»\  APIZTOTEAEIO
MANEMIZTHMIO
OEZZAAONIKHZ

TvMEMA HMMTY. TOMEAY HAEKTPONIKHY

AOMEY AEAOMENON

Aaf3Opwvbog: O Onocag xaw o Muwvwtavepog 111

Yurtdrreg:

ANASTAYIA ®OTH

AEM:8959 Abdokwy:
anastaskf@ece.auth.gr YTATPOYAA YIAXAAOT
XPHETOS XOTTOTPIAHY ssiachal@auth.gr
AEM:8997

cchoutou@ece.auth.gr

19 Aexepfplou 2020


mailto:anastaskf@ece.auth.gr
mailto:cchoutou@ece.auth.gr
mailto:ssiachal@auth.gr
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1. EmIArorg

H napotoa epyaocio agopd tnv dnuovpyio evog mouyvidiol ye titho “Mio viyta oto youvoelo”. Yto ou-
YUEXPUEVO Touy VIOl xaholpacte vor bAorotiooupe éva haBvpvio péoa oTov omolo xwvolvtal 800 TaUXTES,
o Mwotavpog xou o Onoéac. Xtdyoc tou Mivdtavpou elvon va “mdoel” tov Onoéa xar oté)0¢ TOU
Onoéa etvor vo Peel Gha To OBl o0 BploXOVTAL XATAVEUNUEVA GTOV TOUTAG, TP ENUEPMOEL XOL TTELY
Tov “mdoel” o Mivetavpoc.

Treviuuillovye ToC OTIC TEMOTES EPYUCIES XANVAXOUE VO UNOTIOCOUUE TO TOUTAG xaL Tol GToLyEla
mou To amaptilouv xadwg xan Tig Bacixég Aertovpyieg Tou mawywidloL. Xtn debtepn pyooia xAnirxoue
emmpooieta vor homojoouue éva Taixtn o onolog yeplleton to {dpl mpog dpehdS Tou. LNy Tapoloo
epyaoio aoyohnifxoue ye tn Onuiovpyio evoc malxtn mou xdvel ypriorn Tou alydprduou minimax, ye
oxond va TpofAédel xohlTepa TNV xivnoY| Tou, avalbovtog Ti¢ mavée xvhoelg Tou avTindhou. Puouxnd
Ohat To Baoixd cUCTATIXG TOU ALY VOOV oL avamTOEoUE OIS BUO TEMOTES epyacieg elvon mapovta. Ot
TEOTOTIOLNOELS OE oUTA lvol EAGYLOTES XL apopoLY xLElwe TNV cuUPBaTdTNTA PE TIC VEEC AELTOoLpYI(EC,
OTWC AVTEC TEPLYPAPOVTOL GTNY EXPOVNOT).

2. IIAPAAOTEA
Tao emouvontoyeva TapadoTEN ATOTEAOVVTOL ATO:

e Tov root xoutdAoyo ctov omolo undpyel xou to project tou eclipse.

e Evoc vnoxatdhoyoc src/ ye tov xddxo tne java, anoTtehoVUEVO and €vol apldud oVTIXEWEVHV
EVOWUATOUEVO 0TO Taxéto host.labyrinth.

e 'Evoc unoxatdhoyoc out/ nou nepéyetl 1o napayduevo command line jar tou mowyvidiov.

e 'Evoc unoxatdhoyog doc/ pe tny texunplnwon tou xmdixa 6twne auth éxel mopayVel and ta oydiia,
ue to gpyaielo doxygen. To opyeio puduicewv Tou doxygen elvan otov root e to dvopa Doxyfile.
H mhoriynon oty texuneinon uropel va yiver avolyovtag to opyelo doc/html/index.html

e To apycio report.pdf nou anotekel Ty tapooa avapoped.

Extog and ta emouvantépeva apyelo Stoadéoipo undpyet xou to git aamoVetripro ohdxhneng tng epyaociog
£00. AuTO TEPLEYEL TOGO TOV XWOXA TNS EPUPUOYNE OGO XL TOV XWBXA TNS AVAPORES.

3. 2XEAIAYTIKEY EIIAOTEY

IIow aoyolniolue oume pe to Intndévta avtixelyeva tou npoypdupatog, Yo teénel va avapepdolue ot
0pLOUEVES BOUESC IOV TTPOC TEVNXOY, OANG X0 XATOLES OYEDIAOTIXES ETUAOYES TTOU EYIVOV YLOL VO ATAOTOL-
NooLY ToV XWOWA. ApXeTEC amd aUTEG TEoépyovTol amd TIC Tponyolueves epyaoiec. Tic napadétouvue
ounc xou €86 xoode toUlouvy onuavTixd pdlo, T6co otV Aettoupyid TOU TPOYEEUUATOS GGO Xol GTNY
XOAOTERT XATAVONOT| TNG TEEYOVOUC EpYATiag.

3.1. Accessor - mutator idiom

Y1ic mpodlaypapéc tne epyaocioc agrveton vo evvonldel mwe {nteiton 1 yerion tou accessor - mutator
idiom. O TEETEL VO TOEUBEY TOVUE OUWS, TWC VEWPOVLE TO CULUYXEXELAEVO LBlwpa t8iaite-
pa meoBAnuatixs. O xiploc Aoyog elvon mwg mopofidler Yepuehaxd TiC apoupéoels TeodidovTag Tov
€0WTEPXO OYEdLOUS Tou avTxelwévou. Axdua divel tpdofacn otny ecwteptxy| dour| Tou, “nicw and TNy
A&t Tou avtxeévou. Ev avtidétng ye to wblwua autd, To avTixeieva mTou LAoToLoVV T
wg apoupEcelg Yo unopoLoay va TeocEpouy eEYO80UG MOV EXTEAOVY XATOLX AEt-
Tovpyia, xpVBovIag TEAEIWC TIC EOWTEPIXESC AENTOUERELES TG LAomolnong. Autdg
elvan xou o Spdpoc mou Blokéope yio To oyedlooud Tou Teoyedupatoc. H xdie td&n tou mpoypdupatoc
Hog Tpoo@épel dnuootia €va apldud amd uedddous mou elvor AmoEAlTNTES Y TNV EXACTOTE AMATOVUEVN
AELTOLEYIXOTNTA Xol XEUPBEL 600 XAAUTERA YIVETOL TNV ECWTERPIXY| UAoTolnoT. Evd howndy vhonolfooue To
{nniév get-set Leuydipl yioo TNy xde peTtoffAnTA Twv TdEewy, dev To yenoiwonotioaue oyeddV xotdAou
HEoO OTO TEOYEAUUUAL.
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3.2.  Evormounuévo cUGTNUN GUVTETAYUEVLY

Yug mpodypagéc tng 1ng epyaoiag meprypdgetan eniong €va SIMAG GUCTNUA CUVTETAYUEVWY, TOCO YLd
Tar mTAoxidla o0 xou Yo Tar eodia. Eva xapteciavo mou Sievduvolodotel we mpog 800 dEoveg xal TEQLEYEL
éva (euydiol YeaUUNE xou OTAANG %o €Vl LOVOBLAGTATO TOU AMOTEAE(TOL ATO TOV YROUUIXO GUVOLICUO TWV
Teonyoupévey. To povodidotato avTixatomteilel xou TNV ATELXOVIOT| OT UWVAUT EVOS Tivoxd 2 SLUCTACEWY
ot row major order.

Fevixd Yewpolye mwe ATt TETolo dNULoVEYEl TAEOVACUO BEDOUEVEV XAl ETOUEVKC EVOL XAXT) TTRAUXTIXT.
Avuto yiotl peta€d GAAWY UELOVEXTNUATOVY, TOU XURlKC APOopd TOV TOAUVNUATIXG TEOYPUUUATIONS, 0dNYEL
X0l OE TEOYEAUUATIOTIXE AdT) Tou midavedg Yo agrivouy To 500 cucTAUATA acLYyeovioTa. o va Aboouue
autd T0 TEORANUL dNULoveYAoape TNV TdET Position, otny onola ecwtepnd yenowonowodyue poévo
To €va amo T 000 CUCTAUATA, YL TNV oxeiBelal To LOVOBLIOTATO Xou TAUTOYPOVA ToREYOUUE Uedodoug
v TV mpocPBact ot Yéon xou and to 800 cuoThuata. H 18N uetadd AWV TpocpEpEL xol CTATIXES
RETOB0UGC YIA TIG LETATEOTES TRPOCPEROVTAG £TOL Lot £ldoug epyakelotxn yia TNy epappoyy. T
TNV mapovoa epyacio yenowonooope Ty Position 6mou ftay duvato.

3.3.  Avofdiuon tne té&ne Tile

Kotd tov npoypopuationd tou mouywidiod mopatneiooue nwg téco 1 tédn Tile 600 xan n Supply €youv
TAneopopleg yia TN VE€am ToUC 0TO ToUTAG. AUTO ONUAVEL TS TOGO Tal TAAXIBLOL OGO oL TA EQPODLAL AVHAXOLY
070 ToUTAG. Axoéua onuolvel Twe dnuiovpyolyV emmAéov Theovaoud oe dedopéva, xodng amanteitar oL
oLVTETAYUEVES Tou Thaudlou mou PBeloxetan To €9odlo va emavolngdoly péoa otny Supply. Kdt tétowo
yivetow avTiAnmté xan amd T mpodiaypaes Tne Board 1 omolo elvar aut mou meplEyel Toug Tivaxeg
AVAPOPWY TOCO TWV TAAXLOIWY 600 xaL TV £podiwyv. Mo mio drancInTixy) npocéyyion BEBoua
Yo ROele Tt €O VA VX 0oLY oTa TAaxiBLa Xt Oyt 670 Taumh6. Me awtd Tov TeéTo 1) TEEN
Supply dev Yo elye Tic enavaropPavouevee tAnpogopiec Héong, odkd avtiveta n tédn Tile Yo elye anindg
wo emmpdoetyn TAnpogopia Yo To oy PLAOEeVEl xdTOL0 EQPOBLO 1| O)L.

‘Onwe elvor puoxd Jehfoaue VoL VAOTIOLACOUPE aUTY TNV TEOGEYYLOT. AV OUKC UETAXIVOUCUUE TIG
avapopéc Twv odlnv otny Tile Yo adloldvaye Tic Tpodlorypapés Tng expivnone. Emouévwe emhédopue
wat péom 086. Eumhouticope v Tile ye uedddoug mou agopodv ta @ddia. Autég elvon ou:

e int hasSupply (Supply[] supplies)

mou Bivel TNV duvatdTnTa Vo eEAEYEouUE v €va TAAx(BLO €yel xdmolo evepYd epodlo. Ko
e void pickSupply (Supply[] supplies, int supplyld)

Tou BlVeL TNV BUYVATOTNTA OE XATOLo kX TN VoL “onNxoel” To E@OdLO.

‘Etot éyoupe opolopoppia ye tic avtiotoiyes uedddoug boolean has Wall(int direction) xou int has Walls()
g Tile.

"Evog mopatnentixdc avary vaotng o BLUmoOTOOEL e Ol GUVORTACELS YLoL ToL EQOOLAL EfVOL VoY XOCUEVES
VO TEEOVY TOV TVOXOL OVOpOR(Y GTal EQODLAL ¢ dptopa. AuTo elvar To TiUnUo TOU TEENEL VoL TANEWMCOVUE
TeoVOVTAC TIC pevodoug autég otny Tile.

3.4.  AvaBddiuon tng talng Board

Yy Biudpxetor Tou oyediacpol Yewphoope w@ENUN TNV EloaywYT Tou ntivaxa int//[] moves otnv té&n
Board. e autév xataywpeolue Ti¢ TAnpogopleg Tne TeAeutalog xivnong tou xdde naixty, énws To id Tou
mhaadiov mou Beloxetoun o malxtng, oL cuvtetayuéves Tou xon 1 “Capld” tng xivnong. Xtnv mpooifxm
auTr) odnyNUTxaue ool mapatneoope twe yio Ty 8N HeuristicPlayer eivon amoapaitntn 1 mpdcBaon
oty ¥éon xou 670 id Tou avtindhou. Puoixd Ty Bl anaitnon €yovue xou pe Ty N MinMaxPlayer.
H npdofacn oTic MVACE TRayHATOTOLETOL Y€K TNS HETHBANTAC moves xou Tne cuvdptnone getOppo-
nentMove(). 'Etol o xd0e HeuristicPlayer #, MinMaxPlayer urogel va diamothoel av 010 ontixd Tou
medio Peloxeton xdmolog avtinahog xou vo xwvnoel xotdAAnia.

Axopa péow tou (Blou unyaviouol divouye TV duvatoTNTA GTOUS TalxTeG var wodakvouy To ID tou
avundhou. Autd ebvon yerowo yia tov MinMaxPlayer étav mpoonadel vo oxnvodetroel Tic xivioeig tou
avTIndAo. Oo avaAlooLUE TEPLOGOTERA OUMSC YVPW ATd oUTH TNV TOEYEAUPO ;;.
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3.5, AvaBdiuon g tééng Player

o v enépPaon oe auth TV TAEN XWNUAXOPUE UE YVOUOVA TNV AVTWETOTLOY 6U0 TeoPlAnudtwy mou
Hog mapoucldoTnXay. Apyixd yio Tnv cwoth Aettovpyia tn xAdorne HeuristicPlayer, 6mwe avagpépoue xou
Tapamdvw, etvan avoryxalo ) tedoBacn oto id tou avundiou. o tov Adyo autd emiéaue va dnuovpyeiton
éva id yia xdde moalxtn péow ouvdptnong tne taéne Board, oto onolo Yo €youue mpdoPacn puécw Tou
nivaxa intf][] moves. Tn hertovpyio auth avohoauBdvel 1 ouvdptnon int generatePlayerld().

Emnpéoleta, Yehioaue vo evomoltooupe Tic LAomoloels twv tdéewy Player, HeuristicPlayer xou
MinMaxPlayer, dote va Ti¢ xdvoupe cLUBATES e TNV oy Y| TOU Liskovﬂ It to AoYo autd oL cuVaETHCELG
move(), statistics() xou final__statistice() eivor Théov uhomomuéves xou oe Ao ta avTixeipeva. Autd pog
avdyxooe vo ueTaxivioouue TNy Ueta3AnTy path oto base object dnAady) otnv Player.

4. CONCEPTS

Av xou tar concepts VAoToL UMKV VL0 TV EXTOVNCT TOU TEMTOU UEPOUS, Tol TApadETOUUE GUVOTTIXG XOU OE
AUTH TNV avapopd, xoog o VEwEoVUE OUCLAOTIXG XOUUATL Yior Ohat Tor puépn TN epyaocioc. Ta "concepts”
MG €YOLY TN UORPT] CUVIRTHCEWY X0 APOEOLY EVVOLEC OYETIXEC UE TNV e@apuoyY. Moag divetar €tol 7
BUVITOTNTA Vo EAEYYOLUE oV xdmota €lcodog evog predicate-concept mhnpol Tic TEOBLYEAPES TOU 1| O)L.
Yo oyfuo [I] paivetan wua omtixomomuévn éxdoon touc.

4.1. IDaxido gpoupdc - isSentinel()

ITpbdxertan yioo concept mov Yog eMTEENEL Vo ENEYEOUUE
av to mhaxido elvan “mAaxidio gpouvpds”. Av dnhady

+———+———f———+———+———+———+———
/ ' ) , Wallable r | . |
Beloxeton ota e€wtepixd dxpa Tou TounAd. H vhomonon  jes A

autol Tou concept yiveton HECW TECTEPWY CUVIRTHOEWY | [ | Wallable |Room i |
Tou eAEYYOUV YWEOTA T Téooepelg dlevdivoelg Tou direction
Taun)\é +—-——+ +———t—- + +=-—=t———+
4 ; ; : Walkable

Tt v napdderyua 1 boolean isLeftSentinel (int | dlrectmn | |
tileld) pac diver v duvatdtnTor var eAéyEoude oV To + +-——+ + + +
mhoxi(dlo elvon mAaxidlo gpoupol dploTERE TOU TAUUTAO. |. M | |. |
Auto elvan yprowo yia Aettoupyiec dnwe yio Topddetypa e —p——t 4+ + R +

5 $ A 4 {  Sentinel Non - walka
av Béhoupe vor Sodue phitwe ypedleton vo Torodetndel |. s04 | > dlrectlon_ |
7 z e 7 7

e€wTepndg Toly0g aploTepd Tou Thaxidlou. AvticTouya TR hoCCh g———y oy

UTEEYOLY XL OL UTOAOLTES GUVORTHOELS YLoL TI UTIOAOL- | | | |
nec Olevivoelc.

4.2.  Awoyiown Siehduvor - isWalkable() IH . . . . . .I

Fo— b ———————————4
[Tpoxerton ya predicate mou pag emitpénet va ehéy&ouye
av wa dteduvor oe xdmoto mhoxidlo etvon “draoyionun Ao 1: Oftmr) avanapdotaon twy Con?epts
p » I’ / , TOU XpNOo1oToUUE o€ éva TapumAd Tx7. Me npdowo
owevfuvon”. Av dnhadn xdmolog TalxTng Umopel var xi-

, , i , , J avarapiotavtal 6oa TAnpoly kdmowo concept kai ue
vnoel oe auth. T v oy el xdtL tétoo Yo mpénel: . S . ,
kokkwo 6oa dyi. Ta mhakidia pe to ykpr xpopa,

, . , efvar ta TAakidia ppouvpol.
o H diebduvon va uny €yel tolyo. ppovp

o H diebduvon va uny etvon n “Kdtw” diebduvon tou
mhaxdiou el06d0u 6To Aaflevdo.

"https://en.wikipedia.org/wiki/Liskov_substitution_principle
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4.3. Xtiown dievduvon - isWallableDir()

ITpbxerton yio predicate mou pag emtpénel va eAéyEoupe av pia Slebduvon xdmotou mhoxudiou etvon "y tionun
oevfiuvon”. Av dnhadn unopolue va totovetricoupe tolyo otn dievduvon auth. o va etvan plor Siedhduvon
ytlown Yo mpémel:

o H diebduvon va elvon Sraoxionun.

o To yeitovxd mhaxidio oe autyh T dieYuvon vo uny Teptéyel NOr Tov UEYLOTO ETUTEETTO optdud
Tolywv.

e O 7tolyog va unv dnpLoupyYel xdmolo XAEGTO dWUITLO.

Avuty) 1 tedleutola Aol TNOY BEV UNAEYEL OTLE TEOBLAYPXAYPES Xou TNV Talpvouue uTOdL, OdTws Yo
Solpe xou oty evémta 6], wévo av o yerotne ™y éxel {nthoel and ™y yeauur eviokdv. O Adyog eivou
yiatl 0 UTohoYLOUOG TNG *x00TICEL xou L TO unopel var uny modletl pOAo Yol TonAd peyédoug 15215, ahAd o
Cnndel xdmolo ol peyahitepo T6TE 0 Ypovog elvon uToloyiowwog. Puoixd oTov xOOLXa xdvouue Yenom
autol Tou concept UOVo xaTd TN dnuLovEYiad TOU TOUTAG, UE AMOTEAECUN Vo Uny emBoplveton xodOAOU
1 AELTOURYIOL TOU TEOYEAUUATOS XATA T1) OLdpxeLo Tou TouywiotoL. Etol npotelvouue otov avayvmdoTn xou
XENOTN TNG EQUPUOYNS KOG VAL XAVEL YENom AUTHS TN EMAOYHAS. AVUPEQOUACTE AVOAUTIXE GE AUTO TOV
oAyoprdyo otny evétnTa

4.4. Xrtlowo mhaxidio - isWallable()

ITpbxeton yioo predicate mou pog emtpénel va ehéyEouue av xdmoo mhaxidlo eivon “ytioiuo mAakidio”.
Av dnhadn umdpyel xdnota Theupd Tou Thaxdiou oTNV onola utopolue vo Tonoveticouue Tolyo. o va
oy Vel autd Vo Tpémel:

e No undpyel TouldytoTtoy pla xtiomun diedduron oto mhaxidio.
e To mhoxidio vo unv €yet 10N TOV UEYIOTO EMTEENTO optdUd Tolywy.

4.5.  Anuoupydc xhetotol dwyatiou - isRoomCreator()

O mpodiaypagég g epyaciag TOU agopolV TN dNULoVEYId TOU TOUTAG, BEV AMOTEENOUY TNV EUPAVLOT
xAelo TV dwpatiowv. T'a to Adyo autd viomowioaue éva ahyoprduo mou aviyvelel Ty mavotnTo Or-
wovpylag xAeloT®Y duyativy Tou omolou N evepyornolnon YiveTow xaTOTY ETAOYHAC TOL YEHOTN And TN
YEOUUY EVTOAGY.

‘Evog ahyoprduog yio vo elvon Aettoupyinde ypetdleton dedopéva. Xtn dixr| Yog neplntworn to dedopéva
elvan oL Tolyol. Oéhaue hotndy €va TEOTO AVATUEACTAONS TWY TOlY WY ToU Vo BOAEVEL YIOL TO GUYXEXPUIEVO
TeofBinua. H Aoor mou yenowonomooue cuvodileton oto e€Xg:

o O ywvieg Twv mhadlwyv ovopdlovtow xéufol xou 1 ¥éon toug avanopiotavton pe évay avovto
optdud TOU LGOBUVOIEL PE TNV AVATOEACTAOT) BLodLIdcTATOL Tivaxa o€ row major order.

e O xde x6ufoc anotehel Tov xouBo-ywvia (vertex) evog yedepou.

e O xd&e toiyoc avanopiotaton we oxun (edge) otov ypdgpo.

[Mo mopddetypa oto oyfua [2 mou gatveton xon évar ToEdderyUo avamapdoTAoNS, O TOolY0g aELOTERd TOU
mhoxtdiov ‘3" avamapiototon we 1 oaxur ((4,8)".

INo tov ahyoprduo vionooope dVo téec. Tryv Edge mou dnuovpyel Levydplor x6uBwv wote va
umopel vo amodnxedoer tov xdde tolyo(oxur) xou tnv Graph nou mpoo@épel hertoupyiec dnuiouvpyiog
oLVEXTXOV YPdYou Aopfdvoviac we elcodo tolyouc(ouéc).

H Aertovpylo Tou eivon amhi. Kdde gopd mou ehéyyoupe av pla SiedYuvon miodiov etvon ytiowun,
OMNULOVEYOUVIE TO UEYAAVTELO BUVATO CUVEXTIXO YPAPO TOL MEPLEYEL TOV EV AOYO
Tolyo xou 6houg Toug 1dN Tomoletnuévoug tolyouc. Av GTOV YEA(PO TOL TEOXUTTEL UTEPYEL XATOLOG
x0ufoc meploodTERES amd Wla PopEg, dnAadY| o yedpog Oev eival amhog, TOTE AUTO CMUAVEL WS OTOV
ev AOYO x6ufo Umopolue Vo TUE axohoudvTag Tolyoug and TouAdytoTtov dVo xateudivoelg. Apa To
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OESEEE

|
© O-
(a) (B)

EyAupe 2:

(a) AevOuroodétnon mAaxibioy (tetpaywrdiia) kar kupwy(opaipeg) evds taurAd 3z3.

(B) Evag ouvvektikés ypdpos mou mpokUntel and to (a) Eekivdvtag and tov toiyo (7, 11). Ta tov ev Adyo toiyo
Oédovpe va duamotdoovue av dnuiovpyel kA€woté dwudrio. Kdt mouv o€ avtn) tny mepintwon 6ev oupfaiver

TUUTAG TEPLEYEL XATOL0 XAEWOTH DwUdTio. Aol Tov olydprduo Tov extelolue yia xdle mdavy ytiowun
o1evfuvon, T61e 0 TolY0g TOU TEOXAAEL TO XAELOTO DWUATIO ElVOL O TEEYOV.

It Ty Aertoupyio Tou alydprduou yeeralouacte GAoug Toug Tolyoug Tou elvon Ko7 TotodeTnuévol 6To
Tounh6 otn wopp Edge. Towtéd npoodéooue otny té€n Board wio Aota avagopdyv (ArrayList) xou o
autry arodnxeboupe xdide tolyo mou dnulovpyolue. Tov alydprduo UTopOLUE Vo TOV EVEQYOTOLNCOUUE
oV TEEAGOVUE OTO TROYPEOUUN WS EMAOYT TO OPLOUN ——NOTOO0MmS Ao TN YEUUUY) EVIOADY

AvcTuYOC 1 XWOXOTONCT| TOU YENOLLOTOLOVUE €8¢ BV ToueLdlel Ue aUTH TNG UTOAOLTNG EQPOOUOYNG.
Auto éyel oav amotéheoya vo TRENEL VoL dNiovpyoluE Tov Yedpo xdde @opd. Autd €yel x6GTOC OE YPOVO.
T v axplBeir O(N2logN), 6mouv N, o cuvohxde aprdude mhaadiov Tou toumhéd. Autd To xb6oT0C
apopd Tov éheyyo Tou xdde mhodlou. Tia Gho to Toumhé To xbéoToc etvar O(NHogN). Puoxd Vo
UTOPOVCUUE VO YENOLLOTOCOUPE UTOUVNUATIONS Xai Vo anovnxebouue toug Yedpoug Ouwe Adyo Tou
ot N emPBdpuvon hapPdver Yoo HOVo Wla Qopd xatd TNy exxivnom, oe cUVBLUCUO Ue TO Wxpd péyedog
TOU TOUTAO, AMOPACICAUUE VO UNY TEOYWEHIOOLUE O TEpaTépw BeATiotonoino.

5. YTAOHOIHTZH

[t TV HETAYADTTION TNS EQOPUOYNS, anatTElToL java Exdoan 8 1) xou UETAYEVESTERN XIS EYOUUE XAVEL
xeron lambdas. T ureviiuior, avagpépouue cUVOTTIXG TN ASITOUEYIN OPLOUEVWY OVTIXEWEVWY TOU
Tpoc¥écaue XATE TNV TEMTN XaL SeLTERT epyaoia.

e Const
To avtxelpevo autd mepiéyel otadepéc Yo OAT TNV EQUQUOYT.

e Session
To avtixelyevo autd mepléyel OAeg T TWES TNG EQappoYNg Tou amoteholv puduloelg 1 emhoyEg,
OTW¢ Y TO PEYEVOC TOU TUUTAG, TOV 0ptiUd TWV EQOBIWY XTA.

e Direction
To avtixeipevo autéd hettoupyel cav C++ enumerator xar nopéyel ovopatoloyia oTic dlevdivoelg
TOU YPTOWOTOLOVUE GTNY EQPAUPUOYT.

e DirRange
Opolwg éva Bonintixd avtixelyevo auth 0 Qopd Yo TV autépaty dnuovpyia dileudivoewy o
Beodyoug emavdindme.

e Edge
To avtixeiuevo autd 6mng eldoye xou otny evétntafd.b], Aettovpyel we avamopdotaon Twy Tolywy ye
N Lop@Y| axpy evog yedpou. Ilpoopépet constructor mou déyetan yio oployata cuvteTaYUEVES Altd
mha(Bia xan dievdvvoelg. Me autd Tov Tpdmo Aettovpyel WS BlETaPT avduesH OTNY xWOLXOTONGoT

2Yuviotaton avempOlaxta 1 Yeron autic TS EmAOYHC
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TOU YPNOWOTOLETOL GTNY UTOAOLTY] EPUOUOYT) XU OTNV XWOLXOTOINGT TOU Y ENOoWOTOLETOL Yial TNV
e0PEDT XAELOTAOV SWUATIWY.

Graph

To avtixelpevo autéd vhomolel Aettoupyleg evog cuvextixol yedgpou. O constructor tng tdng 6éyeton
¢ Gplopa Yt axpn xou otny ouacio dnuovpyel Toug 2 mpwToug xoufouc. O Pacixés Aettovpyieg
elvon m attach() n omolo déyeton wiar oxpr| xan mpoomoel vo tomodethoel Toug xéufous tng oto
Yedpo pe ouvextixd tpomo. Kau n count() n omola déyeton éva x6uBo xan YeTpdel TOCES PORESC O
%x6pPBog autdg TEPLEYETAUL OTOV YRPAPO.

Position

To avtixelyevo autod yenoiwonoteitar wg Eva oo GUC TN AVITUEAC TACTG CUVTETAYHEVKY YId TNV
eQapuoYY). Axoua Tpoc@épel UEVOBOUC UETATEOTAG TNG KL OVITOEAo Taong oTny GAAN. Ot avormo-
PUO TAOELS AUTEC OTIWC AVAPERUAXAUE XKoL TORATAVE EIVAL 1) XAPTECLAVT) TTOL TERLEYEL BVO HETABANTES
yioe TNV yeouu xou T oTHAN xou 1 povodidotaty (id).

e Range

To avtxelpevo yenouylonoteiton yior var dnutovpyel eV TYOV.

e ShuffledRange

To avtixelyevo autd yenowlomoieiton yia vo dnutovpyel “tuyaing datetaypérva” eben tyodv. H téén
ot xAnpovouel tnv Range xaw npociétel tn Aettovpylor Tou TUYAOU CVOXATEUATOC TWV TUUWV.

5.1.  Alydprduoc minimax

O oxondg g napovoag epyaciag YewpolUe Twe HTay 1)
vhomoinomn tou ohyoprduou minimax. [N Tov olyderd-
MO aUTO aEyxd amauTelTon 1 Onutoveyia evég BEvTEOoL.
To xde eninedo tou Gévtpou E€yel yia xOUPouc OAeg
TIC OUVATEG XWACELS TWV ToUxXT®V evahddé. ‘Etol o
xde xOuBog avamaELoTE Wiot XIVNOT) XoL TO TTOUOLS TOU
xde xOuBou avamaploTOLY OAEC TIC BUVATESC XIVHOELC-
anavthoelc Tou aviinaAou maixtn otny xivnorn auty.
Koadde extedelton o ahyoprdpog n aglohdynor tng xdde
xbvnomng and Toug xaTwTEPoLS xOUPoug avePalvel Tpog Ta
mave. H emdoyn yiveton evadrdg and tov xdde mobxtn.
'Etol 0 avtinohog emhéyel yio i) Tou xdde xéufou v
T and o ToudLd Ue TNV mixpotepn olohdYNo, EVE 0
malx TN wog TNV T ue Ty peyahlTeen. XTo TéA0g O
Baouxdg x6ufog TERLEYEL TNV PEYLO TN DLVATY| TYLH Ao-
Bdvovtog uod TNV xahbTEET dBuVATH XIVNOT-ATEVTNO
TOU OVTLTEAOL.

INo tov xdde xéuPBo viomoijoope v T8N Node
axorovdwvtag Tic odnyiee g expwvnong. Ilépa amd
AUTEC OUMC YPEWICTAXAUE Xk Lol ETULTAEOV TANpOGOpia,
TOU aPOPd TO UOVOTATL TNE ETAOYHASC TV XOUPwY amd
Tov oAyoperduo. Anhady, oe xde x6ufo anodnxedouue
emnmA£0ov €va BelxTn TPOg Tov x6uBo amd Tov omolo €yve
N emAoyy TS TR Tou. Me autd Tov TpéTo HUAOTE OE

Input: Node
'60&5 Node have
children?

max <- child.eval
Node.path <- child

YxApa 3: Adypapa poris Tng mazValue(), drnov
yivetar avadpopikny kArjon tns minValue().

Véom, uetd Ty extéheot tou alyoprduou, va yvweilouue 1660 TNy Tiwg e olohdynong, 600 xou TNV

xivnon and tnv omola mpor\e.

H ulomnoinon tou minimax ahyéprdpou éywve oty t¢&n MinMaxPlayer. H td&n autrh xAnpovouel
v Player xou poli xau tic Baocixéc hettovpyiec 6mwe toug Constructors xou to accessor - mutator id-
iom. Axohouvddvtag tov oyediaoud tng HeuristicPlayer, uhonovjoaue tnv MinMaxPlayer, diywg xavéva
data member. Autd avixouv 6ia otnv Player. 'Etol 6An 1 eminpocdetn Aettovpyndtnta tng t8ENng o-
(popd Tov ahyopriuo nimimax. O xdpleg uédodol mou LAoToINXaY Yio TV dnuoveyia Tou BEVTEOU Elvau:
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e int[] dryMowve()
H cuvdptnon autr Tpocouoldvel Ty xivnon xEnolou Taix Ty YeNoYLOTOLWVTOC YLo TOUTAG aUT omd
o oplopatd tng. 'Etol umopolue va TeoyLOTOTO COUUE DLAPORETIXES XV OELS OF BLUPORETIXOVC
XADOVOUC TOU TOUTAG Ywelg Vor dANOLOGOVUE TO Paoind TUUTAG TOU Touy VIO,

e void createMySubtree()
H ouvdptnon ot etvon 1 plot amd tig 800 uedd80ug TOL UAOTIOLOVY TO BEVTEO UE TIC DUVATES XIVAOELS
TV TUXTOY. Zexivoviog and tn Teéyovca Yéor Tou maixtn xou yia xdde “diaocylown dievduvon”
ONULOUEYOUUE Xal EVal AVTYPa(PO TOU TAUTAS XU OE AUTO EXTEAOVUUE TNY Vo™ TOU TalX TN ELXOVIXG.
wéow tne ouvdptnone dryMove(). Ereito anodnxedoupe oto 8évipo tnv xivnon outh @ x6ufo
xou xohoVUE TNV ouvdptnon createOppSubtree() ye autév cov dpioya.

e void createOppSubtree()
H ouvdptnon extehel v Bl Sladixacta ye v createMySubtree() ohhd yio Tov avtinalo auth ™)
(popa.

e double evaluation()
H cuvdptnon auth etvor utebduvn yia Ty agloAdynon e xdde xivnong. Toéco oty nepintwon g
TOU X TY), 660 XU TNV TMERINTWOT ToL avTindiov. T va etvon cupfBaty| pe to {nrodueva, afiohoyel
v xivnon “xortdvtog” o Tounthé oty xatedduven tne xivnong xou uoévo. Auth 1 cuumepLpopd
elvon apxeTA TEPLOPLOTIXT X0 00N YEl o8 TOAD QPTwyd anoteAéopata. o mapddetypo eved pio xivnon
Tpog Tov avtinaho agloloyeiton apvnTixd xadoe o TaixTng unopel vo Tov “del”, 1 xortehuvon poxpeld
an6 tov avtinalo dev altohoyeitar Yetixd. Axodua otny mepintwon mou 1 adlohdynor agopd xivnon
TOU QVTLTAAOU, BEV €Y0UHE TNV SUVATOTNTA Vol 0€LOAOYHOOUUE TNV XATAGTACT TNE TOTAG GUVORLXAL.
[N vor avtgetwnicovye autdv Tov TEAEUTHUO TEQLOPIOUO, UETE TNV TEOcOUoiwon Tne xivnong tou
avTidhou, agloloyolue Eavd v teheutalo xivnon tou maixtrn. Mdvo mou mhéov o avtinalog eivon
oe véa Yéon,.

Téoo n createMySubtree(), 6oo xou 1 createOppSubtree() eowtepind a&tohoyolv Ty xdde xivnon.
Avuto elvon meplttd xadwg oL povol xoufol mou amouteitan v afloroyndolv eivan ta @UAa.  TTopdha
ouTd anogaciooye va extehéoovue v evaluate() mou ofohoyel Ty xivnom oe xdde xéuPo bote va
ouuPadilovye Ue Tic 0ONYIEC TNG EXPOYNOTG.

O olybpriuog ohoxAne®veTal UE TNY LAOTIOMOY TV CUVILTACEWY TOU aVAYoLY TG AELOAOYHOEIS TKV
xOuUPwv Tpog ta Téve. Autéc eivon o mazx Value() xou minValue() xon extehodvtan avadpouixd eValhEE
amd tov malxTn xou Tov avtinoho. Eto oy 3] goiveton o didypaupa pofc e maz Value(). H min Value()
elvon avtiotoym. O rmaixtng npoonoel péow e mazValue() va emhéZer tn peyahdtepn allohdynom eve
o avtinahog, péow e minValue(), emhéyel tnv wxpdtepn.

6. EKTEAEZIMO

‘Onwg avapepaue xo GTNY TURAYRAUPO UE T TUPUBOTEN, GE AUTA UTHRYEL X0l TO TORXYOUEVO EXTEAECLUO
yioo TV yeouuy eviodoyv. Ilpdxeiton yio éva jar opyelo to omolo umopel xdmolog va exterécel o €va
TEQUATIXO, UEOW TNG EVIOAAC java —jar labyrinth. Xtov x®dwd yog yenoylonololue asserions )oTe
vo ehéyEoupe TNy eloodo xa TiC eMAOYEC TOu YehoTn. Enopévwg av xdmoiog Héhel va mepapotiotel ye
T emAoyéc xoho Vo ytay va o evepyomoiioel oty VM 1ng java ue tnv mopdueTpo —ea. e oauTh TNV
neplntwon Yo unopoloe v exteléoel java —ea —jar labyrinth -i --norooms ...etc

To nopayouevo jar mapéyetl Eva apidud and emhoyéc-opiopata To onolo EAEYYOLY TNV Aettoupyia Tou
mawy Vo0, Tig emAoyég auTé UTOPOUUE Vo BOVUE ol OO TNV YEUUUY EVIOADY ATADS EXTEADVTUC TNV
eviolf) java —jar labyrinth -h. Yto oyfua[d] unopodue vo Solpe éva otiyydtuno ue tig Swdéotueg
emhoyéc-oplopata. AvohuTixd, extodg and TNy —h autég elvou:

e -i f} --interactive
Avuté 1o bpiopa evepyomolel to “interactive mode”. Tlpdxeiton yior Aertovpylor xatd tnv omola o
Ty vidL Yetd and xdde YUpo oTAUATd xou TEPWEVEL £(0000 amd TOV YENOTN YIa VOl TROY WEHOEL OTOV
enopevo. Av autr 1 Aettoupyla Bev elvon evepyomoinueévy), TOTe To Tany vidl exTeReltal LOVOULAS Xxou
oTnV €£080 EXTUTOVOVTOL GLOL OL YUPOL aécws WeTd TNy elcodo Tng eviohic. Avt n emAoyn elvar
aATEVEPYOTONUEYT) WS TPOETIAOYT).
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Labyrinth Game

[-b|--board <Num>] [-s|--supplies <Num>]

labyrinth -h]|--help
Options
-b --board:
e the size of board's edge.
of supplies on the board.

mum number of rounds of the game.

nts the creation

-1 | --interactive:
Each round requires user input in order

-h | --help:
Print this and exits.

-ja

r labyrinth.jar -h

[-r]|--rounds <Num=] [--norooms] [-i|--interactive]

of closed rooms inside the board.

to continue.

SxApe 4: Or Sadéoueg emloyég kar o1 TPOTOL e TOUS 0TOIOUS UTOPOUE VA €KTEAEOOUME TO Taty vidi.

® --norooms

Avuto 1o bplopa evepyoTolel TNV Aettoupyia TNG EVEECTE XU ATOTEOTAE TWV XAELCTWY dwuaTiwy. Av
0ev Ylvel yerion auth Tng emAoYHS, TOTE 1 Aettoupyia oty elvan amevERYOTOINUEVT WS TEOETLAOYT).
H evepyomnoinon tne Yewpolye nwe eivan xahr) emhoyn. O Adyog mou dev Ty npo-emhéyouye elval

yiott dev {nteltan pntd amd TNV EXPOVNOT).
e -b ¥} --board

Avuté 1o dplopo amantelton vor oxoloudnidel and €vo Yetind oxépono mou meplypdpetl To emuuntd

uéyedog Tne mAevpdc Tou ToumAS. Ily:
java -jar labyrinth -b 11

Av o yphotng Bev yenoiwonolioel TNy emAoYN T6Te To mpoemheypévo péyedog etvan 15.

e -s 1} --supplies

Auto 1o bpiopo amontelton vo oaxohovdnlel and éva Vetind axépono mou Teplypdpel Tov emduunTd

aptdud TV e@odiwy yior To mouyvidl. IIy:

java -jar labyrinth -b 11 -s 7

Av o yphotne dev yenotpomotioel Tny enthoyr TOTe 0 TpoemAeYpévos aptdude eivan 4.

e -r 1) --rounds

Avuto o dpiopo amontelton vo oxohovdndel and éva Vetind axépono mou meplyedpel Tov emduunTd
aptdud yopwyv péyet va ohoxhnpwiel to mouyvidt. IIy:

java —-jar labyrinth -r 200 -s 7

Av o ypHotng dev yenoiwomoiioel Ty emhoyn T6Te 0 TpoeTAeYUévos aptdude eivon 100.

7. IIAPATHPHYEIY®

Khetvovtog Yo 9éhope vo modue noe 1 napoloo epyacio Aoy wa tpoondiela voo uhonoliooupe to {nto-
DUEVOL YEMOWLOTIOLOVTOS OUOS TEOXTIXES TOL VewpOoVUE avaryxaleg Yior TNV cuyypeapn xwdwa. Ilpaxtixég
Tou a1dy0 €xouv va anoteédouy Ty mhavotnTa havdacuévne yerone oe Bddog ypdvou. T to Aoyo
autd TpocTAdooUE VoL TERLORICOLYE, 6oL AUTO dev Ntav avtideto e to {nTodueva, TV BuVUTOTNTA TNG
Aavdoaopévne yenong elodyovtag apxetd emnAéov epyoheio yio Ty eqappoyr. Tétola yio mopddelypa
elvan 1 td&n Position B n amoguyr twv setters xtA. Axdua npooTadfooue Vo 0pYAVWCOUUE TIG BOUES
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round: 5
*Can not mowv
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e e S T
to continue...

EyxAne 5: Yuyudruno ané tny ektéleon touv mpoypdupatog o€ interactive mode kar pe anopuyn kA€loTdy
dwpuatiwy. H evtolr) mov xpnoiponojinke elvar java -jar labyrinth -1 --norooms

0EBOUEVLY UE TETOLO TRPOTIO WOTE VO TEPLOPICOVUE TOV ONAUTOVUEVO XMOWXA 0G0 TO BUVATO TEPLOCOTERO.
Auto €yel g ATOTENECUA EVAL XATWS TLO UAXPOCHEAES KO, UE TOANS AVTIXEUEVA XOUL GUVOPTHOELS, TTOL
lowg elvon Suoavdloyog Twv wxpdy anuthoeny e epyasiag. EAnilouvue va uny dewendoidy uepfolixd.
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