vhomotovy ) Aoy devnon. O mpdtog eoapudle-
Ta o hoyuxég Tiwég Tou elvar exppdoets, eve o deltepog o ouvinxes. To teholuevo Tou
' mpénel va elvon Exgpaon timou byte xor 1o anotéleoua etvon r-value tou dtou tinou. To
teholuevo Tou not mpénet va elvar suVHR XN xaw To BLo elvan To anotéheoud Tou.

o O tedeotéc ye dVo tehodueva +, —, *, / xou % vhomotolv Tig aplbuntixéc npdieg. Ta
Tehovpeva mpénel va elval exgppdosig Tou (Slov tmou int % byte xat to anotéhecua elvon
r-value tou {Stou timou.

o Ou tekeotéq =, <>, <, >, <= ot >= vAomotoVy Tig oyéoelg ovyxplong uetald aptfudy. Ta
tehovueva mpénel va elval exgppdoelg Tou (Slou tinou int 7 byte ot to anotéheoua elvon
ouvhxr.

o Ou tedeotég & xonu | vhomololy avtiotolya T TedZels g Aoywmg obleuing ot ddlevéng
v exgedoetg. Ta telodueva mpénet va elvan exgpdoelg THToL byte xat To anotéheoua elvor
r-value tou {8tou tinou. To anotéheoua Tou & €xel Ty Twn false av éva and ta Teloduevd
Tou €yet v Ty false, Swagpopetind €xer v Ty true. To anotékeoua Tou | €yel v
T false av xat ta 3%0 tehoduevd tou €xouy tny T false, SloapopeTind Exel TRV T
true.

e Outekeotéc and xou or vAonolovy avtiotolya Tig Tpdéels g hoyxrc o0leuéng xat ddlevéng
yia ouvOixeg. Ta telobueva mpénet va elvar ouvirxeg xat to (dto elvar xat 1o anotéleoua.
H anotiunon cuvinxdy mov yenowwonololy autols toug tehectés yiveton ye Boayuxtixiworn
(short-circuit). Aniad#, av to anotélecua ™ cuVBRxNG elvar Yvwotd and v anotiunoy
u6vo tou TEMTOU TEAOVUEVOY, TO delTEPO TENOUUEVO dev anoTiudtol xabdhou.

Ytov mivoxa 2 oplletar 1 TpoTEPALdTNTA XAt 1) TPOGETAULPLOTLXOTNTA TwV TeAeoT®dY Tng Dana. Ou
Yeauués mou Peloxovtar uPnhdtepa oTov Tivaxa Teptéyouy TEAEOTEG UEYAADTERNS TROTEQULOTNTAG.
Teleotéc mou Bploxovton oty o ypauur €xouy v Bla tpotepaLdTNTA.



1.4.4 KMoy dopixdy Roviddmy »g ouvapTACE®Y

Av f elvar To dvopa ylog Souxnc povddag ue umapxtéd TOmo emoTpohc t, TéHTE N Exppaot,
fle,...,en) eivar pia r-value pe timo t. O aptBudc TV TEAYUATIXGOY ToHpauéTpny n TEENEL Vo
ovunintel ue Tov aptud Ty VTGV Tagauétewy s f. Ernlong, o tinog xa 1o eldog xdbe npay-
poteis TopauéTeoy TEETEL VAl GUUTETTEL ME TOV TUTO XoL TOV TPOTO TEPAGUATOC TNG avTloTOoLY NS
TUTLXAC TOPAUETEO, CUUPWYA UE TOUS TOUEAXATW HAVOVEC.

e Av n tunu mapduetpog elvol TOmoL ¢ xow tepvd xat alla, TOTE N avtioTolYY TEAYUATLXT
TapdueToog TeéneL va elvat Exppaon THTou t.

o Ay 7 tunua] tapdueteog elval TOTou ¢ xaL TEEVE XAt avapopd, TOTE 1) avTioTolyN TEAYUATLXY
TapdueTpog Teémet va eivan l-value tomou t.

Koaté v xhfon yuog Souxng yovadog, ol mpayUATiXés TopdUETEOL ATOTIUGYTOL Ond dploTepd
Tpog T deLd.

1.5 Evtoléc

Ov evtoAéc mou unootellet ) YAdooo Dana eivar ou axdhovbeg:

e H xevi} evtoly skip mou dev xdvel xoula evépyeta.

H evtohq avdbeong £ :=e mou avabétel tnv Tiu| e €xgpaons e oty l-value £. H l-value
¢ mpénel va elvon tomou ¢ mou dev elvor toTMOC mivaxa, evéd 1) Exgpact e mpénel va elvor Tou
idtou tomovu t.

o H evtoly) xhfong douxfc wovddag. Av 7 douuxh) povddo de déyetor mapapétoous, autd
yivetow pe avaypaph Tou ovéuatde TG, ALLQOEETIXd, Ol TROYUATIXES TUPAUETPOL OXONOU-
Body to draywperoth : (Vo telelec), ywplopéves ue xéupata. Ou mpoinobéoeic yia ty
xAhon elvan ot 8eg 6mwg oty evotnta 1.4.4 ye ) Stapopd GTL dev mpénel va opiletar Tomog
EMLOTEOPNS YL TN douuxy) Lovédda.

o H evtohf ehéyyov if ¢ : by elif cp : by else : by, 6mou t0 oxéhog elif umopel va
enavohauBdveton undév 1 neplocdtepes Qopéc xal to oxéhog else eivar mpoatpeTind. Ta cg
xou cg meémet va elvan €yxvpeg ouvlixeg. To by, by xau by mpénel va elvor €yxupa umhox
evioAoyv. H onuacioloyia authc tneg evioric elvan 6mwe oty Python.

o H cvtolf; eléyyou loop i : b. To avayvmplotxd i elvol TEOoLpeTiXd: oy UTdpYEL TOTE
xenordonolelton wg 6voua tou Bedyou xar axohoulel toug xavéveg euférelac tneg Pascal.
To b npénet va elvan €va €yxupo umhox evtohdy. O Bpdyog loop extelel 10 UTAOX EVIOADY
b en’ dnelpov, extédg av tepuatiotel pe pla and tic evtolég break, exit B return.

e H evtohy dhuatog break : i nmou tepuatiCel v extéheon tou Bpdyou i. H eviohf| auth
npénel va eugaviletar péoa oto ooy tou Pedyov i. O dwywetotic : (3o teheleg) xau
TO VALY VOPLOTIXS 1 elvat TpoapeTixd. Av atouotdlouv, TéTe TepuatileTal 0 EGWTERIXOTEROS

Bedyoc.

e H evtoly dhuatog continue : 7 mou emavohauPdaver tny extéleon tou Pedyou i and TNy
apyX tou. H evtold auth npénet va eugaviletal yéoa oto odpa tou Bedyov i. O dwyw-
etothic : (800 teheleg) xow to avayveplotxd i elvar mpoapeTixd. Av amouctdlovy, tétE
enavohauBdvetor o ecwTepXdTEROS BpdyoC.

e H evtoly dhpatog exit nou tepuatilel Ty extéleon tng tpéyovoag douwic wovadag. H
EVTOAT) auTH Tpémel va epgpaviletar oto ooy ulag Soutxfic Lovadag ywelc Timo emoTRoPNC.
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e H evtoly dhuatog return : e mou teppatilel ™y extéleon g Teéyouoag douxnic Hovadag
%Ol ETLOTEEPEL WS ATOTEAEOUA TNV TLWT| NG Expaong e. H evtoly aut) npénet va epgavileton
070 oGu plag Souxnc Lovadag Ue TOTO ETLOTPOPNS T xaL 1) €xppaoT e TEETEL VoL EXEL TOV
8o tomno t.

1.6  Mnlox eVvIOA®Y Xl UNyAVIoUOS dLdTagng

To umhox eviohdv eugavioviar ota npoyedupata g Dana os tpla onuela: ota oduata Twv
douxdy wovadwy, oty eviodf; if xou oty evtoAf] loop. Anotehodvtatl and axolovdicg uloag 7
TEPLOGOTEPWY EVIOADY %o £x0uv 800 Suvatéc poppéc:

e Ytnv anhovoTep Wop@n TOu, Eva unhox evToAGY elvar pla axoloulia ulag 1 neplocbdtepwy
EVIOAGV Tou mepxheletan and tig AéZet xhewdid begin xat end, 6w TUEAAETE.

def fact is int: n as int

begin
if n <= 1: begin return: 0 end
else: begin return: n * fact(n-1) end
end

ITpooéEte 6Tt oe auThv TN HopP) oL Aé&elg xheldLd begin xat end elvat UTOYEEGTIXES AXOUA
%ol 6tay mephelouy uovo ula evtolr. Ynueidote enlong otL yetall TV eVIOAGY dev
amontelton xavéva dtaywpetotixd (authd de gaivetar 6To Mapandve tapddetyua).

o T va amogelyovton oL Aé€elg xhewdid begin xow end, n Dana Sabétel ula Sedtepn poppr
UmAox eVvTOA®Y, mou xatapyel autée g 800 Aé€eic. H poppn auty vnootmplletal and to
unyovioud Sudtalne (layout), yvwoté eniong we “xavéva ogoduvt” (off-side rule), mou
Tpwtoeupaviotnxe oty YAdooa ISWIM xau ohuepa cuvavtdtar oty Python xau tn Haskell.

Yiugpova ue to unyavioud Sidtaing, n opadonoinon twy eviohdy yivetar Bdost g oTtolyL-
ofc toug (indentation) yéoo otov xHSuxa tou npoypdupatoc. H yAdooa Dana yenowonotet
Evay aEXETA AmAS xavoVa 0QodLYT, apxeTd anholotepo and autdy tng Python 4 e Haskell:

1. Tw %80 unhox eviohdy avalntolue v aUécns TeoNYoUuevr Aextixt povéda def,
if, elif, else # loop. H Aextuq auth pwovada ovoudletar 0dnyde. I mapdderyua,
oTNY ToEATEV Souw wovdda, ol 0dnyol Twy TELHY UTAOX EVTIOAGY elval oL AexTixés
uovadeg def, if xau else otny mEAOTN, TNV Teltn xow TV TéTapTy Yeauuy aviiotouya.

2. 'Eva umhox evtoAoy mou dev apy(let ue ) AEEN xAewdl begin tepuatiletat ye Ty TedOTN
Aextieh wovédal mou:

(o) elvon  mpdytn oty Ypapun g, dnhadh tponyolvtor autic wévo Aeuxol yopaxthpeg
/%ot oydha, xo

(B) o mpdtoc yapaxthpas tne yedpetor Syt Selidtepa and TOV TEMTO YALAXTHEA TOU
odnyou.

3. Me 1o téhog tou TpoypduuaTog TEpUATICOVTaL A Ta TUYOV AVOLYTE UTAOX EVTOAGY

avTAg TNG HOPPNS.
Béoetl tou xavéva 0goduvt, o Topandve xddixag Unopel loodUvaua vo ypapel Ue T Loppih:
def fact is int: n as int

if n <= 1: return: O
else: return: n * fact(n-1)

I3 1ig hextinée wovddec St ouyxatahéyovial oL “hAeuxol yapaxthpec”, T.y. To xeVE SLoTALATY ) To YO
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To ymhox eviohdy tou def ovunepihaufBdvel tn debteen xar TNy Telty yeauut, agold xat oL
dvo elvar otolylouéveg dedldtepa and tov 0dnyd. To umhox eviohdy tou if tepuatiletal
ue ™) Aextixn povada else (mou éyet v (i otolyion ue tov odnyd). To unhox evioldvy
Tou else xat tou def tepuatilovtal ue T0 TEAOC TOU TPOYRIUUATOC.

[ neplocdtepa xal o TOAUTAOX A TapadelyaTa, TPOGEETE XAAE TN GTOLYLOT TWV TEOYLUUUATOY
e evotnTag 3. ‘Ola ta mpoypduuata £X0UV UTAOX EVTOAGY WOVO TG SeUTERNS LOopGNS.

1.7  BiBAiobnxn ETolumy cuvapTRoEL Y

H Dana vrootnpilel éva 6voro npoxafoplouévwy Souxdy wovidwy, ot onoleg éyouv uhomolndet
oe assembly tou x86 w¢ wio fifAwobixny érowuwy ouvaptiioewy (run-time library). Eivow opoatée
oe ®80e douwa| povada, extdg av emoxidlovrar and petafintés, napauéTeous 1 dANeS SouLxég
povadeg pe to 3o dvopa. Iogaxdtw divovtar ol Snhdoelg Toug ot e€nyeiton 1 Aettouvpyla Toug.

1.7.1 Eicodog xat £€0dog

decl writelnteger: n as int
decl writeByte: b as byte
decl writeChar: b as byte
decl writeString: s as byte []

Ot cuVETAGELS AUTEG YPNOWOTOLOUYTAL YId TNV EXTUTWOT TYWMY TOU avhxouy oToug Bactxoig
tomoug g Dana, xafidg xou yio tv extinworn ouufoirooeipdy. Ov writeByte xou writeChar
dtapépouy w¢ mEog To OTL 1 TEATN EXTUTGVEL TNV aplbunte) Ty tou byte evéd 1 Sedteen to
xapaxtheo mou aviiotolyel o autdv tov ASCIT xwdixd.

decl readInteger is int

decl readByte is byte

decl readChar is byte

decl readString: n as int, s : byte []

AvtioTouya, oL TapATdVe CUVORTACELS YENOULOTOLOUYTAL YL TNV ELCAYWYT) TULMY TOU aVAXOuY
otoug Paoixotc tinoug g Dana xau yia v etoaywyt cuyfolroceipdy. H ocuvdptnon readString
yenowornotelton Yoo TNy avdyvworn ylag cuufolooelpds UEypL TOV eTOUEVO YapaxTHpd dANAYNS
vooupis. Ou mapduetpor tng xafopilouv 1o uéyloto aptbud yopaxtipwy (cuurnepthauBavouévou
Tou tedxol *\0’) mou emitpéneton va dtafoaoTtoly xor Tov Tivaxa yapaxtiewy otov onolo autol
Oa tomobetnodv. O yapaxthpoag ahhayhc yeouuis dev arofnxeletar. Av to uéyebog Tou mivaxa
eCavtAnlel mply ouvavinlel yapaxthpog adloyhc yeoupns, n avdyvwen o cuveytotel apydtepa
and 1o onuelo 6mou StaxdTnxe.

1.7.2  Zuvopthoelg (RETATEOTG

decl extend is int: b as byte
decl shrink is byte: i as int

H npdtn enextelver pia iu ténou byte otov aviiotolyo aptbud tinou int. H dedtepn emotpépet
po Ty Tomou byte mou meptéyel Ta 8 Aydtepo onuavtixd bits tng nopauéteou Tng.

1.7.3 Svuvaptioelg drayelpiong ouuBoloosledy

decl strlen is int: s : byte []
decl strcmp is int: sl s2 : byte []
decl strcpy: trg src : byte []
decl strcat: trg src : byte []

Ou ouvapthoeig autég €youv axpBdg Ty o Aettovpyla ye Tig ouvOYLUES Toug atn BLBAtobrxy
oLVoETHoEWY TG YAGooag C.
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2  IIMjeng yeoupoatixy tng Dana

H odvtagn e yAdooog Dana Sivetar mopaxdto oe popepry EBNF. H ypaupati] mou axoloulet
elvor Sipopoluevy, ol meplocdTepes aupLonuics duwg unopolv va Eemepacholdv av AdPet xavelg
LT TOUG HAVOVES TIPOTEPALOTNTAG 0L TROCETALPLOTIXOTNTAS TWV TEAEGTAV, OTWS TERLY pAPOVTAL
otov mivoxa 2. Ta obuPBora (id), (int-const), (char-const), (string-literal) xou (auto-end) eivouw
teppotnd ovufBola e yeapuatixhc. To oduBoro (auto-end) ewodyeton avtéuoata and 10 Aextxd
avaduty, Bdoet Tou unyaviopot dudtalng (BA. evétnta 1.6).

(program) = (func-def)

(func-def) ::= “def” (header) ( (local-def) )* (block)

(header) = (id) [“is” (data-type)] [“:” (fpar-def) (“,” (fpar-def) )*]

(fpar-def) == ((id))* “as” (fpar-type)

(data-type) = “int” | “byte”

(type) = (data-type) (“[” (int-const) “]17)*

(fpar-type) = (type) | “ref” (data-type) | (data-type) “[” “1” (“[” (int-const) “17)*

(local-def) ::= (func-def) | (func-decl) | (var-def)

(func-decl) ::= “decl” (header)

(var-def) = “var” ((id))T “is” (type)

(stmt) = “skip” | (l-value) “:=" (expr) | (proc-call) | “exit” | “return” “:” (expr)
|  “if” (cond) “:” (block) ( “elif” (cond) “:” (block))* [“else” “:” (block)]
| “loop” [(id)] “:” (block) | “break” [“:” (id)] | “continue” [“:” (id)]

(block) = “begin” ((stmt))T “end” | ((stmt))T (auto-end)

(proc-call) == (id) [“:” (expr) (“,” (expr))*]

(func-call) == (id) “(” [(expr) (“,” (expr))*] “)”

(l-value) = (id) | (string-literal) | (l-value) “[” (expr) “1”

(expr) = (int-const) | (char-const) | (I-value) | “(” (expr) “)” | (func-call)
(]S fexpr) | (expr) (47 | S| S | 477 |87 (expr)
| “true” | “false” | “!” (expr) | (expr) (“&” | “|”) (expr)

(cond) = (expr) | “(” (cond) “)” | “not” (cond) | (cond) (“and” | “or”) (cond)
| fexpr) (57 | So? | 5 | 657 | e | 9=7) {expr)

3 Iopadelypota

Yy mapdypago auth divovta €L tapadelypata tpoypauudteny ot YAdooa Dana, n toAuthoxé-
™t TV onolwy xuuaivetar onuavixd. o xdrmowo and avtd ta napadelypata (4 yia napbduota
Tpoypdupata), unopelte va Ppelte Tov apyxd, tov evdidueco xHdxa (ywpelc Behtiotonoinon),
RopPH TOVY EYYEAPNUATWY SpaoTnEloTolnong TwY SoUxdV Lovadwy, xabdg xot Tov TeEAxd Xxd3xa
oe avtiotolya UARESLa Teplypaphic YAWGG®Y tou 360nxay wg Béuata epyactog oto (dto udbnua
o mponyovueva €11, UEGw NG LoTooeAdag Tou wabfuatog.

3.1 Ileg yeswa!

To mapaxdtw nopddetyua etvar To atholoTepo TedYpauua 6Ty YA®ooa Dana nou napdyet xdmolo
anotéheoua opatd 6to Yoty To mpdypauua autd TUTGVEL ATAGS Evor URVLUA.

def hello
writeString: "Hello world!\n"
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left middle right

Yyfuo 1: Ou ndpyour tou Hanoi.

3.2 Ou ndpyoL Tou Hanoi

To npbdypauua tou axohoufel Adver 1o TpdBANUA Ty Tipywy Tou Hanoi. M obvtoun neptypaph
Tou TeofBAiuatog dlvetal nagaxdTw.

Yrdpyouv Tpelg 6TVAOL, GTOV TE®TO and Toug omoloug elvar tepacuévol n to TAHHog SaxtdAtot.
Ou e€wtepinéc Stduetpol Twv Saxturlwy elvol Stapopetinés xat autol elvat nepaouévol and xdtw
Tpog Ta TMavw ot @bivouca oepd elwtepinhc Slauétpou, dnwe @alvetar oto oyfua 1. Znteiton
va petapepfoldy ol Saxtihtor and Tov Tp®To 6ToY TEito GTURO (YENOLLOTOLBVTAS T0 dEUTEPO (S
Bonintind ydpo), axolouhdvtag duwe Toug e€g xavoveg:

o Kdébe gopd emitpéneton va petagepbel Evag uévo daxtdilog, and xdnowo 6tolo o xdnolov
dAho atdro.

o Anayopevetor vo tonofetnlel Saxtdlog ye yeyaritepn diduetpo méve and daxTOAO e
UixpdTERY dLduETRO.

To npdypauuo oty YAGooo Dana nou Advel autd to npdfinua divetar napoxdtw. H cuvdptnon
hanoi elvow avadpoutxt.

def solve
def hanoi: rings as int, source target auxiliary as byte []
def move: source target as byte []

writeString: "Moving from "
writeString: source

writeString: " to "
writeString: target
writeString: ".\n"

if rings >= 1:
hanoi: rings-1, source, auxiliary, target
move: source, target
hanoi: rings-1, auxiliary, target, source

var number0UfRings is int
writeString: "Rings: "

number0OfRings := readInteger()
hanoi: number0OfRings, "left", "right", "middle"
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3.3 Ilpdrtou aplbuotl

To mapaxdte mapdderyua npoypduuatog oty Yhodooo Dana elvar éva npdypauua tou unoroyilel
Toug mpdhtoug aptiuoie uetald 1 xou n, émouv To n xabopiletar and to yenot). To npdypauua
autd ypnouwsonotel Evay amhd adyptbuo Yo Tov UTOAOYLoUS TV TEGOTY aptiudy. M Siutinwor
autoV tou akyoplBuou ot Pevdoyidooa divetar napaxdtw. AauBdveton unddn 6t oL apliuot 2 xat
3 elvon mpddtoL, xaw 01N ouvéyela e€etdlovtan wévo ot apibuol Tng wopgrc 6k £ 1, 6mou k puodg
aptiudg.

Kipro mpdypoupa

Tinwoe Toug aptbuolc 2 xat 3

yw t =6 uéypL n ue Pruc 6 xéve to eghg:
av o aptiude t — 1 elvon mpdtog 161e Tinwoé tov
av o aptude t + 1 elvan mpdtog tdH1E THNWGE TOV

AlyébprBpog ehéyyou (eivon o aplBuds t mpdTog;)

av t < 0 t6te éheyEe ToOV oplhud —t
av t < 2 t6te o t dev elvan mpdTog
av t = 2 t61¢ 0 t elvan Tpdtog
av o t Stoupeltal ye to 2 téte 0 ¢ dev elvan npitog
v i =3 péyper t/2 ue PAua 2 xdve ta eZhc:
av o t donpeltal ye tov ¢ totE 0 t dev elvan TpdTog
o t elvow mpthtog

To avtiotolyo npdypaupa ot YAGooo Dana eivar to axdrouvbo.

def main

def prime is byte: n as int
var i is int

if n < 0: return: prime(-n)
elif n < 2: return: false
elif n = 2 return: true
elif n %, 2 = 0: return: false
else:
i:=3
loop:
ifi>n/ 2: break
elif n % i = 0: return: false
i:=1i+ 2

return: true
var limit number counter is int

writeString: "Limit: "
limit := readInteger()
writeString: "Primes:\n"
counter := 0
if limit >= 2:
counter := counter + 1
writeInteger: 2
writeString: "\n"
if limit >= 3:
counter := counter + 1
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writeInteger: 3
writeString: "\n"
number := 5
loop:
if number > limit: break
elif prime(number):
counter := counter + 1
writeInteger: number
writeString: "\n"
number := number + 2
if number > limit: break
elif prime(number):
counter := counter + 1
writeInteger: number
writeString: "\n"
number := number + 4
writeString: "\nTotal: "
writelnteger: counter
writeString: "\n"

3.4 Avtiotpogr cupBohocelpds

To npdypauua mov axohoubel oty yAdooa Dana extundvel to ufvuua “Hello world!” avtioteé-
povtag ) Sobeloa ouuBolooelpd.

def main
var r is byte [32]

def reverse: s as byte []
var i 1 is int

1 := strlen(s)
i =0
loop:
if i < 1:
r[i]l := s[1-i-1]
i = i+l
else: Dbreak
r[i] := ’\0’

reverse: "\n'dlrow olleH"
writeString: r

3.5 Taluwvounon pe tn wébodo tng puoaiidag

O ahyéptBuog e puoakidag (bubble sort) eivat évag and toug To YvwoTolc xar arnholc alyopth-
poug tagvounons. To mapaxdtw npdypauua o Dana tov yenotuonotel yia va taivourfoet évay
mlvoxa axepatwy aplbudy xat’ avfovoa oelpd. Av x elvon o mivaxag mov mpénet va tagivoundel
xaw 1 elvan to péyeBoc Tou (Bewpodue olupwva ue ) obufacn e Dana é1u ta otouyeio Tov elvan
ta z[0], z[1], ... z[n — 1]), wa napakhay tou akyopifuou neprypdgetol we Peudoxddixa v egnig:

A\yébpBpog tng puoalidag (bubble sort)

enavdiafe To e€nc:
v i and 0 wg n — 2
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av x[i] > x[i + 1]
avtiotpede ta x[i] xau x[i + 1]
600 PeTadANETAL 1) GELREd TWV GTOLYELWY TOU T

To avtiotoiyo mpdypauua oe YAdooa Dana elvat 1o e€ic:
def main
def bsort: n as int, x as int []

def swap: x y as ref int
var t is int

t = x
X =y
y =t

var changed is byte
var i is int

loop:
changed := false
i:=0
loop:
if i < n-1:
if x[i] > x[i+1]:
swap: x[i], x[i+1]
changed := true
i := i+l
else: Dbreak
if not changed: break

def writeArray: msg as byte [], n as int, x as int []
var i is int

writeString: msg
i:=0
loop:
if i < n:
if 1 > 0: writeString: ", "
writeInteger: x[i]
i:=1i+1
else: break
writeString: "\n"

var seed i is int
var x is int [16]

seed := 6b
i:=0
loop:
if i < 16:
seed := (seed * 137 + 220 + i) % 101
x[i] := seed
i = i+l
else: Dbreak
writeArray: "Initial array: ", 16, x
bsort: 16 x
writeArray: "Sorted array: ", 16, x
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4  Odnyleg yia Vv napddoo

O tehinde petayAoTtiotic neénet vo unopet vo e€dyel xatd Bolinon evdldueco xat Tehixd xH3ixa.
Egboov dev éyouv xaboprobel o mapductpol Aettovpyiag —f % -i, mou e€nyoldvial mapaxdtw, o
petayottiotic Oa Séyetar to mnyalo npbdypauua and éva apyelo pe onotadfrote xatdinin (wy.
*.dna) mou fa divetor wg to povadixd tou bptopa. O evdiduecog xddxag Ha tomobeteiton oe
apyeto ye xatdAnén *.imm xor o tehxds oe opyelo ye xatdinén *.asm. Ta apyelo autd Oo
Beloxovtal otov 8lo xatdhoyo ot Ha €xouv To (8o xuplwg dvopa. Ily. and to mnyailo apyelo
/tmp/hello.dna Ou napdyovtal ta /tmp/hello. imm xou /tmp/hello.asm.
To exteléowo Tou TeEAX0U UETAYAWTTLOTH O Teémer var SéyeTan Tig TUEaXdTw TApAUETPOUG:

-0 omnuata Bertiotonoinong (npoatpetixs).
-f mpdypauua oto standard input, é€o8og tehxot x®dSixa oto standard output.

-1 npdypauuo oto standard input, é€odog evdidueocou xdduxa oto standard output.

Entong, n twun mou Ha emotpépetar 0to Aettoupyind olotnua and 1o ety Awttioth Hu npénel va
elvor undeviey oty nepintwon emtuyols weTayAdTTIONG XAt Un undevixt| oe avtibetn nepintwon,.

[ Ty €0x0An avdnTuén ToL UETAYAWOTTLOTY TpoTelveTar 1 yeriorn evég apyeiou Makefile ue
ta €€H (TouldytoToy) yapaxtneloTxd:

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

e Me make clean, Ha offjvel 6Aa avelapétwg ta apyeio mou mapdyovtar autduata (T.y. autd
Tov Tapdyouy bison xau flex, ta object files xot o TEAS exteléoLo).

‘Eva nopddetyua evée tétotou Makefile, unobétovtag 61t yAdooa vhonoinong elvar n C xon
yivetow ypfion Twv epyaielwy flex ot bison, elval to Tapaxdtw.

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 ota mapadetyuata. Enlong va Angbodv unddn ol napaxdtw odnyles:

o Evdidueococ x@dduxag: vo utobetnbet popponoinor oodivaun ue
printf("%d: %s, %s, %s, %s\n", ...)

o Telixbc xdduxac: mpoocoyf vo dobel oty otnhobétnon (indentation). No axoloubfnfel to
TAPOXATE UTOdELY AL

eTLHETTU: <tab> evTtoAr] <tab> épLopo-1, SpLopa-2
<tab> evTtoA1] <tab> dépiLopa-1, SpLopa-2
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