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Oo0oueTPoO e YOAKLO

O Leonardo epgvpe 10 0pyIKOd 000ueTpo: £vo. KAPOTGL TOL UTOPOVGE VO, LETPNOEL OMOGTAGELS
piyvovtog yolikia kaBmg yOopilav ot pOOEC TOV. LN GLVEYEWD LETPOVTAS TO YoAlKlo £BploKe TOV
aplOpd TOV GTPOPOV TOL £KAVE 1 POdA, divovtag T dLVOTOTTA GTO ¥PNOTN VO VITOAOYILEL TV
amOGTOCT OV dlovhONKe amd T0 000pETPO. Zav emoToveS TG ITAnpopopikng, TpocBicape Eva
Aoyio ko EAEYXOV GTO 0OOUETPO, Y1 VO ETEKTEIVEL TIC Agttovpyieg Tov. To TpOPANUG cog elvar va
TPOYPOLLUOTIGETE TO OOOUETPO YPTCLOTOUDVTOS TOVG TLO KATM KAVOVEC.

MAéypa Aertovpyiag

To 000peTPO Kiveiton o€ €va PAVTOOTIKO TETPAYOVIKO TAEYHO omoteAovpevo and 256 X 256
keMd. KdéBe keAl pmopel vo mepiéyel to moAd 15 yoaAixwo ko mwposdiopiletan omd Eva {g0yog
CLVIETAYUEVOV (GEPd, GTNAN), Omov Kdbe cuvietayuévn PBpicketar 6to dotua 0, ..., 255.
Aedopévov evog keMoo (i, ), To yerrovikd KeAld (ev vapyovv) givan (i - 1,7), i+ 1,7), (,j - 1)
kot (1, j + 1). Omolodfmote keM mov PpiokeTon 6TV TPAOT 1 TEAELTALO GEPA, 1] TNV TPMOTN N
tehevtaio GTNAN, Kodeiton aovopo. To 0dduetpo apyilel mavra and to keAi (0, 0) (n PoperodvTiky
yovia), Kot Kortalel tpog o Boppd.

Baowkég eviodég
To 0d0uETPO HITOPEL VO TPOYPOLUOTICTEL YPNOILOTOIDVTOS TIC AKOAOVOES EVTOALC.

8 left — otpiye 90 poipeg apiotepd (aploTEPOGTPOPN) TOPAUEVOVTOS GTO TPEXOV KEAL (TT.).
HETO amd TNV €KTEAEON NG EVIOANG, €6v mpomyovuévag avtikpule 10 voto, pETO O
avTiKpLLEL TNV OVATOAN).

® right — otpiye 90 poipec S (3E106TPOPN) TAPAUEVOVTOS GTO TPEYOV KEAL (T.). HLETh
oo TV EKTEAECT] TNG EVIOANG, £QV TPONYOLUEVAS avTikpule T dVoT, petd Ba avtikpvlet
10 Boppd).

® move — WUETOKWVNAOOL W0 HOVAdQ TPOg To €UmMPOS (otv Katevhuvon mov PAEmel 10
000UETPO) GE éva yerovikd keM. Edv dev vmdpyet keAl (Onrad to 0d0ueTpo £xel MO

QTACEL 6TO. GVHVOPU GE EKEIVI TNV KATEHOLVGT) AT 1| EVTOAN eV £XEL KAVEVO ATOTEAEG LA

B get — agaipece Eva yaAikt amd o Tpéxov KeAl. EGv to tpéyov KeAl dev Exet Kavéva yoAikt,
TOTE QLTI 1 EVIOAN OEV £YEL KAVEVO OTTOTEAEC LA,

® put — npodcbece Eva yarikt oto Tpéxov keAl. Edv to tpéyov keAl mepiéyet 15 yolixuo, tOTE
N evtoAn dev £xel Kavéva anotéAespia. Ao to 006peTpo dev Ba Aelyouv ToTé Ta Yohikio.

® halt — tepudtice TV EKTELEDT).
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To 000UETPO eKTEAEL TIG EVTOAEC e TN CGEPE TOV JTVOVTOL GTO TPOYPOLLLLD, L0 EVTOAN Y10l KAOE
ypapun. Adeeg ypapupég ayvoovvrat. To ovpforo # omnuaivel 6xoAMo, 0,TL Keievo akorlovOet,
PEYPL TO TEAOG TNG YPOUUNG, O0ev AapuPdveton voym. Av T0 00OUETPO OTAGEL GTO TELOG TOL
TPOYPAULLLOTOG, 1 EKTEAECT) GTOLATA.

Hopdaderypa 1

Ag vroBécovpe 0 akorovBo mpdypappa yo o 0dopetpo. [aipvel to 006peTpo 010 KEM (0, 2)
Vo avTIkpOLEL TV OVOTOAY. (ENUEIDMGTE OTL 1] TPMOTN EVIOAN mOve OyVOEital, ETEWON TO 0OOUETPO
etvar o1t Poperodvtikn yovia ko fAEnel Tpog to Boppd.)

move # KAVEVH AMOTEAECUN

right

# TOpa 1o 0d6peTpPo PAémEL AVATOALKY
move

move

ETtikéteg, ovvopa ko yorikia,

INo va aALGEETE T PON TOL TPOYPARUOTOS OVAAOYQ LE TNV TOPOVGO KOTAGTOOT, UTOPEiTE Vo
YPNOYLOTOWGETE TIG ETIKETEC, OV OMOTEAOVVTOL 0O T0 TOAD 128 cvpfora petald tov a, ..., z,
A, ..., 7,0, ..., 9 Kou yio TIC omoieg To. KPE Ko o KeQaAoio ypdupoto dwpépovy. Ot véeg
EVIOLEG TTOV QPOPOVV TIG ETIKETEG TOPAUTIOEVTOL IO KATW. LTIC TEPTYPOAPES TO KAT®, L TOPLGTAVEL
OTOONTOTE £YKLPN ETIKETO.

" : (Oniadn L mov axoAovBeiton amd po dveo Ko kdto teAeia :’) — onmAavetl ) 0éon
péoco oto mpdypoppa pog etkétog L. OAleg ot dnlopéveg etikéteg mpémel vo, givan
povadikéc. H onlmon piog etikétag dev Exet Kapio emidpacT 6To 00OUETPO.

" jump L — ovvéyloe v eKTéAeon e GApa yopic ovvOnkn (unconditional jump) o
YPOLLUNY LE TNV ETIKETAL L.

8 border L — OULVEQIOE TNV EKTEAECT] HE GALOL GTN YPOUUN HE TNV €TKETA L, €6V TO
000UETPO PpiokeTol 6TOL GVUVOPO Kol KOTALEL TPOG TNV GKPN TOv TAEYUOTOG (OnAadn M
odnyla move dev Oa elye wkovéva oamotéAeopa). AlopopeTikd, 1 eKTEAEST cuveyileTon
KOVOVIKA KO 00T 1] EVTIOAT 0€V £XEL KAVEVO OTOTEAEG LA

" pebble L — oGULVEYIGE TNV EKTEAECT] HE GALO OTN YPOUUN KE TNV €TIKETA L, €AV TO
Tp€Yov KeM mePEYEL TOLAQYIOTOV £€va YoAikl Alagopetikd, 1 ektéhecn ovveyileton
KOVOVIKGL KO 00T 1) EVIOAN O€V EXEL KAVEVA OTOTEAEGLLOL.

IMopdaoerypa 2

To akdiovBo mpdypaupa Ppickel o Tpd@TO (OVTIKOTEPO) YoAiKL 6T Ge1Ppd 0 Ko GTOUOTA EKEL.
Edv dev vmdpyer xovéva yolikt ot ogpd 0, oTtopotd oto 6OVOPO GTO TEAOG TNG GEPAC.
Xpnoyonotet dvo eTikéteg leonardo kawdavinei.
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right

leonardo:

pebble davinci # RpéBnke xaAilxl
border davinci # TéAog YypPAuung
move

jump leonardo

davinci:

halt

To odd6uetpo apyiler otpifoviac 0e&d. O Ppdyoc apyiler pe ™ OMA®ON ™G ETIKETAG
leonardo: Kot TEAEUOVEL e TV €VIOAN jump leonardo. Méoa 610 Bpdyo, T0 03OUETPO
eAEYYEL Y10 TNV TOPOLGIN EVOG YOAKIOD 1 Y10 TOL GHVOPO GTO TEAOG TNG GEPAG. AV KOvEVA 0md TaL
000 d¢ ovpPaivet, To 006puETPO ekteELei move amd 1o TpéYov kel (0, j) oto yerrovikd kel (0, j +
1) agod &xer PePormbel 611 awtd vmhpyel. (H eviodn halt dev elvar avaykaio KaOdG TO
Tpdypappo teppoTiCel oVT®MC 1| GAL®G.)

IHpopinpa

[Tpémet va voPdrete Eva TPOYPOLLLLO GTI YADGGO TOV 0OOUETPOV, OTMC TEPTYPAPETUL TOPOUTAV®,
OV VO KAVEL TO OOOUETPO VO GLUTEPIPEPETOL Omtmwg (nteitan. KaBe vmompdPinua (deite
TOPOKATO) TEPLYPAPEL il GUUTEPLPOPE TOV TPEMEL VOL £YEL TO OOOUETPO KO TOVG TEPLOPIGLOVG
oL TTPEMEL VoL IKavomotel 1 vroPAnBeica Ador. Ot meplopiopoi apopovv oo eENG.

8 MéyeBog mpoypduporoc — 10 TPOYPOpLLO TPETEL Vo eivon apketd pikpo. To péyebog tov
TPOYPAULLOTOS Efvar TOo TAN00G TV EVIOA®Y 6€ oTd. Ot INADMCELS ETIKETOV, TAL GYOALNL KO
01 KEVEC YPAUUES Og uetpovy 610 péyedog.

8 Mikog ektéleons — 1O TPOYPOULO TPEMEL VoL TEAEUDVEL apKeTd ypryopa. To pnKog
extéleong eivor 10 mAN0oc TV frudrwv mov extelovviol: kiBe extéAeom Wog EVTOANG
LETPA ¢ €va Pripto, aveEdpmTa av 1 EVIOAN £xel 1 Oyl amotéAeoa. O1 ONAMOELS ETIKETOV,
TOL GYOAO KoL O1 KEVEC YPOAUES O€ LETPOVV MG PrLLaToL.

>to [Mopdoerypa 1, to péyebog tov mpoypduparog ivor 4 ko to unkog ektédeong eivon 4. Xto
[Mopaderypa 2, to péyebog tov mpoypdpparog etvon 6 ko, Otav ektereiton oe Eva mAEYHO LE €Vl
povo yorixt oto keAl (0, 10), To unkog extédeong eivon 43 Prpata: right, 10 emavoAnyelg Tov
Bpoyov, kéOe emavainyn amortel 4 fpata (pebble davinci;border davinci;move;
jump leonardo), Kot T€Aog, pebble davinci kamhalt.

YrorpoPinua 1 [9 paBpoi]

2mv apyn vrdpyovv X yoikia oto keAl (0, 0) kot y oto keM (0, 1), evd OAa ta dAo kel givor
Kevd. Ouunbeite Ot umopovdv va vadpyovv 10 TOAV 15 yolikia oe kabe kel. ['pdyte éva
npoypoppa mov teppotiCel pe 10 0dduetpo oto kel (0, 0) av x <y, kou oto keM (0, 1)
OlopopeTikd. (Ae pog evolapépel 1 kotevBovvon oty omoio Kortdlel T0 0OOUETPO GTO TELOC.
Emiong, 6¢ pag evdlapépel moca yodikia vdpyovy 6to TEA0G TAve 6To TAEYIA 1| TOL PBpickovTol
oTd.)

Opuo: péyeBog mpoypdppatoc < 100, prkog ektéleong < 1 000.
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Ynorpopinpa 2 [12 BaOpoi]

To 010 6nwg 10 Mopamdved VITOTPOPANUA, dALL OTav TO TTPdYpaupe teleimcel, 0 keAl (0, 0)
pEMEL va, TEPLEYEL KPPDG X yolikia ko to keM (0, 1) mpémet va mepiéyet akpPadg y yolixio.

Opo: péyeBog mpoypdppatoc < 200, prkog ektéreons < 2 000.
YronpoPinua 3 [19 faBpoi]

Y mapyovv axpimdg 300 yorikia kdmov ot ypouun 0: 1o éva eivan oto keMM (0, X), T0 GAAO GTO
keM (0, y); ta X ko y givart 010popeTiKd, Kot To X + y givan {uyog apOuoc. I'phyte Eva TpoypopLiLo
oL aPNVEL T0 000pETPO 6T0 KeM (0, (X +y) / 2), dnAadn axpPdg 610 LEGO AVALEGO GTA OVO
KeME oL TTEPIEYOLV Tal YoAiKio. H TeAkn Kotdotoon Tov TAEYLATOG OE LOG EVOLUPEPEL.

Opua: péyeBog mpoypdppatog < 100, purkog exktéieong < 200 000.
YronpoPinua 4 [péypr 32 Badpoi]

Yrdpyovv 10 TOAD 15 yorikio oto TAEYHA Ko deV LITAPYOLVY dVO 1 TEPIEGOHTEPAU GTO 1010 KEAL
Ipayte éva TpodypoappLa mov GLAAEYEL Oha Ta yorikio ot Popelodvtiky yovia. [Tio cuykekpipéva,
oV GTNV 0pYN VILAPYOVY GTO TAEYLA X YOAIKLO, GTO TEAOG TPEMEL VO VILAPYOLY AKPIPDOG X YOAKLK
oto kel (0, 0) kKou kavéva yorikt TovBevd oAAoD.

H BaBporoyio y owtd 10 vwompdPAnpo e€optdron omd 10 UKOG EKTEAEGTG TOV TPOYPELLLLOTOG
mov Ba vmoPdiete. AxpiBéotepa, av L eivon 10 péyioto unKog ektéAEonc TV O1@Op®V
TEPMTAOGEWMV ELEYYOV, M Pabpoloyia cog Oa etvor:

= 32 BaBpoi av L <200 000;

® 32 -32logio (L /200 000) Babpoi av 200 000 <L <2 000 000;

® (0 BaBpoiav L >2 000 000.

Opio:: péyeBog npoypdpparog < 200.
YronrpoPinua S [péypr 28 BaOpoi]

Mmopei va vdpyovv ocadnmote yorikia o Kabe KeAl Tov TAEypatog (puoikd, petad 0 ko 15).
Ipayte éva mpoypappa wov Ppickel to eAdyioTo, ONAadON TOL TEPUOTILEL LE TO OOOUETPO GE Eval
keM (1, j) Této10 dote ke GALO KeAl va TepIEYEL TOLAGYIGTOV TOGA YoAiKio doa Kou To (1, j). MeTd
NV EKTEAECT] TOV TPOYPAULOTOS, TO TANO0G TV YOMKIOV o6& k0fe keAl pémetl va elvon 10 1010
OV NTOV KO TPV TV EKTEAECT] TOVL TPOYPELLLOTOC.

H BaBporoyia yio oavtd 10 vrompdPinua e€optdror and 10 pnéyebog tov mpoypappatog mov Ha
vroPdiete. [Tio ocvykekpyéva, 1 fabporoyio cag Oa givar:

= 28 BaBpoi av P <444,
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= 28 -28 logio (P /444) Babuoi av 444 < P <4 440,
= (O BaBpoiav P >4 440.

Opia: pMkog extédeons < 44 400 000.

AETTONEPELES VAOTOIN GG

[Ipéner va vmoPdrete akpPag éva apyeio avé vmompdPAno, YPOUUEVO COUE®VE WE TOVG
GLVTOKTIKOUG KOVOVEG IOV Tteptypapnkay mapomdve. Kabe vroParopevo apyeio umopet vo €xet
péywoto punkog 5 MiB. I'a «édBe vrompdPfinua, o KOOKag Tov 0douéTpov cag Ba ereybel pe
LEPIKEG TEPWTMOEL; €AEYYOL Kot B AAPete OPIOUEVEC TANPOPOPIES YOl TOVG TOPOLS TOV
YPNOWOTOEL 0 KDOOKAS GOC. L& MEPIMTMON OV 0 KDOOWKOG OEV EIVOl GLVOKTIKE GMGTOC Ko Gpa
dev gtvan dOvvartd va ereyydet, Ba AdPete TANpoPopiec GYETIKES LE TO GUVTOKTIKO GOAALLOL.

Agv givon avaykaio ot vmoPoAéc cog Vo TEPEYOLY TPOYPALLATO TOV OJOUETPOL Yoo OAQ TO
vrompofAnuata. Av 1 Ipéxovca voBoAn oV TEPIEXEL TPOYPALLLLY V1o TO VIOTPOPANU X, 1) T
PO VIOPOAT cag Yo T0 VIOTPOPANUa X cvpmeptiapPavetonr avtopata. Av dev vdpyet
TETOL0 TTPOYPOLLLLO, TO VTTOTPOPANLA ovTd B AdPetl undevikn Padpoloyia yio ot TV VTOPOAN.

Onwg ocvvnfwe, n Pabuoroyio piog vrmoPfoAng eivor to GOpowcpo twv Pabporoyidv KaOe
VIOTPOPANLATOC Kot 1) TEAMKT Padpoloyia eivar ) péyiotn Pabporoyio peta&d TV VITOPBOADY TOV
eAEYYOMKaV TANP®S Ko TG TEAELTALOG VITOBOANG.

IIpocopowwTi|g

I'a tov éAeyyo tov mpoypAULaTdHS GOC, Gag diveTal Vg TPOCOUOIMTNG 0OOUETPOV, TOV OTOIOV
umopeite vo. TPoEOOO0TEiTE HE TO TPOYPAUHOTO KOU TO. opyKa mAEypoto mov Bélete. Ta
TPOYPAULOTO TPETEL VO YPAPOVTOL GTNV 10100 HLOPEN 7OV YPNCLOTOEITOL Yol TIS LTOPOAEC
(OnAawdn, oV TOV TEPTYPAPNKE TOPOTAV®).

O weprypagég tov mAEypatog Ba divovtar oty akOAovON popen: Kabe ypoauun tov apyeiov Ha
neptEyet tpelg appovg, R, C ko P, mov onpaivouv 6t 1o kel ot ypoppu R kon m omin C
nepi€yel P yohixwo. Oho 1o KEAL OV OEV OVAQPEPOVTOL GTNV TEPLYPOPH TOL TAEYLLATOC
Bcwpovvrar keva. o mapddetypa, £6tm T0 OpyEio:

To mAéypa mov meprypdpeton amd avtod 10 apyeio mepiéyet 15 yohixw: 3 oto keil (0, 10) won 12
oto KeM (4, 5).

Mrnopeite va KOAEGETE TOV TPOCOUOIMT EKTEADVIOG TO TPOYpoppo simulator.py o710
directory tov mpofAnpatoc, divovtdg tov 0 Gvopa Tov TPOYPApUaToc. O TPOGOUOWTHS dEYET

TG €ENG EMAOYEG GTI YPOLLUT EVIOADV:

® —h Jdivel pio pkpn ovvoyn TV S10EGILOV ETLOYDYV,
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® —g GRID FILE QOpPT®OVEL TV TEPLYPOPN TOV TAEYROTOG and t0 opyeio GRID FILE
(default: kevo TAéypa),

" -s GRID SIDE «xabopiCer 1o péyebog tov mAéypotog oe GRID SIDE X
GRID SIDE (default: 256, 6nwg ypnowonoteitar oty meptypaen tov TpofANparog);
YPNOT LIKPOTEPOV TAEYUATOV UTOpEl va efvar YpMGIUN Y10 TOV EVIOTIGULO GOOALATOV,

= -m STEPS nepropilel to mANn00g tov Prudtov eKTEAEONS TS TPOGOLOIMCTS GE TO TOAD
STEPS pnuorta,

B —C &04yeEl G€ KOTAOTOGY] WHETUYADTTIIONG. TNV KATAGTOCT OUT, O TPOCOUOIMTHS
EMOTPEQPEL OKPIPMC TV 10100 £6000, OLMC avTi va Kavel v Tpocopoimon pe Python, yevva
Kot petoyrotriler Eva pikpd mpdypappa oe C. Avtd mpokodei pio peydin koabvotépnon
otav apyilet, divel Opm¢ apketd ypnyopdtepa anoteAéopata. H yprion tov cuvietdron otav
10 TPOYPAULE GOg ovapEVETOL Vo ekTEAETEL v amrd 10 000 000 Brparto.

ApOpoég vrofordv

O péyiotog apBpoc vrofoimv Tov enttpéneTol va Yivouv o€ ovtd o TpoPfAnua ivon 128.
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