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Iepiinyn

H mopodco Sumhopotikn epyacio EMKEVIPOVETOL GTNV AVATTUEN EVOG YNELOKOL TTALYVIOOD GE
yhdooo mpoypappaticpod Python. To mawyvidt ypnoipomolel évav  mpaktopa. TEYVITAG
vonuootvng (Al Agent) o oroiog exmaudedeton pe odyop1Opo pun emPrenodpevng pabnong mote va
nailel To mouyviol pe to PEATIOTO TPOTO Kot vaL VIKA. XKOTOG TG Epyaciag ivol va avadeilet Tig
JUVATOTNTEG KOl TIG EQPOPUOYEG TNG UM EMPAETOUEVNC LAONONG OTO YNOLOKA ToLyVidlo Kol Vo
TPOCPEPEL TPOKTIKG TAPOUSEIYUATO YIO. TV VAOTOINGN TOPOUOIOV £PY®V. XTO TALyVidl 7OV
avantoynke oe Python, ot maikteg ypnowomolobv kdpteg dpdong, Onoovpod kot vikng. O
npaxtopag Al ypnoyonotel tov adydpiBpo K-means yio tnv Katnyoplonoinom tov KoataoTacemy
TOV ToY VISV Kot evioyvtikny uabnorn (Reinforcement Learning) ywo va Peltiotomomost Tig
evépyelég Tov. O Kddkag mepAapPavel T SNUOVPYIN KOPTOV, TPATOVANS Kol TUKTMOV, KOOGS
KOl TIG PAGELS TOV Ty VIdo0: OpacT), ayopd, Kabapiopog kot cuvarrayn. O npaktopag Al, pécw
Tov aAyopiBuov DOQN, ekmodeveton («pabaiveyy) HEGM EMOVOANTTIKYG LVILUNG KOl VEVPOVIKOV
JKTH®V, YpNouonolmdvTag TopauéTpovg dmme to learning rate, discount factor, exploration rate
ko batch size. O adyopiBuog DQN ypnoonolel vevpwvikd diktoa yio. v eKTINoet Tig Q-Tiuég
Kot vo, feATioTomomoel TV amddoot tov mpaktopa Al og tepifdiiovta e peydin dtdotoo Kot
nolvmhokotnto. H pebodoroyio meprhapupdavet t yprion replay memory kou target networks yio
™ Pektioon ¢ amddoong Tov TPAKTOPA, EVM YIVETOL EKTEVIG AVOPOPE GTIG TOPOUETPOVS TOV
aAyopiBuov DQN. Ot pdoelg Tov moryvidron nepthapfavovy tny action phase, buy phase, cleanup
phase, pe otoyo Vv kaAvTePn a&lomoinon Tev Kaptdv and tovg maikteg. H avdivon tov
emdocemv Tov mpdktopa Al yiveton péow ypaenuatog. H gpyacio kheiverl pe ta Zopunepdopoto
KOl TTPOTAGELS Y10 TEPOULTEP® EPELVAL.

A£Eearg — KA 101G

Pnowokd moyvidla, texvntog moiktmg, un enPrendpevn pabnon, Python, texvnt vonuoosvvn,
EVIGYVTIKN LAONoN, VELPOVIKA dikTua
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Abstract

This thesis focuses on the development of a digital game in Python programming language. The
game uses an Al Agent that is trained with an unsupervised learning algorithm to play the game
in an optimal way and maximize the probability to win the game. The aim of the thesis is to
highlight the potential and applications of unsupervised learning in games and to provide practical
examples for the implementation of similar projects. In the present game, developed in Python,
players use action, treasure and victory cards. The Al agent uses the K-means algorithm to
categorize game states and employs reinforcement learning to optimize actions and decisions in
order to win the game. The code includes card, deck, and player generation, as well as the game
phases: action, purchase, cleanup and transaction. The Al agent uses the DQN algorithm to “learn”
an optimal behavior, through iterative memory and neural networks, by trimming parameters such
as learning rate, discount factor, exploration rate and batch size. The DQN algorithm uses neural
networks to estimate Q-values and optimize the agent's performance in environments of high
dimensionality and complexity. The methodology includes the use of replay memory and target
networks to improve the Al agent performance, while the parameters of the DQN algorithm are
extensively discussed. In the aim of making the best use of the cards by the players, the phases of
the game include the action phase, buy phase and a cleanup phase. The analysis of the agent's
performance is done through a graph. The thesis is completed by the Conclusions and proposed

future research directions.

Keywords

Digital games, Al agent, unsupervised learning, Python programming language, artificial
intelligence, reinforcement learning, neural networks
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EIXAT'QI'H

H teyvnm vonuootHvn (A) kot ot akyopiBpot unyovikng pbnong £xovv ennpedost Tov TpOmo e
TOV 07010 PTLAYVOVTOL TO. GOYYPOVA TOLYVIOLN, TPOCPEPOVTOS VEEG OLVATOTNTEG GTNV AVATTUEN
KOl OTNV EUTEPIO TOV TOIKTOV. TNV TAPOVCH JIMAMUATIKY epyacio, &ywve N avamTuén o
AmAOTTOINUEVTS LOPPTIS TOV Tayvidloh Dominion oe yYAdooa Python, kot ypnoiporomnke vag
Tpaxktopog tEXVNING vonuoovvne (Al Agent) Paciopévog oe aAdydpilBpo pn emPrendpevng
uédbnonc. Méosa amd avt v epyacia, oTtOX0G €lval vo. avaderyBovv o1 duVATOTNTEG Kol Ol
EPAPULOYEG TNG 1N emPAemOUEVNS LAONONG GTa TOLYVidLo, TOPEXOVTOS TPOKTIKG TOPAdELy LT
Kol KotevOHVGELS Y1 TNV LAOTOINOT TOPOLOL®Y EPYM®V.

AVTIKEIPEVO TG OUTAMUATIKIG EPYUGLAS

H mapovoa dsumhmpatikn epyacio £xel g kKOp1o BEpa v avamtuén pag omAomTomuEvnG Lopeng
T0V Toyvidov Dominion pe ) ypfion Python, oto omoio Ba ypnoipomombel évag mpaktopog
texvng vonuoovvng (Al Agent) Baciopévog oe aiyopilBpo un emPremopevng nabnone. To
npoPAnua mov avtipetoniletor glvar N evoopdtoon oiyopiBuov pnyoavikng pdnong oe
nePPAALOV o VooV, [e okomo T BeAtimon g amddoong tov Al Agent. H epyacio avtn givor
emikapn KaBmG 1 TEYVNTA VonUooLvn Kot 1 unyavikny pédnon svveyilovv va mailovv onpavtikd
poAo omnv e£EMEN TV Pvteomouyvidldv, evioyDoOvVTag TNV eumelpios Tov y¥pNoTn, Olvovrtog
TOPAAAN A VEES 10E€G V1oL TNV AVATTLEN VEOV KOIVOTOU®V EQPUPLOYDV.

Y KOTOG KUl 6TOYOL

O oxomdg g epyaciog ivar va avartoéet Eva mayviol oto onoio évag Al Agent ekmaideveton
pHEc® alyoplOpmy un emiPArendpevng pabnong yo v BEATIOVEL TIC ETOOCELS TOV GTO TOLYVIOL.
Ot o1o)01 TG epyaciog ovarlvovtot og eENg:

o Tlog éxer eEelybel ) ypriom ™G TEYVNTNG VONHOGLVNG oTa PrvTeomanyvidia.

o Tloweg eivar o1 Paciéc apyES TG TEXVNTNG VONLOGLVNG KOl TNG UNXOVIKNG HABnomnG.

e Tlowa givor Ta yopaKTNPIOTIKA TOV aAYOPIOU®V Un ETPAETOLEVIC LAOMNOTG Kot TG
LTTOPOVV VO, EQAPLOCTOVV GE £VOL TALYVIOL.

o Tlog pumopet va oyediaotel ko vo vaoromBet Evag Al Agent mov ypnoyomotel un
emPrenodpevn pabnon yo vo mailet Eva moryviot.

e [low givonr n amddoon tov Al Agent kot tog propet va Bertiodel mepattépo.
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Me0Oodoroyia

H pebodoroyio mov axorovOnOnie meptrapufavel ta EnNg Ppota:

e ’'Epevva kot Avaiven Biploypagiog: Melétn g vdpyovsag PipAtoypaeiog yio tnv
KATOVON O TOV BOCIKOV apy®V TNG TEXVNTNG VONUOGVUVNG Kol TN UNYOVIKIG Ladnong,
KOODG KoL TV EPOPLOYDV TOVG GTO PLvTEOmaLyvidta.

o Yyedwaopog tov MHayyviorov: Avantuén tov Toyvidolod KapTdV e KavOVeS Kot
dupopeg khpteg (dpdong, Onoavpov, vikng).

¢ Ylomoinon tov Al Agent: Anpovpyia tov Al Agent ypnoyomoidvog adydpifpovg un
emPrenopevnc pabnong, K-means, kot evieyvtikny pdbnon péow Deep Q-Network

(DQN).
¢ Exnaidocvon ko AZroroynon: Exnaidocvon tov Al Agent péom moALomA®V Toyvididv

Kot 0E0AOYNoN TS 0mdO0GNG TOL.

e Avaivon AmoteleopdTmv: ONTIKOTOINGT TOV AMOTEAEGUATMOV KOl OVAALGN TNG
amodoong tov Al Agent.

Kawotopia

H xowvotopio ™ SimAopatikng epyaciog ykerton oto e€NG:

e Xuvovaopég Mn Emprenopevng kot Evioyvtikiig Madnong: Xpnon aiyopibupov K-
means yio TV KoTnyoplonoincn ToV KoTooTAGEMY TOV TOLYVIO00 Kol GUVOLOGHOGS LLE
evioyvuTikn pnanon péow DQN yia v ekmaidevon tov Al Agent.

e Mn emprenopevn pdOnon: Avantoén evoc Al Agent mov pabaivetl kon Tpocapudleton
SVVOUIKE GTIC GLVONKES TOL TTALY VIS0V YMOPIG TNV AVAYKT EMOTTEIOC.

o  Egappoyn og lMaryviowe Kaptov: Epopuoyn akyopiBumv unyavikig pudbnong o Eva

oL VIOL KOPTAOV, TPOGPEPOVTOG VEEG TTPOOTTIKES Y10 TNV AVATTLEN TOLYVIOLDV
OTPOTNYIKNG KO TOKTIKNG.

Aopi
H duthopoticn epyacia opyavaveton oe evvéa kepdiota. To kdbe éva e£eTdlel d1opopeTIKEg
TTUYEG TNG AVATTLENG EVOG oy VoD pe tn ypnon Al Agent tov Baciletar oe akydpiOuovg un

emPremopevng pdbnong. Avarvtikdtepa To KePAAoo, :

Kepdaharo 1: Ietopuki EEEMEN MTayvidwov pe Al 10 Ke@AAoo avtd avopEPETOL GTNV
EMPPON TNG TEYVNTNG VOTLLOGVVIG GTA O VidLo, TEPLYPAPOVTAG TIG PACIKES EQAPUOYES TNG.
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Kepdararo 2: Ewsaymyn otnv Texvnti Nonpoovvn (Al) 210 kepdiaio avtd yiveton n
TEPLYPOUPT] TOV PAGIKAOV EVVOLDY TNG TEYXVNTNG VOTLLOGVVIG, TNG UNYOVIKNAG HaBnong Kot Tov
VIO-TESIWV TNG, OTMG TO VEVPWOVIKE dTKTLA, 1 OVOLYVMDPLIoT TPOTOT®V, 1 ENeEepyacio PUOIKNG
YADOOOG KOl 1) VTOAOYIGTIKY Opaon.

Kepdiaro 3: Mnyavikn Madnon (Machine learning) Zto kepdloio avtd mopovoialovtot ot
OPYES TNG UNYOVIKNG LAONOMG, KOTNYOPLOTOUDVTOG TOVG AAYOPIOLOVE GE ETOMTEVOUEVT], 1N
EMOTTEVOLEVT KO EVIGYVTIKY HaOnon.

Kegdlaro 4: Teyvikeg MaOnong Xe Teyvnti Nonpoovvi_Xto ke@dAaio ovtd ovalvovtat ot
TEYVIKEG KO 01 ahyOplOpot tng emomtevopevnc pabnong, Omwg o adyopiuoc Naive Bayes, K-
Nearest Neighbor, to vevpmvikd diktoa Kot To SEVTIPO UTOPAGEDV.

Kegdraro 5: Avantoén Hayvidwov pe AI Agent To kepdhato avtd meptropPdvet Tov
oxeO10G O KOl TNV VAOTOINGN TOL Ty vidlo, Tnv avartuén tov Al Agent pe ypnon akydpifuov
K-Means ko1 DQN, v avédAvor tov koK, Kaddg Kot v eKmaidevon Kot aEloAdynomn g
anddoong tov Al Agent.

Kegdroro 6: Xvpnepacpato ko Merhovrikny Epyacio 1o televtaio kepdiaio cuvoyiloviot

TO. GUUTEPAGLOTA TNG EPYOCIOG, TA OMOTEAEGLATA OO TO TPAKTIKO KOUUATL KOl 01 TPOTAGELS
Yo LEAAOVTIKT épevva ko Bedtioon g amoddoong tov Al Agent.
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1  KE®AAAIO 1° Iotopun E€éhén Moyvidwwv Me Al
Ewayoym

H teyynm vonuootvn (Al) €xel emnpedoet ) Propmyovio TV Toyvidoldv, ONUIovPYOVTIS TLO
E€umva Kot peaMoTIKA TEPIBAAAOVTA Y10 TO, TaXVido. ATO TOV TPOTO LE TOV 0oio KIvohvTan Kot
eépovtor ot yapoktmpeg tov moyviord (NPC) uéypt v gumepia @V TOUKTOV, 1 TEYVNT
vonpoovvn €xel Ponbnoet oty avantuén Tov moyvidtwv. Avtd 10 keedioo eEetdlel v
otopikn e€EMEN ¢ Al ota moyvidla Kot T1G SLAPOPES EPAPULOYES TNG.

1.1 Emppon Tng Teyvntic Nonpoosvvng

H teyvnm vonuooHvn og £va eupd pdopa epapuodletal pe ToAAoOS TPOTOVS GTOV KOGUO TV
TOYVIOLDV. ZVUYKEKPLUEVA, CUUTEPIAAUPAVEL:

e IIpoypoppaticpoc Emmédov ExOpav (NPCs): Tivetat ypron g texvntig
VONUOGVVIG Y10 TOV TPOYPOUUUOTIGUO TNG GUUTEPLPOPAS TV exfpdv Kot dAAwv NPCs,
KaOAdG Kot Yo 10 TG eEeMocovTat Katd T ddpKeLD TOV O Voo, e oKomd vo
TPOCPEPEL GTOVG TOIKTEG LI EUTELPTQL TO OSVVOULIKT KO EVOLUPEPOVGAL.

o Béelniotomoinon Anodoong: H texynt vonpochvn 6Tov TOHEN TOV YPOPIKOV EXEL
peydain coppoin oto va Bedtictonoleitol n anddoon, eEacpaiilovtas Ty vynAn
TO1OTNTO TNG EIKOVOG KOl TNV OUOAN Kivnomn diymg emPBipuven Tov GLGTHUOTOG,.

o IIpoconomoinon ko [pocappoyn: IoArd maryvidia kévoovv ypnom e TEXVNTNG
VONUOGUVIG LE GKOTO VO TPOCAPUOGTEL | SuoKOAQ, 1) EUTEpiaL, KON KOl TO
TEPLEYOUEVO GTIC TPOTIUNOCELS KL OTIC EMOOCELS TOV TAKTMV.

o Emnelepyocio @Pvowg: Méow g tevN TG VONHOGHVNG PEATIOVETOL 1] PUCTKY|
axpifeta kot 1 aAnBoedvelo TOV TOLVIOIOV [LE TOADTAOKES PUOIKES SlEPYUCIES, OTMG 1
(QLGIKT Kivnon, ol GLYKPOVGELS KO 1) POT).

o Tpopréyerg kor ATo@aoelg: Xto Toyviolo GTPOTYIKNG XPNCHOTOEITAL 1| TEXVTH

VONUOGUVI Yo TN AMyN AmOPACE®DY, TPOPAETOVTAG TIG KIVIOELS TV TOKTAOV Kot
TPOGUPUOLOVTOG TIG CTPATNYIKEG TOV OVTITAA®Y OVOAOGY®G.

1.2 E@appoyés Tng Teyvntig Nonpoovvng Xro Moyyvidw

O1 oVYYPOVES EPOPUOYES TNG TEXVNTNG VONUOGVUVIG GTA oY Vidla eEEMGCOVTOL GUVEXDS KO
nePLOUPEvouy TOALODG KOVOTOLOVG TPOTOVS YPNONG. AVALEGO GE OVTOVG CLYKATUAEYOVTOL:

e Xvuvgync Madnon (Continuous Learning): Zvotiuoto texvyne VONHocOViG oV ivat
o€ Béom va pabaivouv kaTd T StIPKELD TOV IO VIS0V, TPOSapUOLOVTAG TN CTPOTNYIKY|

TOVG OVAAOYQ LLE TNV EUTTELPIN KO TIG OVTIOPAGELS TOV TTOKTY.

o Xvomiuata [péplreyng kot Mpoprinpuatiopod (Prediction and Anticipation
Systems): Xp1ion aAyopifuov pabnong pe okomd v TpdfreYn TOV KIVAGEDV TOV
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TOIKTN 1 TNV OVTIAN YT TOV GTPOTNYIK®V TOL OVTITAAOV.

e Ewvioyvtiki) MaOnon (Reinforcement Learning): Alyopibpot mov pobaivov tig
BérTioteg evépyeteg o éva TePIPAALOV HEc® SoKIUMVY Kot Aabmv, Bacilopevol og
OVTOLOPBEG Kot TOVEG.

¢ Eg@oappoyéc Ewovuaic Ipaypatikotntog (Virtual Reality - VR) ko Eroavénuévng
Mpaypotikotnrog (Augmented Reality - AR): Xpnion tg teyvnTig VONUosHvng yio
NV avTiAnyn, TNV aviyvevon Kot TN SloyEipIon TOV AVIIKEIUEVOV KOl TOV GUUTEPIPOPDV
OTO EIKOVIKO TEPIPAALOV.

o Ipocappostikn Epnerpia (Adaptive Experience): Avamtuén noyvididv mov
TPOcapLOLoVTOL SUVOLIKA GTOV TOLKTT, TO EMIMEDO OEELOTNTMOV TOV, TIC TPOTIUNGELS TOV
KoL TV Tpd0odd Tov.

e Ymootipi&n Iaixkty (Player Support): Xpnon g teyvntig vonruoohvig yio tmv
TOPOYN TPOTAGEWMYV, GLLBOVAMY N AKOLA KOl AVTOVOUNG GCLUTEPLPOPAS TTPOKEYEVOD VL
Bonnbel o Taikng va TpoxwpHoEL 6TO IO VIOL.

1.3 Teyvikég Ko E@Qappoyéc Tng Teyvntig Nonpoovvng Xta oy viow

e Ilpocappoostikiy Nonpoovvny (Adaptive Al): H mpoocappootikny vonpoohvn ota
Bvteomayvidlo opileTor mg M ¥PNON TEYVIKAOV TEYVNTAG VONUOCHVNG TPOKEUEVOL Ol
yopaxtnpes Tov moryvidrov (NPC) va mpocappolovy Tt cuumepupopd TOLg OVOAOYOL LE TIG
evépyeleg tov maiktn. Me TV TPOCAPUOGTIKOTNTO OVTN OO TOLG YOPUKTNPES TOVL
TOLYVIOL0V, 01 TOUKTEG EXOVV U0 TTLO SVVOLULKT] EUTELPLN TALYVIOOV, OPOV AVAAOY®G LE TO
TL EMALYOLV, VTLAPYEL 10 SLUPOPETIKT avTiopaon Kot eEEMEN 61O Ty vidtl Tovg.

e Anuwovpyia [epreyopévov: H onpiovpyia mepieyopévoov péom g ypnong arlyopibpmv
KOl TEYVIKOV TEYVNTNG VONUOGUVNG Yo TNV OLTOUOTN TOPOY®YN| TEPLEXOUEVOL GTO
Bvteomaryviola wailel TAEOV va TOAD CNUAVTIKO POAO GTI ONOVPYID TOV TOLYVIOIDV.
Q¢ mepleyOpevo evog matyvidlov opilovtal ot YapaKINPES, ot YApTeS, TO0 TEPPAAAOV TOV
TOLVIO0V, Ol OMOGTOAEG KO OTIONTOTE AALO TPOGPEPEL Uio EUTELPIO TOLYVIOIOD GTOV
noiktn. Me v €l6000 NG TEXYNTNHG VONUOGUVIG OTN 6YediaoT KOt TNV VAOTOINoT TV
A vioumv, 1 dtadikacio avth £xel fondncel Tovg OMUIOVPYOVE TOV TOLYVIOIDV, APOL 1
TEYVNT vonuocuvn vAomotel T0 HEYOADTEPO HEPOC QVTOV.

e Avtopatn Aoxipn (Automated Testing): Mg ) ypfion g TEXVNTNAG VONUOGUVIG GTN
dnupovpyia TV TouyvVdldV, Evog akdun topéag mov emnpedleTon glvar 1 dOKIUY TOL
waviowL. Me 1 ypnon tov aAdyopiBuwv, 1 aviyvevon ceoAipdtov kot Aadmv c6Tto
oy viol €xel emrayvuvlel. Qg amotédespno avTod, e£ac@AAIlETOL 1| KOAY TOWOTNTO TOL
TeEMKOU oy vidov mptv 000l otV KuKAOPOpia.
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2  KE®AAAIO 2° : Ewsaymyi ety Teyvnti) Nonpootvy (Al)
Ewayoym

H Teyvntm Nonpootvvn (Al) eivon évag amd tovg o KovoTOHOVS TOUENS TNG EMGTHUNG TOV
vroAoyiot®v. H duvatdtnra dnpuovpyiog cuoTUITOV Tov Umopohv v EKTEAOVV £PYOGIEC TOV
AVTLYPAQOVY TNV avOpOTIVI] VONUOGUVI KOl TPOTO GKEYNG TV ovOpOT®V, £l 0ONYNOEL CE
ONUOVTIKEG £EEMEELG O€ O1APOPOVS TOLELS.

2.1 Opropog g TELVNTIS VONUOGUVIG

H Teyvnm Nonpoovvn (Al) givar o Topéag g EMOTAWUNG TOV VTOAOYICTMOV TOV OGYOAEiTAL LIE
™ MNUovpyic GLCTNUATOV IKOVE Vo EKTEAODV €PYOGIEG TOV amalTohV aVOPAOTIVY] VO LOGUVT).
Avtég o1 epyacieg mepthopfdvouv v avayvopion g opuiiag, v enegepyacio TG QLOKNG
YADGGOG, TNV OpacT TOV VRTOAOYIGTOV Ko ™ ANym amoedoewv. H Teyvnt) NonpootHvn
oLVOLALEL EMOTNUOVIKG Tediot OMMG M UNYOVIKY HABNoM, 1 avoyvodplon TPOTUT®MV Kot M
poumotikr). Ot KOPLot TOUEIS TNG TEXVNTNG VONHOCVVTG Elva:

o Mnyovik MaOnon: Teyvikég mov emTpEnovY 6TOVS VTOAOYLIGTEG Vo pobaivouy amd
dedopéva.

e Nevpovika Aiktva: Alktoo UTVEVCUEVO A0 TOV OVOPOTIVO EYKEPAAO Y10 TNV
emeepyacio Kol avAAVGT) OEOOUEVMV.

o Avolntnon kor Behtiotomoinon: ALydpiBuot mov Bpickovv PérTiotec AMcels o€
TpofAquaTa.

2.2 Yyeoraonog kor AvantoEn Nevpovik@v AtKTOoov

Ta vevpovikd diktva glvar n Pdon g cOYYpoOvNG TEXVNTIG VONUOCHVNG KOl TNG UNYOVIKNG
uabnong. Amotedovvral and enineda (layers) vevpmvmv mov eneéepyaloviat to dedouéva 16060V
Kot o peTatpénovy o€ ££000. Eva tumikd vevpwvikd diktvo amoteAeitan amnd:

e Eicodog (Input Layer): To mpdto eninedo mov Aappavet ta dedopéva 16660v.

e Kpvoa Enineda (Hidden Layers): Evowapeca enineda mov ene&epydlovtar ta
dedopéva pécm Luymv Kol GUVAPTICEDV EVEPYOTOINGNG.

e "EEodog (Output Layer): To televtaio eninedo mov mopdyel TV teMKT ££060 TOV
JKTHOoV.

O1 cvvaptoelg evepyomoinong, 6nwg n ReLU (Rectified Linear Unit) kot n sigmoid, sivau

ONUOVTIKES YLl TV TPOGHNKN UN YPUUUIKOTNTOS OTO VELPOVIKA SIKTLO, EMITPETOVIAS TOVS VO
péovv ToAVTAOKA TPOTLTAL.
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2.3 Ynoneoio tng Teyvntic Nonpoovvng

H teyvm) vonupoovvn mephopfdver poe minbopoa vromediwv, wkobévo oamd To omoio
EMKEVIPMVETAL GE CLYKEKPLUEVES TTVYEG TNG ONUIOVPYIOG TOV GLOTNUAT®V.

e Avayvapion Ilpotorov (Pattern Recognition): To medio awtd €MIKEVIPOVETOL GTOV
EVIOTICUO KOL TNV OvOyvmdpilon HoTifov kol doumv ota 0edopéva. Xp1oLOTOLEITOL GE
EPUPUOYEG OTIMG 1) CVOLYVADPLOT EIKOVAG, 1] AVAYVAOPIoT) GOVIG Kal 1 fropeTpia.

o Emnsgepyaosio Pvowkng I'hdooag (Natural Language Processing): Avtd 1o medio
acyoAleitoar pe TNV oAAnAemidopoacn HETAED LTOAOYICTAOV Kol avOpOTIVIG YADGGOG.
Epappoyéc mepthapfdvovy cueTtipate avTOHTNG LETAPPOAONC, OVOYVAPLOT] OLAOG Kot
avéivon cuvoucOnuatoc.

e Ymoloyrwetiki] Opaon (Computer Vision): H vrohoyiotikn 6pac) ETIKEVIPOVETOL GTIV
e€aymyn, avaivon kot kotavonon TAnpoeopiog omd swodves kot Bivreo. Xpnoyonoteiton
o€ EQUPLOYEG OIS M AVIYVELON AVTIKEILEVDV, 1] OVOYVADPLOT TPOCSAOTMV KOl 1] TAOYNON
POUTOT.

e« Xvomipota Xvetdoemv (Recommender Systems): Avtd T GLUOTAOTO TOPEXOVY
TPOTAGCELG Yl TPOTOVTO 1 TEPLEXOEVO Pacilopeva 6€ 1IGTOPIKE Sed0UEVO YPTOTDV.

e Avtévopo Oyqporte (Autonomous Vehicles): H teyvnt vonuoocivn ypnoiponoteitot
Y0 TNV OVATTUEN OYNUATOV TOL UTOPOVV VO AEITOVPYOVV Ympig avOpmdmivn Tapéufoon.
Ta avtévopo oynuato ¥pNoipomolovy dedopuévo and ocOntinpeg Kot aAyodptOpovg
UNYOVIKNG Ldonong yio va kivohvtan Kot vo AapPBavouy ano@dcels o€ Tpayratiko xpovo.

e Popmotucny (Robotics): Xt pounotikn,  T€(VNTH VONUOGHVI XPNOUYLOTOIEITAL Y10 VOl
dMGEL 6TO POUTOT TNV IKAVOTNTA VO avTIAapPdvovtal To TepBaAlov Tovg, va Aappdvovy
AmOPACELS Kot Vo, €KTEAOVV gpyacieg avtdvopa. Ot gpappoyés mepthappdvovv
Bropmyoavia, v wtpikn Kot tnv e€epeblivnon Tov SL0GTUATOC.

e Avalvon Agdopévov (Data Analytics): H teyvnt vonuocihvn ypnoiponoteitat yio tny
aVOIAVOTN HEYOAMV OYK®OV OEO00UEVAOV LE GTOYO TNV €E0Y®MYN YPTCIUOV TANPOPOPIDV KoL
™ AMym amogdoswv. Ot teyvikég meprthapupavouvv v eE0pvén dedouévmv (data mining),
™V TPOPAEYT KOl TNV QVIXVELGT TPOTOTMV.

e Yvyeia (Healthcare): H teyvnt) vonpocivn £xel GMUOVTIKEG EQAPUOYEG GTNV VYEI, OTOG
N avaAvon WIPKOV ekdvov, 1n TPoPAeymn acbeveidv kKot 1 avdmtuén EEvmvev
CLGTNUATOV VITOGTNPIENG Y10l LULTPIKES OTOPAGELG.
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3  KE®AAAIO 3° : Mnyavikny MaOnon (Machine Learning).

Ewayoym

H pnyovikn pdbnon amoteiel Evav amd Toug KOPLovg KAAOOVES TNG TEXVNTNG VONUOGHVNG Kot £XEL
yYvopicel peyaAn avantvén ta televtaio ypovia. H duvatdtnta tov vroloyiotdv va pobaivouy

amd 4edoUEVO Kal V. PEATIOVOLV TIG EMIOOCELS TOVS YWPig avOpmmivn moapéuPacn €xel avoitet
véoug opilovteg o€ TOALOVG TOUELS.

3.1 Opropog Tng Mnyoavikng MaOnong

H pnyovikn pabnon oyetileton dpeca pe v ekpuddnon amd dedopéva Kot T AMyn omopacemy
N mpoPAéyewv. Baociletar oy vmdBeon OTL ot punyovég UmTOPOVV Vo OOKTNGOLV €LELIa,
pafaivovtog amd TponyoIEVOLS VTOAOYICHOVS KOl TPOSOPHOLOUEVES OTO TEPIBAAAOV.

To tomikd mAaiclo pnyavikng pabnong mepiapPavel pio dadtkocior EKTOidEVoNG Kot Lo
dwdkacio dokmv. H mpodtn emrpénel 610 mAaiclo unyovikng péddnong va ovokoaAOyel Tic
oyxéoelg petald dedopévmv 16000V Kat dedopévav €£660v. Ta vITapYOVTO HOVTELD UNYOVIKNG

péonong pumopotv va taStvounbovv ce:

e Movtého Talivopnong: Xpnotpomrotohvtal yio TNV ETIALGT] SLUSIK®OV TOEIWVOUNGE®V I
TOAOTAGV TTpoPAnpdteov TaSvounonc.

e Movtéha Iorvopopunons: Mropovv va ypnoiononfodv yio Ty eKTEAEOT
TPoPAEYE®V.

e Aopnpéve Movtéha Madnong: Xpnoyomolovviot EpEmg o€ TOAAOVS TOUELS, OTmG M
emegepyocio PLOIKNG YAMGGOC.

opeova pe ™ pébodo exmaidevong, n unyavikny pdbnon pumopel va katnyoplomombei ce:

e Emontevopevn MaOnomn: Omov 10 cOotnpo ekmadedeTon e T ¥PNoT O£S0UEVOV TTOV
EXOVV ETIKETECG.

e Mn Emontevéopevn MdaOnon: Omov to chotpa poabaivel amd dedopéva ympig ETIKETEC.

e  MaOnon Evioyvong: Onov 10 cuomua pabaivel pécm doxiung kot Adbovg, facilopevo
O€ OVTOUOPES KOl TOVEG,.

3.2 AkyoprOpol Bedtiotomoinong

O1 adydpiBuot Bertiotomoinong eival Kpiotot yio. v ekmaidevon veupwvikov diktvmv. O Adam
(Adaptive Moment Estimation) givot évag amd toug mo dnpopireic alydpiduovg ertiotomoinong
7oL cLvovalet Tig W1OTNTEG Tov RMSprop kot Tov Stochastic Gradient Descent ue Momentum
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(SGD). O Adam ypnotuonolel TPocapuooTikovg puOuode padnone y kabe TopPAUETPO,
KAVOVTOG TNV EKTaidELGT] YP1YOPATEPT] KOl TTO OITOSOTIKY.

AlAot onuavtikoi adyopiBuot Bertiotonoinong mepthappévovv:

e Stochastic Gradient Descent (SGD): Xpnowuomotei Toyaio deiypuoata omd 10 GOVOLO
OEJOUEVMV Y10 TNV EVIUEPMOOT) TOV TOPAUETPMV TOV LOVTEAOV, EMTPETOVTOS TAYVTEPN
OVYKALOT).

e  RMSprop: IIpocappolet tov puBuod pdbnong yia kébe mapdpetpo Eexympiotd,
Baoiopévog oty Tpdoeatn wotopio v gradients, amopedyovtag peydia dipoto Kotd
TNV EVIULEPOGT] TOV TAPAUETPOV.

3.3 Mapadsiypota Xpiong Mnyavikig Madnong

Ot tgyvikéc pnyavikng pabnong epoappoloviar 6e dPoOPovg TOpElS KoL TapEYOVY AVCELS O
noAbmloko  mpoPAnquota.  Optopéva  omd  TO  ONUOVIIKOTEPO  TOPUOElypoTo  ¥PNoNS
wepAapfPavovv:

o latpuc Awdyvoen: Ta povtédo unyavikng pdbnong xpnoyLoTolovvToL Yo TV avaAvo
WITPIKOV EKOVOV Kot TN Odyvoon acBevelmv. Mo mopddetypa, ta vevpovikd diktva
YPNOLLOTOLOVVTOL Y1l TNV OVIYVELCT] OYKOV GE AKTIVOYPOPIES.

o Xpnparoowkovopikég MpoPréyers: Ztov topéa TOV ¥PNUOTOOKOVOUKAOV, 01 aAYOpOLot
UNYOVIKNG LABnong xpnoLorotovvtot yio Ty TpdPAEYN TILAOV LETOYDV KOL TNV AVAAVOT
Kwovvov. H dvvatomta vo avayvopilovv potifa kot va kdvoov mpoPréyelg eivon
QVEKTIUNTN Y10 TN ANYT] OTOPAGE®Y GTIG YPNHOTOOTKOVOLKES OYOPEC.

e Avayvopwon ®@Poviig ke Tloocag: Ot oiyopiBuor  unyovikng — pdbnong
YPNOUOTOOVVTAL GTNV OVOYVOPIoT GMVNG KOl 0TV €MEEEPYNCIOt PUOIKNG YADGGOG,
emurpénoviag T onuovpyia évmvaov Ponbov omwg m Siri kot n Alexa. Avtéc ot
TEYVOLOYIEC UTOPOVV VO KOTOVONGOVV KOl VO OTOVTHOOVV GE OVOPAOTIVES EVTIOAES UE
VYN axpifeta.

e YvoTNpHoTe X6TAce®mV: XPpNoonolovvTol amd etalpeieg 6nmg  Amazon kot to Netflix
YL TNV TTOPOYN TPOTACEMV TPOIOVIMV Kol TEPLEYOUEVOL GTOVG YpnoTec. Ot adydpiBpot
UNYOVIKNG LABNoNG avaAvovuy To J€00UEVE YPNOTN KOl TPOTEIVOLV OVTIKEILEVA TTOV
mOavdg Ba Tov evOlapEpoLV.

e Aviyvevon Amatng: Ov tpdmeleg kol Ol €TAPEIEC YPNLUOTOOIKOVOLK®DY VINPECIDV
YPNOUOTOOHV  OAYOPIOHOVE pNYovIKNG MaBnong vy v avixvevon omdtng oTig
ocvvaAhayés. AvaAvovv potifa cuvoriaydv Kot gvtomilovv avopoiieg mov pmopel va
VTOONA®VOLY amdTY).

o IIpopreyn Zovmipnong: Ot Pounyavieg ypnoUOTOOVY UNYOVIKY] Habnon y v
TPOPAEYN NG ovAyKNS cvvtipnong eEomAopol. Avoivovtag To 0ed0UEVE ATO TOVG
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aoONTPeS TOV PNYoVNUaToV, pmopovy va tpoPAéyovy ttote Ba ypelactel cuvinpnon,
amoPevyovTag £Tot TIG PAAPES Kot TIC O10KOTEG 0TN Attovpyia.
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4  KE®AAAIO 4°: Tegyvikég MaOnonc og Teyvnti Nonpooivvn

4.1 Enrontevopevn Mabnon (Supervised Learning)

H emomtevdpevn pdébnon etvoar pio omd 11 Packés pebBoddovg g pnyovikng pabnong, m omoia
YPNOLOTOLEITAL Y10 TNV €M{AVGT TTPOPANUATOV TTOL OTTALTOVY TPOPAEYN Kot TaEVOUNOT dEd0UEV®V.

2y enontevdpevn pabnon, arapaitn eivor n Yapén evog endntn mov Ba opicet ta dedopéEVa
€160d0v Kot e£6dov. Katd 1 dwdwacio g exmaidevong, o oAyoplOuog exkpabnong
Tpogodoteital pe éva oOVoAo dedopévev, to omoia Ba ypnoiwomomBodv g dedopéva
exmaidevong. Ta dedopéva Teptéyovy yvmatn £i6050 kat ££000.

21 @aon Sokung, £va véo chivolo dedopévmv dokiung (test) tpopodoteital 6To LOVTELD TTOL el
exkmardevBel yio va mapayBel n avapevopevn £€odog. I'a v ypnom g emontevdpevng Habnong
etvar amapaitmtn n vVmopén peydlov 6ykov dedopévav ta. omoia Ba ypnoyoronBodv yuo TV
ekmaidevon tov aryopiBuov. Xpnotpomnoteitoan gvpéws 6€ MOAAG media, OT®MG M ovayvVAOPLoN
opAMoG KO OVTIKEUEV®V.

Ta povtéha punyovikng pdnong propovv va ta&ivounBobv ce poviédo Ta&vounons, LovIEAn
ToAVOpOUNoNG Kot dopunpéva povtéda paonong:

e  Ta&wvopnon: Xpnoomrorovvrot yia vo TpoPfAEyovy v Katnyopio evog dedouEVOL HE
Baon ta yapoktnpiotikd tov. o mapddstypa, €va poviélo tagvounong pmopetl va
wpoPAéyel av éva email givon spam.

o TMoiwvdpopnon: Xpnoiomolovvtot yio vo TpofAEYOVV [ GUVEYN TN 1) TOGOTNTA, aVTi
v kotnyopio. o mapdderypo, ypnotporotodvral yuoo v TpdPfAeyn e TG €vOg
omtioV PAGEL TOV YOPAKTNPIOTIKAOV TOV.

e Aopnpéve Movtého MdaOnong: XpnotpomrotoHvtaol yio vo EKTOOELTOVY OEOOUEVA LE
JOIKN 0pYEVmOT), OTMG 01 GLVIECELS UETAED TMV YOPUKTNPLOTIKAOV.

H emomtevdpevn pabnon sivar éva 1oyvpd epyalelo mOV EMTPEMEL GTOVG EPEVVNTEG KO TOVG
HUNYOVIKOUG VO KOTOOKEVAGOLY HOVIEAN TTOV UTOPOLV Vo, Kdvouv akpifeis mpoPAéyelg kot vo
TapovV amoPdcel; Paciouéveg o dedopéva. AVTOG 0 TOTOG LABNONG AP CLULOTOLEITOL EVPEMG OE
EQUPUOYES OIS 1) AVOLYVADPLOT) TPOGAOTOV, 1) O1yvV®S™ acOeveldY Kot 1 aviyvevuor amdtng.

4.2 AkyoprOpor Erorttevopevinc Madnong

o Naive Bayes: Xpnowonoteiton kupimg yio mpofAnpota to&vounonc.

e K-Nearest Neighbor (KNN): Baciletat 6ty g0pecn Tmv KOVIIVOTEP®V YEITOVMOV GTO
YDPO TOV YUPUKTNPICTIKADV.

e  Nevpovikd Aiktva: Mipovvtor Tov avOpdTivo eyKEQOAO LLE CTPOLOTO VELPDOVOV.
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o Aévtpa Amé@aong: Anpovpyovv povtédo Paciouéva 6 EPMOTAGELS TOV 0ONYOVV GE
AmOPAGELS.

4.3 Mn Erontevopevy Madnoen (Unsupervised Learning)

H pn emPremdpevn pabnon amoterel Evay amd TOVG TO GNUOVTIKOVS KAGOOVG TG UNYavVIKAG Labnong. Ze
avtiBeon pe v emPrendpevn pdbnorm, m pn emPAiemduevn pdbnon dev amortel eTkéteg 1
KaTnyoplomompéve dedopéva ylo Ty ekmaidgvuon tov povtédov. Avtibeta, eoTidlel 6TV avayvapion
TPOTOTTOV Kol OOUDV HECGH OTO OEDOUEVO, EMTPEMOVIONG TNV ATOKOADYT KPLQAOV GYECEMV KAl TNV
KOTOVONGOT) TNG ECMTEPTIKNG OOUNG TV SEGOUEVODV.

H pn emPremodpevn pdbnon sivor éva €idog unyovikng pabnong mov dev ypnoULOTOLEl ETIKETEG 1|
TopadelypaTa yioo TNV EKTOIOELON TOV. Xg avtifeon pe v emPienduevn pddnon, 1o povtéro
avayvopilelt pdtuma 1| dopég ympig kdmota kabodnynon.

2mv emPrendpevn pdonon, to povtédo tpoomabel va mpoPAdyet o T e€6d0v pe Baon Tig eTIKETEG
TV dedouévmv To omoia £xel oav icodo. To povtého mpootabdei va Pydiel Eva amotélecua atnv ££060
Yopig Kamoto TAnpoopia amd to dedopéva E16030V.

4.4 Xapoktnprotikd Mn Erontevopevn MaOnon

1. Amovcio ETiket@v: Z1n pun emPAremopevn pdonon, to dedopéva 0ev EXOVV ETIKETEG.
Avtifeta, To povTéLO TPEMEL VAL avayVOPIGEL LOVO TO TPOTLTOL 1] TIG OOWES TTOL VTLAPYOVV
OTO OEOOUEVAL.

2. ExpdOnon potdmmv: Xt pun emPrendpevn pabnon, to poviédo tpocmadel va EVIomicel
TpoTLTIO. 6TO dedopEva, OTmG cVaTddeg (clusters) 1 koot Tee, YpPig va Exel Tponyohuevn
YVOOT Y1 T VG QLTOV TOV TPOTLTMV.

3. E@appoyéc: Ouun emPrenopevec pébodot pabnong sivat ypnoipeg o ToAAd Tpofinuara,
Om®G M OPLAOOTOINGT OESOUEV®V, | EEQY@YN XOPAUKTNPICTIKMY Kol 1 HEIWGTN TNG S1AGTAGNG.
Eniong, ypnoipomotodvtal cuyva 6€ TEPALOTO OVOYVOPLIOTG TPOTOTTOV MG TPOETOLOGIO Y10l
EMOUEVES O100IKATIES.

4. Amovoia ETiket®v: Tt un emPrenopevn pdbnon, ta dedopéva dev £xouv eTIKETEC.
AvrtiBeta, To povtédo mpémel va avayvopicel LOVo Ta TPOTLTA 1] TIG SOUEG TOV LITAPYOVV
OTO OEQOUEVOL.

4.5 AkyoprOpor Mn Erorrtevopevnc Mabnong :

e K-means: Xpnowonoteitot yio TV opadomoinon 0edoUéEVEV 6E KEVIPO GLOTAOWV
(clusters).
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e PCA (Principal Component Analysis): Meuovet tn 6100001 TOV 3e60UEVOV SL0TNPDOVTAG
™ HEYaADTEPT dLVOTH Sl0GTTOPAL.

o DBSCAN: Baoiopévog otnv mokvotnta, UTOpEl Vo EVTOTIGEL GLGTASES OTOIOVONTTOTE
oYNMOTOG Ko Vo amoppiyel 06pvfo.

4.6 Yvykpron Emontevopevng Kow Mn Erorrtevopevng Mabnong

H emomtevdpevn pabnon amoartei peydho 6yko dE0OUEVAOV E ETIKETES Kail EIval IOAVIKT Y10, TPOPAN LT
oV amattovv TpdPreyn 1 ta&vounon. H un emPrenopevn udbnon, and v GAAn, givol KOTAAANAN Yo
TNV oVaKOALYT HOTIBmV Kol 6YEcE®mV Y®PIG VO VTTAPYEL TPO OTOLTOVUEVT] YVAOT] TOV 0ES0UEVOV.

4.7 Evicyvtikny MaOnon (Reinforcement Learning)

H evioyvtikn pabnon (Reinforcement Learning) amotelel £vav omd TOUG IO GNUAVTIKODS TOMELS
NG UNYOVIKNG padnong. e avtifeon pe v ETOTTELOUEVN KO TN U EXOTTELOUEVT HLAON o™, N
eVioLTIK) pabnon Paciletor omv aAinieniopacn evog mpdrktopa pe T0 TEPPAAAOV TOL, UE
oKomo Vo LABEL OO TIG GUVETELEG TMV EVEPYELDY TOL KoL VO BEATIOCEL TNV OOS0CT] TOL UECH
EMOVOLOUBOVOLEVOV SOKILMV Kol ABdV.

H evioyotikn pabnon ovoeépetor cov €vo €idog un emPrendpevng pdbnong, O6mov évog
aAyopiBpoc mpoomabel va paber moleg evépyeleg (actions) mpémel va akohovbncel oe €va
ePPAAAOV, pE GKOTO Vo HEYIoTOmOmoEl Evav apduntikd kabopiopévo otdoyo (reward). O
alyopiOpog AapPaver amopdcels Aapfdvovtog vIoyn TG ETMTMOCELS TOV EVEPYEIMV TOL GTO
péALOV, kKaBmG ot emPpafedoels 1 movég mov AapPdavet emnpedlovy Tig LEALOVTIKEG ETAOYES TOV.
‘Eva amo ta wo didonuoa topadeiypota eivor o adydpibuoc Q-learning .

4.8 DQN (Deep Q-Network)

O DQN seivar évog adyoplBpog evioyvTikng pabnong mov ypnoilponoteital oe tepipdirovia pe
LEYAAN d1doTOoT, OTTMG Prvteomatyviote. XpnoIonolel £va VEuP®mVIKO OIKTLO Yol VO EKTIUNGEL
mv Q- TV evepyeldv og KABe KaTAoTaoT, 6oL N Q-TIUN AVIUTPOSHOTEVEL TN LEAAOVTIKN
avTOUOLPT) TOV AVOUEVETOL OO LI GUYKEKPLUEVT] EVEPYELD GE pia Katdotaot). O otoyog Ttov DQN
elvarl va padet va emA£yeL TIC evEPYELEG TOL Bal TOVL EMLPEPOLY TN UEYOADTEPT HOKPOTPOOEGUN
avtopoPn. 1o KOUUATL TOL KOdKa £xel Yivel yprion Tov akyopiBpuov DQN.

4.8.1 Mepopatiki) E@appoyi tovo DON

H gpappoyn tov DQN mepthapfdvel Ty ekmaidenom Tov veEupmvikoD d1KTHOL o€ Eva TePBAALOV
EVIOYLTIKNG Lanong. To vevpmvikod diktvo ekmondeveTon va ekTipd v Q-tun yio kabe mbov
EVEPYELDL GE U0, KOTAGTOOT, KOU O TPAKTOPAG EMAEYEL TNV EVEPYEWD TOL WEYIGTOMOLEL TN
paxporpoBeoun avropolr). Koatd tnv ekmaidevorn, ypnoipomolodvtal TeEYVIKEG Omwg M
emavoinmTikn pvnun (replay memory) ko otabepny otdyevon (target networks) yia ) Beitioon
NG AmAO0GNG TOL TPAKTOPA.
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4.8.2 Aentopépereg Hapapérpov AhyopiOpov DOQN

O aiyopOpog DQN (Deep-Q-Network) ypnowuomotei tic akdOA0v0eg TapauéTpous yio, T
BeAtiotomoinon g pdonong:

1. State size: To uéyefog tov d10VOGLOTOG E1GOSOV OV AVIUTPOCHOTEVEL THV KATAGTACN
T0V TepIPdrlovtog. ['a 1o cuykekpipévo mayvidl, to State size givar 8, kabdg
nepAapPavet Tov aplOpd Kdbe TOTOL KAPTOG GTO XEPL TOV TOUKTN.

2. Action size: O ap1Bpog tov mbavodv evepyeldv Tov pumopei vo AdPet o Tpdrtopag. Xto
oy vidl avto, To action size eivor emiong 8, OV OVTIGTOYEL OTIC EVEPYELEG TTOV UTOPEL VO
Kaver 0 maikTne.

3. Learning rate (a): O pvBudc pdbnong yuo v evnpépmon TV Papdv TOL VELPOVIKOD
dwtvov. XpnooromOnke tyun 0.0001, mov kabopiler OG0 ypyopa 10 LOVIELO
TPOCAPUOLETAL OTIG VEEC TANPOPOPIES.

4. Discount factor (y): O cvvteheotig ékntwong mov kabopilel T onpocio Twv
HeALOVTIKOV avtapolpav. Xpnoworomdnke tyun 0.95, mov onuaivel 0Tt ot LeEAAOVTIKEG
avtopolBég Bewpoiviatl oNUAVTIKES AALG Oyl OGO 01 AUECES OVTAUOPBES.

5. Exploration rate (g): O pvOuog e€epehivnong mov kabopilel Tnv mbavotTa o
TPAKTOPOG VO EMAEEEL [ TVY L0 EVEPYELQ OVTL VO AKOAOVONGEL TNV TOALTIKN TOV.
Eexwad amo 1.0 xon petwveton katd 0.995 petd and kabe Prina exmaidocvonc.

6. Exploration Decay: O pvbuog peimong tov exploration rate. XpnoipomomOnke tiun
0.995, mov onuaivetl 6t o TpdkTopag yYivetan oTadtokd Ayotepo mBavd vo emAEEet
Tuyaieg evépyeteg 060 pabaivel and 1o mepPaiiov.

7. Replay memory size: To péyioto péyebog g emavornTTIkig LvhUng 6mov
amofnkevovtal ot gunelpieg Tov mpdktopa. Xpnopwomomdnke T 2000, Tov emtpénet
v amobnkevon 2000 epmelpdv Yo LEAAOVTIKY EKTAIOEVOT).

8. Batch size: To péyebog tov deiypartog mov ypnoylomoieitor oe Kabe o ekmaidevonc.
Xpnoworombnke tyun 64, mov onuaivel 6t og kGbe P EKTOIOELONG, O TPAKTOPOG

poBaivel amd 64 Tuyoieg umelpieg amd TNV EXOVOANTTIKY LVIUN.

Me v pobuion avT®Vv TV TopapéTpmy, o adyopipog DQN propei va fertictomomost tnv
amdO0GN TOV Ko VoL EMTUYEL VYNAG mimeda amdd0onG To TEPPAAALOV TOL TOLYVIOL0V.
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) KE®AAAIO 5°: Avantoén Hoyviowd Mg Al Agent

51 Avéalvon Tov waryyvidtov Dominion

To Dominion givat éva dnpoeirég matyvidl kaptdv otpatnykng kou deck-building, oto omoio o1 maikteg
ytilovv 10 81k Tovg Katdotpoua Kaptdv (deck). Katd ™ didpkeia tov mouyvidiod 6Komog gival va
OLYKEVIPMGOLY TOVG TEPLoGOTEPOLE TOVTOLG vikng (Victory Points). Ot maikteg Eexvoiv pe Eva ikpo Kot
adUVOLO KOTACTPp®UA Kol 6Tadlakd 1o gvioybovv ayopdloviog véeg kapteg omd (o kown ayopd. Ot
KapTEC 0LTEG pmopel va eivar Onoavpoi, dpdoeig N KapTeg Vikng.

e XT0)0G TOVL TOLYVIOLOV :

Na 6VYKEVTPOOELG TOVG TEPLOGOTEPOLE TTOVTOLG Vikng (Victory Points) péypt to télog tov mayvidiov, to
01010 TELEIDVEL OTOV EYOVV eEAVTANOEl GUYKEKPIUEVEG KAPTEG AITO TNV 0yOpPdL.

o IlpogToyocia maryviowov:

- KdBe maiktng Eexwvael pe éva katdotpopa (deck) mov meplappaverl 7 kapreg Copper
(xpnoipevovy yuo va ayopdlelg daleg kapteg) kot 3 kapteg Estate (kdbe kapto Estate diver 1
OVTO VIKNG).

- To kevtpd mouyvidl Teplapfaver pio Ko ayopd Koptdv, amd TNV 0ol ol TUiKTeS UTopovV
VoL 0yopaoovV KAPTEC Y10 VO BEATIOGOVY TO KATAGTPOUE TOVG.

- Xy ayopd vrdpyovv dtdopot Tomol kKoptav: Treasure (Onoovpot), Victory (Nikng) kot
Action (Apaong).

o  Ddoeglg TOL YOPOL:
Kda0e yOpog evog maiktn amoteleiton and T1g NG ACELS:
1. Action Phase (®daon Apaoncg):

- O maiktng pmopel va naigel pia kKapTa dpaong amd 1o XEPL ToV (EQPOCOV EXEL TETOLES
Kaptec). Kabe kdpta dpdong £xel KAmolo @ mov ennpedlel To maLyvidl, OT®S Vo
Tpofnéel emmiéov kapTeg N va 0LENGEL TIG EVEPYEIES TOV.

2. Buy Phase (®aon Ayopac):

- O moiktng umopel va ypNoYLOTOMGEL TIC KAPTES ONcavpov Tov £xEL GTO XEPL TOV Y10 VA
ayopdoel véeg KapTeg amd v ayopd. Ot kapteg yopilovtol o€ :

o  Onooavpoi (Treasure cards): TTap&yovv ypruata yio va. oyopalelg GAreg
KOPTES.

o Kapteg Nikng (Victory cards): Aivovv movtoug vikng 61o TEA0G TOV ToyvVidlon,
oA etvar "dypnoTeg” Katd TN SLAPKELD TOL TOLYVIOLOV.
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o Kapteg Apaong (Action cards): TTapéyovv emmAéov SuvatdTTEG Kot
OTPATNYIKEG KATA T SIAPKELN TOL YOPOV GOV.

3. Cleanup Phase (®don kaBopiopov):

- O moiktng meTdel OAEC TIG KAPTEG Amd TO ¥EPL TOV (TOGO AVTEG TOL EMAIEE OGO KOl OGEC
TOL £Y0VV amopeivel) otn otoifo andppryng (discard pile).

- X1 ovvérela tpofPdetl S véeg KPTES O TO KATAGTPMOWUA TOV Y10 VO ETOIUAGTEL Y10 TOV
EMOLEVO YOPO.

e Tékog Tov TALVIOOV:

To moyvidt teleidvetl dtov e€avtinbei n otoifa tov Province (o and t1g Baoikég kbpteg vikng) gite
eEavtAnBovv Tperg aireg otoifeg oty ayopd. Tote, kdbe maikTng LETPE TOVE TOVTOVG VIKNG TTOL EXEL
GUYKEVTPMGEL OO TIG KAPTEG VIKNG GTO KOTAGTPOLAL TOV.

o  YXrpotnyikéc:

¢ Kortookev Kataostpopartog (Deck Building): O maikteg mpénet va ayopdlovv képtec mov Ha
EVIGYDOOLY TO KATAGTPMUA TOVG, EVAD TowTOYpOove Ba amopevyouv Tig "dypnotes” kapteg mov Ha
EMPPadVVOLV TIG EVEPYELEG TOVC.

¢ Iooppomia: Ot moikteg TpEnel va Bpovv T cmoTti| 1woppomio petald Kaptdv Oncovpov, dpaorg
Kot Vikng, MGTE Vo Slatnpnoovy Ty amdd0oct Toug Kab' OAN T S14pKELL TOV T VIS0V,

To Dominion givat évo matyvidt Tov EXTPENEL GTOVG TAUKTES VL TPOSAPUOLOVV TIG GTPATIYIKEG TOVG
avaAoyo UE TI KAPTES TOV LILAPYOVY GTNV 0yopd, KadoTMOVTAG TO 1010iTEPA EVILAPEPOV Y10, TOLYVIOL e
(IAOVG 1] GE TOVPVOLA.

5.2 YOG NOG TOV TULYVIOL0D

To matyvidl ovarTOGGETAL YPNGILOTOIOVTOG T YAMGo Tpoypoppaticpod Python kot
nepthoppdvet T ypron evog mpdktopa texvnTS vonuoosvvng (Al Agent) mov Pacileton oe
alyopOpo pn emPrendpevng pdbnong. To moryvidt oamoteAeiton omd KAPTES e SIAPOPES
10N TES, OTMG KAPTES dpdiomg, ONcavpov Kot VIknG.

5.3 Xpnon AryopiOuov Mn Eronttevopeving Madnong

O mpaktopag ypnoiponotel tov adyopiBuo K-Means yio tnv kot yoplomoinon Tov KotaoTacemy
TOV TTALYVIOL0L KO TNV EPAPLOYT TNG EVIGYVTIKNG LAONoNS Yia va BEATIGTOTOMGEL TIG EVEPYELES
TOV.
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5.4 Avéivon Tov KOJIKO

O kddag vAomolel Evo oy vidl kapTmdv ypnouonowmvtag tv Python, pe évav mpdxtopa
TEYVNTNG VONUOGVUVNG TTOL HoBaivel amod TiG EVEPYELES TOV HEGM EVIGYVTIKNG LAOnong.
AxoAovOel avaALTIKY TTEPTYPOPT TOL KADE KOUUATION TOV KOIIKOL:

Ewcaywyég ko Apytkomoinon:

import 0s
import random

import numpy as np

import matplotlib.pyplot as plt

from sklearn.cluster import KMeans
import pickle

from collections import deque
import torch

import torch.nn as nn

import torch.optim as optim

O kodwog Eekvder pe Tig amapaitntes eloaymyég PpAtodnkav, 6mmg n OS Yo Asttovpyieg
ocvotnuatog, 1 RANDOM yia tvyaiovg aptBuovg, n NUMPY yio apiBuntikég Aettovpyieg, n
MATPLOTLIB yw ypagnuota, 1 SKLEARN Yo unyaviky] padnon, n PICKLE yia amofnkevon
dedopévmv, 1 COLLECTION Yo SopéS dedopévav, kol | TORCH Yo TV VAOTOINGT TOL
VELPOVIKOD SIKTVOV.

54.1 Anpovpyio KapTOV

Card:

__init__(self, name, card_type, cost, treasure_value, victory_points):
self.name = name
self.card_type = card_type

self.cost = cost
self.treasure_value = treasure_value
self.victory_points = victory_points
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__repr__(self):

return f*{self.name} ({self.card_type}) with cost {self.cost}, treasure value {self.treasure_value} and
victory points {self.victory points}"

H xhdon Card avtmrpoconevet pio Kapta pe ovopa, tono (w.y., "Actions”, "Treasure",
"Victory"), k6otog, a&ia Oncavpod Kot TOVIOLE VIKNG.

54.2 Kapteg Apaong (action cards): Village kar Smithy

Village(Card):
__init__(self):
super().__init_ ("Village", "Action", 3, 0, 0)

play_effect(self, player):
print("Playing Village. Draw 1 more card and gain two more actions.")
player.draw_additional _cards(1)
player.actions += 2
print(f"Player actions after Village: {player.actions}")

Smithy(Card):
__init__(self):
super().__init__("Smithy", "Action", 4, 0, 0)

play_effect(self, player):
print("Playing Smithy. Draw 3 more cards.")
player.draw_additional _cards(3)
print(f"Player hand after Smithy: {[card.name for card in player.players_hand]}")

O1 khdoeic Village kot Smithy givan e€etdikevpéveg kapteg mov kAnpovopovv arnd v Card kot
Exouv emmAgov Asttovpyikotnto 6tov mailovrot.

543 Anpuwovpyia Aggikov Kaptov

copper = Card(""Copper", “Treasure", 0, 1, 0)
silver = Card("Silver", "Treasure", 3, 2, 0)

gold = Card("Gold", "Treasure", 6, 3, 0)
estate = Card("Estate", "Victory", 2, 0, 1)
duchy = Card("'Duchy", "Victory", 5, 0, 3)
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province = Card("Province", "Victory", 8, 0, 6)

smithy = Smithy()
village = Village

A1 10 TUNHO KOSIKO ONOVPYEL GTIYUIOTLTO TOV KAPTAOV oL Ba ypnoiponombodv 6to
nayviol, Copper, Silver, Gold, Estate, Duchy, Province, Smithy, kot Village.

5.4.4 MMivoxog Avtapopav

reward_table = {
"Copper": 0.5,
"Silver": 0.5,
"Gold": 5.0,
"Estate": 1.0,
"Duchy": 3.0,
"Province": 10.0,
"Smithy": 4.0,
"Village™: 4.0

O mivaxog avrapotPav kabopiler v a&ia kdbe Kaptog oe mOVTOLG TOV Bl YpNnoioToHovy
amo tov mpdaktopa Al yio v ekpudbnon tov.

5.4.5 Anpuovpyia Tpamroviag

Deck:

__init__(self):

self.stacks = {
"Copper": [copper] * 46,
"Silver": [silver] * 40,
"Gold": [gold] * 30,
"Estate": [estate] * 24,
"Duchy": [duchy] * 12,
"Province": [province] * 12,
"Smithy": [smithy] * 10,
"Village™: [village] * 10

draw_card(self, card_name):
if self.stacks[card_name]:
return self.stacks[card _name].pop(0)
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else:
print(f"No cards left in stack for {card_name}")
return

def is_game_over(self):

province_empty = len(self.stacks["Province"]) ==

empty_stacks = sum(1 for stack in self.stacks.values() if len(stack) == 0)

game_over = province_empty or empty_stacks >= 3
print(f"Checking if game is over: {game_over}")
return game_over

H xAdon Deck onpovpyei v tpdmovio Tov Toryvidlo pe GLYKEKPIUEVO apliud KapTdV Kot
nepEyel HeBOdoLE Yo va Tpafdel KAPTeS Kot va eAEYYeL av TO mayviol £xel teleidoetl. H khdon
IS_game_over kavet EAeyyo yio To av, BAoT TV KovOVeV, TO TayVvidl (el TEAEUDGEL

5.4.6 Anpuovpyia Moktov

Player:
__init__(self):
self.players_deck =[]
self.players_hand =]
self.discard pile =]
self.actions = 1
self.buys = 1
self.treasure = 0

for i in range(7):
self.players_deck.append(copper)
for i in range(3):
self.players_deck.append(estate)
random.shuffle(self.players_deck)
self.draw_hand()

draw_hand(self):
while len(self.players_hand) < 5:
if not self.players deck:
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self.players_deck, self.discard_pile = self.discard_pile, []
random.shuffle(self.players_deck)
if self.players_deck:
self.players_hand.append(self.players_deck.pop())
print(f*Player hand after drawing: {[card.name for card in self.players_hand]}")

draw_additional_cards(self, num_cards):
for i in range(num_cards):
if not self.players_deck:
self.players_deck, self.discard_pile = self.discard_pile, []
random.shuffle(self.players_deck)
if self.players_deck:
self.players_hand.append(self.players_deck.pop())
print(f"Player hand after drawing: {[card.name for card in self.players_hand]}")

reset_for_new_turn(self):
self.actions =1
self.buys =1
self.treasure = 0
self.discard_pile.extend(self.players_hand)
self.players_hand =]
self.draw_hand()

count_gold_cards(self):
total_gold = self.players_deck.count(gold) + self.players_hand.count(gold) +
self.discard_pile.count(gold)
return total_gold

count_victory_points(self):
total _victory_points = sum(card.victory_points for card in self.players_deck)
total_victory_points += sum(card.victory_points for card in self.players_hand)
total_victory_points += sum(card.victory_points for card in self.discard_pile)
return total victory points

Me v kAdon Player yivetal apyikonoinon tov kdfe maiktn pe éva tpocwnikd deck, yépt ko
otoifa amdpprync. Iepi€xet peBoddovS Yo va Tpafdiel KAPTES, VoL AVOVEDVEL TO XEPL Y10 TOV
EMOUEVO YOPO, KOl VO LETPAEL TIG KAPTES XPVGOV KOl TOVG TOVTOVS VIKNG.

5.4.7 Anpovpyia Tov Mpdaxtopa DQN

DQNAgent:

__init__(self, state_size, action_size, learning_rate=0.0001, discount_factor=0.95, exploration_rate=1.0,
exploration decay=0. size=2000, batch size=64):
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self.state_size = state_size

self.action_size = action_size

self.learning_rate = learning_rate

self.discount_factor = discount_factor

self.exploration_rate = exploration_rate

self.exploration_decay = exploration_decay

self.replay_memory = deque(maxlen=replay_memory_size)
self.batch_size = batch_size

self.device = torch.device("cuda" if torch.cuda.is_available() else "cpu™)
self.model = self._build_model().to(self.device)

self.target_model = self._build_model().to(self.device)

self.optimizer = optim.Adam(self.model.parameters(), Ir=self.learning_rate)
self.kmeans = KMeans(n_clusters=2)

def _build_model(self):
return nn.Sequential(
nn.Linear(self.state_size, 64),
nn.ReLU(),
nn.Linear(64, 64),
nn.ReLU(),
nn.Linear(64, self.action_size)

def update_target_model(self):
self.target_model.load_state dict(self.model.state_dict())

def choose_action(self, state):

state = torch.FloatTensor(state).unsqueeze(0).to(self.device)
if random.random() < self.exploration_rate:

return random.randint(0, self.action_size - 1)
else:

with torch.no_grad():

action = torch.argmax(self.model(state)).item()

print(f"Chosen action: {action}")
return action

def store_experience(self, state, action, reward, next_state):
self.replay_memory.append((state, action, reward, next_state))

def replay_experience(self):
if len(self.replay_memory) < self.batch_size:
return
batch = random.sample(self.replay_memory, self.batch_size)
for state, action, reward, next_state in batch:
state = torch.FloatTensor(state).to(self.device)
next_state = torch.FloatTensor(next_state).to(self.device)
action = torch.LongTensor([action]).to(self.device)
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reward = torch.FloatTensor([reward]).to(self.device)

current_q = self.model(state)[action]
next_q = reward + self.discount_factor * self.target_model(next_state).max().item()

loss = nn.MSELoss()(current_g, next_q)
self.optimizer.zero_grad()
loss.backward()

self.optimizer.step()

def decay_exploration(self):
self.exploration_rate *= self.exploration_decay
print(f"Decayed exploration rate: {self.exploration_rate}")

def learn(self, state, action, reward, next_state):
self.store_experience(state, action, reward, next_state)
self.replay_experience()
self.exploration_rate *= self.exploration_decay
self.exploration_rate = max(0.01, self.exploration_rate)
self.update_target_model()

def get_state(self, player):
state = [0] * self.state_size
card_names = [card.name for card in player.players_hand]
state[0] = card_names.count("Copper")
state[1] = card_names.count("Silver")
state[2] = card_names.count("Gold")
state[3] = card_names.count("Estate™)
state[4] = card_names.count("Duchy")
state[5] = card_names.count(*'Province")
state[6] = card_names.count("'Smithy")
state[7] = card_names.count("Village")
return state

def get_reward(self, player, action):
total reward =0
for card in player.players_deck + player.players_hand + player.discard_pile:
total _reward += reward_table.get(card.name, 0)
return total reward

def analyze performance(self):
if not self.replay_memory:
return
successful_trades = [trade for trade in self.replay_memory if trade[2] > O]
gold_trades = [trade for trade in successful_trades if trade[1] == 2]
province trades = [trade for trade in successful trades if trade[1] == 4]
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print("Analysis of Performance:")

print(f"Total successful trades: {len(successful_trades)}")
print(f"Gold trades: {len(gold_trades)}")
print(f"Province trades: {len(province_trades)}")

train_kmeans(self):
if len(self.replay_memory) < self.batch_size:
return
states = [experience[0] for experience in self.replay_memory]
self.kmeans.fit(states)

save_model(self, filename='dgqn_model.pth’):
torch.save(self.model.state_dict(), filename)

load_model(self, filename='dgqn_model.pth’):
try:
self.model.load_state_dict(torch.load(filename))
self.target_model.load_state_dict(torch.load(filename))
except FileNotFoundError:
"No model file found under the name {filename}. Startin

H «Adon DQNAgent viomotel Evav mpditopa eVIGYLTIKNAG Labnong ypnoipnonowwvtog Deep Q-
Network (DQN). H k\don meptropPdvet:

o Apywomoinon: KaBopilel to péyebog ™ katdotaong kot T 0pacngs, Toug puOpong
péonong Ko EKTTOoNG, ToV pLOUS €EEPEVVNONG, KL TNV ETOVOANTTIKY LLVIUN.

e Anuwovpyia Movtéhov: Anpiovpyet 10 veupmvikod diktvo mov Ba ypnoorombel yia va
wpoPAréyer Tig Q-Tyéc.

o  Emhoyn Apaong: Emiiéyet pua dpaon eite toyaio (e€epedhivnon) eite Pdoet v
TPOPAEYE®V TOV HOVTELOV (EKUETAAAEVON)).

e AmoOnikevon Epnerpiog: AmoOniedel epmeipiec omd T1g aAANAEMOPAGELG TOV TPAKTOPOL
pe to mepPairov.

o Exmaidevon péom Epmerpioc: Avamapdyetl epumeipieg amd TV EXOVOUANTTIKY LVALUN Y10
VoL EKTOOEVGEL TO VEVPMVIKO O1KTLO.

e MaOnon kot Exraidogvon: Exmoidedel To HOVTELO KOl EVILEPDVEL TIG TOPAUETPOVG
TOL.

e Ynoroyiwopdg Kataotaong kot Avropoifig: Ynoroyilel v tp€yovca KoTaoTOoT Kot
TNV OVTOUOPN TOL TalilKTY).
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e Avaivon Am6ooong: Avordel TIG EMOOGELS TOL TPAKTOPO PAGEL TOV EUTEIPLOV TOL.

o AmoOnkevon ko Poptmon Movtélov: AmoOnkedel Kot POPTOVEL TO EKTOOEVUEVO
LLOVTEAO.

5.4.8 Anpovpyioa Movyviorov

Game:

__init__(self, num_players, agent, input_size, output_size):
if num_players < 2:

raise ValueError(*"Number of players must be at least 2.")

self.players = [Player() for i in range(num_players)]
self.current_player =0
self.deck = Deck()
self.round _count=1
self.agent = agent
self.input_size = input_size
self.output_size = output_size
self.reward_history = []
self.total_victory_points_history =[]

self.playerl victory points = []
self.player2 victory points =[]

Me v khdon Game yivetot 1 apyconoinon £va maryvidtl e cVYKEKPEVO aplOpd TaKTAOV,
évav paktopa (agent) kot to péyebog twv 1660wV Kot e£0dmv. Iepiéyet emiong Aloteg yuo v
KATOypapn NG 10Topiog ovTapodv Kot TV GUVOMKAOV TOVI®V VIKNG TOV TOUKTOV.

549 Ay Katdotaong tov Hayviowod

get_game_state(self):
player = self.players[self.current_player]

player_hand_cards = [card.name for card in player.players_hand]
player_deck cards = [card.name for card in player.players_deck]
return player hand cards + player deck cards

H pébodoc get_game_state emotpépet TV TpEYOVGO KATAGTOGT TOL TALYVISLOV,
CLUTEPIAAUPOVOLEVOV TOV KAPTOV GTO YEPL KO GTNV TPAT TOV TPEXOVTOG TAKTY.

5.4.10 Ymnohloyiopog Katastaong
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calculate_state(self):
player = self.players[self.current_player]

return self.agent.get_state(player)

H pébodog calculate_state vroloyiletl Tnv KoTAoTOOT TOL TOLYVISIOD XPNOIUOTOIDOVTOG T
péboodo get_state tov mpdxtopa.

54.11 daon Apaong (action phase)

action_phase(self, player):

print("\n--- ACTION PHASE ---")

print(f"Player {self.current_player + 1}'s hand: {[card.name for card in player.players_hand]}")
print(f"Player {self.current_player + 1} has {player.actions} actions left.")

while player.actions > 0:
action_cards = [card for card in player.players_hand if card.card_type == "Action"]
if not action_cards:
break
card_to _play =
for card in action_cards:
if card.name == "Village" or card.name == "Smithy":
card_to_play = card
break
if card_to_play
card_to_play = action_cards[0]
player.players_hand.remove(card_to_play)
player.actions -= 1
print(f"Player {self.current_player + 1} is playing {card_to_play.name}.")
card_to_play.play_effect(player)
player.discard_pile.append(card_to_play)
print(f"Remaining actions: {player.actions}")
print(f"Current hand after action: {[card.name for card in player.players_hand]}")

action_cards = [card for card in player.players_hand if card.card_type == "Action"]

if player.actions <=0 or not action_cards:
break
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H pébodog action_phase enttpénetl otov maiktn vo maifel kapteg dpdone omd 1o yEpt Tov. Av 0
naiktng éxetl kaptec Tomov "Village" v "Smithy", tig mailetl kot extedei To €€ TOLC.

5.4.12 daon Ayopag (buy phase)

buy_phase(self, player):
print("\n--- BUY PHASE ---")

player.treasure = sum(card.treasure_value for card in player.players_hand if card.card_type == "Treasure")
print(f"Player {self.current_player + 1} has {player.treasure} treasure to spend.")

print("Available cards for purchase:")
for card_name, stack in self.deck.stacks.items():
if stack:
print(f*{card_name}: Cost = {stack[0].cost}, Remaining = {len(stack)}")

while player.buys > 0 and player.treasure > 0:

affordable_cards = [(name, card[0]) for name, card in self.deck.stacks.items() if card and card[0].cost <=
player.treasure]
if not affordable_cards:
print("No affordable cards available.")
break

chosen_card_name, chosen_card = random.choice(affordable_cards)
player.discard_pile.append(chosen_card)

player.treasure -= chosen_card.cost

player.buys -= 1

self.deck.stacks[chosen_card name].pop(0)
print(f"Player {self.current_player + 1} bought {chosen_card.name} for {chosen_card.cost} cost.
{len(self.deck.stacks[chosen_card name])} remaining.")

print("End of buy phase")

H pébodog buy_phase emtpénet otov maikt va ayopdlel kapteg amd v Tpdmovia
YPNOLOTOIDVTOGS TIC KAPTES ONcavpol mov £xel 6TO YEPL TOVL.
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5.4.13 ®daon Kabapropoo (cleanup phase)

H pébodog cleanup_phase avavemvel To ¥€pt Tov ToiKTn Y10 TOV ETOUEVO YOPO.

5.4.14 Hai&ipo IMopov

play_turn(self):

print(f"\n\n--- ROUND {self.round_count}, Player {self.current_player + 1}'s Turn ---")
player = self.players[self.current_player]

player.draw_hand()

# Action Phase
self.action_phase(player)

# Buy Phase
self.buy_phase(player)

# Cleanup Phase (this should be the last phase)
self.cleanup_phase(player)

# Move to the next player
self.current_player = (self.current_player + 1) % len(self.players)
self.round count +=1

self.playerl victory points.append(self.players[0].count_victory points())
self.player2_victory_points.append(self.players[1].count victory points())

H pébodog play_turn extelel OLeg TIC PAGELG EVOG YOPOL Y10 TOV TPEYOVTO TOUKTY).

5.4.15 Ymnohloyiopog Xovolkav [Iovrov Nikng
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calculate_total victory points(self):
total_victory_points =[]
for player in self.players:
victory_points = sum(card.victory_points for card in player.players_deck)

victory_points += sum(card.victory_points for card in player.players_hand)
victory_points += sum(card.victory_points for card in player.discard_pile)
total_victory_points.append(victory_points)

return total victory points

H pébodog calculate_total _victory points vroAoyilel Tovg GuVOAKOHS TOVTOLG VIKNG Yo KAOE
naiktn, Aappavovtag vedyn tig Kapteg oto deck tov maiytn, oto Y€t Kot ot 6Toifa
amOPPLYNG.

5.4.16 Hai&ipo Moryvidwov

play_game(self
self.playerl victory points = []
self.player2_victory_points =[]

while not self.deck.is_game_over():
self.play_turn()

total_victory_points = self.calculate_total victory points()

self.reward_history.append(total_victory_points)
self.total_victory_points_history.append(total_victory_points)
print(f"\n--- Game Analysis ---")

print(f"Final Victory Points: {total victory points}")

for i, player in enumerate(self.players):
state = self.agent.get_state(player)
action = self.agent.choose_action(state)
reward = self.agent.get_reward(player, action)
next_state = self.agent.get_state(player)
self.agent.learn(state, action, reward, next_state)

self.agent.train_kmeans()
self.agent.analyze performance()
self.agent.save_model()

return total _victory_points
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H pébodog play_game extelel évo mAnpec matyvidtl, To omoio mepthopufavel ToAAovg YOPOLG,
pEYPL vor oAoKANPpmOEL TO Tayvidl. YmoAoyilel TOVG GUVOAKOVE TOVTOVG VIKNG Kol EKTAOEVEL
tov paktopa Al

5.4.17 ApOpoc Kaptdv Province

count_province_cards(self, player):
total_province = player.players_deck.count(province) + player.players_hand.count(province) +

player.discard_pile.count(province)
return total province

H pébodog count_province_cards vroloyilet tov apifud tov kaptdv tomov Province mov €yet o
TaiKTNG 670 TPocmTIKO Tov deck, oto y¥épt Ko ot otoifa amdppyng.

54.18 Extéheon Ko Avaiven Exraidsvong

Opiopog ApBpov Iowtdv kot Meyedaov Eic6d0v/EEGd0v

num_players = 2
input_size =8
output_size =8

agent = DQNAgent(input_size, output_size)
agent.load model()

Opilovrar ot Tapdipetpot yio tov aptBpd TV ToKT®dV Kot to Heyédn e1600ov Kot e£6d0v Yo Tov
TPAKTOPO. TN GLVEYELD, Onpovpyeital o Tpdktopag DQN kot poptdveTat 1o amodnkevpévo
LLOVTEAO TOV.

5.4.19 Anpwovpyia Mpoocwpivic Mlaptidog o Exraiosvon K-Means

temp_game = Game(hum_players, agent, input_size, output_size)

initial_states = [agent.get_state(player) for player in temp_game.players]
agent.kmeans.fit(initial states)

5.4.20 Extéleon Haryviorov
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game = Game(num players, agent, input size, output size

Anpovpyeiton pio véo Toptido TOL TALXVIO0D IE TOVG TPOKOOOPIGUEVOVS TAUKTES KO TOV
TPAKTOPOL.

54.21 Avdivon Avrapopov

backtest_rewards(reward_history):
avg_reward = np.mean(reward_history, axis=0)
total_reward = np.sum(reward_history, axis=0)
max_reward = np.max(reward_history, axis=0)
min_reward = np.min(reward_history, axis=0)
print("Backtesting Results:")
print("Average Reward:", avg_reward)

H pébodog backtest_rewards avaivel v 1otopic Tov avtapolfdv Tov cuyKevTpoOnkay Kotd
™ S1apKELD TV T VIOIDV. YTOAOYILEL TN HEGT, GUVOAIKY|, LEYIGTT) KO EAGYLOTT OVTOLOLPY.

5.4.22 Extéheon INpov Exnaidcvong

num_training_rounds = 30

all_playerl victory_points =[]
all_player2_victory_points =[]

for i in range(num_training_rounds):
total_victory_points = game.play_game()
winner_index = total_victory_points.index(max(total_victory points))
print(f"Game {i + 1}/{num_training_rounds}: Player {winner_index + 1} wins with
max(total_victory points)} total victory points.™)

all_playerl victory points.extend(game.playerl victory points)

g avtd T0 KOPUATL KOdKa, ekteAovvTat 30 yOHpot ekmaidevong Tov mpdktopa. Xe Kabe yopo,
exteleiton £vo TANPEG ToyViol Kot 01 GLVOALKOL TOVTOL Vikng KaOe moiktn KatoypdpovTot.
Extondveton o vikntig kb moryvidiov.

5.4.23 Epgavion Anotsheopdrov X Ipaonpa
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plt.figure()
plt.plot(all_playerl victory_points, label="Player 1")

plt.plot(all_player2_victory_points, label="Player 2"
plt.xlabel("Round Number’)
plt.ylabel('Victory Points’)

plt.title("Victory Points Over Rounds for All Games')
plt.legend()
plt.show()

backtest_rewards(game.reward_history)

Téhog, OnpiovpyoHVTAL YPUENHOTO Y10 VO OTEIKOVIGTOVV 01 TOVTOL VIKNG TOV TUKTOV GE OAOVC
TOUG YOpovg Ttov moryvidwy. H avdivon aviopolfodv ekteleitonr Kot To OmMOTEAEGULOTO
EKTUTTAOVOVTOL.

5.5 Yvvoiki) Avadivon Tov K@owa

O k®d1kag VAOTOLEL Eva ToyvidL KapTdv pe T xpnon Python, 6mov ot taikteg ayopdlovv kapTeg
kol mpoomabdodv va cLAAEEoLV mOvTovg vikng. ‘Evoc mpdxtopog teYvnTig vompocsvvng,
ypnoonotwvtag alyoptBpo DQN, pabaiver va mailel to mouyvidl pécm evioyvTIKNG pdnong,
YPNOUOTOIDVTOS EUTEIPIEG OO TIG AAANAETIOPAGELS TOV UE TO TEPIPAALOV Yo vo BEATIOVEL TIC
amopdoelg tov. Katd 1 dibpkelo tov mouyvidlov, ot maikteg moilovv kapteg dpdong ko
ayopalovv vEeg KAPTES Yo Vo dWENGOLY TOVG TOVTOVS VIKNG Tovg. Ot EMOOGELS TOV TPAKTOPO
avaAvovTot Kot peovilovtot HEC® YPoPNUATOV.

5.6 Agntopépereg mapapéTpmv arlyoprdOpov K-Means

O ary6p1Bpog KMeans ypnoiponombnke yio Ty KoTnyoplonoinot Tev KoTasTACEDY TOV
mayvidov. Ot kvpleg mopdpetpot givor:

1. Number of Clusters (k): O ap1Oudc tov clusters wov Oa dnuiovpyndovv.
Xpnotporombnke tipn 2, kabmg oTOY0S NTAV VO S10(0PLGTOVV 01 KATAGTAGELS TOV
TALVIS0L 6€ dV0 KVPLEG KT YOPiES.

2. Max Iterations: O péyiotog apOpog enravolnyemv mov Oa ekteléoetl 0 alyop1Ouog yio
va cuykAivel. XpnoyoromOnke n wpoemdeypévn Ty 300, mov givon emapkng yio
OVYKALOT G€ TOAAEG TEPIMTMOELG.

3. Installation Method: H ué6odog yia tnv apyikomoinon tov KeVIpikdv onueiov tov

clusters. XpnowomomOnke n nébodog 'KMeans++', mov Beitidver T cOykAion
EMALYOVTOG TTO KOTAAANAQ OpYIKA KEVTPIKA o UETaL.
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Younepdopota

H mapovca omlopatikn epyocio emkevipoOnke otnv avamtuln evOc omAOTOMUEVOL
emtpanéClov moryvidlov tomov Dominion ypnoponotdvIog TN YAMGGO TPOYPOUUATICUOD
Python, kabmg kot oty vAomoinon &voc olyopiBuov teyvntig vonuoovvng (Al) yi évav
avtdvouo ToikTn péow pn emPremopevng padnong. Ta amoteAéopato Tov TPOEKLYAV amd TNV
€peuva. Kot TNV ovamTuén Tov oy viowol sivar a&loonueimto Kot TapEYouV TOAVTILES YVADGELS
1060 GTOV TOUEN TV ALY VIOV OGO KOl GTNV EPOPLOYN TV 0AYopiOp@v unyavikng pdonong.

6.1

Enitevén tov o100V

H epyacia katdoepe va emtvyet tovg facikods otdyovs mov elyav tebet:

6.2

Avartoén Hoyvidwd oe Python: To moyvidt onuiovpyndnke oe yidooo
neptappévovtog Oreg Tig Pacikég Asttovpyies evog enttpaméllov moryvidrod kaptmv. Ot
TOIKTEG LITOPOVV Vo Tl ovV KAPTES Opdomng Kot va ayopalovy KpTeS akoAoVOMVTOS TOVG
Kovoveg Tov maryvidtoh Dominion.

Yhomoinon Al Agent: O mpdxtopag teyvnmig vonuoovvng (Al Agent) viomomOnke
ypnoonowdvtag tov adyopidpo Deep Q-Network (DQN). O mpdktopag Kotapepe vo.
pébel pécw eVioYLTIKNG HABNONG, PEATIOVOVTOS TIG CTPATNYIKES TOV KO TIS ATOPAGELS
TOV K0T TN SLAPKELD TOV TOLYVIOL0V.

Eq@appoyn AlyopiOpov KMeans: O aAiyopiBuog KMeans ypnoporombnke yu v
KOTNYOPlOTOiNon TV  KOTOOTAGE®Y  TOL  Touyviowy. Avtd  emétpeye Vv
OTOTEAECUATIKOTEPT] EKTOUOEVOT TOV TPAKTOPO KOl TNV KOADTEPT KOTOVONCY| TOV
KOTOGTACEWDY TOV TOLYVIO0V.

Avdivon Améodoong tov Ilpdxtopa: H amddoon tov mpdktopa avardOnke pécm
TOAAOTAGDV YOpov moryvidwd. Ta amotedéopato £deiav 0TL 0 TpaKTopos PeAtiooe
OTNUOVTIKA TNV 0TOS0GT] TOV, EMLTLYYAVOVTAS VYNAITEPO GKOP KO KAADTEPES CTPOTIYIKES
ATOPAGELG LLE TNV TAPOSO TOL YPOVOV.

Avéivon dwoypappotog

210 dudypappa anetkoviovion ot Tdvtol vikng tov ovo taktav (Player 1 xou Player 2) og
oxéon pe tov aplipd tv YOpwv Tov oy violtoy. Ot kapmoleg delyvouy TV TPOOd0 TOV TOUKTOV
KaBmg TpoywpoHv ot yvpol.

Awaypappa 1: TIpéodog Madnong
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Victory Points Over Rounds for All Games

—— Player 1 r/
50 - Player 2

40 A

30 A

Victory Points

20 A

10 ~ ,/’_

0 20 40 60 80 100 120
Round Number

A1 10 dtdrypappa osiyvel T cuvolkn Bertioon kot 0mdO00N TOV TOKT®OV KATd 11 StdpKeELn
tov moyvoov. H dwokdpaven otovg mévtovg vikng kot 1 teMkn vmepoyn tov Player 1
VTOONADVOLV OTL Ol GTPOTNYIKES TTOV EQUPUOGTNKAY OO TOV TPAKTOP TEXVNTNG VONLOGUVNG
elyav Oetikd amotélecpa

6.3 Avaivon yOpov
6.3.1 Apywcoi yopor (Rounds 1-6):

--- ROUND 1, Player 1's Turn ---

Player hand after drawing: ['Estate’, '"Copper’, ‘Copper’, 'Copper’, 'Estate’]
--- ACTION PHASE ---

Player 1's hand: ['Estate’, 'Copper’, ‘Copper’, 'Copper’, 'Estate’]

Player 1 has 1 actions left.
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--- BUY PHASE ---

Player 1 has 3 treasure to spend.

Available cards for purchase:

Copper: Cost = 0, Remaining = 46

Silver: Cost = 3, Remaining = 40

Gold: Cost = 6, Remaining = 30

Estate: Cost = 2, Remaining = 24

Duchy: Cost = 5, Remaining = 12

Province: Cost = 8, Remaining = 12

Smithy: Cost = 4, Remaining = 10

Village: Cost = 3, Remaining = 10

Player 1 bought Silver for 3 cost. 39 remaining.

--- CLEANUP PHASE ---

Player 1 discarding hand: ['Estate’, 'Copper’, ‘Copper’, 'Copper’, 'Estate’]
Player hand after drawing: ['Copper’, 'Copper’, ‘Copper’, 'Estate’, ‘Copper']
New hand for Player 1: ['Copper’, ‘Copper’, 'Copper’, 'Estate’, 'Copper]
Checking if game is over: False

--- ROUND 2, Player 2's Turn ---

Player hand after drawing: ['Estate’, 'Copper', 'Copper’, 'Estate’, 'Copper']
--- ACTION PHASE ---

Player 2's hand: ['Estate’, 'Copper’, ‘Copper’, 'Estate’, 'Copper']

Player 2 has 1 actions left.

--- BUY PHASE ---

Player 2 has 3 treasure to spend.
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Available cards for purchase:

Copper: Cost = 0, Remaining = 46

Silver: Cost = 3, Remaining = 39

Gold: Cost = 6, Remaining = 30

Estate: Cost = 2, Remaining = 24

Duchy: Cost = 5, Remaining = 12

Province: Cost = 8, Remaining = 12

Smithy: Cost = 4, Remaining = 10

Village: Cost = 3, Remaining = 10

Player 2 bought Silver for 3 cost 38 remaining.

--- CLEANUP PHASE ---

Player 2 discarding hand: ['Estate’, 'Copper’, ‘Copper’, 'Estate’, 'Copper’]
Player hand after drawing: ['Copper’, 'Copper’, ‘Copper’, 'Copper’, 'Estate’]
New hand for Player 2: ['Copper’, 'Copper’, 'Copper’, ‘Copper’, 'Estate']
Checking if game is over: False

--- ROUND 3, Player 1's Turn ---

Player hand after drawing: ['Copper’, 'Copper’, ‘Copper’, 'Estate’, 'Copper’]
--- ACTION PHASE ---

Player 1's hand: ['Copper’, 'Copper’, 'Copper’, 'Estate’, 'Copper']

Player 1 has 1 actions left.

--- BUY PHASE ---

Player 1 has 4 treasure to spend.

Available cards for purchase:

Copper: Cost = 0, Remaining = 46
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Silver: Cost = 3, Remaining = 38

Gold: Cost = 6, Remaining = 30

Estate: Cost = 2, Remaining = 24

Duchy: Cost = 5, Remaining = 12

Province: Cost = 8, Remaining = 12

Smithy: Cost = 4, Remaining = 10

Village: Cost = 3, Remaining = 10

Player 1 bought Silver for 3 cost . 37 remaining.

--- CLEANUP PHASE ---

Player 1 discarding hand: ['Copper’, '‘Copper’, 'Copper’, 'Estate’, '‘Copper’]
Player hand after drawing: ['Copper’, ‘Copper', 'Silver', '‘Copper’, 'Estate’]
New hand for Player 1: ['Copper', 'Copper’, 'Silver', 'Copper’, 'Estate']
Checking if game is over: False

--- ROUND 4, Player 2's Turn ---

Player hand after drawing: ['Copper’, 'Copper’, ‘Copper’, 'Copper’, 'Estate’]
--- ACTION PHASE ---

Player 2's hand: ['Copper’, ‘Copper’, 'Copper’, ‘Copper’, 'Estate’]

Player 2 has 1 actions left.

--- BUY PHASE ---

Player 2 has 4 treasure to spend.

Available cards for purchase:

Copper: Cost = 0, Remaining = 46

Silver: Cost = 3, Remaining = 37

Gold: Cost = 6, Remaining = 30
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Estate: Cost = 2, Remaining = 24

Duchy: Cost = 5, Remaining = 12

Province: Cost = 8, Remaining = 12

Smithy: Cost = 4, Remaining = 10

Village: Cost = 3, Remaining = 10

Player 2 bought Village for 3 cost. 9 remaining.

--- CLEANUP PHASE ---

Player 2 discarding hand: ['Copper’, ‘Copper’, 'Copper’, '‘Copper', 'Estate’]
Player hand after drawing: ['Copper’, 'Estate’, 'Silver', ‘Copper’, 'Village']
New hand for Player 2: ['Copper’, 'Estate’, 'Silver', 'Copper’, 'Village']
Checking if game is over: False

--- ROUND 5, Player 1's Turn ---

Player hand after drawing: ['Copper’, 'Copper’, 'Silver’, 'Copper’, 'Estate’]
--- ACTION PHASE ---

Player 1's hand: ['Copper’, ‘Copper’, 'Silver', 'Copper’, 'Estate’]

Player 1 has 1 actions left.

--- BUY PHASE ---

Player 1 has 5 treasure to spend.

Available cards for purchase:

Copper: Cost = 0, Remaining = 46

Silver: Cost = 3, Remaining = 37

Gold: Cost = 6, Remaining = 30

Estate: Cost = 2, Remaining = 24

Duchy: Cost = 5, Remaining = 12
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Province: Cost = 8, Remaining = 12

Smithy: Cost = 4, Remaining = 10

Village: Cost = 3, Remaining =9

Player 1 bought Estate for 2 cost. 23 remaining.

--- CLEANUP PHASE ---

Player 1 discarding hand: ['Copper’, ‘Copper’, 'Silver', '‘Copper’, 'Estate']
Player hand after drawing: ['Estate’, 'Copper’, ‘Copper', 'Copper’, 'Estate’]
New hand for Player 1: ['Estate’, '‘Copper’, 'Copper’, 'Copper’, 'Estate’]
Checking if game is over: False

--- ROUND 6, Player 2's Turn ---

Player hand after drawing: ['Copper’, 'Estate’, 'Silver', 'Copper’, 'Village']
--- ACTION PHASE ---

Player 2's hand: ['Copper’, 'Estate’, 'Silver', 'Copper’, 'Village']

Player 2 has 1 actions left.

Player 2 is playing Village.

Playing Village. Draw 1 more card and gain two more actions.

Player hand after drawing 1 more cards: ['Copper’, 'Estate’, 'Silver', ‘Copper’, 'Copper’]
Player actions after Village: 2

Remaining actions: 2

Current hand after action: ['Copper’, 'Estate’, 'Silver', '‘Copper’, 'Copper’]
--- BUY PHASE ---

Player 2 has 5 treasure to spend.

Available cards for purchase:

Copper: Cost = 0, Remaining = 46
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Ot tpdTot yOpot deiyvouv 0Tt kol o1 OVO TaikTes (1 ageNnts) emAEyovV GYETIKG AMAES ayopEg Kot

Silver: Cost = 3, Remaining = 37

Gold: Cost = 6, Remaining = 30

Estate: Cost = 2, Remaining = 23

Duchy: Cost = 5, Remaining = 12

Province: Cost = 8, Remaining = 12

Smithy: Cost = 4, Remaining = 10

Village: Cost = 3, Remaining =9

Player 2 bought Copper for 0 cost. 45 remaining.

--- CLEANUP PHASE ---

Player 2 discarding hand: ['Copper’, 'Estate’, 'Silver', 'Copper’, ‘Copper']
Player hand after drawing: ['Copper’, 'Estate’, 'Estate’, ‘Copper’, 'Copper’]
New hand for Player 2: ['Copper', 'Estate’, 'Estate’, 'Copper’, 'Copper']

Checking if game is over: False

dpdoeic. Xe avtovg Tovg YOpoug, o agent:

Avtd delyvel 011 0 agent dev &xel axOpo avamtuéel TEPIMAOKES GTPATNYIKEG 1) GLVOLUGLOVG.

Eotialel kvpiog otnv aréktion Silver (yopot 1-3), evioybovtag €161 TNV OIKOVOUIKN

tov wkovotnta. To Silver givar pa ao@aing enrévovon oty apyn yia va. cvénoet myv aéio

TV INcavpdv Tov, Ywpic va plokdapel peydieg ayopéc.

Ayopég yopnio¥ kéoTovg 6nmg to Village kot to Estate, evioydovv v mowidia 6to xépt

TOV, YOPIC OKOUO VO EMOIDKEL HEYAAL KEPON.

AvrtiBeta, emKEVTPAOVETOL GTO Vo OMpiovpynoet pa otadepr| faon tdépwv.

6.3.2 Méoo mavyvior (Rounds 35-42):

--- ROUND 35, Player 1's Turn ---

Player hand after drawing: ['Estate’, 'Silver’, 'Copper’, 'Smithy', '‘Duchy']

--- ACTION PHASE ---
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Player 1's hand: ['Estate’, 'Silver', ‘Copper’, 'Smithy', 'Duchy']
Player 1 has 1 actions left.

Player 1 is playing Smithy.

Playing Smithy. Draw 3 more cards.

Player hand after drawing 3 more cards: ['Estate’, 'Silver', '‘Copper’, 'Duchy’, 'Copper’,
'Silver', 'Estate’]

Player hand after Smithy: ['Estate’, 'Silver', 'Copper’, '‘Duchy’, 'Copper’, 'Silver', 'Estate’]
Remaining actions: 0

Current hand after action: ['Estate’, 'Silver', 'Copper’, 'Duchy’, '‘Copper’, 'Silver', 'Estate’]
--- BUY PHASE ---

Player 1 has 6 treasure to spend.

Available cards for purchase:

Copper: Cost = 0, Remaining = 37

Silver: Cost = 3, Remaining = 30

Gold: Cost = 6, Remaining = 30

Estate: Cost = 2, Remaining = 18

Duchy: Cost = 5, Remaining = 10

Province: Cost = 8, Remaining = 12

Smithy: Cost = 4, Remaining = 9

Village: Cost = 3, Remaining = 4

Player 1 bought Village for 3 cost. 3 remaining.

--- CLEANUP PHASE ---

Player 1 discarding hand: ['Estate’, 'Silver', 'Copper’, 'Duchy’, 'Copper’, 'Silver', 'Estate]
Player hand after drawing: ['Silver’, 'Silver’, ‘Copper’, 'Copper’, 'Estate’]

New hand for Player 1: ['Silver', 'Silver’, 'Copper’, ‘Copper’, 'Estate']
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Checking if game is over: False

--- ROUND 36, Player 2's Turn ---

Player hand after drawing: ['Estate’, 'Estate’, 'Estate’, 'Estate’, 'Copper’]
--- ACTION PHASE ---

Player 2's hand: ['Estate’, 'Estate’, 'Estate’, 'Estate’, 'Copper’]

Player 2 has 1 actions left.

--- BUY PHASE ---

Player 2 has 1 treasure to spend.

Available cards for purchase:

Copper: Cost = 0, Remaining = 37

Silver: Cost = 3, Remaining = 30

Gold: Cost = 6, Remaining = 30

Estate: Cost = 2, Remaining = 18

Duchy: Cost = 5, Remaining = 10

Province: Cost = 8, Remaining = 12

Smithy: Cost = 4, Remaining = 9

Village: Cost = 3, Remaining = 3

Player 2 bought Copper for 0 cost. 36 remaining.

--- CLEANUP PHASE ---

Player 2 discarding hand: ['Estate’, 'Estate’, 'Estate’, 'Estate’, 'Copper’]
Player hand after drawing: ['Copper’, 'Copper’, 'Silver', 'Village', ‘Copper’]
New hand for Player 2: ['Copper’, ‘Copper’, 'Silver', 'Village', 'Copper’]
Checking if game is over: False

--- ROUND 37, Player 1's Turn ---
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Player hand after drawing: ['Silver’, 'Silver', 'Copper’, ‘Copper’, 'Estate’]
--- ACTION PHASE ---

Player 1's hand: ['Silver’, 'Silver', 'Copper’, '‘Copper', 'Estate']

Player 1 has 1 actions left.

--- BUY PHASE ---

Player 1 has 6 treasure to spend.

Available cards for purchase:

Copper: Cost = 0, Remaining = 36

Silver: Cost = 3, Remaining = 30

Gold: Cost = 6, Remaining = 30

Estate: Cost = 2, Remaining = 18

Duchy: Cost = 5, Remaining = 10

Province: Cost = 8, Remaining = 12

Smithy: Cost = 4, Remaining =9

Village: Cost = 3, Remaining = 3

Player 1 bought Smithy for 4 cost. 8 remaining.

--- CLEANUP PHASE ---

Player 1 discarding hand: ['Silver', 'Silver’, 'Copper’, '‘Copper’, 'Estate']
Player hand after drawing: ['Estate’, 'Copper’, 'Estate’, 'Copper’, 'Copper]
New hand for Player 1: ['Estate’, '‘Copper’, 'Estate’, 'Copper’, ‘Copper’]
Checking if game is over: False

--- ROUND 38, Player 2's Turn ---

Player hand after drawing: ['Copper’, 'Copper’, 'Silver', 'Village', 'Copper’]

--- ACTION PHASE ---
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Player 2's hand: ['Copper’, ‘Copper’, 'Silver', 'Village', 'Copper’]

Player 2 has 1 actions left.

Player 2 is playing Village.

Playing Village. Draw 1 more card and gain two more actions.

Player hand after drawing 1 more cards: ['Copper’, '‘Copper’, 'Silver’, 'Copper’, 'Copper]
Player actions after Village: 2

Remaining actions: 2

Current hand after action: ['Copper’, 'Copper’, 'Silver', ‘Copper’, 'Copper’]
--- BUY PHASE ---

Player 2 has 6 treasure to spend.

Available cards for purchase:

Copper: Cost = 0, Remaining = 36

Silver: Cost = 3, Remaining = 30

Gold: Cost = 6, Remaining = 30

Estate: Cost = 2, Remaining = 18

Duchy: Cost = 5, Remaining = 10

Province: Cost = 8, Remaining = 12

Smithy: Cost = 4, Remaining = 8

Village: Cost = 3, Remaining = 3

Player 2 bought Gold for 6 cost. 29 remaining.

--- CLEANUP PHASE ---

Player 2 discarding hand: ['Copper’, ‘Copper’, 'Silver', 'Copper’, ‘Copper’]
Player hand after drawing: ['Copper’, 'Village', '‘Copper’, 'Silver', 'Duchy']

New hand for Player 2: ['Copper’, 'Village', 'Copper’, 'Silver', 'Duchy’]
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Checking if game is over: False

--- ROUND 39, Player 1's Turn ---

Player hand after drawing: ['Estate’, 'Copper’, 'Estate’, '‘Copper’, 'Copper']
--- ACTION PHASE ---

Player 1's hand: ['Estate’, 'Copper’, 'Estate’, '‘Copper’, 'Copper']

Player 1 has 1 actions left.

--- BUY PHASE ---

Player 1 has 3 treasure to spend.

Available cards for purchase:

Copper: Cost = 0, Remaining = 36

Silver: Cost = 3, Remaining = 30

Gold: Cost = 6, Remaining = 29

Estate: Cost = 2, Remaining = 18

Duchy: Cost = 5, Remaining = 10

Province: Cost = 8, Remaining = 12

Smithy: Cost = 4, Remaining = 8

Village: Cost = 3, Remaining = 3

Player 1 bought Estate for 2 cost. 17 remaining.

--- CLEANUP PHASE ---

Player 1 discarding hand: ['Estate’, 'Copper’, 'Estate’, ‘Copper’, 'Copper’]
Player hand after drawing: ['Village', 'Silver', 'Silver', 'Duchy’, ‘Copper]
New hand for Player 1: ['Village', 'Silver’, 'Silver', '‘Duchy’, 'Copper’]
Checking if game is over: False

--- ROUND 40, Player 2's Turn ---
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Player hand after drawing: ['Copper’, 'Village', ‘Copper’, 'Silver', '‘Duchy’]
--- ACTION PHASE ---

Player 2's hand: ['Copper’, 'Village', 'Copper’, 'Silver', 'Duchy']

Player 2 has 1 actions left.

Player 2 is playing Village.

Playing Village. Draw 1 more card and gain two more actions.

Player hand after drawing 1 more cards: ['Copper’, 'Copper’, 'Silver', 'Duchy’, 'Village']
Player actions after Village: 2

Remaining actions: 2

Current hand after action: ['Copper’, 'Copper’, 'Silver', 'Duchy’, 'Village']
Player 2 is playing Village.

Playing Village. Draw 1 more card and gain two more actions.

Player hand after drawing 1 more cards: ['Copper’, ‘Copper’, 'Silver', 'Duchy’, 'Copper']
Player actions after Village: 3

Remaining actions: 3

Current hand after action: ['Copper’, 'Copper’, 'Silver', '‘Duchy’, 'Copper’]
--- BUY PHASE ---

Player 2 has 5 treasure to spend.

Available cards for purchase:

Copper: Cost = 0, Remaining = 36

Silver: Cost = 3, Remaining = 30

Gold: Cost = 6, Remaining = 29

Estate: Cost = 2, Remaining = 17

Duchy: Cost = 5, Remaining = 10
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Province: Cost = 8, Remaining = 12

Smithy: Cost = 4, Remaining = 8

Village: Cost = 3, Remaining = 3

Player 2 bought Silver for 3 cost. 29 remaining.

--- CLEANUP PHASE ---

Player 2 discarding hand: ['Copper’, ‘Copper’, 'Silver', 'Duchy’, ‘Copper’]
Player hand after drawing: ['Copper’, 'Copper’, 'Silver', '‘Copper’, 'Copper’]
New hand for Player 2: ['Copper’, ‘Copper’, 'Silver', ‘Copper’, 'Copper’]
Checking if game is over: False

--- ROUND 41, Player 1's Turn ---

Player hand after drawing: ['Village', 'Silver', 'Silver', 'Duchy’, ‘Copper’]
--- ACTION PHASE ---

Player 1's hand: ['Village', 'Silver', 'Silver', 'Duchy’, 'Copper']

Player 1 has 1 actions left.

Player 1 is playing Village.

Playing Village. Draw 1 more card and gain two more actions.

Player hand after drawing 1 more cards: ['Silver’, 'Silver', ‘Duchy’, ‘Copper’, 'Silver']
Player actions after Village: 2

Remaining actions: 2

Current hand after action: ['Silver', 'Silver’, 'Duchy’, ‘Copper’, 'Silver']
--- BUY PHASE ---

Player 1 has 7 treasure to spend.

Available cards for purchase:

Copper: Cost = 0, Remaining = 36
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Silver: Cost = 3, Remaining = 29

Gold: Cost = 6, Remaining = 29

Estate: Cost = 2, Remaining = 17

Duchy: Cost = 5, Remaining = 10

Province: Cost = 8, Remaining = 12

Smithy: Cost = 4, Remaining = 8

Village: Cost = 3, Remaining = 3

Player 1 bought Duchy for 5 cost. 9 remaining.

--- CLEANUP PHASE ---

Player 1 discarding hand: ['Silver', 'Silver', 'Duchy’, 'Copper’, 'Silver']
Player hand after drawing: ['Silver’, 'Copper’, 'Estate’, 'Smithy’, 'Estate’]
New hand for Player 1: ['Silver', 'Copper’, 'Estate’, 'Smithy', 'Estate']
Checking if game is over: False

--- ROUND 42, Player 2's Turn ---

Player hand after drawing: ['Copper’, 'Copper’, 'Silver', 'Copper’, ‘Copper’]
--- ACTION PHASE ---

Player 2's hand: ['Copper’, ‘Copper’, 'Silver', '‘Copper’, 'Copper’]
Player 2 has 1 actions left.

--- BUY PHASE ---

Player 2 has 6 treasure to spend.

Available cards for purchase:

Copper: Cost = 0, Remaining = 36

Silver: Cost = 3, Remaining = 29

Gold: Cost = 6, Remaining = 29
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Estate: Cost = 2, Remaining = 17

Duchy: Cost = 5, Remaining =9

Province: Cost = 8, Remaining = 12

Smithy: Cost = 4, Remaining = 8

Village: Cost = 3, Remaining = 3

Player 2 bought Silver for 3 cost. 28 remaining.

--- CLEANUP PHASE ---

Player 2 discarding hand: ['Copper’, ‘Copper’, 'Silver', '‘Copper’, 'Copper’]
Player hand after drawing: ['Estate’, 'Estate’, 'Duchy’, ‘Copper’, 'Copper’]
New hand for Player 2: ['Estate’, 'Estate’, '‘Duchy’, 'Copper’, 'Copper’]
Checking if game is over: False

Ytovg pecaiovg yOpovg, ot emdoyég tov agent apyiovv va yivovtor mo moAOTAOKEG Kol
OTPOTNYIKEG:

e Yuvovaopog koptdv dpdonc: Iapatnpovue 6t o Player 2 ypnoiponotei mo eEehrypévec
Kapteg Omms to SMithy (yio va tpapnéer 3 kapteg) kar to Village (yio va kepdicet emmiéov
dpdoelc). Avtd onuaiver 6Tt o agent pabaivel vo eKPETOAAEVETAL TIC KAPTES OV TOL
TPOGPEPOLY EMMAEOV EVEPYELEG KO KAPTES, KATL TOV 00MYEl G€ PeYaAVTEPT gvEMEID OTIG

peTémeLTaL odoels.

e Avénon Oncavpdv km wovrov: O agent ayopdler Silver ko Estate, cvvdvdalovtog
Oncavpovg Kol KAPTES TOVIMV, BEATIOVOVTOG TNV 0tdOO0GT| TOL TOGO GTO OTKOVOUIKO 0G0
Kol 6T0 oTpatnykd emimedo. Avto deiyvel mwg apyilel va pabaivel va e§lcoppomel Tig

avdykeg yio Oncavpd Kot TOVIovg vikng.
6.3.3 Tehgvtaiot yopor (Rounds 102-107):

--- ROUND 102, Player 2's Turn ---
Player hand after drawing: ['Estate’, 'Smithy', 'Silver’, 'Silver’, 'Village']

--- ACTION PHASE ---
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Player 2's hand: ['Estate’, 'Smithy’, 'Silver’, 'Silver', 'Village']
Player 2 has 1 actions left.

Player 2 is playing Smithy.

Playing Smithy. Draw 3 more cards.

Player hand after drawing 3 more cards: ['Estate’, ‘Silver', 'Silver', 'Village', 'Silver', 'Silver’,
‘Copper’]

Player hand after Smithy: ['Estate’, 'Silver', 'Silver', 'Village', 'Silver', 'Silver’, '‘Copper']
Remaining actions: 0

Current hand after action: ['Estate’, 'Silver', 'Silver', 'Village', 'Silver', 'Silver', '‘Copper’]
--- BUY PHASE ---

Player 2 has 9 treasure to spend.

Available cards for purchase:

Copper: Cost = 0, Remaining = 28

Silver: Cost = 3, Remaining = 12

Gold: Cost = 6, Remaining = 23

Estate: Cost = 2, Remaining = 8

Duchy: Cost = 5, Remaining = 1

Province: Cost = 8, Remaining = 11

Player 2 bought Estate for 2 cost. 7 remaining.

--- CLEANUP PHASE ---

Player 2 discarding hand: ['Estate’, 'Silver', 'Silver', 'Village', 'Silver', 'Silver', '‘Copper’]
Player hand after drawing: ['Copper’, 'Village', 'Estate’, 'Silver’, 'Gold']

New hand for Player 2: ['Copper’, 'Village', 'Estate’, 'Silver', 'Gold']

Checking if game is over: False

--- ROUND 103, Player 1's Turn ---
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Player hand after drawing: ['Smithy’, 'Estate’, 'Duchy’, 'Duchy’, 'Estate’]
--- ACTION PHASE ---

Player 1's hand: ['Smithy', 'Estate’, 'Duchy’, 'Duchy’, 'Estate']

Player 1 has 1 actions left.

Player 1 is playing Smithy.

Playing Smithy. Draw 3 more cards.

Player hand after drawing 3 more cards: ['Estate’, 'Duchy’, 'Duchy’, 'Estate’, 'Province’,
‘Silver', 'Copper’]

Player hand after Smithy: ['Estate’, 'Duchy’, 'Duchy’, 'Estate’, 'Province’, 'Silver’, 'Copper’]
Remaining actions: 0

Current hand after action: ['Estate’, 'Duchy’, 'Duchy’, 'Estate’, 'Province’, 'Silver’, 'Copper’]
--- BUY PHASE ---

Player 1 has 3 treasure to spend.

Available cards for purchase:

Copper: Cost = 0, Remaining = 28

Silver: Cost = 3, Remaining = 12

Gold: Cost = 6, Remaining = 23

Estate: Cost = 2, Remaining =7

Duchy: Cost = 5, Remaining = 1

Province: Cost = 8, Remaining = 11

Player 1 bought Estate for 2 cost. 6 remaining.

--- CLEANUP PHASE ---

Player 1 discarding hand: ['Estate’, 'Duchy’, 'Duchy’, 'Estate’, 'Province’, 'Silver', 'Copper’]
Player hand after drawing: ['Copper’, 'Village', 'Copper’, 'Estate’, 'Silver']

New hand for Player 1: ['Copper’, 'Village', '‘Copper’, 'Estate’, 'Silver']
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Checking if game is over: False

--- ROUND 104, Player 2's Turn ---

Player hand after drawing: ['Copper’, 'Village', 'Estate’, 'Silver', 'Gold']
--- ACTION PHASE ---

Player 2's hand: ['Copper’, 'Village', 'Estate’, 'Silver', 'Gold']

Player 2 has 1 actions left.

Player 2 is playing Village.

Playing Village. Draw 1 more card and gain two more actions.
Player hand after drawing 1 more cards: ['Copper’, 'Estate’, 'Silver', 'Gold’, 'Copper’]
Player actions after Village: 2

Remaining actions: 2

Current hand after action: ['Copper', 'Estate’, 'Silver', 'Gold', ‘Copper]
--- BUY PHASE ---

Player 2 has 7 treasure to spend.

Available cards for purchase:

Copper: Cost = 0, Remaining = 28

Silver: Cost = 3, Remaining = 12

Gold: Cost = 6, Remaining = 23

Estate: Cost = 2, Remaining = 6

Duchy: Cost = 5, Remaining = 1

Province: Cost = 8, Remaining = 11

Player 2 bought Estate for 2 cost. 5 remaining.

--- CLEANUP PHASE ---

Player 2 discarding hand: ['Copper’, 'Estate’, 'Silver’, 'Gold', 'Copper’]
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Player hand after drawing: ['Estate’, 'Silver’, 'Smithy’, 'Smithy’, 'Estate']
New hand for Player 2: ['Estate’, 'Silver', 'Smithy', 'Smithy’, 'Estate’]
Checking if game is over: False

--- ROUND 105, Player 1's Turn ---

Player hand after drawing: ['Copper’, 'Village', 'Copper’, 'Estate’, 'Silver']
--- ACTION PHASE ---

Player 1's hand: ['Copper’, 'Village', 'Copper’, 'Estate’, 'Silver']

Player 1 has 1 actions left.

Player 1 is playing Village.

Playing Village. Draw 1 more card and gain two more actions.

Player hand after drawing 1 more cards: ['Copper’, ‘Copper’, 'Estate’, ‘Silver’, 'Smithy']
Player actions after Village: 2

Remaining actions: 2

Current hand after action: ['Copper’, 'Copper’, 'Estate’, 'Silver', 'Smithy']
Player 1 is playing Smithy.

Playing Smithy. Draw 3 more cards.

Player hand after drawing 3 more cards: ['Copper’, ‘Copper’, 'Estate’, 'Silver', 'Silver', 'Estate’,
‘Silver']

Player hand after Smithy: ['Copper’, 'Copper’, 'Estate’, 'Silver’, 'Silver’, 'Estate’, 'Silver']
Remaining actions: 1

Current hand after action: ['Copper’, 'Copper', 'Estate’, 'Silver', 'Silver', 'Estate’, 'Silver']
--- BUY PHASE ---

Player 1 has 8 treasure to spend.

Available cards for purchase:

Copper: Cost = 0, Remaining = 28
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Silver: Cost = 3, Remaining = 12

Gold: Cost = 6, Remaining = 23

Estate: Cost = 2, Remaining =5

Duchy: Cost = 5, Remaining = 1

Province: Cost = 8, Remaining = 11

Player 1 bought Silver for 3 cost. 11 remaining.

--- CLEANUP PHASE ---

Player 1 discarding hand: ['Copper’, 'Copper’, 'Estate’, 'Silver’, 'Silver', 'Estate’, 'Silver']
Player hand after drawing: ['Copper’, 'Village', ‘Copper’, 'Estate’, 'Smithy']
New hand for Player 1: ['Copper’, 'Village', '‘Copper’, 'Estate’, 'Smithy']
Checking if game is over: False

--- ROUND 106, Player 2's Turn ---

Player hand after drawing: ['Estate’, 'Silver', 'Smithy', 'Smithy’, 'Estate']
--- ACTION PHASE ---

Player 2's hand: ['Estate’, 'Silver’, 'Smithy', 'Smithy’, 'Estate]

Player 2 has 1 actions left.

Player 2 is playing Smithy.

Playing Smithy. Draw 3 more cards.

Player hand after drawing 3 more cards: ['Estate’, 'Silver', 'Smithy', 'Estate’, 'Village', 'Estate’,
‘Silver']

Player hand after Smithy: ['Estate’, 'Silver', 'Smithy', 'Estate’, 'Village', 'Estate’, 'Silver']
Remaining actions: 0
Current hand after action: ['Estate’, 'Silver’, 'Smithy', 'Estate’, "Village', 'Estate’, 'Silver']
--- BUY PHASE ---

Player 2 has 4 treasure to spend.
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Available cards for purchase:

Copper: Cost = 0, Remaining = 28

Silver: Cost = 3, Remaining = 11

Gold: Cost = 6, Remaining = 23

Estate: Cost = 2, Remaining =5

Duchy: Cost = 5, Remaining = 1

Province: Cost = 8, Remaining = 11

Player 2 bought Copper for 0 cost. 27 remaining.

--- CLEANUP PHASE ---

Player 2 discarding hand: ['Estate’, ‘Silver', 'Smithy', 'Estate’, 'Village', 'Estate’, 'Silver']
Player hand after drawing: ['Copper’, 'Copper’, 'Silver’, 'Estate’, 'Copper’]
New hand for Player 2: ['Copper’, 'Copper’, 'Silver', 'Estate’, 'Copper']
Checking if game is over: False

--- ROUND 107, Player 1's Turn ---

Player hand after drawing: ['Copper’, 'Village', ‘Copper’, 'Estate’, 'Smithy']
--- ACTION PHASE ---

Player 1's hand: ['Copper’, 'Village', 'Copper’, 'Estate’, 'Smithy']

Player 1 has 1 action left.

Player 1 is playing Village.

Playing Village. Draw 1 more card and gain two more actions.

Player hand after drawing 1 more cards: ['Copper’, ‘Copper’, 'Estate’, 'Smithy', 'Silver']
Player actions after Village: 2

Remaining actions: 2

Current hand after action: ['Copper’, 'Copper’, 'Estate’, 'Smithy', 'Silver']
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Player 1 is playing Smithy.
Playing Smithy. Draw 3 more cards.

Player hand after drawing 3 more cards: ['Copper', 'Copper’, 'Estate’, 'Silver’, 'Estate’,
‘Copper’, 'Silver"]

Player hand after Smithy: ['Copper’, 'Copper’, 'Estate’, 'Silver', 'Estate’, 'Copper’, 'Silver']
Remaining actions: 1
Current hand after action: ['Copper’, 'Copper’, 'Estate’, 'Silver', 'Estate’, ‘Copper’, 'Silver']
--- BUY PHASE ---
Player 1 has 7 treasure to spend.
Available cards for purchase:
Copper: Cost = 0, Remaining = 27
Silver: Cost = 3, Remaining = 11
Gold: Cost = 6, Remaining = 23
Estate: Cost = 2, Remaining =5
Duchy: Cost = 5, Remaining = 1
Province: Cost = 8, Remaining = 11
Player 1 bought Duchy for 5 cost. 0 remaining.
--- CLEANUP PHASE ---
Player 1 discarding hand: ['Copper’, ‘Copper’, 'Estate’, 'Silver’, 'Estate’, ‘Copper’, 'Silver']
Player hand after drawing: ['Copper’, 'Village', 'Silver’, 'Smithy’, 'Duchy’]
New hand for Player 1: ['Copper’, 'Village', 'Silver', 'Smithy', 'Duchy']
Checking if game is over: True
210 TEAOG TOL TOYVIOLOV O TTPAKTOPAG akoAoVOEL GTPATNYIKNA:

e Yuvévaopoi mollomidv kaptav: O agent apyiler va mailel to Village kot to Smithy

ovvdvaoTtikd. I[Mailel o Village yuo va amokticel emmAéov evépyeteg ko petd to Smithy
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6.4

vy va Tpafnéel emmAéov KAPTEG, EMTPEMOVTAG TOL VO EYEL O LEYOAVTEPN KOL 7O
TOPAYOYIKN PAGT 0yOpdiC.

Yrevevpéveg ayopés Yo vikn: O Player 1 ayopdaler Duchy otov yopo 107, po kdpta pe
VYNA0VUE TOVTOVG VikNG. Ze avtd 10 onueio, o agent deiyvel 0Tt Katavoel mwg TPEMEL va

eNeVOVOEL G€ KAPTEG LLE TOVTOVG VIKNG Y10 Vo, KEPOIGEL TO Ty Vidl, KON KOl oV OEV TOV

TPOGPEPOLY AUEGHU OPEAN KATA TN OLAPKELD TV YOP®V.

Avéivon amotereopdToOV

Apyucd rounds :

6.5

Apywkd Xtadwe tov IMayvidwov: Kot ot dvo maikteg Eexvodv pe yopuniodg mévtoug

vikng, aAAd 1 Tpd0d0G Elvar GYETIKAE apyT| Kot TOpOLOL Y10, TOVS OVO TOKTES.

Meoaio Xtaowe tov I[Moryyviowov: And tov 406 yOpo Kot HETA, TOPATNPOVLE Lo
onUavTIK aHENGT 6TOVE TOVTOVS VIKNG Kot Yio Tovug dvo maiktec. O Player 2 gaiveton va
OOKTO TAEOVEKTNLA, KABMG 01 TOVTOL VIKNG avEAVOVTAL TTLO ATOTOLN GUYKPLTIKA LLE TOV

Player 1.

Tehkd Xtaore Tov Ioyvidwov: Xtovg tedevtaiovg yopoug (amd tov 1000 kot petd), m
avénon otovg movrovg vikng ovveyileton, pe tov Player 1 va emituyydver telkd
VYNAOTEPN AHENCT GTOVG TOVTOLS VikNg, Eemepvavtag tov Player 2 6tovg tekevtaiovg

YOPOLG TOV TTOLYVIOLOV.

MuaOnoroxi] owedKacio:

Amd T dedopéva TV YOpwv, gaivetal 0Tt o agent pabaivel TpoodevTiKd:

1.

2.

3.

Y100epn Paon ToOpV: TNV apy| ETKEVIPOVETOL GTN 6TAHEPOTOINGT TOV TOPWOV TOV LUE
ac@areic ayopés (Silver).

Expadnon ovvovaosp®dv: Mabaiver mog va ypnoomotel T kapteg dpdong yuo va
EKUETAAAEVETOL GLVIVACUOVE TTOV TOV EMTPETOLY VO WENGEL TNV ATOO0GT TOV.
E&woopponnon Oncavpdv kot tovrmv: Katoavoel otadioxd tn onuacio tg 1coppomiog

avApIESO OTNV 0yopd KAPTAOV TOVT®V VIKNG Kol KAPTAOV TOV oEAVOLY TNV OIKOVOLLKT TOVL

dvvaun.
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4, AvEnon molvmAokoTnTOS: XpNoiomolel oVVOETOVE GLUVOLAGHOVE KOPTAOV Yo Vo

LEYIGTOTOMGEL TIG EVEPYELEG KOl TOVG TOPOLS TOV, OTMG PAIVETOL GTOLG TEAELTOIOVG
yOpove.
6.6 Hopaperpomoinon Mapapétpmv Nevpovikod AKTO0oV

Awpopetikol cuvovacpot yio Tovg dvo agent.
Yuvovacopdg 1 XaunAdg pubude pdnong kot apyn andcsPeon eepehivnong
e Agentl:

Learning Rate: 0.0001
Discount Factor: 0.95
Exploration Decay: 0.995
Replay Memory Size: 2000
Batch Size: 64

o Agent2:

Learning Rate: 0.0002
Discount Factor: 0.94
Exploration Decay: 0.994
Replay Memory Size: 2500
Batch Size: 64

Yuvdvacpdc 2: Yyniog puBuog pdonong kot ypnyopn andcsPeon eEgpebhvnong
o Agent1:

Learning Rate: 0.001
Discount Factor: 0.99
Exploration Decay: 0.99
Replay Memory Size: 10000
Batch Size: 32

e Agent?2:

Learning Rate: 0.0015
Discount Factor: 0.98
Exploration Decay: 0.985
Replay Memory Size: 12000
Batch Size: 32

Yvuvdvacpdg 3: Métprog puBudc pabnong kot pétpia andoPeon eEepedhivnong
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e Agentl:
e Learning Rate: 0.0005
e Discount Factor: 0.97
e Exploration Decay: 0.992
e Replay Memory Size: 5000

Batch Size: 48

o Agent2:

Learning Rate: 0.0006
Discount Factor: 0.96
Exploration Decay: 0.991
Replay Memory Size: 5500
Batch Size: 48

Awdypappa 2 : Zovéovaopdg 1

Victory Points Over Rounds for Each Agent

—— Player 1 (Agent 1)
351 — player 2 (Agent 2)

25 4

20 4

Victory Points

15 4

10 1

0 20 40 60 80 100
Round Number

Awdypoppa 3 : ZuvSUOOUOG 2
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Victory Points Over Rounds for Each Agent

40 4 —— Player 1 (Agent 1)
—— Player 2 (Agent 2)

35 1

25 A

20 A

Victory Points

15 4

10 4

0 20 40 60 80 100
Round Number

Awdypoppa 4 : Zuvbuaopuog 3

Victory Points Over Rounds for Each Agent

—— Player 1 (Agent 1)
—— Player 2 {Agent 2}
30 4

254

Victory Points
N
[=]
|

=
w
L

10 4

T T T
0 20 40 60 80 100
Round Number

Ta arotedéopata amd to Tpio Soypdpupate GUVOLAGU®Y delyvouV TV SPOPd GTOV TPOTO LE
Tov omoio pabaivouy o1 dvo dtapopetikoi agent pe S10popPETIKONG GLVIVAGLOVG GTIG TAPOUUETPOVG

TOL VELPMVIKOV SIKTVOV.

Ao ta Sroypappota eoivetor 0Tt 0 0e0TEPOS CLVIVAGHOG EIVOL TTO ATOTEAECUATIKOG, KOODS O

Agent 1 paBaivel To ypriyopa Kot o otafepd. Xuykekpipéva:
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e Y10V cuvovacud 2, o Agent 1 pabaivel Taydtepo Kot GUYKEVIPOVEL TOVS TEPIGGOTEPOVG
TOVTOLG VIKNG.

o  Xvumépocpa :

O agent paBaiver Prpo-Prna vo avayvopilel kor va epoppolet mo eEeAyuéves oTPATNYIKES,
BEATIOVOVTOC GLVEYMG TNV ATO00T TOV. LT TPMTO GTAN0, EMKEVIPMOVETOL GTNV EVIGYLON TOV
Oncavpav kot otadtokd Labaivel TOC vo Y pNoUOTOlEl KAPTEG OpAoNS Yo VoL KEPOILEL GTPATNYIKA
TAEOVEKTNLATO. ZTOVS TEAELTAIOVS YUPOLG, £xEl LAOEL Vo 6TOYXEVEL GE KAPTEG Pe TOHVTOVG VIKNG
YL vor eE00QOAMGEL TNV TEAIKT TOV ViKT). Xg OAN avTn TV dtedikacio pdinong onuoviikd poro

oi{ovV 01 TAPAUETPOL TOV VEVPMVIKOD SIKTVOV.
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