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Evyaprotieg

Oa Mferla va egvyopiomom tov endmtn pov, Ap. Xpioto XpiotodovAov, mOL pE
EUMOTEVONKE YOO TNV €KMOVNON LTS TNG OUWTAGUOTIKNG €PYaciog Kol Yy TNV
eEapetikn ovvepyacio kot Ty fondeio mov pov TpdcPepe kKabodnydvTag pe kab’ OAn
v dudpkela g epyasiog. Emiong 0o n0ela va suyapiomom tov S180KToptkd @ottnt
BaoiAn Boaowieldon yw ™ ovveyr vrmootipiEn kot v moAvtun Pondeia mov pov

TPOGPEPE.

Téloc Ba MBeha va evyopotiow Oeppd v oKoyévewn pov, m omoio. mwAvIo pHov

TPOGPEPE LIOGTHPIEN Ko e EVOAPPLVE VO TPOYWPD UTPOCTA.



Iepiinyn

H dumhopotikn avt) gpyoacio xel cav otodyo va e€epevviost Katd mdco ot lepapyikég
MeBodor emraybvouv v pdbnon kot fonbodv oty avtipeT®mIoN TPOPANUATOV LE
ueyéAo obvoro katacthcemv-evepysldv (state-action space), téco oe mpoPAruoTo
Evioyvtucng Mdébnong Evog Ilpaktopa (EMEII) 660 kot og mpofAnpota Evioyvtikng
Mdabnong [HoAlomdov [paktépwv (EMIIII). To miaicto mov ypnopomomOnke eival 1o
«Taxi Problem» (TP) kot o «Extetapévo Taxi Problemy (EPT) oe npofinuata EMEIT
kot To «Multi Agent Taxi Problem» (MATP), to omoio eivon pio enéktoon tov anAol
TP, o€ mpofAnuata EMIIIL. Apyikd doxipudcape Kdmotovg alyopifpovg o mpofAnuota
EMEII ka1 ovveyicape doxyalovtag tovg oe mpofanuato EMIIIL Xta mpofinuata
EMEII dokipdoape toug oryopiduove Xpovikov Awgopdv (XA) Q-Learning ot
SARSA, ypnowomowwvtag tnv e-greedy molrtikn kol v moAtikny Boltzmann, tov
aAyopiBuo Policy Hill-Climbing (PHC), o omoiog givor pio eméktacn tov aAyopiOpov
Q-Learning, tov aiyopiOuo WoLF-Policy Hill-Climbing (WoLF-PHC), o omoiog givat
po omAn enéktact Tov ahyopiuov PHC, tov Iepapyikd aryopiBpuo MAXQ-Q kot Tovg
Iepapyucovg aryopiBpovg MAXQ-PHC xor MAXQ-WOLF-PHC o1 omoiot givatl pua
Iepapyun eméktaon tov aiyoplOuwv PHC kot WOLF-PHC avtictoya, kot tovg
0010V OMOPAGICALE VO, VAOTOICOVUE, apoD € 66OV Yvpilovpe deV LITAPYOVY HEXPL
ToOpa otV PipAoypapio. ATO To ATOTEAECUOTO OV THPOLUE TOPOTNPNCOUE OTL Ol
TPAKTOPEG  EKTMALOELOVTOL KAVOTOMNTIKA HE OAOVG TOLG aAyopiBuovs. Emiong
TOPUTNPNOAUE OTL HE TNV Ypnoomoinon tov lepapyikdv aiyopifuov MAXQ-Q,
MAXQ-PHC kot MAXQ-WOLF-PHC 1 upébnon emroydvetor onpoviikd. Xto
npofinuata EMIIIT dokipdoape tov okyopiduo XA Q-Learning, ypnoipomoidvtog tnv
g-greedy moltikn kot Tovg olyopidpovg PHC ko WOLF-PHC, 6mov cuykpivovtog to,
OTOTEAEGLOTO TOVG €l0apE OTL OTAV Ol TPAKTOPES YPNOYOTO0VV ToV aAyopBpo Q-
Learning dev ekmoidedOVIOL IKOVOTOMTIKG GE oYEon MHE OTAV YPNOUOTOOVY TOVG
dAlovg 6v0 aryoplBuovs. Me v gpappoyn tov lepapyikov aryopibuov MAXQ-PHC
kot MAXQ-WOLF-PHC moapatmpnoape 6tt n pudbnon emroyvvetor GNUOVIIKE GE
oyxéon pe tovg aidyopiduovg PHC ko WoLF-PHC.
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Kepaiaro 1

Ewayoyn

H Evioyvtikp Mabnon (EM) vanpée pia evepyn epevvntikny mepoyn e Texvnthg
Nonuoovvng yio moAld ypdvia. Baciletow omnv 18€a Tov OTL M TAON EMAOYNG HOG
EVEPYELNG TPEMEL VAL EVOLVOAUMVETOL (EVIGYDETOL) 0V TOPAYEL ELVOTKG OTOTEAEGLLOTOL KoL
VO OTOOVVOUAOVETOL OV Topdyel dSuopevn amoteAéopata. ' avtd 10 Adyo pmopel va
yopaxtnplotel emiong og «uddnon pet’ eumepiogy, aod 0 EKTUOEVOUEVOS OEV EEPEL
and TPV TOLEC EVEPYEIEC VO EMAEEEL, QAL avVTIOETOG TPETEL VO, OVOKOADWEL TO1EG

eVEPYELEG 0N YOVV GTI HEYOADTEPT OUOPN, LLE TO VA TIC OOKILAGEL.

Ye apketa mpoPinuata EM vrapyet éva peyddo chvoro kataotdoswmv-evepysidv (State-
action space). Xe yevikég ypouués givar 60okoAo va. kafoplotel T0 KATAAANAO GUVOLO
KOTOOTACEDV Kot evePYEIDMV o€ OAa Ta TpofArjnata EM tov mpaypotikov kdopov. Tig
TEPLOGOTEPEC POPES  AMOUTEITOL OPKETE LEYAAN YOPNTIKOTNTO UVIUNG Y10 VO KOADYEL
OAEC TIG EVOEYOUEVEG GYETIKEG KATOOTACELS KOU EVEPYEIEG TOL UTOPEL vo emAeyoHV,
KaBmg pmopet va vdpyel po evpeio TOKIAMO KATAGTACEDY KOl EVEPYELDY TOV UTOPOVV
va emleyobv Yoo kédbe xotdotaon. Emiong oe kdmown mpoPAnupato  yperdleton
OmEPIOPIOTN] UVIUN, Y0 TOPASEIYHO. OTOV EYOVHE GLVEYNG GUVOAD KATOOTAGEMV-
evepyewwv. Kotd ocvvémelo vmdpyer éva apketd peydho mpoPAnuo xdpov Katd TNV
mpoomdbelor va. dtepevvnbovv Oheg ot mOavEC evépyeleg amd OAeg TIC TOAVEG
KOTOOTACELS. AKOUN, LIAPYEL Kol apKETO TPOPANUa ¥pdvov apold 66O UEYOAMVEL TO
OUVOAO KOTOGTACEWV-EVEPYELDV €VOC TPOPANUOTOS, TOCO TEPIGGOTEPT EKTOUOELON
ypewletar o mpdktopag péxpt vo eméABet m pdOnom. e v enidvon avtod tov
npoPAnpatog ypnoyomoovvtor dtdpopeg peBdool 0nme ot lepapyikés Mebddor kKot ot

Texvikeg Ilpocéyyiong Zuvaptoemy.

"E1o1 6t6)0¢ 001G TG OWIMAMUATIKNG €PYACIOg €val VO TOPOVGIACEL [0 AVAGKOTNON

g épevvag mov £xet yivel oto medio Twv lepapyidv MebBddwv kat va dovpe Katd OG0



ot Iepapyikéc Mebddor emtayhvouv v pabnon kot emivovv g évo Pabud avtd to

npoPAnpa, 1o oe mpofiquota EMEII 6co kot 6g mpofAruoata EMIIIL.

To mhaicto mov Ba ypnoomomOei eivan o TP ko to ETP og mpofAnuata EMEIT kot
t0 MATP, 1o omoio eivan po enéxtacm tov ankov TP, oe mpofanuata EMIIIL. Apyucd
Ba viomomBel 10 cvoua mov Ba mpocopowwvel tovg aryopduovg EMEIL kot ot

GLVEYELN TO GVGTNWA IOV O TPoGoHoIVEL TOVG 0AYOp1Oovg EMIIIL.

>¥10 ovotnua EMEII, apyucé Bo viomomBovv ot dbo aiyopiBupotr XA, Q-Learning kot
SARSA, ypnowonowwvtag v e-greedy moAitikny koi v moAttiky Boltzmann. Xt
ouvéyela Ba vAomombovv ot adydpiBuor PHC kot WOLF-PHC, ot omoiot av kot givar
alyopiBuot ot omoiot ypnoomnoovvion og mepariiovia EMIIII Ba eivor evdolopépmv
va dovpe TV cvumeptpopd Tovg oe grid world mpopinuata EMETL, kot Oa cuykpifei n
amGd06N TOVG e TNV amddoor tov akyopduov Q-Learning. Akolovbwc O vAomom el
o Iepapykog adyopiBuog MAXQ-Q kat Oa cuykpivovpe TO OTOTEAEGUATA TOV LE TOV
aAyopiBuo Q-Learning. ‘Emerta, av ot aAdydopiOpor PHC ko WOLF-PHC £yovv
KOVOTOMTIKA amoteAéouata, Bo emyyelpioovpe vo Tovg vAomomoovue lepapyikd,
ypnoonowwvtoag v MAXQ didoraon, enekteivovtag tov alyopiOpuo MAXQ-Q. Tote
0o ovykpivovpe T amoteAéopoTo ovTOV TOV lepapyikdv oiyopiBumv pe TOvG

aryopiBpovg PHC kor WOLF-PHC yia va dodpe katd moco emtoyvveron n udbnon, pe
TNV (P1ON TOVG.

AxolovBwg Bo acyoAnbodue pe to ovommuo EMIIIL. Apywéd 6o viomomBei o
aAyopiBuoc XA Q-Learning, ypnouonowmdvtag tnyv g-greedy ToAMTIKY Kot TV TOALTIKY|
Boltzmann, ywo va egtdoovpe v copmepipopd tov o mepiPdiiovio. EMIIIL Xt
ocuvéyela Ba viomomBovv ot akyopiBuor PHC kot WOLF-PHC kot o cuykpifei n
anddoon Tovg pe v amddoon tov akydpidpov Q-Learning. Akorlovbwe O vAoTomOel
o lepapykdc aryopBpuoc MAXQ-Q, o omoiog Ba emextabel yio va vAomomBovv ot
aryopiOpor MAXQ-PHC xor MAXQ-WoLF-PHC. Tékog 6o ovykpivoope ta
OTOTEAEGLOTO OVTAOV TV aAyopiBumy pe ta anoterécpota tov alyopibuov PHC kot

WOLF-PHC yw va 00pe Katd mOGO emttaydveTol | Labnom, Le v pnon Toug.



To ovommua Bo vAomombel pe gvéhikto kot e&eliyo tpdmo, vrootnpilovioag v
€0KOAN Kou ypnyopn mpocOnkn véwv adyopibuwv EM, véov moMtikdv Kot vEmV
nepPoriroviov. Ta anotedéopata Ba eleyyBovv kot Oa cuintnbovv, kol otn cuvéyela

Ba evtomotovy mhovoi TpdTOL EMEKTOGNC TOL GUGTILATOG.
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2.1 Xroyeia Evioyvtuikng Madnong

H Evioyvtiky Mabnon (Kaelbling, Moore kot Littman, 1996) givor puédbnon tov ntog va
CLUTEPIPEPOLLAL GE Ui OEOOUEV KaTdoTaon. Mropel va meprypagel o¢ «pddnon pet’
eumeplagy, apov eV AEEL KOVEIC OTOV EKTTOOEVOUEVO TTO1EG EVEPYELEC VO, EMAEEEL, ALY
TPETEL VO OVOKOADYEL OVTEC TOV SIVOLV TNV O UEYAAN OO HE TO VO TIC OOKILAGEL
Avt n pdOnon pet’ eunepiog pmopel va dapkécel kab’ OAn ) ddpkewo (NG Tov

EKTOLOEVOLEVO.

O exmadevdpuevog 1 owtdOG TOL TOUPVEL OMOPAGELS, OT®MG T.y. €vog maikng M éva
poumoTt, opileton wg mpdktopas. Mo evépyeia opilet Tt pmopel val KAVEL O TPAKTOPOS GE
[0 0€00UEVT] KOTAGTAOT, OTMOC Yol TOPASELYUA TL KWVAGES VO TOUEEL TAVD OTNV
okokiépa. Eva eneico6ol0 pmopel va opiotel ®g pio ogpd amd evépyesieg mov

eKTEAOVVTOL amd TOV TPAKTOpa UEYPL Vo EMTUXEL TOV 6TOY0 Tov. O G6TdY0G €ival 1



LEYIGTOTOINON NG AVOUEVOUEVNG OAKNG OUOPNG HETG 0md KAmOw XPOVIKY TEPi0dO0,
Om®G Yoo mopddeypa, vo kepdicw v péylotn opolPn petd omd 100 emidoyéc
evepyelmv. O mpdktopog dev pmopetl va aAAdEel | va emnpedoel Tov 6tdyo tov. [
TOPAOELYLLOL, GTO GKAKL O GTOYXOG KATO0VL TToiKTY £lval VO KAVEL LOT GTOV OVTITOAO TOV
Kot €101 va kepdioel to maryvidl. H emrvyio xabopiletor and 10 OG0 KaAd M Kokd

nailel o avtimorog.

Kd&be evépyeia €xer kdmowa avapevopevn apon av emieydei, n omoio ovopaletor mg
ala g evépyelng avte. Ymapyovv moAAoi tpomotl yo va ektyunfel n adio pog
evépyewc. Xmv Evioyvtikn Mdabnom o okomdg eival va pabovpe va EKTLOVUE 1] Vol
wpoPAémovpe Vv a&io kdmowug evépyelog pe akpifeto. H pabnomn pnopel va meprypopet
oG un-ovoyetillopevn (non-associative), mov opileton ®g udbnon 1L TOG VO
CUUTEPIPEPOLAOTE GE U0 OEOOUEVT] KATAOGTAOT), 1| CLOYETWOUEVN KATA TNV Oomoin
VIAPYEL O OTOATNON YL CLGYETION OPOPETIKAOV EVEPYEIMV UE OLUPOPETIKES
kataotdoels. Emhoyn-evépyelag opiletal mg 10 TpOPANUO TNG EMAOYNG LIOG EVEPYELNG

7oL givarl KATdAANAN Yo TV Tapovoa KOTAoToo.

‘Eva amd ta xupidtepa yapaktnpiotikd g Evioyvtikng Mdbnong eivar to dinuua tov
TOTE VO EKUETAAALELTOVUE TNV VIAPYOLGO YVAOOT TOV EVEPYELOV TOV B ddGovV pia
apeomn apoPn kot TOTe Vo EEEPEVVIICOVE VEEC EVEPYEIEG, Ol OTTOTEC UITOPEL VO dODGOVV
Kkémow apon. H dninotn evépyswa eivor n evépysia g omoiag m extiunuévn aéia
elvalr m peyoAdtepn Kamowo oedopévn otiypr. H emloyn g aninotng evépyetlag
16odVVOUEl e ekUETAAAELON VLEApYovoos Yvoons. H emioyn pog pn-aainotng
evépyelog 1oodvvouel pe  eepedhvmon  véwv  evepyeidv. H o expetdAdevon  Oa
LEeYIoTOMOMoEL TV Auecn apofn), aAld mn efepevvnon umopel va mapoydyst

LEYOADTEPT] OMKT) QLOPN pakpoTpdOesLaL.

Yndpyovv moAréG néB0d01 oL acyorovVTaL pE TO TPOPANL TNG EmMAOYNG evépyetag. H
GmTANGTN EMAOYN EKUETOAAEVETOL VTAPYOVGO YVAGCT] KoL TAVTOTE EMALYEL TNV EVEPYELL
pe m peyorvtepn afia. H oyeddv-aninom emloyn extehel v dnAnot emioyn oty
TAELOVOTNTO TOV TEPUTTOCEMV, AALA Oa eMAEEEL P pun-AmAnotn evépyeta Tuyaio. Mo

TopaAlayr] avtov eivon 1 softmax emdoyn evépyeiog (Sutton kou Barto, 1998), 6mov



Oleg Ol evépyeleg Katatdooovtal ovaioyo pe v ektunuévn tovg oio. H mo
ocvvnbiopévn softmax pébBodog ypnowomotel po katavou] Boltzmann. AwAéyst o

evépyela a, tn ypovikn otryun t pe mbavotnro:

EQ, (a)/t
pla) = (2.1)

Z” EQ:{ET) /T
b=1

omov T eivon po etk mapdpeTpog mov ovopdletor Oeppokpacia, O, (a) sivou n

extunuévn a&la g evépyelag o TN ypovikh otiyun t kot N givor o aplBuodg twv

dbéoumy evepyeumyv.

Ta mo mwhve meprypdpovv pnebooovg evépysloc-a&iog yuo €mAOYN €VEPYELNS, OTOV
dwtnpeiton par extipmon g aéiog kamolag cuykekpipévng evépyetag. Evailaktikd, ot
peBOO01 GULYKPIONG Y10 ETAOYT EVEPYELNG OLTNPOVV LI OAIKT EKTIUNOT LIOG EVEPYELNG
o€ ovykplom pe dAdeg evépyelec. H emoyn g pebodov egaptatar and 1o TpodPANua.
Omnov o1 aAnbwvég a&ieg Twv evepyeldv oAAALovV Alyo KOTd TN d1dpKELD TOL YPOVOV, OEV
VILAPYEL aVAYKN Yoo TEPALTEP® €EEPEVVNON OO TO VO OOKIUOOTEL KAOE evépyela o
@opd. Omov o1 aAndwvég aéiec Tov evepyeldv aALAlovv Katd T S1pKED TOV YPOHVOL
v kéBe Katdotaon, 0o ypewldtay mepiocoTEPT e€gpevvnon Yia va Ppebel n PEATIOT

EVEPYELN KATOLL GTUYUN.

To mlaicto Evioyvtikcng Mabnong ya éva mpdxtopa cvvoyiletor oto Zymua 2.1. To
nepPdAiov etvar 0TIONTOTE £KTOC ad ToV TTpdiKTopa. To 6p1o peTa&d Tov TPAKTOPO Kot
tov mepPdrrovtog pumopet va etvar acaeéc. o mapddetypa, ta acOntmpro dpyava
Kdmotov poumdt Bo Bewpodvtav wg pépog tov mepPdiiovioc. O mpdktopag dev
opiletar avdroya Le TO OPLO TOV PLGIKOV TOV GAOWUATOG, OAAGL LE OTIONTOTE OEV UTOpPEl
va aAldEEL Tuxaio. Me dAda Adywr o mpaktopog opiletor avdioya pe to 6plo TOL

EAEYYOV TOV KOt Ot LE OVTO TNG YVMOGNS TOV.
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Yympa 2.1: "Eva povtéro yio evieyvTiky) pdlnon evog mpaktopa,

H aMnAenidopaon evdg mpdktopo pe 10 meplBdAlov oty evioyutikn pabnon,
vAomompévn oto miaicto MapkoPlovig Awadikaciog Amdeaong. ‘Eva TlepiBdAiov
nepExel oTNmote e€mTEPKO TOL TPdKTOopa. Mion Kartdotaorn eivor po mepidnyn
TPONYOVUEVNG OLUTEPLPOPAS M omoia ypewdleton Yoo vo kobopicel peAAovTiKN
ovumepipopd. O Ilpdxtopag eivor 0 eKTOOEVOUEVOC, Yo TOPAOEYIA O TOIKTNG N TO
Texvntd Nevpovikd Aiktvo (TNA). Mia Evépyela eivarl kdtt mov pmopel va Kdvel o
TPAKTOPOC, Y. M0 KIvnon OTn OKOKIEPO, 1 ETA0YN €VOC HOYAOV KTA. YTapyel £va
Evioyutikd Enpa yio va a&loAoynoel v tpéyovca evépyeln, OAAL Oev Afel GTOV
eKTOOEVOEVO TTOw v 1) KOAOTEPN EVEPYELD Y10 VO, EMAEEEL.

H demedveln npdxropa-nepifaiioviog amoteleiton omd: 1) ) dadikacio eTAOYNG
pwG evépyelng amd Tov mpaktopa, 2) to mePPEALOV ov evicyhel v emheybeica
evépyela, 3) evnuépmon tov mEePPAALovTog Kot 4) mapovsioon TG VEAG KOTAoTUoNS
otov mpaktopa. O mwpdKTOopOg Kol TO TEPPAAAOV OAANAETIOPOVV GE WO GEPA Ao
YPOVIKA Pruata, To omoia pmopetl vo etvan dlaxpitd 1 ovveyn. H katdotaon sivon n
avaropdotacn tov mepiPdiiovroc. Ilapéyer ) Pdon whve otnv omoia yivovtal ot
EMAOYEG, AALG Oev YpeldleTan Vo EVILEPDGEL TOV TPAKTOPX Y10 OTIONTOTE GYETIKO LLE TO
nepPdriov. o mapddetypa, o€ éva moryvidl pe yoptid o mpdxtopag Oev EEpel Ta

EMOLEVO GTNV TPUTOVAN TPV VO SLOUOLPOGTOVV.

Av M KOTACTOON KPOUTE CYETIKEG TANPOPOPIEG TAV® GE TPONYOVUEVES KATAGTAGCELS,
Aéyeton 0Tt €ivon Markov (Bellman, 1957). ‘Exovtag tnv 1310tto Markov onuaivet 6Tt o
TPAKTOPOG UTOPEL v TPOPAETEL TV EMOUEVT] KATAGTOOT] KOL TNV OVOUEVOUEVT] ALLOPT|
amo TV TpEYOVca Katdotaot. Xtnv Evioyvtiky Mdbnon avtd pmopet va punv oyvet

névtote, aAAG eivor apketd 10 OTL M Katdotoorn ivol pio koA mpocéyyior. Mo



epyaoia (task) Evioyvtikng Mdabnong, m omoio kavomolel v 100ttor Markov
ovoudaletar Mapkofavry Aadikacio Andeacng (Markov Decision Process - MDP)
(MAA). Av 10 6hVOLO KOTOGTAGEDV KO EVEPYEIMV EIVOL TETEPAGUEVQ, TOTE 1| EPYOCTOL
Evioyvtucng Mdébnong eivon o memepacpévn MAA. To mhaicio MAA moapéyer €va

povtéro v Evioyvtik) Mdbnon Evég Hpdxtopa, 6nwg paiveton oto Zynua 2.1.

H moltikn eivonl puo cvoyétion amd o dobeica kotdotaon o o evépyesa. Eival
€VOG OTOYAOTIKOG KOVOVOG LE TOV OTO10 £VOG TPAKTOPOS EMIAEYEL IO EVEPYELD OOV
ocuvaptnon g Katdotaons tov (emAoyn evépyelag). O ekmaldevLOUEVOS 1] TPAKTOPAG
yayver yioo v PBEATIOT TOMTIKN GTNV OTOi0l TO OVOUEVOUEVO OTOTEAECUO EvOl TO
peyaAvtepo. Mmopel va vrdpyovv mepiocoOtepeg omd pwo PéATioteg moMtikég. O

Bacwog adydpBpog Evioyvtiknig Mébnong diveton oto Zynua 2.2.

Anuovpyio apyKov GLVOAOL KOTAGTACEWDV
Extipmon g a&log kb katdotaon
[Na k60 enelc6010
Apyomoinom TpEYOVGas KOTAGTACNG
["a xéBe Prjpa t Tov enelc0diov
Emiloyn wog evépyetag
Eappoym mg evépyetag
[Tapatnpnon avtopoPng
Evnuépmon g ektyumuévng a&iog g Katdotaong
Avdxtnon endpeEVNG KATAGTOONG
Méypt to t va glvar TeppotiKd
Méypt To T€M0C TOV EMEIG0OI0V

Yympa 2.2: O Bacikég alyoprOpog evioyvTikig padnons — pddnong pet’ gumerpiog

To mpdTo Prpa etvar va kabopiotel | kKatdotaomn and v omoia Ba apyicovpe. Xe kaOe
o, o mpaktopag emALyel o evépyela PacIGUEVOS TAVED GTNV TPEXOVGO KOTAGTAON.
Metd epappodlet v evépyeta kot Aappdavet o avtapopr]. Ot avtapoBég eivar dueceg
kot dtvovion kot’ gvbeiav amd to mepPdriov. To T elvanr KaAd paxpompodbecpa
kaBopiletar amd v atla ¢ Katdotaons. ['evikd pilovrag, n a&io g KATAGTAONG
etvar oA avtopoPn mov pmopet va mepyével o Tpdktopag apyilovtog and ot v
katdotoon. Ot agleg TV KATAGTAGEMY EVIILEPDOVOVTOL OO TOPUTNPNCELS TOV KAVEL O
TPAKTOPOG KB’ OAN T ddpkelo (NG Tov, Kot Yy’ avtd T0 AOY0 0 TpakTopag podoaivel
péom gumepiag. Téhog,  emdpevn KOTAGTAON EMTAEYETAL.




H evépyela tov mpdaktopa opeifetor oe kabe Prpa pe €va evioyutikd onpo amd
ocuvaptnon apone. H cvvaptnon apopng eivor n dadikacio mov mopdyet £va GUeco
EVIOYVTIKO oMo 6€ KAOe evépyelo mov eMAEYEL O TPAKTOPOG amd KAOE KATAGTOOT).
Avt n cuvdptnon dev Bpioketal pEca oTa OPLo EAEYYOV TOV TPAKTOPO, OTOTE VITAPYEL
¢€m am’ avtov (oto epPaiiov). O mpdrtopag apeifetal aviroya pe To ot6)0 T0V. TO
EVIOYLTIKO ofjua opilel Tov 6TdY0 TOL TPAKTOPO, OTOTE 1 OUOPn TPEMEL va deiyvel Tt

TpEMEL vaL eKTANpOel, Oy TS va 10 KatopHdoet.

Ymv Evioyvtikn MdOnon o 6tdx0¢ Tov TPAKTOpa £IvVOl VO LEYIGTOTOMGEL TIG OUOPBEG
0V pokpompdfecpa. Avtd onpaivel 6tL TpEmeL va £yl TNV IKOVOTNTO VO OVOTTOPLOT
mv a&lo peEAOVTIKOV apolBav topa. Xpnoiponotel tov puBud ékntmong yo vo 1o
Kkével avto. ‘Evoc pubuog éxntmong icog pe pundév onuaivel 0tL 0 mpdktopag givol
CULOTIKOG», 7oL avtd onuaivel 0Tl emhéyel pia evépyswn oto ypoévo t yu va
peylotonomaoet v apopn oto ypdvo t+1. Oco o pvOBudg ékntmong minclalet o 1, o
TPAKTOPOS YIVETOL TO «SOPATIKOS», TOV OVTO oNUaivel OTL EmAEYEL pia EVEPYELD GTO
xPOVO t Y10 VO LEYIGTOTTOMGEL LEALOVTIKEG OUOPBEG O KATOW0 LETEMELTO YPOVIKO Prina
ttn, omov n>1. O pvBudg ékmrwong pmopel vo Wwhel ©¢ M oyxetkn alla TV
kabvotepnuévav, évavit Tov duecov apolPav. To avopevouevo omotélecuo TV

HEALOVTIKOV ooV Tov £xovv vootel Ekmtwon Rt gaiveton omd v E&lcwon 2.2:

R(t) = Teyy + YT + ¥z + o= X1 ]/k Te+k+1 (2.2)

omov v, 0 <y <1, givon o puOudg éxmtwong, I eivon n apon oe kdbe ypovikn otryun
kol T etvon 1 TEMKN ¥povikn oTiypunq M 10 dmepo. To avapevOUevVo OmOTEAEGHO TV
LEALOVTIKAOV apo1PdV xpnotponoteitor oty Zuvaptnon A&lag yo va KOTOGTHGEL IKOvO
TOV TPAKTOPO. VO EKTILE 1) Vo TPoPAENEL TOw EVEPYELDL VO TTAPEL. YTTApYovuv 600 TOTOL

Yvvaptioeov Aflac:

1.V™(s,a) eivar n ovvaptmon katdotacnc-a&iog (state-value function) yio o
TOMTIKY] 7, TOL OVTO onuaivel 0Tl Oivel TO OVOUEVOUEVO OTOTEAEGUO OTOV

Eekva amd po KATdoTtoot s EvOom akolovbel po dobeica oAtk 7.



2. Q™ (s,0) etvon m ovvaptnon evépyelag-atiag (action-value function) yio o
TOMTIKY 7, TOVL oVTO onpaivel 0Tt givor N a&lo ™S emMAOYNG OGS EVEPYELNG O

OTNV KATAGTOOT S EVOo® 0KOAOLOEL o dobeica ToATIKN 7.

H eElowon kdBe ocvvaptnong efaptdton and tov aiyopiBuo mov epapuoletor Kabe
eopd. ITo katw Bo mapovcidcovpe kdmoleg peboddovg EM, kot o dmdcovpe TIg

eE10DGELS Y10 TOVG 0 KOPLOVS aAYOPOLOVG TTOV YPNGIULOTOI0VVTAL.

2.2 Mé£6ooor Evicyvtikiic MaOnong

2.2.1 Ewoaywyn

Ot péBodor g EM evnuepdvouv TNy mOMTIKT] TOL TPAKTOPO. OC OMOTEAEGUO TNG
eumepiag Tov. Ymapyovv Tpelg kupleg KAdoelg pebodmv: Avvapukoc Ipoypappatiopndg
(AIT) (Bellman, 1957), Monte Carlo (Michie kot Chambers, 1968) kot pdabnon
Xpovikov Awapopadv (Temporal Difference) (Sutton ko Barto, 1998). H «é0e pia éxet
T OIKA TNG VIEP KO KATA, €V TOVTOLG OAEG £YOLV TIG POoIKES d1dIKOGIES: aELOAdYNON
moMtikng (policy evaluation), mov mepthapPavel ektipnon g Xvvdaptnong Alog kot
OLYKPATNON TOV 0EIMV TOV TPAYHOTIKOV 1 TOOVOV KoTooTAce®mv Kot PeAtimon
moMtikng (policy improvement), mov evnuepdvel ™ Zvvaptnon A&iag kot Pertidver

TNV TOALTIKY] TOL TPAKTOPO.

2.2.2 MéBodog Avvoypurod Ilpoypoypationod

Yto AIT (Bellman, 1957) o otdyo¢ &ivor va LIOAOYIGTOUV Ol PEATIOTEG TOMTIKEG
(emhoyn evépyeng), 000£vTog evag TéAelon LOVTEAOL TOL TtepPdArovTog cav i MAA.
Kémow povtéro pnopel va oprotetl cav pio avorapdotacn tov TepBAALOVTOG, TETO
®OoTe amd o 0ed0UEVT) KOTAGTOOT Kol EVEPYELD O EKTAUOEVOUEVOG 1) TPAKTOPOS Uopel

va TpoPAEyet
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TNV TPOKVTTOVCH EMOUEVT] KaTdoTaoT Kot Enopevn evépyswn. 'Eva povtédo pmopel vo
etvar otoyaotikd. 'Eva otox0otikd poviého €xel 01Gpopeg mOOVEG KOTAOTAGES Kot
avtopolPéc, kabe pio pe wbmowo mBovotnTo epedvions. H pébodog tov All
ypnoonotel Xvvaptioelg A&lag yio vo opyavaocel T0 YOPO avalntnong Yo KoAgg
noAtikés. H PBaowkn 10éa eivar n ypnoyonoinon tov eélowcewv Bellman (1957) cav
KOVOVEG EVNUEPOGNS Y. TPOGEYYon TV emBuuntov Xvvaptioewv Adiag. O All 1o
Kével avtd péom 2 pebddwv: agoldynon moAtikng Kot Bertioon moAtiknig. O okomdg
™G a&loAdynong MOMTIKNG, OLPOPETIKA YVOOT MG TO TPOPANUa ™G TPOPAeyng
(prediction problem), eivar Twg va vroAoyicetl ) cuvaptnon kotdotaonsc-asiog (V(s)).
Ymv EM givan 1 emovoinmtikny amotipnon moAtikng, oniadn mwg va mopoydel o
SldoYIKN TTPOGEYYIoN NG Suvlptnong kotdotoaonc-aéiog, mov eivar onuaviiky. H
ocvvaptnon Katdotaons-aéiog mpoceyyiletal pe «bootstrappingy, Oniadn eKTiunon tov
oSOV TOV KOTOoTAcE®MY PE PAom TG EKTIUNGCES TOV EMOUEVOV KOTOOTACE®MV. XTN
pébodo tov AIl awtd onuaiver n cvykpdinon epedpik®dv (backups) Koataotdcemv y
Kké0e Katdotaon, To omoio eivar VIOAOYIGTIKA akpld. XvvnOwg 1 TEPUATIKY] GLVONIKN
elval 6tav 1 0Popd HETOED TG TPEXYOVOOS GLVAPTNONG KatdoTaons-aSiag Kot TNg
TPONYOLUEVNG lvar pukpr|. Ztn dadikacio TG Pertioong TOAITIKNG, 0 oKOTdG ival o
TPOGOIOPIGUOC TOL MG VO omokTNOel o KaAOTEPN TOATIKN 1 0Toia PEATIOVETAL TAV®D
OTNV OPYIKN TOATIKY, ONAO EXOVTag HEYOADTEPO avapevOuevo kEpdoc. H emavainym
moMtikng (policy iteration) cvvovalel a&loAdynon kol PEATioon pHe TNV TEPIKOTY TOV
000 EEYOPIOTOV S1OOTKAGIOV Yo Vo Yivel vtoAoyioTikd eOnvotepn. O All eivol kald
OVOTTTUYUEVOG, AoV VLEapyel omd to. TEAN g Oekoetiog tov 1950. To wvpro
HELOVEKTNA TOV etvar OTL amotel Eva TANPES Ko akplBEg LovTELD TOV TEPIPAAAOVTOG
10 0mo10 dgv givan mavta dwbéoyo. Emmpdoheta, n pnébodog tov All evepyel mave oe
OM0 10 GHVOAO KOTAGTACEMY KOl TO GUVOAO EVEPYEIDV, N OO0 TOPOAO TTOL UTOPEL Vo
BeAtioBel pe teyvikég yevikevong, etvar axdun vroAoyloTikd akppn o€ cOyKplon Ue

bAhec nebddovg EM.
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2.2.3 Mé6Boooc Monte Carlo

H pébodoc Monte Carlo (Michie kot Chambers, 1968), dev amoitel tqv dotnpnon
TApNG yvoong tov mepifdrroviog (model free). MabBaiver amd mpocopoimpuévn
eunepio mov Pociletonr og emelcddn, avti o€ SOKPLTA YPOVIKG OUGTHUATO KOTOLOG
gpyaciog. Onmg kot pe ™ pébodo tov AIl, n pébodog Monte Carlo Booiletor otny
extiumon g Zvvapmnong A&ioc. Xty pébodo avtn, n  aEloAdynon TOMTIKNG
vroAoYilel Katd PECO OPO TO TOPATNPNUEVE ATOTEAECUATO LETA OO EMOKEYES OE
Kémow dobeico KATAGTAON KOl OTAOWKA O HECOS OPOC Yo KAmoln kotdotoon Oa
pémeL vo. oLYKAIvel, onAadn vo unv odriaéel. H pébodog Monte Carlo dev xdvet
«bootstrapy, 6mmwe n uébodog tov AIl. To kbpilo mheovéktnua ¢ nebddov Monte Carlo,
oe obvykplon pe t pébodo tov AIl, eivan 6Tt  uébodog Monte Carlo pabaiver kat’
evbelav amd 10 TMEpPdALOV kor €tol dev ypewaleton €va axpiég HOVIEAO TOV
nepPdrrovtoc. To kbvel ovTd pe dEYUATOANYIC 1] TPOGEYYIoT TOV KOTAGTAGEWY, GE
OUYKPION HE TN OITNPNoN €VOC TMANPOVS GLVOAOL KOTAGTAGE®V. ALTO TNV KAVEL
VTOAOYIOTIKG A1yOTEPO amontnTikn amd T péBodo tov All T va umopel va cuveyicet
va, eEEPEVVA VEEC EVEPYELEG, GE GUYKPION LE TNV EKUETAAAELGY] YVOGTOV EVEPYELDV O1
omoieg amo@épovv auolPés, n uébodog Monte Carlo ypnowomotei gite éva alyopOpo
evtoc-moMtikng (on-policy), o omoiog omotwd 1 PEATUOVEL TNV TOMTIKY EVOG® TNV
ypnowonotel, | éva akyopbuo exktoc-rolrtikng (0ff-policy), o omoioc dwaywpiler v
TOMTIKN GE€ U0, TOALTIKT) EKTIUNONG Y10 BEATIOON KO Lo TOALTIKT) GUUTEPIPOPAS Y10l VOL

exteléoel ™ Pertioon).

2.2.4 MéBoooc Xpovikawv Atopopav

H pébodog XA (Sutton ko Barto, 1998), éyet o mieovektipoto kat ¢ pebddov tov
AIT kon g peBddov Monte Carlo, agpov dev yperaletar va dtutnpel TANPN YVOCT TOV
nepPailovtog (Gpa cvumepipépeton Onmg tn péBodo Monte Carlo), xor Pacilel Tig
EKTIUNGCELS o€ Tpormyovueveg pabnuéveg eumepleg (0nwg m pébodog tov AlIl). H
aEloAGYNON TOMTIKNG XPNOOTOEl EUTEIPIO YOl VO EVIUEPADVEL TIG EKTIUNGEIS TNG

Yvvéptnong Alag 6mwg gaiveton oty E&lcmon 2.3 (Sutton and Barto, 1998):
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V(S)=V(S)+a [r,+7V(S5.,)-V(S)] (23
omov V(S;) n ovvapmon kordotacng-a&iog g KOTEoTacng S yuo T Xpovikh otryp
t, a etvar po TopApEeTPog OV GLYVA AvaPEPETOL WG PLOUGS LdOnong, Tt+1 elvar apoPn
mov Mebnke ™ ypovikh otyun t+1, y givar o pBuog Ekmrwong ko (S, ) givar
ouvaptnon Katdotaons-asiog g katdotaons S yuo ) ypoviky otryun t+1. H a&io g
TPONYOVUEVNG KATAGTACTG EVIUEPAOVETOL HE PAom TN vEa KatdoTtoon, onAadr yivetat
bootstrapping kot ypetdletar vo TEPYEVEL LOVO UEXPL TO TEAOG UOG XPOVIKNG GTIYUNG
Yo va gvnuepmoetl ) Xvvaptnon A&lag, evod n pébodog Monte Carlo ypeialeton va

TEPYEVEL PEXPL TO TELOG EVOG EMTEIGOOI0V.

Yrdpyovv o1dpopec néboodot Xpovikne Awpopds. O ektoc-moltikng aiyopiBuog Q-
learning (Watkins, 1989) npoceyyilet v KataAAnAOTEPT GLVAPTNON EVEPYELNG-0EING
(O(s,@)), ywpic vo xpNoWoTolEl TNV TOAITIKY. Zuykekpéva, pabaivel v dminot
TOMTIKT] EVOG® YPNGILOTOLEL L0 TOMTIKY] TOV EEPEVLVE, dNANOTN EMAEYEL UN-GITANGTEG
evépyeleg. H pébodog «evépyelag-kpitikng» (actor-critic method) eivon pio evtog-
moMTikng néBodoc Xpovikng Alapopas, apod 0 KPITHG TPEMEL Vo LABEL TO EVIGYLTIKO
onua. Ilpwv v avdantuén tov aiyopiBuov Q-learning, m péBod0g eVEPYEING-KPITIKTG
ntav 1 péBodog mov TWPOTWOVGHV OPKETOL EPELVNTEG TOL TOUEN TNG EVICYLTIKNG
puéOnonc. H pébodoc XA eivor n mo drodedopévn pnéBodog evioyvtikng nddnong, aeov
elvar amhn, Aettovpyel Prina pe Ppo Kot givot VITOAOYIGTIKA AtyOTEPO aKPI] amd dAAES

puebooovg EM.

H Baon 0rhov tov pedddmv XA sivar tog va katavépovv apopn (credit) oe gvépyeteg,
ol omoieg mapnyayov TV TEMKN oviopolPn. Avtd opiletar ©¢ 10 TPOPANHA NG
Xpovikd kobvotepnuévng Amodoong aviopoav (Temporal Credit Assignment
problem). Xtig pebodovg Xpovikdv Awgopdv, 10 cdipo ot voAoyiletal avaloyo pe

v E&lowon 2.4 xon énetta avatifetol oTig KaTdAANAES KOTAGTAGELS:

S, =r,+y-V(S.,)-V(S,) (2.4)
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Omov 0 xpovog t ivar 1 tpEyovca ypovikn otiyur), Tt+1 €lvol TO EVIGYLTIKO GO TNG
xPOVIKAG oTiyung t+1, y eivar 0 pubuog ékmrwong Tov pelloviikdv opoPov, F(S,,;)

givar n ouvdptnon kotdotaong-atiog g xpovikng otryung t+1 ko V(S;) n cvvépton
Katdotoong-a&iag g xpovikng oTiyuns t. O Bactkdg UNYavIGHOC Yo XPOVIKT Omdd0oT)
evBovng otv EM eivon 10 yvog emie&uodtrog (eligibility trace) 4. H Bacwkn béa elvan
ot 6tav cvpPaivel Eva GEAAUN, HOVO OTIC EMAEEYIES KATOOTACELS 0modideTatl evhvvn
YU avtd. e TponyoVUEVES KATAGTACELS diveTan Atyotepn gvBovn vy to opdApa. Eva
fyvog emAe&iudmrog pmopel va avédvetror kabe @opd mov yiveton emiokeEyn HOG
Kataotaong Kot puetd va egapaviCetarl Babuaio 6tav n katdotaon dev emokéntetal. H
E&icwon 2.5 vrodoyilel 10 {yvog emhe&ipudtnrag yioo KGmow Katdotaon, €,(5) . Av 1
KaTAoTAoT £XEl EMOKEPOEL, TOTE TO 1YvOg emMAeEIUOTNTAG TNG WEAVETOL KATA 1, OAAIDG

eCaobevel pe v mépodo Tov ypdvov:

e, (s). 5#S,
e (s)= (2.5)

yie,_(5)+1. s=s5,

Omov y givar 0 puOUOC EkTToNG, A elval 1 TapAUETPOg eapdviong ixvoug pe TIEG TToL

Kopaivovror peta&y 0 (mov avtimpocsmrevel bootstrapping) kot 1 (wov avtimtpoowmedet
nonbootstrapping), e, (s) eivol to fxvog emheudTTOG TG KATAGTAGNG S TN YPOVIKY
otiyun t. H E&lowon 2.6 vmoAoyiler Tqv ahdoyn] oV GLVAPTNOT KATACTAONG-0EI0G

V(s) ywu T1g TpOGQOTO EMOKEPOEITES KATACTAGELS:

AV(s) = a b; e:(s) (2.6)

omov a gtvar o pvOpog padnong, §, ivar 10 GEAALN YPOVIKOV dPOPOV TOL diveTon
and v E&locwon 2.4 kot e,(s) eivon 10 {yvog emAe&yudmrag e KaTdoToong S
YPOVIKN ottyun t mov divetar amd v E&icwon 2.5. H E&icwon 2.3 givar 1 Xvvaptnon
A&lag v po €0 mepintoon tov akyopiBuov TD(A), ™ TD(0), 6mov povo pio
KATAGTOOT TOL TPONYEiTtaL TG TPEXOVOAS, AALALEL OO TO GOAALL YPOVIKDOV S0POPAV,
oe avtifeon pe v mepintwon TD(L), mov emhéyel OAeg TIG eMAEEUES KATAGTAGELS Y10l

va 0AAAEOVY OO TO GOAALLO YPOVIKADV JLOLPOPDV.
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2.2.4.1 Q-Learning

O aAyopiBpoc Q-Learning (Watkins, 1989) Aoupaver voyn tov petafdoelg amd (e0yog
KOTAGTAONG-EVEPYEWS 0€ (VYOS KATAOTAONG-EVEPYELNG Ko Bewpeitar ¢ po amd Tig
O ONUOVTIKEG aVOKOADWELS otov Topén TG EM, apov ypnoomotet po pébodo XA
eKTOG-TOMTIKNG. Mo néB0d0¢ EKTOC-TOMTIKNG Umopel vor Label S10pOPETIKEG TOAMTIKES
YL TN GULUTEPUPOPA KOl TNV EKTIUNOT. ZVYKEKPEVA, GE 0TI TNV TEPITTOON, 1M
ovuvaptnon evépyelac-adiog, Q, mpooeyyilel dueco v Q*, mov eivor n PéATio
ocuvaptnon evépyswc-a&iog aveEdpmmro ond v moMTiKy oL akoiovOeitor. H
E&iowon 2.7 ypnowomoteiton yio tnv ekTipmon g avapevopevns aéiog tov (gvyovg

KaTdoToonG-EvEPYELag <St,at>:
Q(st,ar) — Q(sy,ar) + a|rpgy +ymax Q(sp41,a) — Q(se,a)| (2.7
a

omov (Q(s;,a;) eivarm cvvaptnon evépyelog-aiog tov (e0YOVg KATAGTACNG-EVEPYELOG
<St,at> ya m ypovikn otiyun t, a tvor o pvBuoc pdbnong, Tr+1  etvor n apoPn mov
MeOnke ™ ypovikn otryun t+1, y eivon o puBpdg Exmtmong ko max Q(si41,a)  glvan
N ovvapmon evépyewac-a&iag tov {edyoue KaThoTaoNG-evEPYEING <St+1,Aat> Yo TN
YPOVIKT oTtyun t+1, 6mov a givor 1 evépyela otV omoio aVTIGTOLXEL 1| LEYIGTN TN TNG

ovvaptnong Q. H amofnkevon tov tudv yiveton og look-up tables.

2.2.4.2 SARSA

O aAyopiBuog SARSA (State Action Reward State Action) apyiké TopovcldotnKe cav
“tpomomompévog Q-Learning” (Rummery and Niranjan, 1994). Aappdavet vadoyn tov
petafaoelg and Cevyoc koTAoTOONG-evEPYEWS O€ (E0Y0G KATAOTOONG-EVEPYELNS
ypnowonowwvtog o péfodo XA evioc-moMTiKnG. e pio péBodo evTOC-MOAITIKNG
npénel va ektiun el n cvvaptnon evépyeag-atiog, Q™ (s,a) , Yoo TV TPEYOVCA TOALTIKT,
Kol Yoo OAEG TIG KOTAOTAOELS KOl EVEPYEIEG. XLVYKEKPLUEVO, VIOAOYILETOL GLUVEXDG M

ouvapmnon evépyelag-a&iog Q™ yio v TPEYOVOA TOATIKY, Kol TOVTOXPOVAE AAAALEL T
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TOATIKY] TPOG TNV OAANCTIOL COUP®VO HE TN ocvvaptnorn evépyelag-aSiog Q™. H
E&iowon 2.8 ypnowomoteitatl yo v ektignon g oavapevopevng a&iog tov {evyouvg

KOTAGTAONG-EVEPYELOG <St,at>:

Q(st, ;) — Q(s¢,a4) + ["t+l + YQ(St41, A1) — Q(S¢, (lz)] (2.8)

omov (Q(s;,a;) eivar m cvuvaptnon evépyelog-aiog tov (e0YoVg KATAGTAGG-EVEPYELOG
<St,at> y ) ypoviky otyun t, a eivor o puOudg pabnong, 141 eivon n apopn mov
Moednke ) ypovikn otiypn t+1, y eivar o puBuog ékntwong ko (s, 1. ai 1)  glvon
N ovvdptnon evépyewac-a&iog Tov (edyoue KoTdoTaoNG-evEPYElag <Str1,at1> Yo T
ypovikn otiypn| t+1. T va vroAoyiotel avt 1 e€icwon mpémet ya ypdvo t ko t+1 va
yivelr mépaocpo péco amd TN peTapacm: Kotdotoon, evépyewn, apoipr]), KATAoTAo,
evépyela (State, Action, Reward, State, Action), kot oduPwvo pe avtd 0 olydpuog
mpe 10 ovopa SARSA (Sutton 1996).

2.2.4.3 Policy Hill-Climbing (PHC)

Mo amkn enéktaon tov aAyopiBuov Q-Learning esivar o olyopiBuoc Policy Hill-
Climbing (PHC) (Bowling kot Veloso, 2001), mov epoappoletor oTo Toiyvio HKTHG
otpatnyiknc. O PHC otmv ovcio xdver hill-climbing otov y®po toVvV HKIOV
otpatnyik®dv. Ot Q tuég dwatnpodvion 6mmwg ko otov Q-Learning. Emmpdcbeta, o
alyopiBuoc dwatnpet v Tpé€yovca pikty moMtikn. H moltikn Pektioveror pe tnv
avénon g mBavoTTag OTL B EMAEEEL TNV EVEPYELDL LE TNV LYNAOTEPT TN, COUPOVOL
pe éva puOuod pabnong, 6 €(0,1]. Otav =1, o akydpBuog etvar 16odvvapog pe tov Q-
Learning, pog kot pe kaBe Prpo 1 mOMTIKY Kwveitor otV GmAnotn €mloyn,

emAEyovtog pe mBavotnra 1 v evépysta pe v vynmAdtepn apoin.
Avt 1 teyvikn elvar opBoAoYIoTIKN Kot GUYKATVEL GE pia BEATIOTN TOAMTIKNY OV 01 GAAOL

naiyteg mailovv otabepég moMtikéc. H anddeién mpoépyetor and v amnddeEn tov

aAiyopiuov Q-Learning, mov gyyveitar 01t ot Q Twég Ba cuykhivouy otig BérTioteg Q*
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HE oL €QAPUOCIUN TOMTIKY] oL ekteAel kat e€epevvnon. Ilopopoimg, 10 7 Oa
oLyKAivel 68 (oL TOMTIKY oy gival dmAnotn ocopueova pe v Q, n omola cuykAivel

omv Q*.

AxoAovBel oto Zynua 2.3 0 YeLdoKOIKG TOL AAYOPIOOL CVTOV.

1. "Eoto o xm o pupot pafnons. Apykonoinae,
1
Q(s,a) €0, a(s.a) {—m
i

2. Enavéhufe,
(o) And mv watdotaor) S, enéiele evépyewn a pe mBavomra a(sa), pe kimow
gcEpeEvVION)
(B) Mapampnoe tyv aviapo r ko e0pevn KOTAGTEON § Ko VTIOAOTIOE
max .
Q(s.a) =(1-a)Q(s.a) +a(r+y o @)

(y) Evuépoce 1o a(s,a) pe

0, ava = argmax,, Q(s.a’)

n(s,a) € nfs,a) + |4] =1, adlidse

Yyfqua 2.3: AhyéprOpog Policy Hill-Climbing (PHC) ywa mraiytn i

XOoupova pe tov adyopifuo dwatnpodvpe Tipég Q Tic omoieg apywomorovpe pe 0 Ko
mBovotnteg Yo KaOe (e0Yog KOTAOTOONG-EVEPYEWS TIS OMOIEC OPYIKOTOLOVUE LE
1/TTA0B0g evepyeldv tov GLYKEKPUEVOL ToiyTn. AkolovBmg emavolapupdveron n e€ng
dwdwacio: Amd v Katdotaon S emAELyovle TV evépyew a pe mbovotnta 7(S,a),
Kévovtag dpmg Kot ypnon ¢ mhovottog yw e€epevvnon. Epdocov mdpovpe v
apoPn Kol TV EMOUEVN KOTAGTACN avave®vovpe v Q T ¢ Katdotoong S Ue
EVEPYELDL 0L GOUP®VA [LE TOV TOTO GTO GYNMUa, KoB®G kot v mbavotnta z(S,a), OTmg
delyvel 0 adydp1Bog oto oynfuLa.
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2.2.4.4 WoLF Policy Hill-Climbing (WoLF- PHC)

O aiyopiBuoc WoLF Policy Hill-Climbing (Bowling kot Veloso, 2001) eivor o
eméktaon tov alyopBpov PHC. Ot onuovtikég S1opopomomoElS TOV G GYECT LE TOV

PHC &ivor ) ypnon petafAntov pubuov pabnong kot n apyn WoLF.

H Poocwn ¥éa sivor va petafdrovpe tov pubud pdbnong pe tpomo dote va
evBappivoupe v cVyKAIon yopic va Busialovpe Tov opBoroyiopnd. H apyr too WoLF
onAavel «Mdabe ypnyopa evocm ydvelg ko apyd evocm vikac» (“Win Or Lose Fast
Policy Hill-Climbing”). H uéfodog, yio va dievkpivilovpe mdte VIKG 0 TPAKTOPAS KO
noTE OYL, ovyKpivel TV TpoPAemOUEVN ApOPn TS TPEYOVOAG TOMTIKNG HE QTN TNG
péong mMOMTIKNG oT0 Ypdvo. Avt mn apyn Ponbd ot ocvykMorn, pe 10 va dlvel
TEPLGGOTEPO YPOVO GTOVG GAAOLG TOUYTEG VO, TPOGOPUOCTOVV OTIS OAAAYEG NG
OTPOTNYIKNG TOV TaiyTn, Tov otV apyn mopovcidlovtal fondntikég, evd emtpémovy
GTOV TOLYTN VO TPOGOPUOGTEL YPIYOPATEPQ OTIS GTPATNYIKES TV OAA®V TTALYTOV OTAV

etvar emPrapng.

AxolovbBel 610 Zynua 2.4 0 YeudoKMOKAS TOL OAYOPIOLOL OV TOV.
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1. "Eotem owm &l > dw pubpoi patnons. Apywonoinoe,

Qs,a) € 0, as.a) <« ﬁ , Cls) & 0
i

2. Emoavélafe,
(o) Amd v woatdactocn S, exélele evépyewn o pe mbBovomnTae mis.a), pe wemowr
eZepetvon

(B) Taparmipnoe tv aviapoh] r Ko eETOHEVN KETECTAoT] §° K vIoASNOE
max

s a)=(1l—a)Q(s.a)+a(r+y a’ Qs a’))
() Evnuépmos Tipy avapevousvn) mBoavstnra s pecns moknkns T
C(s) €< C(s)+1

Ya €Al Tsa’) € fTs,a’)+ ﬁ (mi(s. ') = T(sa™))

(8) Evnuépwos m(s, a) Paon
&, av a = argmax, Q(s.a’)

mis.a) = mi(s a) + { —&

AT=1 L xAA g
Ohron,
5= {aw coav romls. adQis. a) > Foa(s. a)Q(s.a)
ol . e g

Yyfqua 2.4: AhyéprOpog WolL F-Policy Hill-Climbing (WoLF-PHC) ywo mraiyty i

O oAyopOuog amortet 2 pvBuotdg pddnong o/ > ow. Otoav o maiyme vika
xpnowonoteiton 10 ow kol otnv ovtibetn mepintwon 10 dl. Avtd evromileTon
GUYKPIVOVTOG TNV  OVOUEVOUEVY] TIUN YPNOWOTOWOVTAG TIG TpEYovoes Q Tég
OKOAOVOOVTAG TNV TPEYOVGO TOMTIKN) 7 OTNV TPEYOVOH KATAOTOCY HE OLTO
akoAovBdvTag TV pEoN TMOAMTIK 7T . AV 1 GVOUEVOUEVN TN OO TNV TPEXOVOH.
moMtTikny eivon  pukpdtepn (0 malyng ydver), o peyoAvtepog pubudsg pabnong
xpnoyLonoteitat.

2.3 AVTIHETAOMION PEYAA®V GUVOLMOV KATAGTOONG-EVEPYELNG

2.3.1 Eiwooywyn

INo pepwcd mpoPAnuata oev eivar eQIKTO VoL VITAPYEL EVOG TIVOKOG LE EYYPOPES Yo KAOE

kotdotaon (V(S)), 1 {evyog katdotaong-evépyetag (O(s,a)). Ot Adyot umopei va givar ot
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efng: 1) yperdletor ameptoploTn VALY, Yi0 TOPASELYHO OTOV £XOVUE GUVEXEIS GUVOA
KOTOOTACEWMV EVEPYEIDV, 2) YpeldleTal TEPIGGATEPOG VITOAOYIGTIKOC YPOVOG Kat 3) Ta
dedopéva yivovtar BopuPddn (noisy). Mropel va givar adbvato va dtatnpeitor mAnpng
wePLypaen Yoo OAeC TIG MOUVES KOTAGTAGELS, 1 EVOALUKTIKA KATO10¢ pmopel var €xel
uovo pepikmg mopatnpnuévn mAnpogopio (partially observable information) ywo Tig
KOTOGTACELS, 1) 0Toio pimopel vor Tpomomoteitot HEo® TG HABnong katd T S14pKELD. TOV

xpOVOvL.

2.3.2 Iepopyixéc usbooor

Ot 1epapykés HEBOOOL EMKEVTIPAOVOVTAL GTN] O0O0YIKN KOl YPOVIKY] O10TOCT HL0G
€PYNCIOG Kot YPNOYOTO00VTOL G€ TPOoPANHatTa Ta omoia eivat dopnuéva, dnAaon Exovv
Kamol SO Kol LTOpovV Vo S106TOGTOVV G To amAES LTodopés. TIpoomabovv avti va
pofoivouy o TOATIKA omd TNV apyn, Vo EAvopNGIULOTolovV No1 LIAPYOVGEG
TOMTIKEG Y1 110 OAEC LITOdopES (SUb-task), kTt To omoio €xel apkeTd TAEOVEKTHUATAL
OT®C o Yp1yopn nabnon, pabnon pe mo Alyec dokipég Ko Pedtioon g eepedivnong
(Dietterich, 2000). ‘Eva avoyytod mpofinua oty Iepapyixn Evioyvtiky MdaOnon (IEM)
elval mn edpeon G Epopyikng oouns. Ymdpyovv péBodor 6mov 1 O1domacn TOv
mpofAuatog o€ po epapyion omd LTOOOUES OPNVETOL GTOV YPNOTY, OTMOC Yo
napdderyua otn MAXQ didonaon (Dietterich, 2000), kot pébodot 6mov padaivovy v
epapyio omd poveg Tove, dmmg yo mapdderypa n uébodog HEXQ (Hengst, 2002). AAlo
éva KaAd mopddetypo epapykng pebodov eivar ot emdoyég (options) (Suton et al.,
1999), o1 omoiec &ivor YPOVIKA QPNPNUEVES YEVIKEDCEIS OPYEYOVOV KOTOGTAGE®MV,
VYNAOTEPOL EMUTEOOV, KOl UTOPOVV VO OPLOTOVV (G TOMTIKES Y10 EMAOYY EVEPYELNG

KT TN SBPKELDL LG YPOVIKTG TTEPLOJOV.

2.3.3 Teyvixég Ilpooéyyiang Lovaptioewv

H pébodog g mpooéyywong ovvoptmoesov (Sutton ko Barto, 1998), mov

ypnowonoteiton pe EM, mpémer va umopel vo avryetonilet to  dokekpuéva
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yopoktnplotikd g EM. Avtd sival: 1 kaBootepnuévn aviapofn, 1 xpovikn arxddoon
evbuvov, to TPOPAnua g e€epedvnong Kot eKpeTdALELONC, TNV TOAVOTNTO PEPIKADGS
TOPATNPNUEVOV KOTAGTAGE®V Kot pddnomn ko’ 6An ) dudpkela {mng Tov Tpdktopa. O
OKOTOG NG TPOGEYYIoNS cuvaptinoewv Yo v EM givar va dddEer pior motikn yio
EMAOYN KAmol0g evépyelag dedopévng Kamowg katdotaonc. H pabnon otv EM yivetan
o€ TPOYUATIKO ¥pOVO, ONAadN 1M cuvaptnon mpénel vo, pumopel vor oAAAlel Katd T
dugpkelo Tov mpoPAnuatog. EmmpocHeta, m cvvaptnon ypedletor vo pabaivet
avéntikd. o mapdderypo, otnv EM o mpdktopag pabaivel v BEATIGTN TOMTIKN, EVO
avtn oAAGCel. Axoun kot av 1 moMTIKY] pével 1 10w, ot emBuuntég TWEG NG

KOTAGTAONG Uopel vo aAAGEOVV.

2.4 MomTkn

[ToMrtikn| givan 0 tpomog mov Kabopiletor 1 emAoYN evEPYELNG N GAMDS TNG TOATIKNG
mov Ba axoAovBeitat. vyvd xpPNGYOTOOVVTOL TPEIS TOAMTIKES Y10 EMAOYN evépyelag. O
OKOTOC OLTOV TOV TOMTIKOV &ivor 1 €ElcoppdTnon HETOEDL NG EKUETAAAELONG
TPONYOVUEVNG YVAOONS Kot NG €Egpevvnong vEmv evepyelnv. Avtég eivon 1) e-greedy,
Katé TNV Omoio TIG TEPIOCOTEPEG POPEG EMAEYETOL 1M EVEPYEW HE TNV UEYOAVTEPN
EKTIUMUEVN avTapolPn, n omoia ovopdletol g n o dminotn evépyela. [lavta, petd amod
KOO0 ¥PpOoVIKO S1AoTNa, EMAEYETAL TV pio EvEPYeLo pe pia pikpn mbavomra €. H
EVEPYELDL EMAEYETOL OLOLOLOPPA, OVEEAPTNTA OO TIG EKTIUNGCELG vEpyelag-a&ioc. Avtn N
péBodog e€acarilel OTL v EKTELECTOVV TOAAEG eEmavaANYELS, KAOE evépyeta Bo dokipaoTel
OPKETEG POPES, KOl GLVETMG gyyveital 6Tt Oo avakailvebovv Pértioteg evépyeteg. 2) e-Soft,
n omoio. eivor moAV mapopown pe v e-greedy. H kolvtepn evépyesio emdéyston pe
mBovomra 1-& Kol Tov VTOLOTO YPOVO EMAEYETOL OLOIOHOPPA Lo TuYaio gvépyeta. ‘Eva
HEOVEKTNUHO, TV TToMTIK®OV e-greedy kot e-soft eivor 0Tl emAéyovv tuvyoieg evépyeleg
opodpopea. o mapddetypo M yePOTEPT EVEPYEIDL Kol 1 OEVTEPT KOAVTEPY| EVEPYELL
propovv vo emtheyovv pe v id1a mhavotnra. 3) Softmax, n omoia dev €xel TO PEIOVEKTN LN
TV 000 TPONYOVUEVOV TOMTIKADV, apoD TaSvopel kaOe evépyela avAoya (e TNV eKTiuNo
evépyelag-o&iag mov €xel. Mo tuyaio evépyela emAEyeTal Eyovtag voyn 1o Pépog mov

oxeTioTNKE Pe KABe evépyela, KATL TO 0moilo onuaivel 0Tt VILAPYEL TOAD pkpn TOOVOTHTO VO
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eMAEYOVV 01 XEpOTEPES evEPYeLes. H mo ocuvnbiopévn softmax pébodog ypnoponotel pio

katavopu Boltzmann 1 omoia e£nynonke oto kepdioto 2.1.

2.5 Mopkopravég Avodikacics Atépaong

Muw Baocwkr vroBeon oapxethg €pevvoc omv EM givar 611 1 aAAnienidpoon €vOg
TPAKTOpO. Ko Tov mEPPAALovTog pmopel vo povteromombBel wg piee Mapkofiovn
Awdwocio Aropacng MAA. Avedptnta and v EM kot vioBetdvtag pio oxetikd mo
amloikn ewova, po MAA givor pa mieiéoda (S,A,pT,pR), 6T0L S givol T0 GHVOAO TV
KaTooTdoewV, 4 T0 GUVOAO TMOV EVEPYEL®V, PT glvol €vo HOVTEAO HETAPOONG OV
ovAMappaver v mlavomTa pr(S->s’) N evépyeln a oTNV KOTAGTOON S TN YPOVIKN
oty t, Ba odnynoel oty katdotacn s’ T ypovikn otiyun t+1, ko pr givon éva
povtélo ouolfic to omoio cviiauPaver v mOoavoéTHTa. PR(S->F) TG AYNG TG
QUOPNG I petd TV ekTéAEOT TNG EVEPYELOG o otV Katdotaor S. H eniAvon tov MAA
amoteleitor amd TNV €Vpecn oG ToAMTkNG 7w S->A, mn omoio cvoyetilel TIg
KOTOOTACELS LLE TIC EVEPYEIEG KO PEYIGTOTOLEL TIC LEAAOVTIKEG QOIBES I, £YOoVTag KAVEL

EKTTOON 6° aVTEG UE TO PLOUO EKTTMOONG ), KOTA TN S1PKELD TOV XPpOVoU t.

2.6 Taxi Problem

To Taxi Problem (TP) é&yet dnuovpynfei yio v emideién me MAXQ 1epapyiknig
dibdomaonc (decomposition) amd tov Dietterich (2000) ko amd tdTE YpNnowonoleitan
EVPEMG OTOV TOUEN TOV EpapYIKOV HeBddwv. Xto TP €yovue éva 5x5 miaicio Odmwg

eoivetal 6To Xymua 2.5.
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Y B

Yympa 2.5: To mhaicro Tov wpofipatog Tov tali

OOV VILAPYOLY TECTEPELS E0IKA GYedlacUEVES TomoBesiec o1 omoieg amewovilovTot wg
R(ed), B(lue), G(reen) ka1 Y(ellow), éva ta&i kot évag emPdarng. O emPdrng punopei vo
Bpioketal o pia amd owtég T1g Té00epElg Tonobeaieg eite péoa oto Ta&i.

YKomog avtoh Tov TpoPAnuatoc givor vo udbet, o taEl (ONAad 0 TPAKTOPAS), TOL
Bpioketar o emPdrne, va petaxvndel oty Tomobecio avt Ko vo ToV mapaAdPet, Kot
OTY] CUVEXEWL VO TOV HETAPEPEL GTOV TPOOPIoHd mov embBupel pe 660 10 dLVVATO

Mydtepa frpara.

To ta&i exiva and po toyaio BEon 6e avTd TO TAMIC10, KOOMG EMIONG KOL 1] OPYIKT|
tomoBesio Tov emPaTn OTMOS KO 0 TEMKOG TPOOPIGHAG TOL, oL Kabopiloviat Tuyaio o
p omd auTéG TIC TEGGEPELS €10IKA oyedlacpéveg tomobeoies. Emiong etvar dvvotov m

apykn Tomobesio Tov emiPdrn va etvon pésa 6to tadi.

Ye kbe Pua, to toEl umopel va ekTeAEGEL Lol EvEPYELDL OO TIG aKOAovBeg EEL va
KivnOet a) éva tetpdyovo Popua, PB) éva tetpdywvo voTia, y) £va TETPAY®VO aVOTOAMKAL,
Kot 8) éva teTpdyvo duTikd, €) va mapordfel tov emParn kot §) vo apnoel tov
emParn. Av KTUTGEL G€ TO1Y0 1 av TPoomadnceL vo. Byl EKTOC TV 0pimV TOV TAMGIOV
n 0éom tov dev aAldalet. T o emrvynpévn petapopd maipvet cav apopn 20. Av to
1ol extedéoel v evépyeln «mapérafe tov emPdtn» oe tonobesio 6Omov dev Ppioketan
0 emPag, N av NoN petapépetat o emPdng tote maipvel cov apopny -10. Exmiong av
EKTEAEGEL TNV gvépyela «apnoe tov emPdmn» e AavBacuévo mpoopiold, N Yopic va

peTapépel Kamolo emPatn kot maAL 1 apopr] mov maipvet ivor -10. o omowdnmote
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GAAn evépyewo M apon eivar -1. H kdBe doxun tedeudvel 6tav yivel emtuymg 1

peTapopd Tov emPdrn, amd 1o taéi, 6TOV TPOOPIGUO TOL ML LEL.

To TP pmopel va dwrtvnwbel ¢ o emeicodioky MAA pe 1tpelg PeToPAnTtég
katdotoong: v Tonobesio mov Ppioketor to tagi (0-24), v tomobecia tov emPdn
(0-4, 6mov 10 0 onuaiver 6T 0 emPatng Ppioketor pésa oto ta&l) kot v ToT0OEGIO TOL

poopiopo? (1-4). Apa chvoro Ba Exovue 25X5%4=500 KOTOUGTACELS.

2.7 Extetropévo Taxi Problem

Eivar o eméktaon tov andov Taxi Problem (Dietterich, 2000) a1 éxet dnuiovpynBel
amd tovg Diuk, Cohen woi Littman (2008) vy vo yiver emdeifovv ndC o
avtikelpevootpeene aiyopibpoc DOORMAX (Diuk, Cohen «ou Littman, 2008)
CUUTEPIPEPETOL GE TPOPANUATO e HEYAAO CUVOAO Kotdotoonc-evépyelag. 1o ETP
éxovpe éva 10x10 mlaicto kol okTd €101KA oyedlacuéveg tomobeciec dmov umopel va
Bpioketor 1 va emBopel va petafel o emPdng dnwg paivetonr oto Zymua 2.6. g ot
T0 TAAIC10 1oY0EL OTL 1oYVEL KOl Yoo T0 amAd TP dcov agopd Tig €51 evépyelec mov

dwaovtal 1o tall va ektedéoel o kabe Pripo, KaBdg emiong Kol OTL 1O0YLEL Yo TIG

apo1Péc.
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Yympa 2.6: To ekteTapévo mhaicro Tov tpofinpatos Tov tadi

OOV VITAPYOVV OKTMD EWOIKA GYEIGUEVES TOTTOOEGIEG 01 0oieg amekoviloviar o¢ R, B,
G, Y, W, M, Pxat C, éva ta&i kar évag empPatmg. O emPdng punopet vo Ppicketol o
p oo avTéG TIg okt Tomobecieg eite puéoa oto Toél.

2.8 MAXQ owaonaon yro to apopinpa tov tadi

H MAXQ éiGonacn (decomposition) yio to popinua tov to&i (Dietterich, 2000) eivon
L0 EPOPYIKN OVOTOPACTOCT) TOV TPOPANUOTOS, GTNV OMOoio ¥PNOCUOTOEiTOL £Vag
YPAPOGS, 0TS paiveTal 6to Zynuo 2.7, 0 0moiog mepEyeL OVo £idn kKOUPwVY : Max koéufot
kol Q xopPor. Or Max koppot ywpic moudid LTOINAMVOLV apPYEYOVES EVEPYELES KOl Ol
Max kopfot pe modid avamapiotovy vrodoués (sub-task). Kabe Q koufog vrodnidvet

pio gvépyeta 1 omoio Umopel vo EKTEAESTEL Y100 VAL ETLTOYEL 1] VOO LT TOV YOVEX TOV.
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[QPickup] [ QMNavigateForGet ] [ QNavigateForPut ] [QPutdown]
I

—

| QEast(t) I [ QSouth(t) ] [ -;‘o‘;’eﬁr(tj ]

Yyfqua 2.7: MAXQ ypagog yro to mpopinua tov taéi (Dietterich, 2000)

omov vapyovv Max kopPot koar Q kdpPot. Ot Max képupot ywpic moudid vTodNAm®VoLY
apyéyoveg evépyeteg katl ot Max koufot pe moudid avomopiotovy vrodoués (sub-task).
Kdabe Q koépPog vmodnAdvel puo evépyela 1 omoio Uopel vo EKTEAECTEL Yo VoL ETITUYEL
1 VTOSO T TOL YOVEQ TOV.

2.9 IIponyovpevy gpyacio

Etvor moAbd dvokoro va kabopiotel 10 KATAAANAO GHVOAO KATOGTAGEMY KOl EVEPYEIDV
oe Oha ta mpoPAnuato EM tov mpaypatikod kocpov. Tig mepiocdtepeg (opég
amoTeiton OpKETA HEYAAN YOPNTIKOTNTA LUVIUNG Yo VO KOADWEL OAEG TIG EVOEYOUEVES
OYETIKES KATAGTACELS KOl EVEPYELEG TOV UTMOPEL v EMAEYOVV KaBDS pmopel va vdpyet
po gvupeio. TOKIAIDL KOTOGTAGE®V, KOl EVEPYELOV TOL UTOPOVV Vo EMAEYOVV Yo KAOE

katdotaon. Kotd ovvémein vmipyet  évo ouvovooTikO  wpoOPAnua  EkpnéEng
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(combinatorial explosion problem) koatd v mpoomdbelo vo diepevvnbovv OAeg ot

mOavég evépyeteg amd OAeg TG TOOVEG KATAGTACEL.

IIpdtog o Singh (1992) mopovcicce &vo oAyOplOUO Kol ML OPYLTEKTOVIKY
amotehovpevn amd VIopovAdeS, 1 omoia pabaiver v Sidomaocn pog oHvOetng
Axolovbakng Epyaciog Atdpaong (AEA), ko emtuyydvel v petagopd e pabnong
avToAAGCovTog TIc AVGelS petald TV vopovadmy . Ta aroteléopata £de1&av OTL M
emiAvon pwog ovvBetng AEA givol KoTtaoKELOGUEV OO Ol DTOAOYIGTIKE OvEEOOM

LETOTPOTY) T®V AVGEMV TOV LIOUOVAOWV TNG.

¥t ocvvéyelo ot Dayan kou Hinton (1993) éoei&av mw¢ pmopei va dnuovpyndel pio
devbuvtikny epapyion Q-Learning (Watkins, 1989) o6mov ota vynid emimeda ot
O1evBuvtég pabaivouy TAC Vo KATAVELOLV TIG EPYUGIEC GTOVG LTOOEVOLVTEG, 01 oToiol

HE TNV GEPA TOVS Hofaivouy TAG Vo TOVS IKOVOTOIOVV.

H Kaelbling (1993) nopovciace tov akyopiBuo HDG (Hierarchical Distance to Goal) o
0TO{0G YPNOOTOIEL [0 1EPAPYIKT SLUCTACT] TOL GLVOAOL TOV KOTOOTACE®MV YL VO

KAVEL TNV LABNON 7O OITOJOTIKT).

Ot Wiering kot Schmidhuber (1996), oyediacav tov iepapyikd arydpiBuo HQ-Learning,
0 omoiog gival pia tEepapyikn enéktoon tov adyopidpov Q-Learning (Watkins, 1989), o
omoiog Avvel Mepwag IMapampnuéveg Moapkofuovéc  Awdikacieg  Amopaomg
(MIIMAA). O HQ-Learning Pociletoan oe o datetaypévn akolovbio amd vmo-
TPAKTOPES, 0oL 0 kaBévoc pabaivel va avayvopilel kol vo emidvel po Mopkofovi
vrodoun amd oAdKAnpnm v ooun. Kdabe mpdktopoc poboiver o) éva kotdAinio
VootoYo Kot B) o Mapkoflavn moMTIKY, £XOVTaG KATO0 GUYKEKPLUEVO VITOGTOYO.
Téhog xatdoepav va deiovv Otii o) ovtdg o alydplupoc pmopel va emAdoet
npoPAnuate Tov o anAdc akydpiBupog Q-Learning dev pumopei va emdvoet, B) pmopei vo,
EMADCEL PEPIKMG TOPATNPNUEVOVG AafOpvOoVg e TTEPIOCOTEPEG KATUGTAGELS Oomd
OVTEG TTOL YPNOUOTOVVTOL OTIG TEPICCOTEPEG TPOMNYyoUeveG epyacieg e MIIMAA
Kot y) Umopel va EMADGEL YPIyopo, TOADTAOKEG dOUEG OV YPEALoVTaL VTOAOYIGHOVE

10V TEPPAALOVTOG Y10 V. EAEVBEPDGOVY £Vl LTAOKOPIGUEVO LOVOTLATL TTPOG TOV GTOYO.
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O Parr (1998) avéntuEe pio véa TPooEyyion Yo TOATIKES 1Epapykadv dopumv MAA mov
11 ovopace HAMSs (Hierarchies of Abstract Machines). Ot HAMs, expetaAledovtar
Oewpia g MUI-MAA (6mov 0 YpoviKOd dbdotnue. peTald piog amdeaons Kot NG
enopevng g kabopileton amd pio toyoio petafAnt), oAdd n éugacn divetar otnv
anmAomoinon tev mepitAokwv MAA meplopilovtag TV KAGOT TOV EPIKTOV TOMTIKOV,
KOl OYl OTNV EMEKTOCT] TOV EMAOYDOV EVEPYEWNC. AV KOl EIGAYAYOVV LEPAPYIKE, YPOVIKA
apnpNUéEveg evépyeteg, dev daomovv Tic MAA og aveEdptnta vrompofAnpata. Qotdco,
CUUTANPOVOLY éva VEO €100¢ O1domaoNG, TOV UTopel Vo OCTAGEL KATA UEPOG TNV
MAA oc¢ aveEdptnta koppdtio. Avti n pnéBodog ddomaong kotackevdlel Eva chvoro
TOMTIK®OV Y10l TIG SAPOPES TEPOYES TG MAA Kot T1g cuvovalet Yo va Bpet por yevikn

Adon.

H pabnon, o oxedaoudg ko n avamopdotacn g yvoong o oldpopa emimeda
YPOVIKNG OPOLPETIKOTNTAG Elvol HaKpOYpOVIEG TPOKANGES oToV Topéa TG Teyxvntig
Nonpootvng. Ot Sutton, Precup xai Singh (1999) édei€av mmg avtéc o1 TPOKANGELS
pumopotv va dtevfetnBovv péoa oto mAaicto epyaciog g EM kot tov Mapkofiovov
Awdwkaoiov Andépaonc (MAA). Enéktevay v cuvnBiouévn £vvola g evEPYELOG GTO
TAaiclo gpyaciag Yoo va gleaydyovv emAoyEC-KAEIGTOV-Ppdyyov moltikég (options-
closed-loop policies) ywo v extéleon (oG evEPYELNG HETA amd UIo YPOVIKT TTEPi0do.
Ievika €de1&av OTL 01 eMAOYEG EVEPYOTOIOVV TNV YPOVIKY OPALPETIKOTNTO TNG YVMOONG
KOl TNG EVEPYELOG Y10 VA 160000V 6T0 mAaiclo epyaciog g EM pe puoikd Kot yeviko
tpomo. Ilo ovykekpyéva €deiov OTL o1 emAoyég pmopel va  ypnoiomoindodv
EVOAMOKTIKA HE TIG apy€yoveg evépyeleg o€ HeBOdoVG oyxedOoU0D, OTMG SVVOUIKOG

TPOYPOUUATIOUOC, Kot o€ peBddovg puabnong, 0twe Q-Learning.

O Dietterich (2000) mapovciace pio véa TPOGEYYIGN OTHV 1EPAPYIKT EVIGYVTIKT udbnon
Bacwopévn ot MAXQ duiomaon n omoio €xel Kot SadKaGTIKY onuoactioroyia (cov
EPOUPYIKY  LTO-POVTIVA) Kot ONAMTIKY onNuacloAoyio (cav  ovamopdoTacn g
ouvapmong a&iog g 1EPaPYIKNG TOMTIKNG). [ v epapyikn avamopdotacy Tov
npoPAnpatog ypnoyonoteital £vag ypaeog o omoiog meptéyet dvo €idn kouPov : Max

koupot ko Q képPot. Or Max koot ywpig modtd VILOINADGVOLV aPYEYOVES EVEPYELES
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Kot ot Max képupor pe moudid ovamapiotovy vrodoués (sub-task). Kabe Q wkoufog
VTOONADVEL oL EVEPYELX 1 OTTOT0L UTOPEL VO EKTEAEGTEL Y10 VAL EMITOHYEL 1| LIOSOUN TOV
yovéa tov. O Dietterich €deiée 611 0 MAXQ ypa@og Umopel vo avomapacTioEL TV
Yvvaptnon A&lag omocONTOTE EPAPYIKNG TOMTIKNG 1 Omoio. VAoTolEital amd ToV
ypéoo. H mo onuoavtikn mroyn g pebodsov MAXQ sivar o dtoayopiopdg HETaED NG
ave€apm e and 10 TEPPAAAOV TOMTIKNG Kot NG ovvaptnong aiog (ot omoieg
avomoplotavtol amd toug Max koppovg) kot g eaptnuévng amd to mEPPAALOV
ouvaptong a&lag (n omoia avomapiotdton amd tovg Q KOUPovg). Avtd emtpénel )
pébnon g ovvapton aéiog Twv vwodoumv aveEdptnta omd o TEPPAALOV TOVS, Kol
OVTO EVICYVEL TNV EMOVOPNCLLOTOINCT TOV LITOOOUMV KOl KAVEL TO €OKOAN TNV
APUPETIKOTNTO KATACTAGE®Y UETAED TV vodopmv. Emiong €deiée 011 0 adydpBuog
MAXQ-Q, mov eivar Pooiopévog otov aidyopiBpo Q-Learning, €yet mold kaAdtepn
amddoon amd Tov un Epopykd orlyopuo Q-Learning. To mpoPAnua Tov aviuetomilel
N nébodog MAXQ eivar To yeyovog 0t 1) tepapyikn Sopun tov mpoPAnuatog dev yivetan
oVTOUATA, OAAG TTPETEL VO YIVEL OO TOV TPOYPOUUATIOTH. AVTO UEPIKEG POPEG UmOopEl
va, Oewpnbel cov mAcovEKTNUO EMEWN OTOV 1 SLOOTOGT YIVEL OO TOV TPOYPOLUATIOTY),
t6TE €lval TOAD mOavO va Exet yivel opBd, evd av o adydpBpog evromilel avtOpOTO TV

KATAAAN AN doun vdpyel mbavotnTa va punv Bpebel n kotaAAnAdtepn.

Ot Andre xot Russell (2001) enéxtevay v uébodo HAM (Parr, 1998) dnuovpymdvrag
™ uébodo programmable HAM (PHAM) n omoia enttpénel 6Tov XpHotTh va TEPLOPIcEL
TIG TOMTIKEG Ol omoieg AapPdavovtor vwdyn katd T SdpKew TN SdKacio ™G
puéOnonc. ‘Edeiéov 0TL Ta TPOYPAUUOTO TPOKTOP®V Ypapuéva, e oth T uébodo etvan
ocvviopo kaBmg emiong kol Epapykd (amoteAoVuEVO, OmO  VRTOHOVASES). AvTd
OLEVKOAVVEL TV QPOLPETIKOTNTO KATAGTAGEMY KOl TNV UETAPOPE TV 0£E0TNT®V TOL
éxel nabet o mpaxtopag. H péBodoc avtr mephapufdvel otabepd yopakTnploTiKd, OTme
01 TOPOUETPOTOMUEVES VITOPOVTIVES, TPOGMPIVES SIUKOTES, OVOICTOAES Kot LETAPANTEG

pvnung. Eniong emrpénel un kabopiopéveg emAoyEg GTO TPOYPOULLO TOV TPAKTOPO.
O Hengst (2002) mapovciace tov adydopibpo HEXQ o omoiog mpoonabei vo gvtomicet

OLTOLOTO TNV 1EPAPYIKN OOUT KOt VO EMAVCEL TIS WKPOTEPES draovvoedepnéveg MAA

TO OmMOOOTIKG LE TO VO PPioKeL Kol VoL EKUETOAAEVETAL ETAVAAALUPOVOLEVES VOO UES
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oto mepifairov. ‘Exel oyedaotel yuo va evtomi(el avTOpOTO TNV OQOIPETIKOTNTO
KOTOOTAOE®V KOODG €miong Kol TNV YPOVIKN OQUPETIKOTNTO. AkOun Ppioket
KOTAAANAOVG VIT0-6TOY0VG (SUb-goals) kot dnpiovpyet TV EPAPYIKN OVATOPACTOCT] Y10,

v enthvon g yevikng MAA.

O1 Ghavamzadeh kot Mahadevan (2004) oaoyoAnOnkov pe v emkowvmvio, peTo&d
OLTOVOU®MV TPOKTOPOV KOl TPOTEWVAV £vo. VEO aAYOPOUO GUVETOPIGUOD TOV TOV
ovouacov COM-Cooperative HRL. Avtog o akydopiBuog ektdg and to va podaivet Tig
0e&10TNTEG GLVTOVICUOD OTO EMMEOO TOV LVITOOOUMV, TEPIAAUPAVEL Kol TIG OTOPAGELS
mov  AouPdvovtor Kol a@opovv TNV  EMKOW®OVIOL HETAED TOV  TPOKTOPWV.
Xpnoomolmvtag avtd tov adyopifpo ot mpdktopec pobaivovv g TOAMTIKY Yoo va
woppomn el 1 emkovovia mov ypelaleTat, Yoo T0 KOTAAANAO KOGTOG EMKOIVMVING Kot

GUVTOVIGLOV.

Ot Marthi,Latham, Russell ka1 Guestrin (2005) mepiypoayav pio yYAGooo Yo pepkms
TPOGOOPIGUEVES TOMTIKES, 0€ TAAiC1O OTTOV doVAEVLOVY Lol TOALOT VITOTTPAKTOPEG, Y10
VO, LEYICTOMOCOVV [ KON GuvapTnon opohg. Avti 1 yYAOooo emekteivel v
yhdooo ALISp pe KOTOOKELOOTEC Yo GLYXPOVICUO Kot  SLVOUIK) — ovabeon
vromPaKTOPp®V 01N doun. Katd ) dibpkeia g pabnong, ot vmorpdktopeg paboivovv
L0 KOTOVEUNUEVT] OVOTTOPACTACT] THG cLVAPTNONG Q Yo VTN TNV UEPIKT] TOMTIKY] Kol
OTN OULVEYEWN, KOTA TN OldpKew eKTEAEONG, ovvtovifovial Yoo Vo EVIOTIGOVV TV

KOADTEPT KON EVEPYELN Yo KAOE B

O1 Mehta a1 Tadepalli (2005) diepgdvnoav v S1ELKOAVVOT NG AVTOAAAYNG TOV
oLVoPTNoEDV a&log TV VTOSOUDYV, UETAED TOAAATADV TPOKTOPOV KOl £O€EAV OTL
OTOV, QVTN 1 TPOGEYYIOT, GLVOLOGCTEL LE KATAAANAEG TANPOPOPIEG GUVTOVIGUOV, HIopEl
v 0VENGEL GNUAVTIKA TNV ToOTNTO TG HLABNONG Kol v TNV KOVEL MO EMEKTAGULN
avéroya pe tov apliud tov tpaktopov. Enéktevav to MAXQ mhaicio dnpovpydvrog
to multi-agent shared hierarchy (MASH) nAaicio, t0 omoio emtpénel TV €MAEKTIKN
OVIOAAOYT] TOV oLVOPTNCE®V 0&l0g TOV VTOJSOUDV UETOED TOV TPOKTOPOV, Kot
avamtuéav éva adyopiBpo, yio avtd o mAaiclo, o omoiog gival PacioUEVOg G LOVTEAQL

LEGOL OPOL AUOPDV.
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Mia véa pébodog g IEM mov ovoudletar OMQ mapovsidotnke amd tovg Shen, Liu
ko Gu (2006) kot evoopatdver tic Emloyéc (Suton et al., 1999) omv tepapyikn
uébodso MAXQ (Dietterich, 2000). H puébodog MAXQ ypnoipomoteitar cov 1o Pocikd
TAicl0  €pyaciag Yo TOV EUTEPIKO  OYEOWGUO  EPaPYIOYV Kot ot  Emloyég
YPNOLOTOOVVTOL Y10 TV GLTOUATY KATOUGKELT LEPOPYLDV. ZVYKPIVOV TV 0mdO0GN TG
puebddov OMQ oe oxéon pe v amoddoon Twv Emroyov kot g MAXQ kot
katéAn&av oto cvumépacpo 6Tt 1 pébodog OMQ elvar M TO TPOKTIKY O HEPIKDG

mapoatnpnuéva tepPdriiova and Tic aAleg 2 nebdoovc.

M and T mo amotelecpotikég pebddovg oty IEM eivar 1 MAXQ pébodog
(Dietterich, 2000), n omoia dpw¢ eivor VTOAOYIOTIKA akpiPr kot Exel Pabdid epapyia,
KATL TO 07010 TNV KoO1oTA U TPOKTIKY Yo Kamoteg epapuoyés. Or Mirzazadeh, Behsaz,
kot Beigy (2007) mopovciocay éva véo alydpiBuo o omoiog Bertidvel tov MAXQ-Q
(Dietterich, 2000) kol HEWOVEL TNV VIOAOYIGTIKY] TOALTAOKOTNTA Ogiyvovtag OTL O
YPOVOC KTEAEGNG TOV iva TOAD o UIKpdG amd tov ypdvo ektédeong tov MAXQ-Q.
Avtoc 0 alyopiBuog pabaivel v cvuvdptnon aélag avti va v vroloyilel pe mAnpn
épeguva omd OOl TOL LOVOTATIOL TOL YPAPOL. AVTO yiveTon pe to vor pobaivel kol vo
amofnkevel TV cuvaptnon agilog Tov apyéyovemv Kabmg kot Tov chvieTtmv kouPov (ki

Oy nuovo tov apyéyovov kKOuPov 0mmg yivetor otov MAXQ-Q).

O1 Mehta, Ray, Tadepalli xou Dietterich (2008) napovciacav tov adyopiOuo HI-MAT
(Hierarchy Induction via Models And Trajectories) o omoiog Bpiokel Tic 1epapyiceg ot
gpyaocieg mov ortnpiovion otmv MAXQ pébodo, spapuoloviog povtélo Bayesian
OKTVOV G€ o emTLYNUEVT TpoYd amd v apyn epyacia. Edeigav 61t o HI-MAT
Kataokevalel ovumayelc epapyieg ol omoieg eivan ovykpiolues pe Tig epopyieg ot
omoieg OMUIOVPYOVVTOL GO TOV YPNOTH KOl OLEVKOAVVETOL 1) EMTAYLVOT TG LABNONG
otav petagépetan oe o gpyocia otdxo. O HI-MAT Bpioker tic vmoepyoaoieg
AVOADOVTOG TIG TUYOIES KOL YPOVIKES OYEGEIS LETAED TMV EVEPYELDY GE QTN TNV TPOYLAL.
Kérto and tig katdAinieg vrobécelg Ppioketl wepapyieg ot omoieg givarl cuvenng e v
POyl M omoia mopatnpNOnKe kol €xovv cvumayeilg mivakeg cvvaptnong a&iog mov

BonBohv 6TV acEAA OQAPETIKOTNTO KATOCTAGEWDV.
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Ot mo mave pebddol oToYEVOVY VO PPOVV TOMTIKEG Ol OTOIEC WEYIGTOMOOLV TO
EKTTOTIKN OAIKY opoPn pokpompdbeopa. Amd v GAAN TAgvpd, £xel omoderydel OTL
Y0 (0L LEYAAT] KOTYOPIO TOV GUVEXOUEV®V EPYACLOV £IVOL TO KATAAANAO TO KPITHP10
0V Péltiotov pécov O6pov apoBmv. ‘Etol or Ghavamzadeh kow Mahadevan (2007)
avéntuéay €va mAaiclo epyaciog Poaciopévo oto PEATIOTO pECO Opo apOIPOV Kot
depgvvnoav 000 oppolcopovg g IEM mov avtictolyovv o€ 00 €vvoleg NG
Behtiotomoinong omv  IEM:  epapyiky kou  avadpopkn  PeAtictomoinomg.
XpNoWomouwvtag ovtd 10  mAoiclo  mopovcsiocav  tovg  aiyopiduovs: HAR
(Hierarchically optimal Average Reward), o omoiog Bpickel TV 1£papyIKn TOATIKY 0o
TIG TOMTIKEG oL KaBopilovion amd TV Epapykn Odomacn 1 omoio HEYIGTOMOlEl TO
oMo képdog, kat RAR (Recursively optimal Average Reward), o omoioc petayepileton
TIG 60VOeTEC VIOOOUES cav TPOPANUATO GLVEYOUEVOL UEGOVL OpOov apoP®dV, dTov O
016Y0¢ o€ KABe vTOdoun ivon M HEYIGTOTOINGT TOL KEPOOVG EYOVTAG TIC TOATIKES TOV

TAO100 TOV.

[Tapa moAAn épevva, yio v emihvon MAA ypnowomnoiwviag EM, oto maperbov,
Baciotnke otov oLVOLOGUO WHEBOOWV EKTIUNONG TOPAUETPOV KOL OPYITEKTOVIKMDV
TPOGEYYIONG CLVAPTHCEMV YOl TV OVOTAPAGTACT] TG cuvaptnong aéiag. Ta tehevtaia
YPOVIDL VILAPYEL LEYOAO EVOLAPEPOV GE €val VPUTEPO TTANIGIO TO 0TOi0 GLVOVALEL TV
OVOKAALYY NG OVOTAPACTAONG KOl TOV EAEYY0 NG MAONone, Omov o1 cLVOPTAGELS
a&lag mpooeyyilovionl YPNOILOTOIDVTING £VO YPOUUIKO GLVOLOGUO MG CUVAPTNONG
Baong, e€aptuévng and v gpyacio 1 omoio pabaivetol Katd TV OdpKeLd ETTALONG
wog Eeyoplotig MAA. Ov Osentoski kaw Mahadevan (2010) mapovoiacov pia véa
TPOGEYYION Y10 TNV OVTOUATY KOTAGKELT TG cuvaptnong Pdong yuoo IEM ko €dei&av
OTL M HABNoM £XEL OMNUAVTIKY EMTAYVVOT| GE GYXECN LE TIG APYITEKTOVIKES TPOGEYYIONG

GUVOPTICEWMV.
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Kepdiaro 3

IHeprypaen Xvotportog

3.1  Ewayoyq

3.2 Evioyutikn Mdébnom Evog [pdxtopa

3.3  Evioyutikn MéOnon IoAlamiov [paktopwv
34  Tevikd Hotua

3.1 Ewayoy

Onog &xm TpoavapEpel, 0 6TOYOC AVTNG TG SWTAMUATIKNG epyaciog stvar 1 e§gpedvnon
neboowv EM oe mpoPAnuota pe HEYOAO GUVOAO KOTOGTACEMV-EVEPYEUDY, KOL O
ovykekpéva Iepapywonv pebodov EM. ‘Etot avortoybnke éva mhaiclo epyoasiog yio
v afloAdynon tov tpaktopwv EM, xpnoylonoimviog v YAOCoo TPOYPUULATICUOD
Java, n omoio poG TPOGPEPEL AVTIKEYWEVOSTPEPELDL KOl 0pKETY emidoon. To khplo pog
KivTpo MTov M avATTLEN €VOG YEVIKOV KOl EDPMOGTOV TANIGIOV Tov vrootnpilel TV
avamtuén Kot v aSloAdyNnon TV TPAKTOp®V, 01 0Toiot ekrtadevovion pe EM. Avti n
dmhouatiky epyoocio katamdvetoar pe to «Taxi Problemy. ‘Etol, ypeialdpoctav éva
ocbotua Tov o propovoe vo vrootnpi&el omowadnmote grid world mpoPAnuozo, apod
010 péALOV Ba pmopovce va emektabel avth N epyacio, eetdlovtag Toug alyopdovg
oe meplocdtepa mpofAnuota. Akoun acyoindnkaue pe Evioyvtikn MdOnorm Evog
[pdxtopa (EMEII), kaBmg eniong xon pe Evioyvtik Mabnon [Holhardov [paktopmv
(EMIIII). "Etot to cvompa Oa énpene va oyedaotel pe T€T010 TPOTO, OGTE Vo, LTOPEt

va Agttovpyel opBa Kot 6T 000 TEPMMTMOGELC.

Eniong, 10 cvotpa Ba Enpene vo oyediaotel e 1€T010 TPOTO, £TGL OGTE OTOLOGONTOTE

Ba 10ede va TO YPNOUOTOMGEL Yo Vo PTIAEEL TIG OIKES TOV EMEKTAGELS (TEpIPdriovTa,
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grid world, mpaktopeg, véovg adyopiOpovg), vo pnv ypetdletar va EEpetl mwg Aettovpyel
T0 GUGTNHO, OAAL VO TPETEL LOVO VO EMEKTEIVEL GUYKEKPIUEVES KAAGELS, YPAPOVTOS TOV

OKd TOV KMOKA, YWPIG Vo ovnoLYEL Yo To GAAO GVGTOTIKG TOV GLGTHILOTOG,.

Ev kataxieidy, 10 cvotpa omotedeitar and 600 emPEPOLE GLOTAHOTA: 0) GUGTNUA
EMEII, mov aocyoieiton OmMOKAEIGTIKA pe TNV ekmaidevon &vog mpdktopa kot [B)
ocvotpa EMIII, mov acyoleitatl pe v ekmoideuor TOAAATADY TPAKTOP®V, TO 0010

OUmG pumopet va ypnotpomomBel Kot yio v eknoidevon evOg TPAKTOPaL.

3.2 Evioyvtikiy MaOnon Evég Ilpaxtopa

3.2.1 AAyopiBuor mwov viomonOnrav

3.2.1.1 AXyépiBuoc Q-Learning Evig Ilpdxtopa

Ytov adyopiBuo Q-Learning opyikd £xovpe TV @ACN OPYIKOTOWCEMY GTNV ONOi0
OPYIKOTOOVVTOL Ol EVEPYEIEG, TO EVIOYLTIKO ONUOTO KOl 1) KOTACTACT TOV
TEPPAAAOVTOC LE KATOEG OPYIKES TYLEC. LTIV CUVEYELD, Y10, KAOE EMEIGOO10 EYOVUE TNV
eEedpeon ™G apykng kataotaons. Axolovbwg, v Kabe Pruo tov enelcodiov, o
TPAKTOPOC EMAEYEL P eVEPYELD PE PAon TNV KoTdoToon Tov TePPAALOVTOS Kol TNV
TOMTIKT] OV 0KOAOLOEl. Xt ocvvéyeln, 10 mePPdrrov AauPdvel v evépyela Tov
TPAKTOPO, OOUOPPAOVEL TNV KOTACTOON TOL KOl TNV EMOTPEPEL GTOV TPAKTOPW,
StvovTag TOV Kot TO KATAAANAO EVIGYLTIKO GNLLA, TTOV avTioTol el otnVv apoiPn. Térog, o

TPAKTOPOS EVILEPDOVEL TNV ZVVAPTNON EVEPYELNG-0EINS.

AxoiovBei oto Zynpa 3.1 0 yevdokddkag Tov alydpBpov ovtov:
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Apyonoinon Tov TiH®V g cuvaptnong evépyewg-atiog Q(s,a) avbaipeta
EnavérlaPe (Yo kdBe eme1cdo10):
Apyomoince v apyIkn Kotdotoon s
EnavélaPe (o kdBe Pripa Tov eneicodiov):
Enélele o evépyela o amd TV KOTAGTOCT S YPTCLOTOUDVTOG LI TTOALTIKN
1N omoia amoppéet amd v Q (w.y e-greedy)
Extélece v evépyela a, mopatipnoe Ty apoPn r Kot v emopevn Katdotoon S’
Qs a:) — Qs ap) + [I',+1 + 7 max Q(sip1.a) — Q(sy, a,)]
S€S’;

Méypt to S va glval Teppatikd

Yyfqna 3.1: AhyéprOpog Q-Learning Evog Ilpaxtopa.

Sopemvo pe tov adyopiiuo dtatnpovpe Tipég Q Tig omoieg apykomoovue avbaipeTa.
AxolovBwg emavarapBdveror 1 eENng dwdikacio: Ao TNV KATAGTAOT S EMAEYOVUE TNV
evépyeln o GOUEMVO LE KAmola ToATikn. Eeocov mdpovpe v apo1Pn kot v emopevn
Katdotoon avave®vovue TV Q TN g KATACTOONG S e EVEPYELNL & GOUPOVO. [LE TOV
TOTO GTO GYNLLOL.

3.2.1.2 AAyopi6uoc SARSA Evog Ipdxropa

O alyopBuog SARSA givar Topopotog pe tov okyopiuo Q-Learning. H dopopd tovg
EYKELTOL GTOV TPOTO LLE TOV OTTO10 YIVETOL 1] EVIUEPMOGCT TNG CLVAPTNONG EVEPYELNG-0EING
ond TOV TPAKTOPO. XLVYKEKPYEVO GE OVTO TOV aAYOPIOUO £YOVLHE apy KA TNV GAch
OPYIKOTOMGEMV GTNV OTO10, OPYIKOTOIOVVTOL Ol EVEPYELEG, TOL EVIGYVTIKA GTLLOTO KO 1
Katdotoon Tov mEPPAALOVTOC e KOTOLEG OPYIKEG TWEG. LTV OLVEXEW., Yo KaOe
eMEGOO10 £yovpe TNV ££€VPEON TNG APYIKNG KOTAGTAONG KOl TNV EMAOYN UG EVEPYELNG
oo Tov mTPAKTOopa pe PACT) TNV aPYIKY KATAGTOGCT TOV TEPPAAAOVTOG KO TNV TOALTIKN
mov akoAovBel. AxoroVBwc, Yo kdBe Prpa Tov emeicodiov, 10 mepPdArov AapPdver
TNV EVEPYELD TOV TPAKTOPX, SWOUOPPAOVEL TNV KOTACTOGT TOL KOl TNV EMOTPEPEL GTOV
TPAKTOPA, OIVOVTOG TOL Kol TO KOTAAANAO EVIGYVLTIKO GO, OV OVTIIGTOLElL GTNV

apopn. Tote, o mphktopag emAdyst v emdpevn evépyela pe Paon v emdpevn
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Katdotoon Tov TEPPAALOVTOC Kot TV TOATIKY oL akoAovbel. Térog, o mphKTopog

EVNLEPAOVEL TNV ZVVAPTNON EVEPYELOG-0ETNG.

AxoAovBei oto Zynua 3.2 0 YeudoKDIKG TOL AAYOPOOL 0L TOV:

Apyonoinon Tov TiH®V g cuvaptnong evépyeg-atiog Q(s,a) avbaipeta
EnavéloPe (Yo k60e eme1cdo10):
Apyomoince v apyIkn Katdotoon s
EnéleCe o evépyela o amd TV KATAGTACT S P CLLOTOUDVTOS L0 TOALTIKT
N onoia anoppéet amd v Q (w.y e-greedy)
EnavélaPe (Yo kdOe Pripa tov emeicodiov):
Extéhece v evépyela o, tapatnpnoe v apoPn r Kot tnv emOUeVN Katdotoon S’
EnéleCe o evépyela o’ amd TNV KATAGTACT] S° XPNCUYLOTOIDVTAG 0L TOALTIKY)
N omoia amoppést amd v Q (w.y e-greedy)
Q(s0: @) — Qs0, @) + arers +7Q(se41; arsr) — Qlse ar) |
S€S’; a<a’;

Méypt 10 S va givor TEpUATIKO

Yympa 3.2: AhyoprOpog SARSA Evog Ilpaxtopa

XOupova pe tov akyopdpo dtatnpovue Tipég Q Tig omoieg apykomolovue avbaipeta.
Axolovbwg emavarapBdveror 1 eENng dodikacio: ATO TNV KATAGTAOT S EMAEYOVUE TV
EVEPYELD 0L GOUPMVO LE KAOla TOATIKY. EQocov mdpovpe v apo1Pn kot v emopevn
KOTAGTAOT) OVOVEDVOLUE TNV Q TN TG KATACTOONG S [LE EVEPYELQ @ GOUPMVA, LLE TOV
TOTO GTO GYNLLO.

3.2.1.3 Axyopi6uos PHC Evog Ilpoxtopa

O aiyopBuog Policy Hill-Climbing (PHC) givat o o enéktacn tov adyopipov Q-
Learning, mov epapudleton ota woiyvio kg otpatnyikic. O PHC oty ovosia kévet hill-
climbing otov y®po tov pKT®V ctpatnyikedv. Ot Q tipég dutnpovvtot onws Kot otov Q-

Learning. EmumpocBeta, o olydpiBpog dwmmpei v tpéyovca pikty moAtikr. H
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ToAMTIKY BeATidveral pe v avénon g mhavottog ott Oa emdéel v evépyela pe
™V VYNAGTEPN TYWN, COPP®VO HE €va puOpd uddnong o € (0,17 . Otav 0=1, o
aAyopiBuoc eivar 1oodvvapog pe tov Q-Learning, pog ko pe ke Pripo m moArtikn
KIWveltalr otV GmAnotn emloyr, emiéyovtog pe mbavotnto 1 v evépysio pe v

VYNAOTEPN pOIPT.

AxoAovBei oto Zynua 3.3 0 YevdoKOIKAG TOL AAYOPIOOL CVTOV.

1. 'Eotm a xm o pulpol nafmons. Apyixkonoinoe,
Qfs.a) € 0. a(s.a) ‘(—L
|4l
2. Enavéhafe,
(o) Amd mv xardotaon S, enéhele evépysawr o pe mBavomra a(s.o), pe wdmow
ECEPELVI|ON
(P) Iapanijpnoe tyv avrapoi r ko EXOUEVT) KETAGTAGN § K1 VIOAOYIOE

Qs,a)=(1-a)Q(s,a)+a(r+y ”;ﬂ.'kr;r[s'.fr'”

() Evquépace 1o n(s.a) pe

8, ava = argmax,, Q(s,a’)

n(s,a) € a(s.a) + |4, = 1, adwde

Yympo 3.3: AhyoprOpog Policy Hill-Climbing (PHC) ywe maiyt i

2oppova pe tov odyopiBuo dwtnpodpe tég Q Tig omoieg apyucomorovpe pe 0 Kot
mBavotteg Yy kdOe (eVYoC KOTAGTOONG-EVEPYEWNS TIG OTOIEG OPYIKOTOIOVUE HE
1/ITAn00g evepyeidv Tov cLykeKPIEVOL TalyTn. AkolovBwg emavolopfaveTot N €ENG
dwdwacio: Amd v Katdotaorn S emALyovpe TV evépyewr a pe mbovotnta 7(S,a),
Kévovtag dpmg Kot ypnon g mhovottog yw e€epevvnon. Epdocov mdpovpe v
apoPn Kot TNV eMOUEVT KATACTOOT avavemvovpe v Q T g Katdotaong S Ue
EVEPYELDL o0 GOUP®VO [LE TOV TOTO GTO GYNMa, KoB®G kot v mbavotnto z(S,a), OTmg
delyvel 0 aAydp1Bog 6To GyNLLa.
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3.2.1.4 AXyopiBuog WoLF-PHC Evég Ipaxropo

O aiyopOpog WoLF Policy Hill-Climbing sivar pio enéktaon tov alyopidpov PHC. Ot

ONUOVTIKES dlpopoTomoel; tov og oxéorn pe tov PHC eivan n ypion petafintod

pLOLoL pabnong kot n apy] WoLF. H apyn tov WoLF dnAdvel «Mdabe ypriyopa evocm

Yavers kot apyd evoom vikac» (“Win Or Lose Fast Policy Hill-Climbing”). H pé6odog,

v va d1evkpvilovpe mOTE VIKA 0 TPAKTOPOG Kol TOTE 01, GLYKPIvEL TNV TPOPAETOUEVT

aUOPN TG TPEYOVGAG TOMTIKTG LE QLT TNG LECNG TOMTIKTG GTO YPOHVO.

AxoAovBel oto Zynua 3.4 0 Yeudok®IKAG TOL OAYOPLOLOV 0V TOV.

1. 'Eote a xm 6l > dw puBpoi pafnone. Apjnixonoinoe,
1

Qfs.a) € 0, a(s.a) € m L Cis) €0
i

2. Enavélafe,
(o) And myv wordotaon S, endlele svépyswe o pe mBovémre afsa), pe wdmow
elepetviion
(P) Mapanipnoe v avrapolpi r ki ETGUEVY) KETACTHON S Ko VIOAGYICE
Hsa)=(1—-a)Q(s.a)+air+y ":1.'1'@{5'.:1'}1
(v) Evmuépwoe mpv avapsevipewn mbovotnra e péons mokruais T
C(s) € C(s)+1
va €Al fisa’) € fAsa)+ ﬁ (n(s,a") — i(sa’))
(8) Evnuépeae (s, a) paon

4, av a=argmax,Q(s.a’)
nis,a) = n(s, a)+

TAT=1 aAdiwe
Ohron,
5={131n'.m' Yer(s.a)Q(s.a) = ¥ w(s.«)Q(s,a)
ol , ahdacg

Yymna 3.4: AhyoprOpog WoLF-Policy Hill-Climbing (WoLF-PHC) yw mtaiyty i

O oiyopBpog amattet 2 pvBuovg pébnong o/ > ow. Otav o TaiyTng VKA ¥pNCYLOTOIEITAL TO OW Kol GTHV
avtifen mepintwon 1o Jl. Avtd evromiletal cuYKPIivOVTOS TNV OVOUEVOLEVN T YPNCLOTOLDOVTOG TIG
Tpéyovoeg Q TWEG aKOAOLOMVTOG TNV TPEYOLGO TOMTIKN) 7T OTNV TPEXOLCO, KOTACTAGY HE OUVTO
axoAovB@VTOG TNV PEST TOMTIKY| L. AV 1) AVAPEVOLEVT TYT OO TNV TPEXOVCA TOATIKY efvat PkpoTepT

(o maiyng ydver), o peyodvtepog pubLog Labnong yproylonoteitat.
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3.2.1.5 AxyopiBuoc MAXQ-Q Evig Ilpaxtopo

O aryopiBuog MAXQ-Q ypnowomotel v Lepapyikn pébodo MAXQ, n onoia docmd
10 TPOPAnua o pikpdtepeg MAA (M) ko eivar pio 0md TIC TO OTOTEAECUOTIKES
uebodovg otnv IEM. Emiong eivon Baciopévog otov arkyopibpo XA Q-Learning. o v
EPOPYIKT AVATOPACGTACT TOV TPOPANUOTOC YPNOILOTOLEITOL EVaG YPAPOS O OmOoi0g
nepEyel 6vo €idn kouPwv : Max kopPot kot Q koppor. Ot Max kdpupot ywpic modd
VTOONAMVOLV apyEyoveg evépyeleg kot ot Max woufor pe modid avomoplotovv
vrodopég (Sub-task). Kdébe Q xoépupog vmodnidvel o evépyela m omoio umopel va

EKTEAECTEL Y100 VOL ETLTOYEL 1] LITOSO T TOV YOVEQ TOV.

Kd&be apyéyovog Max kopPog €xet v own tov Xvvaptnon Aloc, eved 1 Ty g
Yvvaptmon A&iog otovg ovvBetovg Max kopuPovg vroroyiletor pe TV OVOSPOUIKN

ovvaptnon EvaluateMaxNode(i,s) tov oynuaroc 3.6.

Kaéabe Q wopuPog éxer dvo Xvvaptioelgc OroxAinpwong (completion function): a) v
«eEotepkny ovvaptnon orokAfpwong C(i,s,a) kol B) v «EoOTEPIK» GLVAPTNON

orokMipwonc C(i,s,a).

H «e&mtepikn» ovvaptnon orokAnpwong C(i,s,a) vroroyilel v avapevouevn apoipn
Y TNV OAOKANpoN NG SoUNG Mi, LETA TNV EKTEAECT) TNG EVEPYELNG & OTNV KOTAGTOOM
S, aKOAOVOMVTOG TNV TOATIKY Yo TNV doun Mi. 11 GUVEYELD YPTOUOTOLEITOL OO TNV
doun «motépacy e Mi yio va vrohoyioer v T V(i,S), mov eivor 1 avapevopevn
apo1fn yio v ektéleon g evépyelag | EEKvOVTAg amd TV KOTAoTOOo S.

H «eomtepicii» ovvaptnon orokAgpoonc C(i,s,a) sivor pio GuvapTnen oA0KARPOGNC 1
onoia ypnoomoteital HOvo «UEco» 6ToV KOUBO I, TPOKEWEVOD VO, AVOKOADYEL THV

TOMIKA BEATIOTN TOAMTIKN Yo T dopn| Mi.

AxoAovBei oto Zynpa 3.5 0 Yevdok®IKAG TOL aAYOPOOV 0V TOD.
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function MAXQ-Q(MaxNode i, State s)

1 let seq = () be the sequence of states visited while executing i
2 if iisa primitive MaxNode
3 execute 1. receive r. and observe result state s’
4 Vigrlios) = (1 —au(i) - Vi(i, s) + a.(i) -1
5 push s onto the beginning of seq
6 else
7 let count =0
8 while Ti(s) is false do
9 choose an action a according to the current exploration policy nx(i, S)
10 let childSeq = MAXQ-Q(a, s), where childSeq is the sequence of states
visited while executing action a. (in reverse order)
11 observe result state s’
12 let o = argmax_, [Ci(i, s, a") + Vi(a',s')]
13 letN=1
14 for each s in childSeq do o )
15 Crpliss,a) = (1= (1)) - Cila, s,0) + ay(1) AN [Rils')+ Cili,s'a” ) 4+ Vi(a", s))
16 Copa(iys,0) = (1 —ar(i) - Cii, 5,0) + ar(i) -7 [Cr(i, s a7) + Vila™, ')
17 N =N+1
18 end // for
19 append childSeq onto the front of seq
20 s:=¢
21 end // while
22 end // else
23 return seq
end MAXQ-Q

Yympa 3.5: AhyoprOpog MAXQ-Q Evig Ilpaxtopa

O aAyopBuog eivor évoc avadpopukog adydpiBpog. H extéheon piog avadpopkng
KAnong teppartifet gite 6Tav 0 Max kopupoc mov Pprokdpacte etvar apyEyovog kéuPoc,
elte O0tav PploKOUOCTE GE TEPUATIKN KOTAGTOOT. Xpnowonoteitar (o Alota Seq m
omoio. amofnKevel TV akoAovbia e TIG KATOOGTAGELS 01 0TTOleg EXOVV EMOKEPTEL KOTA
™mv ektédeon tov Max kopupov i. Emiong ypnowonoteitor n AMota childSeq oty onoia
amofnkeveTal  Alota Seq tov kdfe Max koéupov i 6tav TEPUOTICEL pioL AVASPOUIKN
Kinon. Katd v extéleon tov adydpBuov, av o Max koépfog dev etvar apyéyovog Ko
N KATAoToon 7oV PPoKOpacte Ogv €lval TEPUOTIKT, TOTE YIVETOL EMAOYN EVEPYELNS
COUPMOVO HE Ht TOMTIKY Kot yivetor Eova ovadpopky] kKANom tov aiyopiBpov
CULPMOVO LE TNV VEN EVEPYELD TTOL emAEYNKE. Av 0 Max kopfog eivar apyéyovog tOte
yiveTon eKTéAEOT TNG EVEPYELNG KOl TOpOTNPEITOL 1) alpoP) KO 1) EMOUEVT] KOTAGTOON.
211 GLVEXEWL AVOVEDVETOL 1] TN NG cuvlptnong atlag V g Katdotaong S cupe®va
pHe TOvV TOMO GTO OYNUo. Metd Tov TEPUATIOUO OGS OVadPOIKNG KANoNG Yivetow
TOPOTHPNON TNG EMOUEVNG KATACTOONG S Ko yivetal €0peon Tng ATANCTNG EVEPYELNG
a* yw Vv Katdotaon S’ cOUe®VA LE TOV TOTO GTO CYNUO. XTN GULVEXELW, Yo KAOE
Kotdotoon S mov Ppioketoar ot Aloto childSeq vyivetor ovavémon tev 600
cuvapTicemv orokMipmong (completion function) C kou C cdppova pe Tovg TOHTOVG
670 GYAUA, 61OV Ri(S’) eivan ywevdooopy yor Ty Katdotaon S’
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Axolovbei oo Zynua 3.6 0 yevdokmdkog ¢ cuvaptnong EvaluateMaxNode(i,s).

function EvALUATEMAXNODE(Z, §)

if 7 1s a primitive Max node
return (Vi (i, s),4)

else
for each j € A;,

let (Vi(j, 8),a;) = EvaLuaTEMAXNODE(], s)
let "9 = argmax; Vi(j.s) + Ci{i, s, j)
return (V; ("9, .u)'_.  hg )
end // EvALUATEMAXNODE

Yyfqna 3.6: Zovaptnon EvaluateMaxNode(i,s)

H ovvapnon avt eivat avadpopikn Kot Kével Evo TANpr EAeyy0 omd OA To LOVOTTATIO
tov MAXQ ypdpov, ypnoyomoimdvtag mpobepatikny didoyion, EeKvaviag amd Tov
KOpPo I kot kataAyoviog o€ KOuBouvg «puAlay. H extéheon puiog avadpoutkng kAnong
teppotiCer 0tav o Max wouPog mov Ppiokdpoacte eivar  apyéyovog kOuPoc,
EMOTPEQOVTOC TNV TN TG Zuvaptnong A&lac, Vi(i,s), tov kouBov avtod, KobmG
emiong Ko v evépyela I 1 omoia odnyel o avt) TV TN, Av dev BploKOLOOTE OF
apyéyovo  ko6pPo, tOTE  yivetar  ovodpOMIKY) KAAON  TNG  OLVAPTNONG
EvaluateMaxNode(i,s) ywo «dOe evépyewa m omoion umopel vo emdeyel amd TtOV
ovykekpiévo kKopPo. Otav yiver o €Leyyog yio OAEC TIC EVEPYEIEC OV UTOPOLV VoL
eMAEYOUV amd éva Max kOpPo, emAéyeton 1 EVEPYELX N OTTO10L LLEYIGTOTOIEL TNV TIUN TNG
Vi(i,s) ocdupmva pe tov THo 610 oYU

3.2.1.6 Aiyopi16uoc MAXQ-PHC Evog Ipdxropa

O alyoépiBuog MAXQ-PHC etvan o Iepapywkn vAomoinon tov aiyopiBpov PHC
ypnowonowwvtog v MAXQ Iepapywn didomacm. Eivor mapdpotog pe tov alyopBpo
MAXQ-Q, pe v dwpopd 6tL 1 emroyn g kbbe evépyelag yivetan pe faon kdmoiwv

TOavoTNTOV.

AxoAovBei oto Zynpa 3.7 0 YevdoKMIKAG TOL AAYOPLOLOV 0V TOD.
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function MAXQ-PHC(MaxNode i, State s)

1
2
3
4
5
6
7
8
9

10

11
12

13
14
15
16
17
18
19
20
21
22
23
24
25

let seq = () be the sequence of states visited while executing i
if iisa primitive MaxNode
execute 1. receive r. and observe result state s’
Vigrlios) = (1 —au(i) - Vi(i, s) + a.(i) -1
push s onto the beginning of seq

else
let count =0
while Ti(s) is false do
from state s select action a, with probability n(s,a) with some
exploration
update n(s,a) and constrain it to a legal probability
distribution, ,
w0 — s+ f S NS anmee Q)
let childSeq = MAXQ-Q(a, s), where childSeq is the sequence of states
visited while executing action a. (in reverse order)
observe result state s’
let o = argmax,, [Ci(i, s, a") + Vi(a', s")]
letN=1
for each s in childSeq do i _
Copa(i,8,0) = (1= ay(i)) - Co(i, 8,0) + ap(i) - YN [Ri(') + Coli, 8, a”) + Vila™, 8)]
Cra(iys,0) = (1 - ae(i)) - (i, s,0) + (i) -y [Cr(i, ' ,a”) + Vila",8')]
N=N+1
end // for
append childSeq onto the front of seq
s:=58’
end // while
end // else
return seq

end MAXQ- PHC

Yympa 3.7: AhyéprOpoc MAXQ-PHC Evég Ilpaxtopa

2Ooppova pe tov odyoplBupo dwatnpovpe mbavotnteg yuoo Kabe (evyog Katdotoomg-
evépyelog Tig onoieg apywomotovpe pe 1/ITA700g evepysumv. O akyopiBuog e&nyndnke
oto oyfua 3.5. H dwpopd etvar 611 otov aryopiBpo MAXQ-PHC n emhoyn evépyetag
yivetoaw pe PBaomn xdmowv mbovotntov (ypoappn 9), kot petd oamd Kdabe emAoyn
evépyelog yivetar avovéwon g mbavotntog 7(S,a), 0nmg ogiyvel o akyoplBpog oto
oynua (ypopun 10 ko 11), 6mov 0 givor o puOpog pédnong.
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3.2.1.7 AiyopiBuosc MAXQ-WoLF-PHC Evog Ipaxtopa

O aryopiBpog MAXQ-WOLF-PHC eivon pia enéktaon tov aikydpibpov MAXQ-PHC
kot o lepapywkn vAomoinon tov aiydpOpov WOLF-PHC ypnowomoidviag v
MAXQ Iepapyn didomact. Zvykekpipéva o akydpiBuog amottei 2 pvOuovg pabnong
ol > ow. Otav o maiytng vikd, YpNoIUOTOLETOL TO OW Kol 6TV avtifetn mepintmon 10
ol. Avtd evromileton GLYKPIVOVTIOG TNV OVOUEVOUEVT] TIUY, YPNOLLOTOIOVTIOG TIC
Tp€xovoeg Q TéS, akoAoVOMVTOS TNV TPEYOVGA TOATIKY| 7T, GTIV TPEYOVGO KOTAGTOCT
HE aVTO, 0KOAOVODVTOG TNV HEGT TOAITIKN 7T AV 1] AVOUEVOUEVT] T oTd TNV TPEYOLGA
moMtikn efvon  pukpdtepn (0 malyng ybver), o peyoAvtepog puludg  pabnomg

YPNOOTOEITAL.

AxoiovBei oto Zynua 3.8 0 YevdokmIKAG TOL OAYOPLOLOV OV TOV.
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function MAXQ- WoLF -PHC (MaxNode i, State s)

1 let seq = () be the sequence of states visited while executing i
2 if iisa primitive MaxNode
3 execute 1. receive r. and observe result state s’
4 Vigr(iys) = (1 —a,(i)) - Vi(i, s) +a (i) - 7y
5 push s onto the beginning of seq
6 else
7 let count =0
8 while Ti(s) is false do
9 from state s select action a, with probability n(s,a) with some
exploration
10 update estimate of average policy, &
C(s) € C(s)+1
va €Al fi(sa) € fAs.a) + —— (m(s.a’) — (s.a))
11 update n(s,a) and constrain it to a legal probability
distribution,
) § ifa = argmax,_, Q(s,a’
12 m(s,a) — (s, 5)—'_{ I-1?I{5—1 otherwise ( :
where
_ Jw i m(s,a)Q(s,a) > >, T(s,a)Q(s,a)
o = { &7 otherwise
13 let childSeq = MAXQ-Q(a, s), where childSeq is the sequence of states
visited while executing action a. (in reverse order)
14 observe result state s’
15 let a" = argmax_, [ (i, s, a’) + Vi(a',s')]
16 letN=1
17 for each s in childSeq do
18 Copaliys,0) = (1 (i) - Cy(i, 8,0) + ay(i) - \[R Ci(i,s',a") ‘|‘Ir(f£“=.‘i).
19 (f+]( f}.—( (i) - Cili, s,0) + au(i) -y [Cli, 8 a™) + Vila",
20 N+1
21 end // for
22 append childSeq onto the front of seq
23 s:=¢
24 end // while
25 end // else
26 return seq

end MAXQ- WoLF -PHC

Tyfpa 3.8: AhyépOpog MAXQ- WoLF -PHC

2opeova e tov akyoplipo dtatnpovpe mBavOTNTES Kot TIUn HEONG mOUVOTNTOG Yo
k60e Cevyog Katdotaong-evépyslg Tig onoieg apywonowovue pe 1/ITA70og evepyeidv.
Eniong dwutmpodpe kot éva petpn yo k4Be kotdoToon o omoiog apykomoteitan pe 0
Kot ov&avetor kotd 1, kdBe @opd mov EMOKENTONAOTE TNV KOTAGTOoN avt. O
alyopBpoc e&nyndnke oto oynua 3.5. H dwapopd givar o1t otov adyopiuo MAXQ-
WoLF -PHC n emioyn evépyelag yiveron pe Pdon kdmowwv mbavotntov (ypouun 9),
Ko petd omd kabe emhoyn evépyelag yivetor avavEémon tng péong mbovotnTag T Kot
™G ThavOTTOG (S, @), OTIWG dElYVEL 0 BAyOpOpog 6T0 oynuo (Ypopun 10 - 12).
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3.2.2 Xvototikd 2ootiuotog

To oVvompa arnoteleitarl and o e£NG KOPLOL GLCTOTIKA:
1. Simulation

Environment,

SA Gridworld,

Graph,

MaxQ,

Q_Learning,

Sarsa,

Phc,

Wolf,

MaxQ_Q,

MaxQ PHC,

MaxQ WoLF PHC

© © N o g bk~ wDN

ol e
N 2o

H x\hdon Simulation givai to k0p10 GLGTATIKO TOL CLGTAUATOS HOC. YAOTOONKE GOV
Aogapetiky KAdon (Abstract Class), yio va avaykalel v eméktoon Tng Kot €101
EMTPEMEL T YPNON TOAVUOPPIoHOV. Mo KAdo™ ov emekteivel tnv Simulation, pmopet
elte va apopd mpocouoimon aiyopiBumv &vog mpaktopa, &ite TPocouoiwon
olyopiOumv  TOANOTA®V  TPAKTOP®V. XT0 GCUGTNUO VAOTOMGOUE THV KAAON
SA Simulation (Single Agent Simulation) m omoia kAnpovouei amd v KAdon
Simulation. H SA_Simulation aAAnAemidpd pe tov ypnotn divovtag Tov TV evkopio va
eMAEEEL TOV aAYOP1OO OV BEAEL VO TPOCOUOIMGCEL. ZVAAEYEL TNG TANPOPOPIES KO TIG
otéAvel o€ éva avTikeipevo g kKAdong RunTrial, to omoio givol vevbvvo ya va kdvet
avt) ™V mpocopoinon. Eniong emkowwvel pe éva avtikeipevo g kAdong PlotGraph

10 omoio givar VTEVOHLVO Yo TV ONUOVPYIL TOV YPUPIKDOV TAPUCTAGEWDV.

H x\don Environment eivar 10 kVpo ovotatikd vy 10 mepPdirov mov Oa
ypnowomnombei. Yromombnke cav Apapetikny KAdon, yio va avaykalel tnv enéktoon
™m¢ amd omolodnmote mepParlov. Emkowmvel pe v kAdon State Variables, agov

ypewletar va TPOTO KMOKOTOINONG TOV KOTAGTAGE®Y TOV TEPPAAAOVTOC, Yol Vo
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umopel vor epunvenoel KAmo evEPYELD KOl v SIOUOPPDOGEL TN VEX KOTACTOGT. XTO
oboTNUO TOVL VAOTTOMcoUE dnuovpynoape po kKhaon SA_Taxi_Problem (Single Agent
Taxi_Problem) n omoia kinpovopei amd v kAdon Environment kot emkowvmvel pe
mv kAdon SA_Gridworld, apov ypelaletar vo yvopilel mov vdpyovv eumddlo. 6To
TAaic10, Ta. OP1OL TOL TANLGIOV KOt TIG EMTPENTEG ToMobEGiec oL pmopel va Ppioketan M

va 0éhel va petagepbei o emPdng.

H xidon SA _Gridworld (Single Agent Gridworld) avtmpocwnedel 1o mhaicio tov
wpofAuatog, oa@ov SwPalovtoc Eva  aVTUTPOCOTEVLTIKO apyeio TO Onpuovpyet.
Emwowwvel pe v khdon Wall, apod kabopilel mov vrdpyovv gumddio 6to miaicto.
Emniong oe avt v KAdon vrdpyovv ot emtpentég tomobecieg Yoo Tov emPaTn Kot ot

KOTOOTAGELS TOV TPOPANUATOC,

H xhdon Graph &ival 1o k0plo 6LOTOTIKO TOV GLOTNUATOS TOV AVTUTPOCHOTEVEL TNV
EPOPYIKN ovomapdaotacn Tov mpoPAnuatog pags. ‘Eyxet viomombel cav Apopetikn
K\don yio va avaykdlel tTnv emEKTOON TNG Kot £T61 EMTPETEL TN (PT|OT] TOAVUOPPIGUOV.
Mia kAdon mov enekteivel Ty Graph pmopel va ovamapacTtioEL 1Epapykd 0T0100NTOTE
GALo mpoPANUa. e owtd T0 svoThra el Vhomonbei n kAdon SA_Graph (Single Agent
Graph), n omoio. vAomotlel Tov ypdpo ywa to TP yia éva mpdxtopa. Emkowvovel pe tig
K\doeig Node, MaxNode, MaxNodePHC, MaxNodeWoLFPHC a1 Qnode, agov
ypewdletarl vo dnpovpynosetl Eva ypago pe Max ko Q xoupovs. H xhdon MaxNode
KAnpovouet amd v khdon Node, n kKAdon MaxNodePHC kAnpovopei and v kidon
MaxNode kot 1 xidon MaxNodeWoLFPHC «Anpovouei oamd tnv KAdon
MaxNodePHC. Oa &&nynfei otnv cuvéyeia mov ¥pNoIUoTOoVVIOL aVTEG 01 KAAGELS.
Eniong emwowwvel pe v xhaon SA_Gridworld, apod ypeidletar vo yvopiletr Tig

KOTOGTAGELS TOV PO PANLLATOG.

H «léon MaxQ eivar o K0p1o cuotatikd yuo 10 nepifariov mov Ba ypnoiponombel yuo
T0v¢ Iepapycog akyopiBuovc. Kinpovopei and v khdon Graph agov ypeidleton vo
EEpel TV 1EpapyIK|] avamapdcTtacn Ttov mpoPAnpatos. Emiong emkowwvel pe v
KAdon State Variables, apov ypeidletor £va TpOTO KOIKOTOINONG TOV KOTOOTAGEDV

10V TEPPAALOVTOC, Y10 VO LTOPEl VO EPUNVEDCEL KATOL0 EVEPYELNL KO VAL SLOUOPPADCEL
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™ véa Katdotaon. Akoun emkowvovel pe v kAdon SA_Gridworld, apod ypeidletan
va yvopilel Tov vIdpYovV EUTOSI0. GTO TANIGLO, TOL OPLO TOV TANGIOV KoL TIG EMITPENTES

tonofeciec mov pmopei va Bpicketor 1 va BEAeL va petapepbel o emPatng.

H xhaon Q_Learning eivor n kAdon oty omoia vAomomdnke o adyopiOpog Q-Learning.
Kinpovouei and v «hdon SA_Taxi_Problem, agod to mpdpfinpa mov eiyope va
vAomomoovue apopovoe to Taxi Problem. Emkowwmvel pe v kidon SA_ Gridworld
Y10, Vo, dSNIOVPYNHGEL TO TAQIGLO0 ToV TTpofAnuatoc Kot pe tnv kAdon State Variables,

apov ypeldleTal Eva TPOTO KMOKOTOINOTG TOV KATAGTAGE®MY TOL TEPPAALOVTOG.

H «haon Sarsa givail n kAdon otnv omoia vAomomOnke o akydpiBuog Sarsa. KAnpovopet
amd v KAdon SA_Taxi_Problem, apod to mpdfAnua mov giyape vo LAOTOMGOVUE
agopovoe 1o Taxi Problem. Emkowwvei pe v xhdon SA Gridworld ywo va
dNUIOVPYHOEL TO TANIGIO TOV TPOoPANuaTog Kot pe tnv KAdon State Variables, apov

YPEBLETON £VOL TPOTO KMOKOTOINGNG TV KOTAGTAGEWV TOL TEPPAALOVTOC.

H xhoon Phc givar 1 khdon oty onoio. viomombnke o adydopiBuoc PHC (Policy Hill-
Climbing). Kinpovouei and tv xidon SA_Taxi_Problem, agod 10 mpoéfAinua mov
elyope va viomomocovpue agopovoe to Taxi Problem. Emowwmvei pe tv xhdon
SA_Gridworld yw va dnuiovpynoetl 1o mAaiclo Tov TPoPARUATOC Kol HE TV KAGoN
State Variables, apov ypeidletar éva TpOTO KOOIKOTOINONG TOV KOTOOTACEMY TOV

nepPdAiovtoc.

H xhoon Wolf givaw 1 kAdon oty omoia vAomomdnke o olyopiOuog WoLF-PHC
(WoLF Policy Hill-Climbing). Kinpovouei and v kAdon Phc, apod o aiyopiBuoc
WOLF-PHC eivor pio emnéktaon tov aiyopipov PHC. Emwowwvel pe v xidon
SA_Gridworld ywa va dnpiovpynost 1o mAaiclo tov mPoPANUATOS Kol HE TV KAGoN
State_Variables, agov ypeidletor éva tpdmo KMIKOTOINONG TOV KUTOUOTAGEDV TOV

nepPaArovToc.

H «hoon MaxQ_Q eivor n kAdon oty omoia viAomomnke o aiydpiBuog MaxQ-Q.

Kinpovopel oand v xidon MaxQ, n omola avimpoowomedel TV  1EPOPYIKN
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avanapdotacn tov TpoPfAnuatog poc. Exuowmvel pe v kAdon SA_Gridworld yw va
dNUIOVPYACEL TO TANIGIO TOV TPOPANUaTog Kot pe tnv kAdon State Variables, apov
ypewletar éva TPOTO KOIKOTOINGNG TOV KATAGTAcE®Y Tov TepiBailovtog. Emiong
emkowmVvel pe T kKAaoelg MaxNode kot Qnode agpov ypnoyonotei tovg MaxNode kot

Qnode tov ypaeov yio TV eniAvon Tov TPoPAILATOC.

H «haon MaxQ_PHC eivar n kAdon otmv omoio vAomomnke o aiyopipog MaxQ-
PHC. Kinpovopel and v kAdon MaxQ, n omoio avTimpocmmedel TV 1EPAPYIKY
avanapdotacn tov TpoPfinuatog poc. Exuowmvel e v kAdon SA_Gridworld ywa va
dNUIOVPYAOEL TO TANIGIO TOV TPOPANUaTog Kol pe tnv KAdon State Variables, apov
ypeldleton €va. TPOTO KWOWKOTOINoNG TV Kataotdoemv tov mepBdarovtog. Emiong
emkowovel pe 1g kKAdoeslg MaxNodePHC «kor Qnode oa@o® ypnoipomotel tovg

MaxNodePHC kot Qnode tov ypépov yio. thv €xiivon tov TpoARuatod.

H «hoon MaxQ_WOoLF_PHC sivaw 1 KAdorn oty omoio. viomomnke o aiyopiOuog
MaxQ-WoLF-PHC. KAnpovouet amd v kAdon MaxQ, n omoia avtimpocwomevel v
EPOPYIKN  OVOTOPACTACT) TOV TpoPAnuotog pog. Emkowvmvel pe v xkidon
SA_Gridworld ywo va dnuiovpyncetl 1o mAaiclo Tov TPoPARUATOC Kol HE TV KAGoN
State Variables, apov ypeidletar £vo TpOTO KMOIKOTOINONG TOV KOTOOTAGEMY TOV
nepipdAlovtog. Emiong emkowomvel pe tig khdoeig MaxNodeWoLFPHC kot Qnode
apov ypnowomotei tovg MaxNodeWoLFPHC kot Qnode tov ypdgpov yia thv emidvon
TOL TPOPANLOTOG.

To Zynuo 3.9 mapovcidler ™ dovvoeon TOV KAAGE®Y aLTOD TOV EMUEPOVG
GLGTNUOTOG, OEYVOVTOG MO TOPACTATIKA OAd Oca eénynnkav mo mave. And 10

GYNUO 0VTO TAPOUTNPOVLLE OTL TO GLGTNO Uopel va emektabel gdKOAO.
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Woff

Graph

Xympae 3.9: Atecvvoeon Khdoeov Xvotiparog EMEITL

llode
Environment
(nade Haxhode SA Graph
SA Gridworld ?
HarllodePHC
Haxd NlodeValue
_ N
State Variables 4
MaxodeloLFPHC »— | Maxg Q - HaxQ_PHC
Simulation PlotGraph Runrials — Printinfile MaxQ_WoLF PHC
$A Simulation

To Béhog — = onuaivel 6Tt n KAGon (| avtikeipeva g) mov Ppickoviol ot
apotepd Tov Pélovg, eite ypNoYomolEl GTIYHOTVTO AVTIKEWEVOV NG KAGONG OV
Bploketor ota de&d tov Pélovg, eite kaAel otatkés peBodovg e To Pérog

R — [ ; , ’ ’ . ’ ;
onuaiver 6Tt n KAdon mov Ppioketor aploTEPd Om OVTO KANPOVOLET
YOPOKTNPIOTIKA 0mtd TNV KAdo™ mov PBpicketan ota 6e&d TOV.
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3.3 Evioyvtikn MdaOnon loiraridv Ipaktépov

3.3.1 AAyopiBuor wov viomonOnrav

3.3.1.1 AXyépiBuoc Q-Learning yia IloAlomlovg [paxtopeg

Ytov adyopiBuo Q-Learning opyikd €xovpe TV @ACT OPYIKOTOWGE®Y GTNV OTOi0
OPYIKOTOIOVVTOL Ol EVEPYEIEC, TO EVICYVTIKG ONUOTO KOL 1) KOTAGTOON TOL
TEPPAAAOVTOC LE KATOIEG OPYIKES TYLES. LTV CGUVEYELD, Y10, KAOE EMEIGOOI0 EYOVUE TNV
eEedpeon g apykng kotdotaons. Akorovlmg, yio kKaBe Pripa tov emeicodiov, kabe
TPAKTOPOGC eMAEYEL pia evépyela pe Paon v Kotdotoon tov TepPaALOVTOS Kol TNV
TOMTIKT] TOL 0KOAOVLOEl. X1 cvvéyewl, 10 TEPPAALOV AapPavel TG eVEPYELES TMOV
TPOKTOP®V, OOUOPPAOVEL TNV KATACTAOT) TOL KOl TNV EMGTPEPEL GTOVG TPAKTOPEC,
Olvovtag TOLg Kol TO OVTIGTOO EVIGYLTIKO oNuo. Yoo Tov Kdabe mpakTopa, TOov
avtiotorel oty apon). Télog, o kaBe mPAKTOpAG EVMUEPOVEL TNV ZvVAPTNON

evépyelag-oa&iog Tov.

AxolovbBel oto Zynua 3.10 0 YeudoKMOKAG TOV aAYOPIOLOVL OV TOV:
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Apyonoinon Tov TiHdv g ovvaptnong evépyelng-aéiog Q(s,a) avbaipeta
EnavérlaPe (Yo kdBe eme1cdo10):
Apyomoince v apyIkn Kotdotoon s
EnavélaPe (yo kdBe Prpo tov engicodiov):
EnavéloPe (Yo k60e mpdtopa):
EnéleEe o evépyela o omd TV KOTAGTAOT] S YPNCLLOTOUDVTOG L0 TTOALTIKY
1N omoia amoppéet amd v Q (w.y e-greedy)
EnavéloPe (Yo k60e mpdxtopa):
Extéhece v evépyetla a
EnavéloPe (Yo k60e mpdrtopa):
[Mapampnoe v apopn r
[Mapampnoe v endpevn Katdotoon S’
EnavéloPe (Yo k60e mpdxtopa):
Q(s:; @) — Q(5s;6.) + & [r,ﬂ + 7 max Q(ses1, a) — Q(se, a,)]
S€S’;

Méypt va KAVEIS X EMTUYNUEVES LETAPOPES

Yyfqua 3.10: AlkyoprOpog Q-Learning ywo ITolhamhovg Ipdxtopeg

XOoppova pe tov akyopfuo dtatnpovpe Tpég Q Tig omoieg apykomolovpe avbaipeta.
AxolovBwg emavalappdveron n e€ng oladkacio: ATO TNV KATAGTACT S ETIAEYOVLLE Yo
KGOe TPAKTOPA TNV EVEPYEIDL o CUUPMVO, LE KATOlN TOATIKN. XTI GUVEXEW, POV
exteleoTel M evépysln Tov KAOe mpdKTOpO, Taipvovpe TNV apoPn v Tov KdaOe
npaxktopo. E@ocov mhpovue tv apoiPr), mopatnpoOUe TNV ETOUEVI KATACTOOM
avavedvovpue v Q Ty, yw kdbe mpdxKTOpQ, TNG KATAGTAONG S HE EVEPYEWL
CUUP®VO, L€ TOV TOTO 6TO oyYNUa. O adlyoplOLoc TEAELDVEL OTAV YIVOUV X EMITUYNUEVEG
petapopéc, 6mov to X kabopiletarl amd Tov xpnot.

3.3.1.2 Axyopi6uos PHC yia [loAlarAodg Ipaktopeg
O aryopBuog PHC ywo [HoAkamhovg Ipdktopeg £xet vAomomOel pe 10 010 okenTIKd

mov viomomOnke ot o aAdydopiBpog PHC Evoc Ilpdxtopa ko €xer €€nynbel oto
Kkepaiow 3.2.1.3 kot 6t0 Zympa 3.3.
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3.3.1.3 AxydpiBuog WoLF-PHC yia Iloilarlovg [paxtopegs

O ary6pBpog WoLF-PHC vy TToAlomAovg Ipdktopeg €xel vAomombeil pe to id10
oKeNTIKO OV vAomombnke kot o adyopiBuog WoOLF-PHC Evég Ilpdktopa kot €xet

eEnynBel oto kepdrao 3.2.1.4 ko oto Zynua 3.4.

3.3.1.4 AxyopiBuoc MAXQ-Q yio Iloilomlovg [paxtopes

O oalyopiBuoc MAXQ-Q o omoiog €xet viomomBel oto empépovg cvOTNUA €VOG
mpakTopo etvar £vog avadpopkog aiyopiBuoc. o va pmopéoet va emextabel, ovtwg
wote vo, pmopel vo vmootnpilel mePGGOTEPOLS A Eva TPAKTOPES, YPEWLOTOV VO
petotpomel amd avadPOMKOS GE EMOVOANTTIKOS. X& ovTtd TOV 0Ayopluo o kdéde
TPAKTOPOC €xel TOV OO TOL YpAoo, O omoiog aviotoyel oty  lepapykn
aVOTOPAcTACT, TOL TPOPANUOTOS, Kol €Tol 0 kGBe TmPAKTOpag €)Xl TNV O1KN| TOL
Yvvaptnon Alag kat Tig d1kég Tov Xuvaptioelg OhokAnpwong. Apykd yiveton emAoyn
EVEPYEIDV a0 £Vl TPAKTOPO, LEYPL VO KATAANEEL o€ apyEyovo kOuPo otov ypago. Tote
ovveyilel 0 emOUEVOG TPAKTOPOS e TNV 10w dtadkacio. H dwadikacio avtn cuveyileton
péxpt va katoAn&ovv 6Aol or mpaktopeg o€ apyfyovo kopPo. Tote 1o mepPdiiov
AOUPBAVEL TIC EVEPYEIEG TOV TPOKTOPW®V, OOUOPPAOVEL TNV KATAGTACT TOV Kol TNV
EMOTPEPEL GTOVG TPAKTOPES, HIVOVTOS TOVG KO TO GVTIGTOLYO EVIGYVTIKO GO Y10, TOV
KkéBe TpakTopa, mov avtioToryel otV apoPn. Télog, o kdbe TPAKTOPAG EVIIUEPDVEL TNV

Yvvaptnon A&iag Tov.

AxolovbBel oto Zynua 3.11 o yevdokddkag Tov aAyop1dHov o Tov.
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for each agent do

push MaxRoot into agent stack

let seq = () be the sequence of states visited while executing i
push seq onto agent seqStack

for each agent do
maxNode= get the top of agent stack
while iisnot a primitive MaxNode
let seq = () be the sequence of states visited while executing i

10 push seq onto agent seqStack
11 if Ti(s) is false
12 choose an action a according to the current exploration
policy nx(i, S)
13 push action onto agent stack
else
14 pop(agent stack)
15 maxNode= get the top of agent stack
16 let a* = argmax,, [Ci(7,5",a") + Vi(a', s")]
17 for each s in seqStack do
18 Crpa(iys.a) = (1 —ay(i) - Oy (i, 5,0) + (i) -1 \[R Cyli,s',a
19 Crpa(i,s,a) 1= (1 - ar(i)) - Coli 8,0) + ar(i) - MG, 8 a") + Vila”,
20 N:=N+1
21 end //for
22 S:=¢
end //else
23 maxNode = get the top of agent stack
24 end //while
25 end //for
26 for each agent do
27 execute i
28 for each agent do
29 receive r
30 observe result state s’
31 for each agent do
32 Vigi(e,s) = (1 v (2)) - Vi, s) + o (2) -1y
33 push s onto the beginning of the top seq in agent seqStack
34 pop(agent stack)
35 maxNode- get the top of agent stack
36 let o = argmax,, [Ci(i,s", a’) + Vi(a',s')]
37 for each s in seqStack do
38 (r-l.j(l"!ff), (L —ayle)) (r(fﬁ(:+f|frj \[R (M a +Tt(a s))
39 Crpr(iy8,0) = (1= g (i) - Co(i, 5,0) + aeli) -7 [Cr i, 8,a") + Vila”
40 N:=N+1
41 end //for
42 end/ /for
43 s:=¢

44 until you make x successful delivery

“\-H]

/

(a",s

\

1T
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Xyfqpna 3.11: AkyoprOpog MAXQ-Q ywa loiramrovg Ipdxtopeg

Ye autd Tov aAyoplBpo ypnoipomoovvtal dVo otoifeg yio kKabe mpdktopa. H otoifa
stack ypnoomnoteitarl Yoo va KpaTé TO HOVOTATL pe TOVG KOUPOVG TOVG 0Toiovg el
emokePOEel 0 TPAKTOPAS, OVTME MOTE Va. Etvat duvath 1 SIEAELGT TOL HEGH GTOV YPAPO.
H otoifa seqStack oamoOnkeder v axorovbio pe T KATOGTAGES Ol 0MOiEG £xOVV
EMOKEPTEL KATG TNV eKTELEOT] TOL Max kopPov i. Kotd v ektédeon tov alydpiBuov
(amd éva mpdaktopa), av o Max kOpuPog dev elvar apyE£yovog Kot 1 KATAGTAGT] TOV
Bprokdpacte dev elvarl tepHOTIKY, TOTE YIVETOL EMAOYN EVEPYELNG COUPOVO HE LI
TOMTIKY. AV 1 KOTAGTOON 7oL PPIOKOUACTE €ivol TEPUOTIKY, YiveTar €0peom g
dnAnong evépyelog a® yio v KatdoTtaon S’ COUP®VO L€ TOV TUTTO GTO GYNMO. XTN
ouvvEyEL, Yo KOs kotdotoon S mov Ppioketal ot otoifa seqStack yivetar avavéwon
TV 30 cvvaptioev olokApwong (completion function) C kat C cVpeovo pe Tovg
TOTOVG 6TO0 GYNHO, OmOVL Ri(s’) eivar yevdoapoPn yw v Kotdotoon s'. Av o Max
KOpPog etvor apy€yovog TOTE GTAUATA 1| EKTELECT] Y10 TOV GLYKEKPIUEVO TPAKTOPO KoL
Eexva TNV eKTEAEGT TNG MO TV d1dKaGiag 0 Enduevog mpdktopas. Otav extereotel
avtn N dwdkasion amd OAOVS TOVG TPAKTOPES, TO TEPPAAAOV AapPdverl Tig evEpyeleg
TOV TPOKTOPOV, OLOLUOPPAOVEL TV KATACTOGT TOV KOl TNV EMGTPEPEL GTOVG TPAKTOPES,
Olvovtag TOLG Kol TO OVTIGTOO EVIGYLTIKO ONuo. Yoo Tov Kdabe mpakTopa, TOov
avtiototyel omv apoPr). Télog, o kKaBe mpdKTopog evnuepdvel TNV Xvvaptnon A&iog
tov. O aAyoplBuog tedeu®veLl OTAV YivOuv X EMTLYNUEVEG UETOPOPES, OOV TO X
kaBopiletan amd Tov yproT.

3.3.1.5 AAyopiBuoc MAXQ-PHC yia IloAarioig [paxtopes

O olyopiBuoc MAXQ-PHC, yw IToAhamAiotg Ilpdktopeg, sivar o Iepopyn
vAomoinomn tov aiyopiBuov PHC ypnowomowdviag v MAXQ Iepapyikn didomaon.
Eivar mapopolog pe tov aryopibpo MAXQ-Q, vy IToAlamrovg Ilpdxtopec, pe v

dtapopa 6TL N emAoyN TG KaBe evépyetag yivetan e faon kdmolmv mbavotnTov.

Axolovbel oto Zynua 3.12 0 yeudoKOIKAG TOV aAYOPIOUOL OV TOV.
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for each agent do

push MaxRoot into agent stack

let seq = () be the sequence of states visited while executing i
push seq onto agent seqStack

for each agent do
maxNode= get the top of agent stack
while iis not a primitive MaxNode

Al

9 let seq = () be the sequence of states visited while executing i
10 push seq onto agent seqStack
11 if Ti(s) is false
12 from state s select action a, with probability n(s,a) with
some exploration
13 update 7(s,a) and constrain it to a legal probability
distribution,
, — ' Lo s
14 m(s,a) — w(s, a.)—|—{ |.1_(5|{5 1 Lfrselﬂwiiglna_ka Q(s,a’)
15 push action onto agent stack
else
16 pop(agent stack)
17 maxNode= get the top of agent stack
18 let o = argmax,, [Ci(i, 5", a") + Vi(a', s")]
19 for each s in childSeq do ] )
20 Cryr(iys,a) = (1 —a,(i)) - Cli, s,0) + a(i) - AN [Ri(8) + Cili, 8", a”) + Vila™, 8]
21 Cig1(i,s,a) = (1 —as (i) - Ci i, s,0) + (i) AV [Ci(i, 8" a") 4 Vila™, ")
22 N:=N+1
23 end //for
24 s==¢
end //else
25 maxNode = get the top of agent stack
26 end //while
27 end //for
28 for each agent do
29 execute i
30 for each agent do
31 receive r
32 observe result state s’
33 for each agent do
34 Vigi(i,s) == (1 — au (i) - Vi(i, s) + a, (i) - ry
35 push s onto the beginning of the top seq in agent seqStack
36 pop(agent stack)
37 maxNode= get the top of agent stack
38 let a” = argmax,, [Ci(i,s',a") + Vi(a', s")]
39 for each s in childSeq do
40 Copr(iys,a) = (1 —ay (i) - Cy (i, s5,a) + ag(i) -4V [Ri(s) + Co(i, 5" a™) + Vi(a™. )]
41 Copr(iys,a) = (1 —au(i)) - Celi, 5,a) + (i) -y [Cili,s',a") + Vifa™, s)]
42 N:=N+1
43 end //for
44 end/ /for
45 s:=¢
46 until you make x successful delivery
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Xyfqpna 3.12: AkyoprOpog MAXQ-PHC v Morhamhotg Ipaxtopes

2Ooppove pe tov oAyoplBpo dtatnpovpe mbavotnteg yoo Kabe (evyoc KatdoTaomg-
evépyelog Tig omoieg apywomotovpe pe 1/ITA700g evepysumv. O akyopiBuog e&nyndnke
oto oynua 3.11. H dwapopd givar 61t otov adydpibpo MAXQ-PHC n emthoyn evépyetog
yivetoaw pe PBaon kdmoiwv mbavotitov (ypopun 12), kor petd omd kdbe emioyn
evépyelog yivetar avovéwon g mhovotntog 7(S,0), 0Tmg Oeiyvel 0 akyoplBpog oto
oynua (ypopun 13 kot 14), 6mov J givor o puOpog pédnong.

3.3.1.6 AxyopiBuoc MAXQ-WoLF-PHC yia IToAlorloig Ipaxtopes

O ary6piBpog MAXQ-WOLF-PHC eivon pia enéktaon tov akydpibuov MAXQ-PHC
kot o lepapykn vAomoinon tov aiydpOpov WOLF-PHC ypnowomoidviag v
MAXQ Iepapykn didomact. Zvykekpipéva o akyopifuog amattel 2 pvOuovg pabnong
ol > ow. Otav o maiytng vikd, YpNCIUOTOLETOL TO OW Kol 6TV avtifetn mepintmon 1o
ol. Avtd evromileton oLYKPIVOVTIOG TNV OVOUEVOUEVT] TIUY, YPNOLLOTOIOVIOG TIC
tpéyovoeg Q TES, akoAoVODVTAG TNV TPEYOLGA TOATIKN 7T, GTNV TPEYOVOH KATACTOON
e avtd, axoAovBmvtoag TNV péon moMTIK) T . Av M avapevopevn T ond v
TPEYOVOA TOMTIKY ivan pkpdtepn (0 maiytng ¥Gver), o HeyaAdtepoc puOuoS pabnong

YPNOOTOLELTAL.

AxolovbBel oto Zynua 3.13 o yevdoKddkag Tov aAyop1fov v To.
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1 for each agent do

2 push MaxRoot into agent stack
3 let seq = () be the sequence of states visited while executing i
4 push seq onto agent seqStack
5 do
6 for each agent do
7 maxNode= get the top of agent stack
8 while iisnot a primitive MaxNode
9 let seq = () be the sequence of states visited while executing i
10 push seq onto agent seqStack
11 if Ti(s) is false
12 from state s select action a, with probability =(s,a) with
some exploration
13 update estimate of average policy,
14 C(s) € C(s)+1
voa € Al fi(s.a’) € T(s.a’) + m (s, &) — fT(s.a) )
15 update n(s,a) and constrain it to a legal probability
distribution, 5 . o 3
it a = argmax,, 5, a
16 m(s,a) — m(s, &)—'_{ |~‘:|{S—1 otherwise
where o
5 — {éw it ,7(s,a)Q(s,a) >3, 7(s,a)Q(s,a)
d; otherwise
17 push action onto agent stack
else
18 pop(agent stack)
19 maxNode= get the top of agent stack
20 let a” — argmax_, [C:(i, s, a") + Vi(a', s")]
21 for each s in childSeq do
22 Crrliys,a) = (1 — (@) - Ciliys,a) + (i) - YV [Ri(s) + Coli. s ya ‘I—I—\ p(a”,s)]
23 Coyr(iys,a) = (1 —ai(@)) - Celd, s,0) + (i) - AV [Celi, 8" a™) 4+ Vi
24 N+J(N+1J ( '()’J ( + (J [ ( + ( J.
25 end //for
26 s:i=¢
end //else
27 maxNode = get the top of agent stack
28 end //while
29 end //for
30 for each agent do
31 execute i
32 for each agent do
33 receive r
34 observe result state s’
35 for each agent do
36 Vigi(i, s) = (1 — a, (i) - Vi(i, s) + o, (i) - ry
37 push s onto the beginning of the top seq In agent seqsStack
38 pop(agent stack)
39 maxNode= get the top of agent stack
40 let a° = argmax,_. [C: (i, s, a") + Vi(a', s")]
41 for each s in childSeq do
jg Ciyi(iys,a) = (1 — (i) - Coliy s,a) + ag(i) - YV [Ri(s) + Cili, 8',a”) + Vi(a™, s)]
41 (i, 8,a) = (1 —ae(i)) - Ce(iys,a) + au(i) -V [Ci(i, 8 a") + Vi(a™, s")]
- G 5,0) = (1= (D) - Coli 3,) + ali) -7V [Coliy o',07) + Vil )
45 end //for
46 end/ /for
47 s:=s’
48 until you make x successful delivery
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Xyfqpna 3.13: AkyoprOpog MAXQ- WoLF —PHC yw lloAremrovg Ipaxtopeg

2Opeova Pe Tov ahyoplfpo dtatnpovpe TOovOTNTES Kot TIUn HEoNG TOOVOTNTOS Yo
kd0e Cevyog Katdotaong-evépyslog Tig onoieg apyworoovue pe 1/ITA7R0og evepyeidv.
Eniong dwatmpovpe kot éva petpnn yia kébe koatdotoon o omoiog apykomoteiton pe 0
kol avEdveton katd 1, kdBe @opd mov emokemtdOpocte TV Katdotaon ovty. O
alyopBpoc eEnynonke oto oynua 3.11. H dwapopd eivar 6tL 6tov adkyopidpo MAXQ-
WOLF-PHC n emiloyn evépyelag yivetan pe Pdon kdmoiwv mbavotitov (ypauun 12),
Kot HeTd omd kdbe emhoyn evépyelag yivetol avavemon TG Héong mhovoTnTog T Kot
™m¢ mbavotrag (S, a), OTmg deiyvel o alydpduog oto oyfua (ypouun 13 - 16).

3.3.2 Xvotatikd 2ootiuotog

To chotpa amoteAeitan amd o £NG KOPLOL GLOTUTIKAL
1. Simulation

MA_Environment,

MA_Gridworld,

Graph,

MA MaxQ,

MAQ_Learning,

MA_Phc,

MA_Wolf,

MA_MAXQ-Q,

MA_MAXQ_PHC,

MA_MAXQ_WoLF_PHC,

Agent,

Q_Controller,

PHC_ Controller,

WP__ Controller,

MAXQ_ Controller

© © N o ok~ g bk~ w0 DN

L o e
> w b P O

H «\don Simulation givat to kHp1o GLGTOTIKO TOL GLGTANATOG HOG. YAomowOnke cav
Aopapetiky Khdon (Abstract Class), yoo vo ovoykalet v enéktoon g Kot €161

eMUTPENEL T Yp1ioN moAvpopeiopov. Mia kAdom mov enekteivel v Simulation, propel
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elte vo apopd mpocopoiwon aiyopiBumv evdg mpaktopa, &ite mpocopoimon
oAyopiOpuov TOAAUTA®V TPOKTOP®V. XT0 GOCTNUO VAOTOMCOUE TNV  KAGOM
MA_Simulation (Multi Agent Simulation) n omoio. KAnpovopel omd TV KAGGN
Simulation. H MA_Simulation aAAnAemidpd pe tov ypnotrn divovtag Tov Ty gukaipio
va emAEEEL TOV adyOoplOpo mov BEAEL Vo TPOCOUOIDGEL. LVAAEYEL TG TANPOPOPIES Kot
11§ otélvel o€ éva avtikeipevo g kKAdong MA_RunTrial (Multi Agent RunTrial), to
omoio givar vTevBuvo Yo va Kaver ot TV Tpocopoinon. Eniong emkowvovel pe éva
avtikeipevo g kAdong MA_PlotGraph to omoio eivon vrevBovvo yio v dnuovpyio

TOV YPOUPIKOV TOPAUCTAGEDV.

H xidon MA_Environment eivar 1o kOplo cvototikd ywo 10 mepifaiiov mov Ha
ypnoorombei. YromomOnke cav Apapetiki KAdon, yio va avaykdalel Ty enéktoon
™me and omolodnmote mepPariov. Emkowwvel pe v xhdon MA State Variables
(Multi Agent State Variables), apov ypeidletar évo TpOTO KMOIKOMOINONG TMV
KOTOOTACEDV TOV TEPPAAAOVTOC, Y10 VO LITOPEL VL EPUNVEDCEL KATO10L EVEPYELL KOl VOL
OLOHOPPOCEL TN VEN KATACTOON. XTO GUGTNUO TOV VAOTOW|COUE ONUIOVPYNCULE L0l
KAdon MA_Taxi_Problem (Multi Agent Taxi_Problem) n omoia kAnpovouei omd v
KAdon Environment kot emkowwvel pe v kidon MA_Gridworld (Multi Agent
Gridworld), agpob ypeidletarl vo yvopilelt Tov vVIAPYOoLV EUTOdIN 6TO TANIGLO, TO Opla
TOL TAUGIOV Kot TIG eMTPEnTEG Tomobesiec mov pmopel va Ppioketon 1 va B€lel va

petopepbet o emPdrne.

H xidon MA_Gridworld (Multi Agent Gridworld) avtmpocwnedel 1o mhaicio tov
mpofAuatog, oa@ov dSwPdlovioc Eva  OVIUTPOCMTEVTIKO OpPYEI0 TO OMNUIOVLPYEL.
Emwcowovel pe v khaon Wall, apod kabopilelt mov vadpyovv gunddio. 610 TAictO.
Eniong oe avt) v Khdom vrdpyovv ot emrpentés tomobecies yio Tov emPatn Kot ot

KOTOGTAGELS TOL PO PANLLATOG.

H «\don Graph gival to k0p1o 6LOTATIKO TOL GUGTHOTOG OV OVTITPOCOTEDEL TNV
EpOpYIKN ovamapdotacn tov mpoPAnuatoc poc. ‘Exer viomomBel cav A@aipetikn
KAdon yia va avarykalet Ty enéktoom g Kot £T61 EMTPENEL T YPTON TOAVLOPPIGLOV.

Mo kAo mov enekteivel v Graph pumopei va ovomapooTioEL 1EPOPYIKE 0TO00TOTE
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GAAo mpoPANUa. e ovtd T0 svoTHHa el Aomonbei n kAdon MA_Graph (Multi Agent
Graph), n onoio. vAomotel Tov Ypaeo Yo o TP yia moAdaniovg tpdktopa. Emkovovei
ue tig kAdoeig Node, MaxNode, MaxNodePHC, MaxNodeWoLFPHC ka1 Qnode, agpov
ypewdletal vo dnpovpynoetl Eva ypago pe Max kor Q xoupovs. H khdon MaxNode
KAnpovouet amd v khaon Node, n kKAdon MaxNodePHC kAnpovopei and v kidon
MaxNode ot 1 «idon MaxNodeWoLFPHC «Anpovouei oamd tnv  KAdGom
MaxNodePHC. Oa &&nynfei omnv cuvéyeia mov ¥pNoomolodvtot avTég ol KAGGELC.
Eniong emkowwvel pe v khdon MA_Gridworld, agod ypeidletol va yvopilel Tig

KOTOOTAGELS TOV TPOPANUATOC.

H «hdon MA MaxQ (Multi Agent MaxQ) &ivat to k0p1o cvoTaTIKO Y10, T0 TEPIPAALOV
mov Ba ypnoywomomBel yia tovg [epapyucovg arkyopidpovg EMIIII. KAinpovopel amd v
KAaon MA Graph oo ypeldletar va EEpel TNV 1EPAPYIKT OVOTOPAGTACT TOV
npofnuartog. Emiong emkowmvel pe v khdon MA_ State Variables, apov ypsidletat
éva, TpOTO KMOKOTOINONG TV KOTOGTACEWV TOV TEPPAAAOVTOG, Yo VO UTOpEl va
EPUNVEDCEL KATO1L EVEPYELN KOl VAL SIOUOPPADGCEL TN VEQ KATACTOON. AKOUN EMKOVOVEL
ue v khaon MA_Gridworld, agob ypeidaletor va yvopilel mov vdpyovy eumddio 6To
TA0iG10, TO. OPLOL TOL TANLGIOV KO TIG EMTPENTEG TOTOOEGiEg MOV pmopel va PpiokeTon 1

va, 0éLel va petapepBet o emPdrnc.

H xAdon MAQ_Learning (Multi Agent Q_Learning) sivar n kAdon otnv omoio
vidomombnke o aAydpiBuoc Q-Learning ywo moAlomiovg mpaktopes. Kinpovouei and
mv kAGon MA _Taxi_Problem, a@o® 10 mpoPAnua mov &iyape vo LAOTOU|GOLUE
agopovoe to Taxi Problem. Emwowwvel pe tyv xidon MA_Gridworld yia va
dnuovpynoel 0 mhaicto tov TpoPAnuatog kal pe tnv khdon MA_State Variables,
oL ypelaletal £vo TPOTO KMOKOTOINONG TV KATAGTACE®Y TOV TEPPAALOVTOC. APOD
0 aiyopiBpog aeopd moAlamiovg mpdktopes, M kAGdon MAQ_Learning dSwtnpel
avtikeipeva g KAdong Q_Agent, n onoia avtimpoconevel tov Q mpdktopa. Emiong
emkowovel pe v kKAdon Q_Controller n omoia eivar vevBvvn Yo TG EVEPYELES 0LTOD
Tov pdxtopa. ‘Etol eivan og Béomn avd mdoa otiypn va yvopilelt otidnmote €yl oyéon

pe Tov kéOe TphKTOopOL.
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H «\hdon MA_ Phc (Multi Agent Phc ) eivar n khdon omv omoio viomombnke o
aAyopiBuoc PHC (Policy Hill-Climbing) yw moAlamdovg mpaktopeg. Kinpovopei amod
mv kAGon MA_Taxi_Problem, ago® 10 mpoPinua mov &iyope vo LAOTOU|GOVUE
agopovoe to Taxi Problem. Emkowwvel pe tv widon MA_Gridworld yw va
dNUoVPYHoEL T0 TAAIGIO TOL TPoPANUaTOg Kot pe v KAdon MA State Variables,
aeov xperaletol £va TpOTO KOIKOTOINGNS TV KOTAGTAGEWV TOL TEPPAALOVTOC. APOV
Kot 6€ avTd TOV aAyop1Ouo vdpyovy moAlamhoi Tpaktopeg n kAdon MA _ Phc dwatnpel
avtikeipeva g kAdong PHC_Agent, n omoia aviumpoownevel tov PHC mpdkrtopa.
Emiong emkowwvei pe v khaon PHC_Controller n omoia eivon vredbbovvn yia Tig
evépyeleg owtov tov Tpdktopa. Etol elvar og 0éon avd mhoo otiyun vo yvopilet

OTIONTOTE £XEL GYEON e TOV KAOE TpdiKTOopaL.

H «héon MA_Wolf (Multi Agent Wolf) eivon 1 kAdon otv omoia viomomOnke o
aAyopiOuoc WoLF-PHC (WoLF Policy Hill-Climbing) yi moAlamhovg mpdxtopes.
K\npovouei amd v kidon MA_Taxi_Problem, agod 10 mpdpfAnua mov eiyoue va
vAomomoovue apopovoe to Taxi Problem. Emkowwvel pe v khdon MA_Gridworld
Yo Vo ONUOVPYNOEL TO TMAOIGI0 TOL TPOPANUATOC KOl HE TNV KAAOM
MA _State_Variables, agov ypeialetar £va tpOTO KOSIKOTOINGNG TOV KOTOCTACEMY TOV
nepPdAiovioc. Aol Kol 6e oVTO TOV aAYOPIOUO LITAPYOVY TOAAOTAOT TPAKTOPES M
KAdon MA_ Wolf dwnpei  avtikeipeva g «hdong WP_Agent, n onoia
avtimpoownevel tov WOLF-PHC mpdxtopa. Emiong emkowowvel pe v widon
WP_Controller n omoio givor vrevOovvn ya Tig evépyeteg avtod tov mtpdktopa. ‘Etot
elvalr oe 0éon avd maco oty va yvopilel oTidNmote £xel oxéom He TOV KOOE

TPAKTOPO.

H «hoon MA_MaxQ_Q &ivar n kAdon oty omoia vAomomOnke o adydpiBpog MaxQ-Q
v molhamhovg mpdaktopes. Kinpovopel omd v xAdon MA MaxQ, mn omoia
AVIUTPOCMOTEVEL TNV 1EPUPYIKT ovomapdoTacn tov mpofAnuatog pag. Emuovovel pe
mv khdon MA_Gridworld yio va dnpovpynoet 1o TAaiclo Tov TPoPANUATOC KOt e THV
KAGon MA_ State Variables, oa@od ypewdletar £éva tpdémo  kwdomoinong TV
Kotootdoswv tov mepiPariiovtog. Emiong emkowovel pue tig kKAdogic MaxNode kot

Qnode agov ypnoomotel tovg MaxNode kot Qnode tov ypdeov yio TV emilven Tov

-61-



TPoPAUaTOG. AQOV Kol € aVTO TOV OAYOPIOHO VTAPYOLYV TOAAATAOL TTPAKTOPES M
KAdon MA_ MaxQ_Q dwtmpel avikeipevo tg xidong MaxQ_Agent, n omoia
avimpoownevel tov MaxQ mpdkrtopa. Emiong emkowwvel pe v kAdon
MaxQ_Controller n onoia givar veevBovn yio T1¢ evépyeleg avtod tov mpaktopa. ‘Etot
elvar og 0éon avd maco otiyun vo yvopilet otidnmote €yl oxéom pe TovV KAOE

TPAKTOPOL.

H «hoon MA MaxQ_PHC e&ivar 1 khdon otv omoio. viomombnke o aAydpiOuog
MaxQ-PHC ywo moAlamAovg mpdktopes. KAnpovopel amd v kAdon MA MaxQ, n
ool  OVTITPOCMOTEVEL TNV  1EPOUPYIKT  OVOTOPAGTOCT) TOVL  TPOPANUOTOS  HOC.
Emwkowovel pe v khdon MA Gridworld yio vo dnpovpyncel 1o mAaiclo tov
npofAnuatog kau pe v kKAdon MA State Variables, apod ypeidleton éva tpodmo
KOOKOTOINoNG TOV KOTASTACEWV TOL mepPdirovtog. Emiong emkowwvel pe Tig
KAdoeig MaxNodePHC ka1 Qnode agpov ypnowomotei tovg MaxNodePHC kot Qnode
TOL YPAPOL Yo TNV €MiAvoN TOL TPOPANUATOC. APOD Kol G OVTO TOV aAYOPLOpo
VIapyovv moAlamiol Tpaktopeg N khdon MA _MaxQ _ PHC Swtnpel aviikeipeva g
Khaong MaxQ_Agent, n omoia aviurpocwnevel tov MaxQ mpdxrtopa. Emiong
emkowmvel pe v khaon MaxQ_Controller n omoia givar vevBovn Yo TIg evépyeleg
avtov tTov TTpaktopa. Etol etvan oe Béon avd mdca otiyun va yvopilel oTidonmoTte Y€l

oyéon He Tov Kabe mpdkTopa.

H «hoon MA MaxQ WoLF _PHC e&ivar n xAdon otmnv omoio vAomombnke o
alyopiBpoc MaxQ-WoLF-PHC. Kinpovouet amé v kidon MA MaxQ, n omoia
OVTITPOCHOTEVEL TNV 1EPUPYIKN OVOTAPAGTACT] TOL TTPpoPAnpatog pog. Emikowovel pe
mv khdon MA_Gridworld yio va dnpiovpynogt 1o TAaiclo Tov TpoPARUATOS Kot LE TNV
KAGon MA_ State Variables, oa@o® ypewdletar £éva tpdémo kwdwomoinong TV
Kataotdoewv  tov  mepiPdAlovioc.  Emiong emwowovel pe  1c KAdoelg
MaxNodeWoLFPHC xo1 Qnode ago¥ ypnowyonolei tovg MaxNodeWoLFPHC kot
Qnode tov ypagov yia Ty enilvcn Tov TpoPANpaTog. Aeod Kot 6g avTd ToV olydp1dpo
vapyovv moAhamAol mpaktopes M kAdon MA_MaxQ_ WoLF_PHC dwtnpel
avtikeipeva g kAaong MaxQ_Agent, n onoia avtimpocwnevel tov MaxQ mpdxtopa.

Eniong emwowwmvel pe v khaon MaxQ_Controller n omoia eivar veebbovn yo T1g
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evépyeteg avtod Tov mpaktopa. Etol givor og Béomn avd mdooa otiyun va yvopilet

oTdNmote £xel oyéon pe Tov ke TpdrTopa.

H «\éon Agent, sivat kot avt] AQopetikn, agob amd povr g eV onuaivel TImoTo Kot
€101 avaykdlel TOV TPOYPOLULOTIOT VO TNV ENEKTEIVEL VAOTOIDOVTOAS TOVS S1KOVE TOV
npaktopec. Ot Tpdrtopeg mTov vAoToMONKaY TEPtypapovtar amd T kKAdoelg Q_Agent,
PHC_Agent, WP_Agent (WoLF PHC Agent) xa MaxQ Agent o omoiog
avimpoownevel Toug tpaktopec MAXQ-Q, MAXQ-PHC kot MAXQ-WoLF-PHC.

H xAdon Q_Controller, givar 1 kAdon 6mov givar vedBvvn Yo v EMAOYT EVEPYELNS
amd TG Q MPAKTOPES, Yoo TNV EKTEAEGT TMOV EVEPYEIMV TOVG, TNV TOPATNPNGCN TNG
apoPng kot g emodpevnc kotaotaonc. 'Etol emkowvovel pe v kAdon Q_Agent, agov
ypewdletal mAnpopopiec yioa tov Q mpdxtopa kot pe v kAdon MA State Variables,
aeov ypelaletal Eva TPOTO KMOKOTOINGNG TOV KATAGTACEDV TOL TEPPAALOVTOS, Yo
vo, pumopel va epUNVEDGEL KATOWL EVEPYELD KOl VO SLOHOPPDOCEL TN VEN KATAGTAOT).
Emiong emowvovei pe v khdon MA_Taxi_Problem, agod ovtf 1 xhdon
AVTITPOCMOTEVEL TO TEPPAALOV KOt Eivarn €00 OV YiveTal 1 ETAOYN EVEPYELNG amO KAOE
Q mpaktopa. Akoun emkowvwvel pe v kidon MA_Gridworld, agod ypeialetar va
yvopilel Tov vEdpyoLV MO GTO TAMIGLO, TOL OPLOL TOL TAOUGIOV KOl TIC EMITPENTEG

tomoBeciec mov pmopel va Ppioketor 1) va 0EXeL va petapepBel Evag emPBang.

H xhdon PHC_Controller, sivar m xkdon o6mov eivor vrevbovn yioo v emhoyn
evépyelog omd tovg PHC mpdktopec, yoo v €KTEAECT TOV EVEPYEIDV TOVG, TNV
TOPUTHPNON TNG OO Ko TG Endpevng katdotaons. 'Etol emkovovet pe v kKAdon
PHC_Agent, agpob yperaletar mAnpogopies yio tov PHC mpdxtopa kot pe v KAdon
MA State Variables, apov ypeidletar £va tpdmo Kmd1KomoNons TV KATAGTAGEDV TOV
TePPAAALOVTOC, Yo Vo UTopel vor epUNVEDGEL KATOWL EVEPYELDL KO VO SILLOPPDOGEL TN
véa kotdotaon. Emiong emkowwvel pe v khdon MA_Taxi_Problem, agod avt n
KAMGon  avimpocwnevel T0  mepPdArov.  AxoOun emkowvwvel pe TV KAAOM
MA_Gridworld, ago¥ ypetaletor va yvopilet mov vadpyovy eumoddio 6To TAAIGLO, TO
Oplo. Tov TAALGIoV Kot Tig emtpentég Tomobecieg mov pmopel va Ppioketon 1 va BEleL va

petapepOet Evag emPang.
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H xhdon WP_Controller (WoLF-PHC Controller), eivor n kAdon 6mov givor vrevbovn
v v emAaoyn evépyeag and toug WOLF-PHC mpdxtopeg, yoo v ektéheon twv
EVEPYEIDV TOVG, TNV TOPOTPNON TNG apoPng Kot Tng emOUeVNS Katdotaons. Etot
emkowvovel pe v kKAdon WP_Agent, agob ypealeton mAnpopopiec yuoo tov WOLF-
PHC mpdktopa kor pe v kidon MA_ State Variables, agpo® ypeidletor éva tpdmo
KOOKOTOINOMG TOV KATACTAGE®Y Tov TEPPAAAOVTOC, Yo vo. pumopel vo epunvedoet
KAmowL EVEPYEIDL Kot Vo OlOpopeacel T véa kotdotaot. Emiong emkowvwmvel pe v
KAdon MA_Taxi_Problem, apov avti 1 kKAdon aviimpocmnedel 1o mepiPdAiov. AkOun
emkowmvel ue v kKhdon MA_Gridworld, apov ypeialetar va yvopilel mov vaapyovv
EUTOO10 0TO TAOIG10, TOL OPLOL TOL TANLGIOV Kot TIG EMTPENTEG TOMODEGiEG TOV Umopel va

Bpioketor 1 va BEAeL va petapepBet Evog emPatng.

H xhdon MaxQ_Controller, eivon i kAdon 6émov givar veedBovn yio v ektédeon Tov
EVEPYELDV, TNV TOPATHPNOT TNG OUOPNG KoL TNG ETOUEVNG KOTAGTAONS Yo Tovg MaxQ
npaktopec. 'Etol emkowwmvel pe v kAdon MaxQ_Agent, oaeov ypesidleTon
mAnpoopiec yio tov MaxQ mpdxtopa kot pe v kAdon MA State Variables, agov
ypeldleton éva TPOTO KMIKOMOINONG TOV KATACTAGE®Y TOL TEPPAALOVTOG, Yo vV
UTOPEL VO EPUNVEVCEL KATOLL EVEPYELX KOl VO OO PPMSEL TN vEQ Kotdotaot. Emiong
emkowmvel ue v khdon MA_Gridworld, apov ypeialetar va yvopilel mov vadpyovv
EUTOO10L 0TO TAOIG10, TOL OPLOL TOL TANLGIOV Kot TIG EMTPENTEG TOMODEGIEG TOV Umopel val

Bpioketor 1 va BEAeL va petapepBet Evog emPatng.

To Zynua 3.14 mopovcualer T SoLVOESN TOV KAUGEOV OVTOD TOVL EMUEPOVS
GLGTNUOTOG, OEiyvovTag Mo TopacTaTikKd OAa Oca eényndnkav mo mdve. Amd 10

GYNUO 0V TO TOPOUTNPOVLLE OTL TO GVGTNO UOopel va emekTabel gdKOAO.
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PrintinFile

\y Graph Simulation
Agent MA_Graph 1 MA_RunTrials ﬁ\
% MA_Simulation
0_Agent MAQ_Learning F— MA_PlotGraph
% /]
MA_MaxQ Node
PHC_Agent MA_Phc 7}
Q NodeValue [ﬁ ?\
Q 4 WA_MaxQ_PHC
WA Wolf /7 Gnode | | Maxiode MA_Environment
WP Agent i Zﬁ ﬁ\
MA_MaxQ_WoLF PHC MaxllodePHC MA_Taxi_Problem
- f
f MA_MAXQ_Q
MaxQ_Agent T MaxNodeWaL FRHC
MA_State Variables - MA_Gridworld
b
Wal
MaxQ_Controller — PHC_Controller WP Controller Q_Controller

Xympe 3.14: Avasvvoeon Krhaocewv Zvomipatog EMIIII

To Béhog —= ompaivel 011 n KAGon (] avtikeipeva tg) mov Ppickovial oTo
apotepd tov Pélovg, eite ypnoyomolel GTIYHOTVTO AVTIKEWEVOV NG KAGONG oL
Bploketoar ota de&d tov Pélovg, eite kaAel otatwkés peBodovg e To Pérog

_— ; , , ; , . ;
onuaiver 6Tt n KAdon mov Ppioketor apoTEPA Om OVTO KANPOVOLET
YOPOKTNPLOTIKA 0td TNV KAdo™ mov PBpicketan ota 6e&1d TOV.
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3.4 Tevik6 Zvotnpo.

e autd 10 cVoTNUA YIVETOL 1| GHVOIEST TV OO GLGTNUATMOV TOV £YOVV TPoavVaPEPDEl
(Zvompa EMEIT kot Zvommpoa EMIIID). Amoteleiton amd 10 KUPO GLOTOTIKO
Main_Simulation to omoio kKAnpovopuei amd v apopetikn kKAdon Simulation. H k\don
Main_Simulation aAAniemidpd pe tov ypiot divoviog Tov v eXAoyN Vo ETAEEEL av
0élel va mpocopoinoel alyopiBpovg EMEIT v EMIIIL. AvédAoya pe v €mloyn tov

xPNOoTN, emkovmvel e T kKhdoeg SA_Simulation kau MA_Simulation avtictoyo.

To Zynua 3.15 mopovoidler ) dovVoeon TV KAAGEMY TOV GUOTHUOTOS OVTOV,

delyvovtag mo mapactatikd dAa dca eEnyndnkay mo Tévo.

Simulation

il

MA_Simulation Main_Simulation SA_Simulation

Yympa 3.15: Aveovvoeon Khdoemv I'evikod Xvotipatog

To Béhoc — = onuaivel 011 1 KAGon (] avtikeipevd tg) mov Ppiokoviol oto
aplotePd Tov PEAOVC, €lTe YPNOWOTOLEL GTIYHMOTLUTO AVTIKEWWEVOV TNG KAAONG Tov
Bpioketor ota 0e&1d tov PéAovg, eite KoAel ototikég pebBddovg g To Péhog

R — [ ; , ’ ’ . . ;
onuatver 0tt n KAdon mov Ppiokeror aplotEPd amavTO KANpovopel
YOPOKTNPLOTIKE 0o TNV KAGo™ mov Bpioketan oto deE18 TOL.
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Kegpalaro 4

Amoteléopota kKo Xvintnon

41 Ewoayoym

4.2  Evioyvtkn Mdabnon Evog Ipdktopa

4.3  Evioyvtkn Mdadnon IoAlomddv [paxtdpwv
4.4  XHvoym ATOTEAEGLATOV

4.1 Ewayoym

E@appolovrag tovg aryopiBuovg EMEII mov viomomOnkav, oto ankd TP ko oto ETP,
kaBmg kol Toug ahydpiBpovg EMIIIT oto MATP mpape KAmolo amoTEAEGLLOTO TOV LG
delyvouv OG0 KAWL EKTOOEVETOL O TPAKTOPAS, OALL Kot TOGO YpdVo ypedleTor Yo va
EKTOOEVTEL, Ypnolpomoldvtag tov kabe akyopiBuo. ‘Etol Bétovpe cav kpitrplo yo 1o
1600 amodoTIKOG lval o kdBe alyopiBuog, ota cvyKekpéEva TPoPANaTa, T0 TOGO

YPNYOPO EKTOOEVETAL O TTPAKTOPOS KOt TOGO KAAN elval avT| 1 EKTaidevon).

4.2 Evioyvtiki MaOnon Evog Ilpaxtopa

4.2.1 Ewooywyn

Apycd viomomOnkay 600 adydpipol XA, o ektdc-mtoltikng olyopiBpog Q-Learning
KO 0 €VTOC-TOMTIKTG aAyOplOpoc SARSA. X1 Guveyelo amoQacicaple Vo SOKILAGOVILE
tov alyopBpo PHC, 0 omoiog etvan ol amAn enéktaom tov adydpiBpov Q-Learning, kot

tov aAyopBpo WoLF-PHC, o omolog givan pia enéktaon tov aiyopiBpov PHC. Avtoi

o1 aAyopBpot epappoloviol 6Ta Toiyvie MKTNG GTPOTNYIKNG, Kol Tapd TO YEYOVOS OTL
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ypnowonowvvtal cov arydppot EMIIIT okepmikape 6Tt Oa Mtav evoloapépov va
O0VLE TMOC OCLUTEPIPEPOVTAL GE OLTOV TOVG €idovg TpoPfAnquota, To Omoic
YPNOWoTOoHV Hovo éva mpaktopa. 'Eneita acyoindnkape pe adydpipovg IEM. ITwo
OLYKEKPIUEVO aoyoAnOnkape pe v epapyikn dtdoracn MAXQ kot viomomnke o
alyopiBpoc MAXQ-Q, o omoiog eivar pia 1EpOapyIKn €TEKTACT TOL OAyOpOpov Q-
Learning. A6 to anotedéopata mapatnpioope 6Tt 0 adyopidpog MAXQ-Q éxet mohd
KoAOTEPN amOd00T and ToV Un Epopykd adyopibpo Q-Learning. Xtn cuvéyeld, apov
HEAETNOOE OPKETEC TPOMNYOVUEVEG gpyacieg mov oa@opovsav oryopiduovg IEM
mpoceLae OTL Kovelc dev elye SOKIUAGEL VO DAOTOMGEL 1EPAPYIKE TOVG OAYOPIOLOVGS
PHC kot WOLF-PHC. 'Etot, a@od mponyoulévemg elyope TOpATNPNOEL IKOVOTOMTIKG
OmOTEAECUOTO. OGOV 0POPA aLTOVG TOLG OVO OAYOPIOLOVS, OTOPUGIGOUE VO, TOLG

viomomoovue lepapykd ypnopomoidvag v MAXQ didoraon.

Onog &yo mpoavagépet o TP kot ETP givon eneicodioxd. Xe kdOe eme1icdo1o petpape
Tov aplBud Tov Pnudtov mov Kavel 0 TPAKTOpaG HEXPL VO ETTUYEL TOV GTOYXO TOV.
Amogacicape va kédvoope €vo aplBud amd dokipég yio Tov kabe adyopipo, 6mov oe
KkéBe dokiun o aryopiBuog Ba tpéyel yia Eva oplnd enclcodimv. 10 TEAOG TOUPVOLLLE
TOV HEGO 0pO TV PNUdT®V OV KAVEL 0 TPAKTOPOS, 0OVTOS doTe va eEayBohv KaAdtepa

KOl IO OVTUTPOCMOTEVTIKA OTOTEAEGLOLTOL.

AxolovBohv To amoTEAEGUOTO GO TV EPOUPUOYN OVTAOV TOV aAyopifumv oto TP ko

oto ETP.

4.2.2 Armoteléouato epapuoyns twv alyoplbuwv oto omld koi oto extetouévo Taxi

Problem

O apBuog Tov dokpmv oto anhd TP emdéyxOnke va eivar 50, apov 6o mo peydiog
etvat 0 apBpoc TV SoKU®V TOGO T aKPPN ATOTEAEGLLATO LTOPOVLE VO TAPOVLLE, Kot
apBpdg tov enctcodiov 3000, apod N pabnon cvpPaivel ypryopa Kot dev ypelalovtan

TEPLEGOTEPO EMELGOLAL.
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O apBpdg Tv dokumv oto ETP emidéybnie va eivar 30, Adym tov Ot yperdletan
TeEPLOCOTEPOG YPOVOC Yo vaL TPEEEL APOV TO GUVOAD KATUGTAGEWDV-EVEPYELDOV OLEAVETL
ONUOVTIKA, Kot apBpog tov encicodiov 5000, apod AOYo ToL HEYOAVTEPOL GLVOAOL
KOTOOTACEOV-EVEPYELDY GE oYéomn Ue 10 amAd TP 1 pdbnon copPaivel mo apyd kot £To1

YpEGLovTal TEPIGGOTEPD ETEIGOOLNL.

Ot apo1Péc ya kaBe kivnon tov Tpdktopa £xovv KaBOPIoTEL COUPOVO LE TO KEPAANLO
2.6 6mov meprypdoetar to TP. Ot yevdoapoéc, v tovg aiydppovg MAXQ-Q,
MAXQ-PHC ka1 MAXQ-WOLF-PHC petd amd kdmoleg SoKIUEG AmOPAcioTnKE VoL

etvan 0 yuo k60e teppatikn kotdotoon kot -100 yia ke dAAN kotdoToom.

210 7o KOt anoteléopoto akiovBovpe Tovg eENc GLUPOMGLOVG Y10l TIG TAPAUETPOVG:
Yvpupoiilovpe tov puOud pnddnong pe a kKou tov pulud ékntmwong pe y. Ocov apopd v
noltikny e-greedy ocvuPoiilovue to Eythov pe &, ko otV moltiky Boltzmann v
apykn Bepuoxpaciao pe t ko Tov puOud peimong g Oeppokpaciog pe cr (cooling rate).
Ytovg aryopiBpovg PHC kou MAXQ-PHC cuufoirilovpe 10 8éATOL e d KOl GTOVG
aAyopiOuovg WoLF-PHC ka1t MAXQ-WOLF-PHC ocvufoiiCovpe to dédto winning ue

oW kot To déAta losing e dl.

4.2.2.1 Egopuoyn alyopriBuov Q-Learning Evéc Ipdkropa

Avtoc 0 alyopiBuog £xel viomombel oVTOC doTE Vo pmopel v xpNoomolEl gite TV
noMtikn e-greedy eite v moMtwkny Boltzmann., Metd amd kdmoleg dokiuég
amoQucioTnke 0TS ypnoonomBodv ot akdAovbeg TES Yo T mapopétpovg: €=0.1,
otV mepintwon g g-greedy moMTikng, kot otV mEpPinTmon ¢ moAttikng Boltzmann
t=80 ko cr=0.98. Eniong 6écape 0=0.3 kot y=0.95, yia tov Adyo 611 BéAape va vdpyet
peyaAn PBopdnto TNV EMAOYN €VEPYEDV TOL Oivouv paKpompdOeso PeyaADTEPES

apoPés.

To Zynua 4.1 kon 10 ZyMua 4.2 deiyvouv 10 pHéco apBpd Pnpdtov avd eneicddo, Tov

YPEWCTNKE O TPAKTOPOS Y1 VO EMLTVYEL TOV 6TOY0 TOL, 610 TP Ko oto ETP avtictoyya.
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[Mopatnpodpe 6TL 0 TPAKTOPAG EKTOOEVETAL LE EMTVYIOL TOGO ATV YPNOUOTOLEL TNV &-
greedy moMtikr, kafdc kot Otav ypnowomotei v moltikr, Boltzmann. Ouwmg,
BAémovpe OTL M cVYKAION EMEPYETOL O YPNYOPO Kol G€ WKPOTEPO aplud Pnudtov
otav ypnoiponoteiton 1 e-greedy moAtiky). Avtd onpaivel 6Tt 1) ETAOYT TOV EVEPYELDV
TOV TPAKTOPa Ot ypnowonotel v e-greedy moltikn ivor o otabept), o oyéon Ue
™V avtiotoyn mepintmon 6mov ypnowonotel v noltikn Boltzmann, agod oty &-
greedy moAITIKN TEIVEL VoL ETIAEYEL TV TO ATANGTY EVEPYELN YOPIG VO, XPNOILOTOEL TOV
napdyovio. g Oepuokpaciag, mov eumepiéyetar oty moltik Boltzmann kot
TPOGPEPEL KATO0 TUYAOTNTO GTNV ETAOYN T®V gvepyewdV. Etol cupmepaivoovpe 6t n
epapuoyn tov adyopidpov Q-Learning oto mpdPAnua tov TP evdg mpdxtopa gival

KOADTEPO VoL YpNOIUOTOLEl TNV g-greedy moATik.

Average Steps

" u by oy

0 250 500 750 1000 1250 1500 1750 2.000 2250 2500 2750 3.000
Episode

|— Q-Learning - boltzmann exploration — Q-Learning - e—greed'-.-‘|

Yympo 4.1: Mécog 6pog Pnpdtov ypnopomordvros tov aiyépidpo Q-Learning
Evog Ipaxropa pe e-greedy kor Boltzmann moltiki yuo 50 doxipég kot 3000
ene1e6oLa ava doxipn) oto TP

g TN TNV TPOGOUOIMGN 0 TPAKTOPOS EMALYEL TIG EVEPYEIEG TOV GUUPOVA LE TNV €-
greedy xat tv Boltzmann moltikr avtictoya oe kdbe mepintwon. Ot Téc toV
napapétpov mov ypnoywomomdnkay sivar €=0.1 , 0=0.3, y=0.95, t=80 won cr=0.98. O
TPAKTOPOG EKTOOEVETOL e emTuyio Kot HE TS OV0 TOMTIKEG, OU®MG M OOYKAloM
EMEPYETOL O YPNYOPA Kol G€ UIKPOTEPO aplfud Prnudtov otav ypnoylomoleitol n &-
greedy moAttik.
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Yyquna 4.2: Méoog 6pog Pnudrov ypnoipomordvrag tov alyopiOpo Q-Learning
Evog Ilpaxtopa pe e-greedy ko Boltzmann moltikn Yo 30 doxipés ko 5000
enelc0010 ava ooxkip oto ETP

X€ QUTN TNV TPOCOUOIMOT 0 TPAKTOPOS EMALYEL TIG EVEPYEIEC TOL GUUPMVO, LE TNV €-
greedy ka1 tv Boltzmann moltikr avtictorya oe kabe mepintwon. Ov TWEG TV
TOPAUETP®V oL Ypnowomombnkay sivoan €=0.1, 0=0.3, y=0.95 , t=80 o cr=0.98. O
TPAKTOPOC EKTOOEVETOL UE EMTUYIOL KOU HE TIG OVO TOMTIKEG, OUMG 1 GUYKAION
EMEPYETOL TLO YPNYOPO KOl GE UIKPOTEPO 0p1Oud Pnudtov dtav ypnoylonoteiton n &-
greedy moMTik.

4.2.2.2 Egopuoyn aiyopiBuov SARSA Evog Ipoxropo

Onwg kot 0 wponyoduevos arydpiBpoc, £tot kot avtog £xet vAomombel oVTOG OGTE Vo
umopei vo. ypnoonotel eite v moltikn e-greedy eite v moltiky Boltzmann. Meta
a0 KAMOEG OOKIUEG AmOPACioTNKE 0TS ¥pNoyomonfodv o1 akdAoVOeS TYWES Yol TIC
nopopétpovg: €=0.1, otnv mepintwon g e-greedy TOMTIKNAC, KOl 6TNV TEPIATOOT TNG
noMtikng Boltzmann t=80 xat cr=0.98. Eniong 8éocape 0=0.3 kot y=0.95, yio tov Adyo
Ot Oéhape vo vmhpyer peYAAN Popdtta otV EMAOYN EVEPYELOV TOL divouv

pokpompoBeca peyalutepes apo1PEG.
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To Zynua 4.3 ko to Zynua 4.4 deiyvoovv 10 péco apBuod Pnudtov avé enelc6o10, TOL
YPEWGTNKE O TPAKTOPAGS Y10 VO, EMLTVYEL TOV 6TOYO0 TOV, 610 TP ko oto ETP avrtictoryo.
[Mopatnpodpe 6TL 0 TPAKTOPAG EKTUOEVETAL LE EMTVYIOL TOGO OTAV XPNOLOTOLEL TNV &-
greedy moAitiky, kabm¢ kol dtav ypnowonolel v moltikny Boltzmann . BAémovpe
emiong, O6tL oV mepintmon Omov ypnoomoteitoan n moltikry Boltzmann n obykiion
EMEPYETOL ELOPPDG TO YPNYOPO, GE GYECT LE TNV TEPIMTOGT OOV YPNCUOTOIEITOL 1 E-
greedy moMtikn. AkoOun, otv mepintwon tov ETP mopotnpodue 011 M ypo@ikn
TOPACGTACT] TOV OPOPA TNV EPOPUOYN TOV OAYOPIOLOL YPNGLOTOIDVTAG TNV TOAITIKN
Boltzmann givor mo amaAf amd ™V ypaQiky mapdotacn mov apopd tnv e-greedy
TOMTIKY. Ao avtd cvumepaivovpe OtL 1 pappoyn v oryopiduov SARSA oe grid
world mpoPAfjuato evog mpdkTopo gival KOADTEPO Vo YPNCIUOTOLEL TNV TOALTIKY|

Boltzmann, g1k 6tav 10 6GUVOLO KATAGTAGEMY EVEPYEIDV Eivor pEYGAO.

00

I
I
9]

200

175

Average Steps

150

125

100

50

25

] 250 500 750 1.000 1.250 1.500 1.750 2,000 2.250 2,500 2,750 =2.000

Episocle

|— SARSA - boltzmann exploration — SARSA - e-greedy |

Yypoe 4.3: Mécog 6pog Pnpatov ypnoipomordvrog Tov aiyépiOpo SARSA Evég
Mpaxrtopa pe e-greedy kor Boltzmann mwolitikn yw 50 doxipég ko 3000 emercéola avd
doxiun oto TP

Y& TN TV TPOCOLOIMGT 0 TPAKTOPAS EMAEYEL TIC EVEPYELEG TOV VNPV pE TNV e-greedy kat
mv Boltzmann noMtikny avtictoyo oe kdbe mepintoon. O TWEG TOV TOPAUETPOV TOL
ypnoporombnkayv givan €=0.1 , 0=0.3 , y=0.95 , t=80 ko cr=0.98. O mpdkropag ekmadevETAL
pe emruyio Kot pe TG 600 TOMTIKEG LE EAOPPADS O YPIYOPT GUYKAION OTOV YPNOYLOTOIEITAL 1)
noArtikn Boltzmann.
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Xyqna 4.4: Méoog 0pog Pnudarov ypnoiponor@vrag tov aryopiOpo SARSA Evig
IIpaxtopo pe e-greedy ko Boltzmann wolitikn ywa 30 doxipéc kan 5000 erercdoa
ava doxipn oto ETP

Y& 0T TNV TPOGOUOIMOT 0 TPAKTOPAS EMALYEL TIG EVEPYEIEG TOV GUUPOVA LE TNV €-
greedy xat tv Boltzmann molrtikn avtictoya oe kdbe mepintoon. Ov Twég tov
TOPAPETPOV OV Ypnoyomomdnkay givan €=0.1 , 0=0.3 , y=0.95 , t=80 «ou cr=0.98. O
TPAKTOPOG EKTOOEVETAL e EMTVYIO KoL LE TIG OVO TOMTIKES LE EAAPPADS TTLO VPN YOPN
oOyKMorn o0tav ypnouomoteitor  moltikny Boltzmann kot pe mo oamodn ypoeikn
TOPAGTOC.

4.2.2.3 Egpapuoyn alyopiBuwv PHC kar WoLF-PHC Evag lpdxtopa
[Mopd 10 yeyovog 6t avtoi ot alydpBuot ypnoomotovvior cav aiydpipor EMIIIT

okepmKope OTL Bo MTav evOlo@épwv vo, S0VUE TG CLUTEPPEPOVTOL KOl OF

nepPdArovia evog mpdktopa. Apyikd viAoromOnke o aiydpiBpog PHC o omolog sivan
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o omAn enéktacn Tov aiyopidpov Q-Learning kor oty cuvéyeln o aAyoplOpoc

WOLF-PHC cav enéktaom tov mponyoduevoL.

Metd amd KATOolEG SOKIUES OMOPAGIOTNKE 0TS YPNCILOTOMBOVY 01 aKOAOVOES TIES
v 11g mapapétpovs: €=0.1 kar y=0.95, yuo Tov Adyo 0Tt OéAape Vo VITAPYEL HEYAAN
Boapdtnrta otV €MA0YN evepyeudV oV divovv pokporpoBecua peyordtepeg apolPéc,
Kot 6Tovug 6v0 akydpiBuovc. Emiong, otov alyopiBpo PHC kabopicape a=0.3 kot 6=0.2,
evd otov aAyopiBpo WoLF-PHC xofopicape 0=0.5, dw=0.05 ot 81=0.2, yio v
epapuoyn v oto TP, kot a=0.3, dw=0.01 ko 6|1=0.04 yio v epappoyn wov oto ETP,

AoV cOUE®Va pEe Tov olyopBuo tpémet 51> dw.

To Zymua 4.5 kot to Zynua 4.6 deiyvovv to péco apfud Pnudtov avé enelcdo10, Tov
YPEWAGTNKE O TPAKTOPOS Y10 VO, EMLTOYEL TOV 6TOYO Tov, 610 TP ko 6to ETP avrtictoyo.
[Tapamnpodue OTL 0 TPAKTOPAG EKTMAIOEVETAL HE EMTLYIN, TOPA TO YEYOVOS OTL
ypnoworombnkay 600 aAyoplBuol IKTAG OTPATNYIKNG 7oL  epopudloviol o€
nepPdAiovia moAAATAGV TpaktOpwv. Emiong ocvykpivovtag tovg dvo aiydpiBpovg
TOPATNPOVUE OTL 1 YPOPIKY] TOPACTACT, UE TOV HEGO aplBud Pnudtov yio Tov
aryopipo WOLF-PHC eivor mo amod amd v ypoeiky mopdotacn tov aAyoptdpon
PHC, kdtt 10 omoio @aiveton moA) koADTEPO KOITALOVTOG TO ATOTEAECUATO Omd TNV
epapuoyn twv oiyopiumv oto ETP. Avtd Ntav avapevopevo aeod o alydpiBuog
WOLF-PHC egivat pua enéktaon tov aiyopifpov PHC 1 omola €ywve yuo va BeAtiodel o

alyopiBoc ouTmg dote va evBappvveToL 1 cHYKALON.
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[ —PHC — woLF-PHC]|

Yypa 4.5: Méoog 6pog pnudarev ypnoyponordvras Toug aiyépiOpovg PHC km
WOoLF-PHC Evég lIpaxrtopa yra 50 doxipég kar 3000 exeiodone avd doxipn oto TP
Yg ot TNV TPOGOUOimOoN Ol TWEG TOV TUPOUETPOV TOV Ypnolponomdnkav ivar
€=0.1, 0=0.3,y=0.95 kot 6=0.2 otov aryoppo PHC, kot €=0.1, 0=0.5,y=0.95, 6w=0.05
Kot 81=0.2 otov otov arydpiBpo WOLF-PHC. O mpdktopag exmordedeton pe emrvyio
Kol UE TOVG 000 oAyoplOuovg, pe Alyo kaAvtepm amddoom OTOvV YPNoLomolEital o
aAyopiOpoc WoLF-PHC, apov n ypagiky mapdotacn tov aiydopiBpov WoLF-PHC
etvor o amaAn amd TV YpapIkn Tapdotacn Tov adyopiBpov PHC.
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|—PHC — wolF-pHC |

Tyqpra 4.6: Mécog 6pog Pnuatov ypnoipomordvras Tovg aiyopidpovg PHC ko
WOoLF-PHC Evég IIpaxtopa ywa S0 doxipég kor 3000 emeicdore ava dokip oto
ETP

Yg ot TNV TPOGOUOImOoN Ol TWEG TOV TUPOUETPOV TOV Ypnolponomdnkav ivar
€=0.1, 0=0.3,y=0.95 ka1 6=0.2 otov otov arydpiBpo PHC, ko £=0.1, 0=0.3,y=0.95,
dw=0.01 ko 81=0.04 ctov otov aryoppo WOLF-PHC. O mpdxtopag ekmoidevetat e
emrvyia Ko e Tovg 6vo akyopiBpovg, pe Altyo KaAdtepn anddoon Otav xpnoiomoteiton
o aAyopiBpoc WoLF-PHC, apo¥ 1 ypagik) mapdotacn tov orydpiuov WoLF-PHC
etvor o amaAn amd TV YPopIKn Tapdotacn Tov adydpidpov PHC.

4.2.2.4 Egpapuoyn oryopibuoo MAXQ-Q Evog Ilpdxropa

Yvveyioape pe v viAomoinon tov aAyopiBpov MAXQ-Q,0 omoiog eivar pia iepapyikn
vAomoinon tov aAyopuov Q-Learning ypnowomnowdviog v Iepapyikn Sidomacn
MAXQ. Onwg kot o Q-Learning, étot kow 0 MAXQ-Q éyxet viomombei ovtwg dote va
umopet vo, ypnoyonotel eite v moltikn g-greedy eite v moAitikn Boltzmann ya va

UTOPEGOVILE GTN GLUVEYEW VA cLYKpivoupe TV amddoon tovg. Metd amd Kdamoleg
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JOKIHES amOPACIoTNKE OTMG YPNOOTOH0VV 01 aKOAOVOES TIUES Y10 TIC TOPAUETPOVG:
e=0.1, omv mepintwon g e-greedy TOMTIKAG, KOU GTNV TEPIMTOGN TNG TOAITIKNG
Boltzmann t=80. Eniong 0écape 0=0.5 yio ke Max koppo tov ypaepov kot y=0.95, yuo
Tov A0Y0 011 BéAape vo vrdpyel peydAn Popdtnta 6TV EMA0YN EVEPYELDY OV divouv
pokpompobeopo  peyaAvtepeg apolBéc. Axkoun, otV TEPITTOON TNG TOATIKNG
Boltzmann 6éoape Toug akdéAovBovg puOuong peiwong e Beppokpaciog yio kabe Max
Koppo: MaxRo0t=0.9996, MaxPut=0.9996, MaxGet=0.9939 Ko
MaxNavigatee=0.9939, o1 omoiot £xovv ypnoyomombei and tov Dietterich (2000) otnv

nTapovcioon tov arlyopipov MAXQ-Q.

To Zymua 4.7 kot to Zynua 4.8 deiyvouv 10 péco aplud Pnuatov avd eneicdo10, TOV
YPEWAGTNKE O TPAKTOPAGS Y10 VO, EMLTOYEL TOV 6TOYO ToV, 6T0 TP ko oto ETP avrtictoyo.
[Tapatnpodpe 0TL 0 TPAKTOPOG EKTOUOEVETOL E EMTLYIN TOCO HTOV YPTCUOTOIEL TNV €-
greedy moltikn, kobmg kot Otav ypnowwonolei v molrtikr, Boltzmann . Opwg,
PAémovpe OTL M OVYKAION €mEPYETOL GE TOAD [kpOTEPO aplBud Pnudtov otav

ypnoonoteitol n e-greedy moAiTikn.

-77-



2?5. ............ ........... . ........... ........... . ........... , ........... ,., ........... .. ........... ........... . ........... .......
ol R SR S E ........... S S ;n_m_g ........... ; ........... S E ........... -
— A S B I — — A -

- N SRR N R S A I A A R -

=
=]
L]

iy
w
=

—
I
i

Average Steps

iy
[}
=

|
i

o
(=]

I
i

=]

a 250 500 750 1.000 1,250 1.500 1,750 2Z.000 22350 2,500 27350 32.000
Episode

|— MAXQ-Q - baoltzmann exploration — MAXQ-Q - e—greedﬂ

Xyqna 4.7: Mécog 6pog Pnuatov (pnopomoridvtas Tov aiyopropo MAXQ-Q Evig
IIpdxtopo pe e-greedy ko Boltzmann wolitikn ywa 50 doxipéc kar 3000 erercdoa
ava doxipn 6to TP

Y& 0T TNV TPOGOUOIMOT 0 TPAKTOPAS EMAEYEL TIG EVEPYEIEG TOV COUO®VA LLE TNV €-
greedy xat tv Boltzmann molrtikr avtictoya oe kdbe mepintoon. Ov Twég tov
TOPAPETPOV TOL Ypnoomombnkav eivor €=0.1, t=80, a=0.5 yio kdBe Max ko6ppo Tov
ypboov kat y=0.95, ywo Tov Adyo 0Tt OéAape vo vdpyel LeYAAn PapdTnTa 6TV EMAOYN
evepyeldv mov divovv pokpompdBecpa peyorvtepeg apoés. O pvBuodg peimong g
Oeppoxpaciog vy kabe Max wouPo eivor yw tov MaxRoot=0.9996, Ttov
MaxPut=0.9996, tov MaxGet=0.9939 kot tov MaxNavigatee=0.9939.0 mpdxtopog
eKTaLdEVETOL e EMTLYicL Ko pe TG 000 TOMTIKES, OUMG 1 GUYKAIOT EMEPYETOAL TTLO
YPNYOPQ KoL G€ LKPOTEPO 0ptOpd Prpdtov 6tav ypnoyomoteitat 1 e-greedy moAttik.
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|— MAXQ-Q - boltzmann exploration — MAXQ-Q - e-greed‘_«-‘|

Yympa 4.8: Méoog 6pog fnpatov ypnoponor@vtas tov aryopidpo MAXQ-Q Evég
Ipaxtopa pe e-greedy kot Boltzmann woltikn Yo 30 doxipéc kon 5000 exercooro
ava doxkiun oto ETP

2€ oQUTN TNV TPOCOUOIMOT 0 TPAKTOPOS EMALYEL TIG EVEPYELEC TOL CUUPMVO LE TNV €-
greedy kot tv Boltzmann moltikr avtictorya oe kdbe mepintwon. Ov TéG TV
TAPAUETP®V OV ypnoporombnkay givor €=0.1, t=80, a=0.5 yo kadbes Max koéufo tov
ypaeov kot y=0.95, yia tov Adyo 0Tt BELapE vo vTapyEL LeEYAAn PapvnTa TNV EMAOYN
EVEPYEI®V TOV dtvouv pakpompdbecuo peyoivtepes apoés. O pvOuodg peimong g
Oepuoxkpacioc vy kabe Max woéuPo eivoar yww tov MaxRoot=0.9996, tov
MaxPut=0.9996, tov MaxGet=0.9939 ka1 tov MaxNavigatee=0.9939. O mpdaktopag
EKTIOOEVETOL L EMTVYIO KOl UE TIC OVO TOMTIKEG, OUMOC 1) CUYKAIOT EMEPYETOL IO
YPNYOPQ KoL 6€ LKPOTEPO 0ptOpd Prudtov 6tav ypnoyomoteitat 1 e-greedy moAtik.

4.2.2.5 Egopuoyn olyopiBuwv MAXQ-PHC xa: MAXQ-WoLF-PHC Evdg Ipdxropo.
21 ouVEXEW, £XOVTOG UEAETNOEL OPKETEG TPOTYOVUEVEG EPYOGIEC TOL APOPOVCAV

alyopiBuovg IEM mpocélape 0t kavelg dev giye dokipdoetl va viomomoet lepapycd

toug aAyopiBpovg PHC kot WOLF-PHC. "Etot, agov eiyope 1o mopatnpnoel apketd
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KOAQ omoTteAEGTA OGOV 0POPE 0VTOVS TOVG OVO AAYOPIOLOVE, ATOPAGICALE VO TOVG

viomomoovue lepapykd ypnoponoidvag v MAXQ didoraon.

Metd amd KATOolEG SOKIUES OMOPAGIOTNKE 0TS YPNCILOTOMBOVY 01 aKOAOVOES TIES
v 11g mapapétpovs: €=0.1 ko y=0.95, vy Tov Adyo O0TL BéAape va vrdpyer peydan
Boapdtnrta otV €MA0YN evepyeudV oV divovv pokporpoBecua peyordtepeg apolPéc,
Kol 6Tovg Vo adyopBpovs. Emiong, otov aiyopiOpo MAXQ-PHC kabopicape 0=0.5
v kabe Max koppo tov ypdeov kot 6=0.2, eved otov aiyopipo MAXQ-WoLF-PHC
kabopicope 0=0.5 yio kaBe Max koéppo, kot dW=0.05 kot 61=0.2 oto TP xau dw=0.1 ko

0l1=0.4 oto ETP, apov cdpemva pe tov adyopiOuo tpénet 51> dw.

To EZyfua 4.9 kar 10 Zynmua 4.10 deiyvouv 10 péco apBud Pnudrtov avd erelcodo, Tov
YPEWGTNKE O TPAKTOPAS Y10 VO, EMLTOYEL TOV 6TOYO Tov, 610 TP ko oto ETP avrtictoyo.
[Tapamnpodue OTL 0 TPAKTOPAG EKTMAIOEVETAL HE EMTLYIN, TOPA TO YEYOVOS OTL
ypnoworombnkay 600 aAyoplBuol IKTAG OTPATNYIKNG 7oL  epopudloviol o€
nepPdAiovia ToALaTA®Y TpokTOpwv. Emtiong PAEmove 0TL | cUYKAION emEPyETOL TNV

10100 ypOVIKY| GTIYUN Kol GTOVG OVO OAYOP1OLOVG.
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| —maxqQ-PHC —maxg-woLF-PHC|

Xyqna 4.9: Mécog 6pog prpdtov (pnopomordvtas Tovg aryoprtOpovg MAXQ-PHC
kot MAXQ-WoLF-PHC Evoég IIpaxktopa yio 50 doxipég kot 3000 eneicodia avd
doxiun oto TP

Yg ot TNV TPOGOUOImOoN Ol TWEG TOV TUPOUETPOV TOV Ypnolponomdnkav ivar
e=0.1, 0=0.5 yw xédPe Max xéppo tov ypaeov,y=0.95 kar §=0.2 ctov OaAyOpPOLO
MAXQ-PHC, kot €=0.1, 0=0.5 y10 k46 Max képupo tov ypapov,y=0.95, 6w=0.05 kot
31=0.2 otov aryopiBpo MAXQ-WOLF-PHC. O mpdktopag ekmoidevetal e enttvyia,
Kol HE TOvg OVO ahydpiduovg mopd To yeyovog Ot givor 600 oAyOplOpol pIKTAG
oTpaTNYIKNS mov gpapudlovror oe mepPdrriovia mollamiov mpaktdopwv. Emiong n
oVYKAMON EMEPYETOL TNV OO XPOVIKN GTLYHUN KOt GTOVG dVO OAYOPLOLOVG.
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|— MAXQ-PHC — MAXQ-WoLF-PHC |

Tyqpna 4.10: Méoog 0pog Pnpdtov ypnopomoldvreg tovg aryopidpovg MAXQ-
PHC kar MAXQ-WoLF-PHC Evég IIpdxtopa yia 30 doxipég ko S000 eneio6ora
ava doxipn oto ETP

Yg ot TNV TPOGOUOImOoN Ol TWEG TOV TUPOUETPOV TOV Ypnolponomdnkav ivar
e=0.1, 0=0.5 ywr xdBe Max xéppo tov ypaeov,y=0.95 kar §=0.2 ctovV 0aAyOpOLO
MAXQ-PHC, xot €=0.1, 0=0.5 yio xd8e Max koppo tov ypapov,y=0.95, dw=0.1 ko
01=0.4 otov aryoppo MAXQ-WoOLF-PHC. O mpdktopag ekmoudedetar pe emrvyio,
Kol HE TOvg OVO ahydplduovg mopd To yeyovog Ot givor 600 oAyOplOpol pIKTAG
oTpaTNyIKNS mov gpapudlovror oe mepPdrriovia mollamiov mpaktdopwv. Emiong n
oLYKAGON EMEPYETOL TNV O10L XPOVIKN GTLYUN Kot GTOVS dVO adyOptOpovg.

4.2.2.6 Zvykpion alyopibuwv Q-Learning kar SARSA Evog Ipdktopa

211 GUVEKELD GLYKPIVOLE TO ATOTEAEGLLATO TTOV THPOLUE At TOLG dVO alyopBpovg XA.
To Zynuo 4.11 Jeiyver 1o amoteAéopato amd TOLG OVO aAyOpOLOLS ExovTag
ypnowomomosr v e-greedy molrtiky, kor 10 Zynua 4.12 ta  omoteléopoto

ypnowomoldvtag Ty moltikny Boltzmann yw to andd TP, evéd ta EZyfuoto 4.13 kot
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4.14 Jeiyvouv To. OMOTEAEGLOTO XPNOLOTOIOVTOG TNV €-greedy kot tv Boltzmann
noMtikn yw o ETP avtictoya. Xty mepintoon mov ypnowonoleiton n e-greedy
TOMTIKT TTapatnpovue OtL 1 GVYKAoT otov adydpBpo Q-Learning exépyetan eAappdg
7o ypnyopa amd otL otov adydpipo SARSA. Eniong kottdlovTog To amoTEAECUATO UE
mv epapuoyn tov aiyopibuwv oto ETP, BAémovue 6TL M YpagiK) TApAGTACT TOL
agopd tov adydpiBuo Q-Learning eivor mo amodn omd TV YPOQEIKY] TOPAGTACT TOV
agopd tov aiyopiuo SARSA. Otav ypnowomoteitan m moArtikny Boltzmann
napatnpovue 6tL 0 aAyopiuog SARSA cuykdivel mo ypiyopa Kot G€ WKPOTEPO
apud Pnudtov omd tov adyopiBuo Q-Learning. ‘Etol ocvumepaivovpe 0Tl 61O
mpoPAnua tov TP evog mpdktopa givar kodvtepa va gpapudletar o arydpiduog Q-
Learning ypnolwonowwvtag v &-greedy moAitik kot o aAyopiBuoc SARSA

YPNOUOTOLDVTAG TNV moALTkY) Boltzmann.

Average Steps

il S .

[n] 250 S00 750 1.000 1.250 1.500 1.750 2,000 2.250 2,500 2,750 =2.000

Episode

|—Q—Learnin-;| - e-greedy — SARSA - e-greedy |

Yympoe 4.11: Mécog 6pog Pnpdtov ypnoipomoridvrag Tovg aryoprbpovg Q-Learning
kv SARSA Evog Ilpaxtopa pe e-greedy momtikn ywe 50 doxipég kar 3000
ene1e6oLa ava doxipr) oto TP

g 0T TNV TPOGOUOIMON 0 TPAKTOPOS EMALYEL TIG EVEPYEIEG TOV GUUPOVA LE TNV €-
greedy moAttikr]. Ot TéC TV TOPOUETPOV TOL Yproiponomdnkay sivar €=0.1 , a=0.3
kot y=0.95. H olOykhon emépyetar €Ad@pds mo ypiyopo OTOV YPNCLULOTOLEITOL O
aAyopBpog Q-Learning.
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Yyna 4.12: Mécog 6pog Pnpatov ypnoyponor@viag toug olyopiOpovg Q-Learning kaw SARSA
Evég Mpaxtopa pe mohtiki Boltzmann ywa 50 doxipéc kan 3000 erercodio ava doxipr) oto TP

Y& QT TNV TPOGOUOIMON 0 TPAKTOPOG EMAEYEL TIS EVEPYELES TOV GOUP®VA pE TV ToAtikry Boltzmann. Ot tipés tov
TOPAUETPOV TTov Ypnotpornomfnkav etvar a=0.3, y=0.95 , t=80 kot cr=0.98. H ctyrxhion enépyeton mo ypriyopa otav
xpnoponoteitat o akyopdpog SARSA kot o€ pikpotepo apdpd Pnpdtov.
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a 500 1.000 1.500 2,000

|— Q-Learning - e-greedy — SARSA - e—greedvl

Tympoe 4.13: Méoog 6pog Prpdatov ypneponotdvtes tovg alyopidpovg Q-Learning ko SARSA
Evéc Mpaxropa pe g-greedy wolrriki] yia 30 doxipés kon 5000 encr66d10 ava doxip) oto ETP

Y& TN TV TPOCOUOIMOT 0 TPAKTOPOG EMALYEL TIC EVEPYELEG TOL GOUE®OVO. e TNV g-greedy moltikh. Ot Tipég twv
TapapéTpov mov ypnotporomOnkav givor €=0.1 , 0=0.3 kot y=0.95. H oclOykhion enépyetor Erappmg mo ypryopo.
otav yproponoteitat o akydpiBpog Q-Learning kot 1 ypopikn TaploTact] Tov aQpopd TV EPAPUOYT ToL aAyOpOro
Q-Learning ivat o oo amd v Ypapikn mtopdoTtact) Tov apopd Tov odyopdpo SARSA.
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|—Q-Learning - boltzmann exploration — SARSA - boltzmann exploration|

Yympo 4.14: Mécog 6pog Pnpdtov ypnoeipomoridvrag tovg aryoprbpovg Q-Learning
kot SARSA Evog Ilpaxtopa pe momtiki Boltzmann ye 30 doxipéc kar 5000
eng1o0oa ava doxipn oto ETP

Y& 0T TNV TPOGOUOIMON 0 TPAKTOPAS EMAEYEL TIG EVEPYEIEG TOV GUUO®VA UE TNV
noltikn Boltzmann. Ot tipég tov mapapétpov mov ypnopomombnkoy eivar a=0.3,
v=0.95 , t=80 xau cr=0.98. H chykhon enépyeton mo ypryopa 6TaV ¥pNCLOTOLEITAL O
aAyopiBpoc SARSA kot g pikpdTepo apBud Prudtmy.

4.2.2.7 Zvyrpion alyopiGuwv Q-Learning kar WoLF-PHC Evog Ipédxropa

211 oULVEXEW GLYKPIVOUE TO OOTEAEGLOTO OV TNPOAUE omd TOvG aAyoplOpovs Q-
Learning ypnowomowdvtag v e-greedy moltikn, ooy gixe KaADTEPL OTOTEAEGUATOL
mapd v moAtikr, Boltzmann, xoir WoLF-PHC. Xto Zynua 4.15 ¢aivovtor to
OTOTEAEGLLOTO LLE TV EPAPLOYT T®V VO oAyopiBumy 6to andd TP kot 610 Zynua 4.16
pe v epapupoyn tovg oto ETP. IMopatnpodue 01t ot apyikd €melcddor o PEGOG

apudg Pnudtov tov TpaKTopa, xpnoomoldvias tov aiydépidpo WoLF-PHC eivon
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apKeTh PEYaADTEPOG amd ToV UEGO aplBud Prnudtov mov ¥petdleTor XPNOLOTOLDVTOG
Tov oAyopiBuo Q-Learning. Avtd MoV OVOUEVOUEVO QPOD OTMG EYOVUE OVAPEPEL
nponyovpévmg o aryopiBpoc WoLF-PHC ypnoyonoteital o mepifdriiovta EMIIIT kot
ypewletar ekmaidevon p€xpt va  mpocapuootel oto mepifdiiov  EMEIL  To
a&loonueioto givar 6Tt ot 6v0 adydpBpol GuyKAivouy TNV 1810 ¥POVIKT] GTIyUn Kot

nepinov otov 1010 péco apBud Pnudtov otav epappolovtar oto TP.

o bt o sk . Ao
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Yyfqna 4.15: Méoog 6pog fnuatmv xpnoipomoldvras Tovg alyoptdpovg Q-Learning
pe e-greedy moatiki] kv WOLF-PHC Evog Ipaxtopo Yo 50 doxipés ko 3000
ene1e6oLa ava doxipn) oto TP

Yg ot TNV TPOGOUOImoN Ol TWEG TOV TUPOUETPOV TOV YpNolponomdnkav ivan
€=0.1, 0=0.3 ka1 y=0.95 otov aAryopibuo Q-Learning, kot €=0.1, a=0.5,y=0.95, 5I=0.05
kot 61=0.2 otov olyopiOpo WOLF-PHC. Zto apyikd emeicddio o pécog apbudg
fnudreov tov mpdaktopa, ypnoponoidvias tov oiyopipo WoLF-PHC sivon apketd
HeYOADTEPOG amd TOV HECO apliud Pnudtov mov ypeldletal YPNCLOTOIDVTAS TOV
aAyopiuo Q-Learning. Xt ocuvvéysia ot 600 odydpiOpol cuykAivouv v idlo ypovikn
oTLyUn Kot Tepimov otov 110 pnéso apdud Pnudrov.
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Yympe 4.16: Mécog 6pog Pnpdtov ypnoeipomordvrag Tovg aryoprbpovg Q-Learning
pe e-greedy molrtukny kv WOLF-PHC Evég Ipaxtopa ywa 30 doxipég kot 5000
emelo6o10. ava doxipn oto ETP

Yg ot TNV TPOGOUOImOoN Ol TWEG TOV TUPOUETPOV TOV Ypnolponomdnkav ivar
€=0.1, 0=0.3 ka1 y=0.95 otov aAryopOuo Q-Learning, xou £=0.1, a=0.3,y=0.95, 5|=0.01
kot 01=0.04 otov odyopOpo WOLF-PHC. Xta apyid emeicddi o pécog apOpdg
fnudtov tov mphxTopa, ypnowonowwvtag tov aiyopilpo WOLF-PHC sivor apketd
peyoAvTepog amd tov péco aplud Pnudtov mov ypeldleTor YPNOYLOTOUDVTOS TOV
aAiyopipo Q-Learning. Xt ocvvéyeia ot dVo adyopiBuot cuykAivouy, pe tov olydpipo
Q-Learning vo ovykhivel og pukpdtepo aplBpd Pnudrtov and tov adyopiduo WOLF-
PHC.

4.2.2.8 Xvyrpion alyopiBuwv Q-Learning kar MAXQ-Q Evog Ipdxtopa
AxoAo00mG cvykpivope To OMOTEAEGUOTO TTOL TNPAUE OO TOvS aAyopupovg Q-

Learning kot MAXQ-Q. To Xynuo 4.17 deiyver ta amoteréopoto omd TOVG SVO

aAyoppovg éxovtag ypnowonomoel v g-greedy moAitiky, kol to Zynua 4.18 ta
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AMOTEAEGLLOTO. XPNOILOTOIDVTOS TV 7oAtk Boltzmann yw 1o ankd TP, evd ta
Yynuata 4.19 kow 4.20 deiyvouv To. AmOTEAECUATA XPNCILOTOIOVTOS TV &-greedy kot
v Boltzmann moAitikn yia to ETP avtictotya. [apatnpodpe 6Tt dtav ypnoponoteiton
N e-greedy moAMtikn ot dVo aAydpiBuol cuykAivouv otov 1610 péco apldpd Pnudtov
oumc n ovykAion otov aiyopiBpo MAXQ-Q emépyeton moAd mo ypnyopa. Emiong
PAémovpe OtL 0 aplBudg TV Pnpdtov mov yxpeldleTal O TPAKTOPOS OTO OPYIKE
EMEGOOWN, TPV TNV oOYKAoN, elval apketd peyaAdTEPOG OTOV YPNOWOTOLEITAL O
aAyopiBuoc Q-Learning mapd otav ypnowomoteitoar o adydopiuoc MAXQ-Q. Avtd
eaivetal opketd kabopd omd v epappoyn tovg oto ETP 6mov 10 odvoro
KOTOOTACEMV-EVEPYEWDY €lval apketd peyoivtepo. Etor mapatnpovpe Ot pe v
ypnowonoinon tov MAXQ-Q 1 pndbnon emroydvetar KATL T0 0010 HTAV AVAUEVOUEVO
a@ov ot lepapytkol akydpBpot ypnoipomotovvTol yio va extayvvouy v pabnon. Otav
ypnowonoteitor n moltikry Boltzmann mopatmpodue 6tt o aiyopibupog Q-Learning
oLYKAivEL 68 LIKPOTEPO HEGO aplOpd Pnudtov amd tov adyopidpo MAXQ-Q, aild kot
oA PAEmovpe OTL M pUAONOM EMTOYVVETOL UE TNV YPNOUOTOINGN TOV aAyOp1Opov
MAXQ-Q a@ob o apBudc tov Pnudtov mov xpeldleTor 0 TPAKTOPUS OTA OPYLKK
EMEICOO10, TPV TNV OVYKAON, €lval OpKETO HEYOADTEPOG OTAV YPNOIUOTOIEITOL O

aAyopiBuoc Q-Learning mopd dtav ypnoonoteital o akyopdpog MAXQ-Q.
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Yympe 4.17: Mécog 6pog Pnpdtov ypnoeipomordvrag Tovg aryoprbpovg Q-Learning
kot MAXQ-Q Evég Ipaxtopa pe e-greedy molrtukn ywe 50 doxipég ko 3000
EnELG0010. VA doKipn 6to TP

g AT TNV TPOGOUOIMON 0 TPAKTOPAG EMALYEL TIG EVEPYELES TOVG GUUPOVOL LUE TNV €-
greedy moAttikr]. Ot TéG TV TOPOUETPOV TTOL Ypnoponomdnkay sivar €=0.1 , a=0.3
Kot y=0.95 yw tov akydpibpo Q-Learning kot £=0.1, 0=0.5 ywa xd0e Max kopufo tov
yYpapov kat y=0.95 yia tov odyopiipo MAXQ-Q. Ot dvo akydpBol Guykiivovy Gtov
010 péco apBpd Pnudrtev 6pmg n ovyKkion otov odyopipo MAXQ-Q enépyetor oAy
mo ypnyopa. Eniong o apBuog tov Pnudrtov mov ypeldletal o mpiKTopos GTo opykd
EMEWGOO10, TPV TNV COYKAIOT, €lvarl opketd peyoATEPOS OTOV YPNOLOTOlEiTAL O
aAyopBpog Q-Learning mapd 6tav ypnopomoteitarl o olydpidpog MAXQ-Q.

-89-



0 250 500 750 1.000 1250 1500 1750 2.000 2250 2500 2750 3.000
Episode

|— Q-Learning - boltzmann exploration — MAXQ-2 - boltzmann exploration|

Yympoe 4.18: Mécog 6pog Pnpdtov ypnoeipomordvrag Tovg aryoprbpovg Q-Learning
kot MAXQ-Q Evég Mpaxtopa pe moltikny Boltzmann ywa 50 doxipés ko 3000
EnELG0010. VA doKipn 6to TP

g 0T TNV TPOGOUOIMON 0 TPAKTOPAS EMAEYEL TIG EVEPYEIEG TOV GUUO®VA LE TNV
noltikry Boltzmann. Ouv tipég tov mopopétpov mov ypnowomomdnkay yio Tov
aiyopiOpo Q-Learning eivar 0=0.3, y=0.95, t=80, wor cr=0.98. O Tég TtV
TOPAUETPOV TOV YpnoipomoOnkay yio tov adydopiBpo MAXQ-Q sivon t=80, a=0.5 yw
k60e Max koéppo tov ypagpov kot y=0.95. O pvBuodg peimong g Beppokpaciog yia kbbe
Max koppo etvor yu tov MaxRoot=0.9996, tov MaxPut=0.9996, tov MaxGet=0.9939
kot tov MaxNavigatee=0.9939. O aAyopiBuoc Q-Learning cvykhivel o pkpoTEPO PEGO
apOud Pnudatov and tov adydopiipo MAXQ-Q. Oupwg o apBudg tov Pnudtov mov
YPEWLETAL O TPAKTOPOS GTO OPYIKE EMEIGOO0, TPV TNV GVYKAIOT, €ivar peyoAtepog
o6tav ypnowonoleiton o akyopiOuog Q-Learning mopd Otav  ypnopomotEitol o
aAyopiOpoc MAXQ-Q.
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Yympe 4.19: Mécog 6pog Pnpdtov ypnoipomordvrag tovg aryopibpovg Q-Learning
kot MAXQ-Q Evég Ipaxtopa pe e-greedy molrtukn ywe 30 doxipég ko 5000
emelo6o10. ava doxipn oto ETP

Y& 0T TNV TPOGOUOIMOT 0 TPAKTOPAS EMALYEL TIG EVEPYEIEG TOV GUUPOVA LE TNV €-
greedy moAttikr]. Ot TéG TV TOPOUETPOV TTOL Yproponomdnkay sivar €=0.1 , a=0.3
Kot y=0.95 yw tov akydpibpo Q-Learning kot £=0.1, 0=0.5 ywa xd0e Max kopufo tov
yYpapov kat y=0.95 yia tov odyopiipo MAXQ-Q. Ot dvo akydpBol Guykiivovy Gtov
010 péco apBpd Pnudrtev 6pmg n ovyKkion otov odyopipo MAXQ-Q enépyetor oAy
mo ypnyopa. Eniong o apBuog tov Pnudrov mov ypetdletar 0 mpaKTopag oTo apykd
eMEGO010, TPV TNV COYKAIOT, &lvarl apketd peyoAdtepog Otav ypnolponoteitor o
aAyopBpog Q-Learning mapd 6tav ypnopomoteitarl o olydpidpog MAXQ-Q.
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Yo 4.20: Mécog 6pog fnpdtov yprnoipomordvrag Tovg alyépdpovg Q-Learning ko MAXQ-Q
Evég Mpaxropa pe moltiki Boltzmann ywa 30 dokipés kan 5000 enerco6dio. ava doxip) oto ETP

Y& vt TNV TPOCOUOImGT 0 TPAKTOPAG EMAEYEL TIG EVEPYELES TOV GVHP®VA e TV ToArtikny Boltzmann.
O1 TYég TV TopapsTpev oL Ypnoyoromdnkay yio Tov adyopidpo Q-Learning sivar 0=0.3, y=0.95,
t=80, kot cr=0.98. Ot Tipég TV TapapéTpOV OV YpNoipomomdnkay yio tov akyopiipo MAXQ-Q sivar
0=0.5 yw k6B Max kopfo tov ypdopov kat y=0.95. O pvbuds peiowong g Beppokpacios yio kabe Max
kopPo eivar o tov MaxRoot=0.9996, tov MaxPut=0.9996, tov MaxGet=0.9939 «or tov
MaxNavigatee=0.9939. O olyopBpog Q-Learning ocvykdiver oe glappdg pikpdtepo péco apbud
Bnudrov and Tov arydpiipo MAXQ-Q. Ouwmg o apBpoc tov Pnudtev mov ypetdletol 0 TpAKTOpaS oo
APYIKG ETEIGOSL, TPV TNV OOYKALGT, £ivar peyadtepog dtav ypnoyonoteital o akyopiuog Q-Learning
mapd otav ypnoonoteitat o adydoppog MAXQ-Q.

4.2.2.9 Xoykpion odyopiBuwv WOLF-PHC xo: MAXQ-WoLF-PHC Evog [pdxropa

Ye owtd 10 onpeio cLYKPIVOLE TO OMOTEAEGLOTO TOV THPOUE LE TNV EQAPUOYN TOV
alyopibuov WOLF-PHC kot MAXQ-WoOLF-PHC. To Zynua 4.21 deiyver ta
OTOTEAEGLLOTO LLE TNV EQAPUOYT TOVS 6TO amAd TP kot 1o Zynua 4.22 pe v €Qoaproyn

tovg oto ETP. IMapamnpovpue 61t o1 dvo oryopiBuotr cuykiivouv otov 60 apBuo
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Bnudrov. BAémovpe 6pwmc, 6TL 0 aptBpoc Tov Prpdtov mov ypetdleTot 0 TPAKTOPOS GTa
apyKaG €nelcOdn, TP TNV GOYKAloT, e€lvar peyoAdtepog Otav YPNOUOTOLETOL O
alyopOpoc WoLF-PHC mapd 6tav ypnoiponoteitor o arydpidpog MAXQ-WoLF-PHC.
Avto @aivetar apketd kabapd omd v epapuoyr tovg oto ETP 6mov 10 ovvolro
KOTOOTACEMV-EVEPYELDVY Efvan apkeTd pLeyaAvTepo. Emtiong and tv €pappoyn tovg 6to
ETP mapatnpovpe 611 n obykiion otov arydopilOpo MAXQ-WoLF-PHC erépyetan mo
ypnyopa mapd otov  aAyopiuo WOLF-PHC. 'Etor mapatnpovue o611 pe v
ypnowonoinon tov MAXQ-WOoLF-PHC n pdébnon emitoydvetar kdtt to omoio nrav

avopevopevo agov ot Iepapyucoi adydpBpot ¥pnolomolovvTon Yo Vo ETtayhvouy TNV

puéonon.
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Yypoe 4.21: Méocog 6pog Pnudatav ypnoyponotdvteg Tovg ariyépidpovg WoLF-PHC kau
MAXQ-WoLF-PHC Evég lIpaxtopa yia 50 doxkipés ko 3000 emercéola avé dokip) oto
TP

Yg LT TNV TPOCOUOIMOoT Ol THES TOV TOPOUETP®V TOL Ypnoilporomdnkay eivor €=0.1,
0=0.5,y=0.95, dw=0.1 a1 8|1=0.4 ctov arydépOpo WOLF-PHC, ka1 €=0.1, 0=0.5 ya k60 Max
KopBo tov ypaeov,y=0.95, dw=0.02 kot 81=0.5 otov arydpiOpo MAXQ-WoLF-PHC. Ot &vo
alyopBpor ovykAivouv otov 1010 péco apBud Pnudtov opmg n ovyKAon otov aiyopidpo
MAXQ-WoLF-PHC erépyeton moAd mo ypryopo. Emiong o apBuog tov Pnudtov mov
YPEWLETOL O TPAKTOPOG GTO OPYIKE EMEIGOIIN, TPV TNV GUYKAIOT], EIVOL OPKETA LEYOADTEPOG
otav ypnowonoteitar o aArydpiBpog WoLF-PHC mapd dtav ypnowonoteitonr o alyopiBpog
MAXQ-WoLF-PHC.
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Yympo 4.22: Mécog 6pog Pnudtov ypnoipomor@vros tovg aryéprOpovg WoLF-
PHC kot MAXQ-WoLF-PHC Evdg Ipaxtopa yio 30 doxipés ko 5000 ererocoora
ava doxkiun oto ETP

Ye oUTH TNV TPOCOHOIMOTN Ol TWEG TOV TUPAUETP®Y TOV ¥pnoipomomdnkay sivot
€=0.1, 04=0.3,y=0.95, 6w=0.01 xou 61=0.04 ctov otov aryopiOpuo WoOLF-PHC, ka1 £=0.1,
a=0.5 yw kdBe Max képpo tov ypaeov,y=0.95, dw=0.1 kot 81=0.4 ctov akydpiBuo
MAXQ-WoLF-PHC. Ot 600 aiydpiBuot cuykiivouv otov id10 péco apBud Pnudtwv
ouwg 1 ovykAion otov aiyopidpo MAXQ-WoLF-PHC erépyeton mo ypriyopa. Emiong
0 oplOuog TV Pnudtov mov ypeldletar 0 TPAKTOPAS GTO APYIKA ETEICOSN, TPV TNV
OVYKALOT, €ivol peyaAvtepog 0tav ypnotpomoteitor o aiyopiuoc WoOLF-PHC mapd
otav ypnotpomoteiton o arydpOpog MAXQ-WoLF-PHC.

4.2.2.10 Xvyxpion alyopiBuwv MAXQ-Q xar MAXQ-WoLF-PHC Evég Ipdxropo.

‘Enerta cvykpivape to amoteAEGHOTA TOV TTPOUE HE TNV EPAPLOYN TOV oAyopiBuwv
MAXQ-Q yxpnowonowwvrog v g-greedy molrtikn kot MAXQ-WOLF-PHC. To Zynua
4.23 deiyvel 1o AMOTEAEGLOTO [LE TNV EQAPLOYT TOVS 6TO amAd TP kot to Zymua 4.24 pe

v epapuroyn tovg oto ETP. Tapammpodpe 6Tt ota apyikd encicdo o pécog aptipds
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fnudtov tov Tpdaktopa, ypnoipwonowwvtog Tov odyopiipo MAXQ-WOLF-PHC eivau
apKeTh PeYaADTEPOG amd ToV HEGO aplBud Pnudtov mov ¥petdleTor YPNOLOTOLDVTOG
tov aAyopipo MAXQ-Q. Avtd ntav avapevopevo aeov o aiyopipog MAXQ-WoLF-
PHC ypnowomnotweitn oe mepipdirovia EMIIIT kot ypeidleton ekmaidevon péypt vo
npocappootel 6to mepiParrov EMEIL Emiong kortdlovtag Tig YpagIKeés TopacTicELS
OV OPOPOVV TNV TPOGOUOImST TV dVo aiyopibuwv oto ETP mopatnpodpe 611 n
YPAPIKN TAPACTACN oL 0eopd tov aAydpilduo MAXQ-Q eivor mo oamaAr amd v
YPAPIKN TApAoTaoT) TOL apopd Tov akyopidpo MAXQ-WoLF-PHC. 'Etotl kataAryovue
0T0 oLUTEPAGHA OTL 610 TPOPANUa tov ETP evdg mpaktopa, dmov vmpyer peydro
OLVOAO KOTOOTAGEMV-EVEPYEIDV E€lvol KOADTEPO VO YPNOWOTOIEITOL 0 OAYOPIOUOG

MAXQ-Q, ypnoomoidvtog v e-greedy moATiky.
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Yypo 4.23: Mécog 6pog Pnpatav ypnoyponotdvrag tovg aryopiOpovg MAXQ-Q pe -
greedy moltukiy kot MAXQ-WOLF-PHC Evég Ipaktopa yw 50 doxkpés kar 3000
enelc6o1a avd doxipn oto TP

Y& autr TNV TPOCOUOImoT 0 TPAKTopag 6Tov aAyopipo MAXQ-Q emdéyel T evépyeEleg TOL GUUPOVE
pe v e-greedy moitikny. Ot Tipég TV mopapéTpov mov ypnooromdnkay eivar €=0.1, 0=0.5 yio kabe
Max koppo tov ypagov kot y=0.95 yio tov adyopipo MAXQ-Q xar £=0.1, 0=0.5 yio kG0 Max koppo
oV Ypaeov,y=0.95, dw=0.05 «at 61=0.2 otov alyopiOpo MAXQ-WOLF-PHC. Xto apyikd encicddia o
pécog apbpdg Pnudtmv tov mpaktopa, ypnoonoidvtag tov adyopilipo MAXQ-WOLF-PHC sivaw
peyaAvTepog and tov péco aplipd Pnudtov mov yperaletar ypnoonoidvag tov odlydpiipo MAXQ-Q.
¥t ouvéxeln ot 6v0 aiyopiipol cuykiivouv pe tov odyopiipo MAXQ-Q vo cvykhivel og AapPmdSG
pkpoTEPO apdpd Pnpdtmv amd tov adyopiipo MAXQ-WoLF-PHC.
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Yyqpo 4.24: Mécog 0pog Pnuatv ypnoyonotdvroag tovg aryopidpovg MAXQ-Q pe &-
greedy moMtiki) kot MAXQ-WoLF-PHC Evog IIpaktopo yw 30 doxipéc kot 5000
eMELG0010 avd dokiun 610 ETP

Y& auTr TNV TPOCOUOImoN 0 TPAKTopag 6Tov aAyopiipo MAXQ-Q emdéyel T evépyeleg ToL GOUPOVE
pe v e-greedy modtikn. Ot Tipég TV mapapéTpov mov ypnotpornomdnkoy givar €=0.1, 0=0.5 yio KOs
Max koppo tov ypagov kot y=0.95 yio tov adyopipo MAXQ-Q xar £=0.1, 0=0.5 yio ka0 Max koppo
0V YpaPov,y=0.95, dw=0.1 ko1 81=0.4 ctov aAiyopiOpo MAXQ-WOLF-PHC. Zta apyid eneicodio, o
pécog apbpdg Pnudtmv tov mpdktopa, ypnoonoidvrag tov aAdyopilipo MAXQ-WOLF-PHC sivar
peyaAnTepog and tov péco aplipd Pnudtev mov yperdletar ypnoponotdvag tov odlyopiipo MAXQ-Q.
21 ovvéyeln ot dVo aAyopidpol cuykAivouy pe tov aiyopiipo MAXQ-Q va cuykAivel oe pikpoOTEPO
apOud Pnpdrov amd tov adydppo MAXQ-WoLF-PHC. Eriong n ypagw mapdotacT mov apopd tnv
epappoyn tov aiyopilpov MAXQ-Q eivor mo omodn amd TV YPOPIK TOPAGTAGT TOV CPOpd TNV
gpappoyn tov adyopiipov MAXQ-WoLF-PHC.

4.2.2.11 Xbyrpion atyopiBuwv Q-Learning, WoLF-PHC, MAXQ-Q xo: MAXQ-WoLF-
PHC Evog Ipaxropa

Télog ouykpivape o amoteAéopata mov mipape and tovg akyopiBuovg Q-Learning,

MAXQ-Q, WOLF-PHC xat MAXQ-WoLF-PHC. TInpope ta amotedécpota tov
aryopiuov Q-Learning kot MAXQ-Q ypnoyonmowdvtog v e-greedy motikn, apov

-96-



OT®G €ISALLE, YPNOILOTOIDVTAG AT TNV TOALTIKY €10V KOADTEPA OMOTEAEGLOTO TOPE
amd Otav ypnowonoovcav v moltikn Boltzmann. To Zynfuo 4.25 deiyvel ta
OTOTEAEGLOTO LLE TV EQAPUOYN TOVG 6TO amAd TP kot 1o Zynuo 4.26 pe v €poppoyn
toug oto ETP. Tapatnpodue 6t o1 dvo Iepapyikoi arkyopiBuor, MAXQ-Q kot MAXQ-
WOLF-PHC, éyouv kaAbtepn oamddoon omd tovg dAlovg 600 adydpiBpovg, aeod 1
péonon yivetat o ypryopa 6TV YPNGILOTO0VVTOL 0VTOL 01 aAyOPOpol, KATL TO 0010
NTaV ovopeEVOUEVO apob okomdg Tav lepapyikdv pebddov sivar va emtoybvouy v
péonon. Eniong PAémovpe 611 0 adydpiBpog MAXQ-Q £xel tnv kKakdtepn amddoom amd
OAovg T0VG aAyOp1BOLG.
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Yynpo 4.25: Mécog 6pog Pnuatov ypnolpomoidvrog Tovg alyopiOpovg Q-Learning
ypnowponordvtas TV e-greedy morrukiy, WoLF-PHC, MAXQ-Q ypnoyonotdvrag Ty &-
greedy moltukiy kot MAXQ-WOLF-PHC Evég Ipaktopa yw 50 dokpés wkar 3000
enelc6o1a avd doxipn oto TP

Ye quTi TNV TPOcOLOimoN Ot THEG TOV TOPAUETpmV Tov ypnotlporombnkav sivar €=0.1, a=0.3 ko
v=0.95 otov aiydpBuo Q-Learning, kot £=0.1, 0=0.5,y=0.95, 51=0,05 xo 61=0.2 otov alyopiOpo WoLF-
PHC. T tov aAyopiBpo MAXQ-Q ypnotpomomnkav ot tuéc €=0.1, 0=0.5 yo ka0 Max koépfo tov
vypapov kot y=0.95 kat yio tov aiyopiipo MAXQ-WOoLF-PHC ot tipég €=0.1, 0=0.5 ywo ké0e Max képpo
00 Ypaeov,y=0.95, dw=0.1 ko 8I=0.4. Zta oapyikd emecddio, TP TV cOYKAon 0 pécog aplbudg
nudtov mov ypedloviar ot dvo Igpapywol aiyopilBuor MAXQ-Q kor MAXQ-WOLF-PHC eivan
ppdtepog amd Tov péco apliud Pnpdrov mov yperdlovratl ot GAAot dvo aiyopiduot, pe tov adydplBpo
MAXQ-Q va ypewdletar tov pkpotepo péEGo aplipd Pnudtov omd OAoLE TOvg aAyopldpovs. Xt
GULVEXEL GLYKAIVOLV GTOV 1010 PéCO apBud PUdTeV, e TNV GUYKAIOT VO ETEPYETAL TTLO YPTYOPO GTOV
aAyopiBpo MAXQ-Q.

-97-



4.250 1
4.000
3,730 1
3,500 1
3,250 1
3,000 -
2,750 1
2,500 1

2.250

2,000 1
17501
1.500 -
1,250
1.000 -

750 1

500 1

0

Average Steps

ut . Lr " .
o LT T U PP P S,

0 So0 1.000 1500 2,000 2500 3.000 3.500 4.000 4500 5.000
Episode

|—Q-Learning - e-greedy — WaolF-PHC MAXQ-Q - e-greedy r'-r1.-'-'-.}-c.Q-*.“\f-:-LF-PHC|

Yyfquna 4.26: Méoog 6pog fudtov 1pnoipnomot@vtes Toug oiyopdpovg Q-Learning
ypnowomordvrag v e-greedy moltikiy, WoLF-PHC, MAXQ-Q ypnoipomordvrag
v g-greedy moltiki) kan MAXQ-WoLF-PHC Evog Ipaxtopa yia 30 dokipég kan
5000 erero60r0 ava doxipn oto ETP

Ye oUTH TNV TPOCOHOIMOTN Ol TWEG TOV TUPAUETP®Y TOV ¥pnoipomomdnkay sivot
€=0.1, 0=0.3 ka1 y=0.95 otov olyopOuo Q-Learning, ko £=0.1, a=0.3,y=0.95, 51=0.01
kot 61=0.04 otov oryopiOuo WOLF-PHC. T 7tov aAyopibuo MAXQ-Q
ypnooromonkoav ot Tipég €=0.1, 0=0.5 yia kdbes Max kopupo tov ypaepov ko y=0.95
kol yio tov aAyopiBpo MAXQ-WOoLF-PHC ot tyéc €=0.1, 0=0.5 yua kd0e Max koppo
0V Ypapov,y=0.95, dw=0.1 kot 6l1=0.4. Zto apyikd eneicddia, TP TV GLYKAIGT O
puécog aplfuog Pnudtov mov ypedloviar ot dvo Iepapyikoi adydpiBuor MAXQ-Q ot
MAXQ-WoLF-PHC eivanl pikpotepoc amd tov péco apfud Pnudtov mov ypetdlovion
ol dAlot dvo alydpiBuol, pe tov adyopiBpo MAXQ-Q va ypedletar Tov HKPOTEPO
péco apud Pnudtov and dAovg Tovg alydpBovs. XTn GUVEKELL GLYKAIVOLY TTEPimov
otov 1010 péco aplBud Pnudtov, pe TV GOYKAICYT VO EXEPYETAL MO YPNYOPO GTOVG
alyopiBpoc MAXQ-Q kot MAXQ-WoLF-PHC.
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4.3 Ewvioyvtikiy MaOnon lorhanrov [paktopov

4.3.1 Eooywyn

Apywd viomombnke o ekTOC-mTOMTIKNG aAyopiOpoc Q-Learning ywo vor dodue mmg
CLUTEPLPEPETAL O TEPIPUAAOVTA TOAAUTAMY TPOUKTOP®V. TN GUVEYEW OOKIULACOLE
toug adlyopiBpovg PHC kor WOLF-PHC, 0 omoiot givar adydpiBpot mov spapudlovron
o€ mepParrovta ToALATA®VY TtpakTOpwV. Enmeita aoyoindnkope pe alyopiduovg IEM.
And 1o amotedécpata Tov aiyopiluov Q-Learning kot oamd T GUYKPON TOV
alyopibpuov Q-Learning kou WOLF-PHC «atoAnéape oto ocvpmépoocuo 6Tl 0
alyopBpoc MAXQ-Q dev givar 1000 gvdlapépov 660 ot aryopiBuot MAXQ-PHC kot
MAXQ-WoLF-PHC c¢ mepipdirovta molamiov npoktopmv. ‘Etol cuveyicape pe mv
epappoyn tov oryoppov MAXQ-PHC kot MAXQ-WoLF-PHC.

Me Vv ecaywyn mePocOTEPOV OmO £va. TPOKTOP®Y TO GOVOAO KOTOOCTAGEMV-
EVEPYELMV TTOV dNUIOLPYEITOL AVEAVETOL OPOUOTIKA, £TCL ATOPUGIGOUE VO EPAPUOCOVLE
TOVG 7o TAve oAyoplBuovg oto ankd TPy moAhamhovg mpdktopeg 10 omoio Ha
eEnynbel o ocvvéyeln kot Oyt oto ETP agod Ba siyope axdpa mo peydio cbvoro

KOTAGTAGEWDV-EVEPYELDV.

4.3.2 Taxi Problem yio IToAdardov¢ [péxtopes

To Taxi Problem yio IToAlamiovg ITpdaktopeg (MATP-Multi Agent Taxi Problem) sivai
po enéktact tov omAoy TP, v omoio éyovpe dNUOVPYNOEL Yol THV EQAPLOYT TOV
alyopiBuwv EMIIIL, kot €€ 6cov yvopilovue dev vrapyet otnv Pioypapia, pe to
CUYKEKPIUEVOL KPITNPLOL KOl VTOOEGEIS OV YPNOULOTOWOVUE KOl €ENYOVVTOL GTNV

ouvvéyela. Xto MATP &yovpe éva 5X5 mhaicio 6mwg aivetal oto Zymua 4.27.
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Yympa 4.27: To mhaiocro Tov tpofinpnartog Tov toli yro [lorhamiovg Ipaktopeg

OOV VILAPYOLY TECTEPELS E0IKA GyedlacUEVES TomoBesiec o1 omoieg amewoviloviot wg
R(ed), B(lue), G(reen) kot Y(ellow), 6o N mepiocdtepa tai kar 600 1 mepiocdTEPOL
emParec. Ot emPareg pmopodv va Ppiokovtor oe por amd OVTEG TIC TEGGEPELS
tomoBeciec gite pésa oto Tadl.

2KomoG avtov Tov TPOoPANHaTog givan vo padet, o kdbe ta&l (Oniadn o mpdKTopag),
mov Pploketor évag emPdng, vo petakivndel ommv tomobecia avt) Kol vo TOV
TOPOAGPEL, KOL GTI GUVEXELN VOL TOV LETAPEPEL GTOV TPOOPIGUO OV emBupel pe 660 To

dvvatd Myotepa frjpata.

Ta ta&l Eekvovv and o Tuyaio 06on o€ avTd 10 TANIG10, KOODG emiong Kol 1 apykn
tomofecio TV emPatdv OTwG Kol 0 TEMKOG TPOOPIGHAG TOVG, Tov Kabopilovion Tvuyoia

0€ L0 a0 AVTEG TIG TEGGEPLS EOIKA OYESOCUEVEC TOTOOEGTEC.

e KaOe Prua, to tagl umopel vo eKTEAEGEL oL EVEPYELD a0 TIC aKOAOVOEC EMTA: Vo
KivnOet a) éva tetpdyovo Popua, PB) éva tetpdywvo voTia, v) £va TETPAY®VO aVOTOAMKAL,
Kat 0) €va TeTpdymvo dvTiKd, €) va mapaidpel tov emParn, C) va agnoet tov emPdn
Kot M) va unv kéver kopio kivnon. Av Ktomnogt oe toiyo N av mpoomadncel va Pyet
ektdg TV opimv tov mAaiciov M Béom tov dev aAralel. To kabe ta&l umopel va
petagépel povo 1 emPatn kdbe eopd. ' por emroynuévn petapopd maipvel cav
apopn 20. Av 1o 1ol ekteléoel Vv evépyela «mapéiafe Tov emPatn» oe tomobecio

omov dev PpiokeTon o emPatmg, N ov NON petaeépetor o emPag tote maipvel cav
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apopn -10. Eniong av exteAéoel v evépyela «bonoe tov emPdtn» oe AavOacuévo
TPOOPIoUO, 1 YPIC Vo LETaPEPEL KATOW0 eMPATN Kot TAAL 1) apoPn) Tov maipvet givar -
10. T omowdNmoTe GAAN evépyewa M apopn] sivor -1. Av dvo 1 mepiocdtepa Tosl
oVYKpoLGTOUV TOTE Taipvouy pio emmAfov apofn -20. Ze avt) v mepimton
emAéyetal Tuyoaia o taél Oa mapapeivel ot cvykekpyévn torofecio Kot ta vVTOAOUTA
LETOPEPOVTOL TNV TPONYOLUEVT] ToTtoBesia mov Ppiokovtav, TP and oVt TOLg TNV
kivnon. Xmv mepintwon 6mov éva amd to TaEl Tov cLYKpoVLoTNKAY E£xel EMAEEEL pia
and Tig kvnoelg (g), (§), N (), 101e ciyovpa owtod 0 Ta&l O Tapapeivel otnv tomobecio
NG GVYKPOLOTG Ko Ta bItoAoa Oa emoTpéyouv otny Tponyovuevn toug tomobecio. H
Kk6Oe doxiun TeAedvel Otav yivel £vog aptBpdg EMTLYNUEVOV LETAPOPDV, OTTOV VTOG O

ap1Ouo¢ kabopiletar amd Tov YpnoT.

To MATP pumopei vo datvrmmbel g éva marvidot Markov pe tpeig petafintéc
Kataotaong: v tomobecio wov Ppioketan o kdbe tali (0-24), v Tonobecio Tov KGO
emPatn (0-4, 6mov 10 0 onuaiver 6t1 o emPdng Ppiokeron péca oto toEl) Kot v
tonobecia Tov mpoopopov ywo tov kabe emPatn(l-4). Apo ovvolo Bo Exovpue
25" x 5% x 4k xoraotdosig, 6mov N givor o apBudc Tov Taél kar K o apdudc Tov

emPoTav.

4.3.3 MAXQ disomaon yio. to mpofinuo. tov tali yia Iollarwiois [paktopes

H MAXQ dudonaon yio 1o MATP eivon pua enéxtaon g MAXQ diwbonaong yio 1o
antAd TP m omoia e&nynbnke oto xepdioo 2.8. e avt| TV €MEKTOON  £YOVLUE
npocbicel v evépyewa ldle, n omoia avtitpoowmedel TNV EvEPYELD «UNV KAVELS Koo,
Kivnony, 0mov &yel v emioyn va emaééel o mpaktopos 6to MATP. Zto Zynua 4.28

eatvetor o ekteTapévog ypheog yio to MATP.
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Yyqpo 4.28: Extetopévog MAXQ ypdeog ywe Tto mpépinpa tov toli Yo
Morhamrovg IIpaxtopeg
omov vapyovv Max kopfot koar Q kdpPot. Ot Max képupot ywpic moudid vTodoNAm®VOLY
apyéyoveg evépyeteg katl ot Max kopufot pe moudid avomopiotovy vrodoués (sub-task).
Kdabe Q koépPog vmodnAdvel po evépyela 1 omoio Uopel vor EKTEAEGTEL Yo VoL ETITUYEL
1N VTOOOUN TOV YOVEQ TOV.

4.3.4 Armoteléouota epapuoync twv odyépiBuwv oto Taxi Problem yia IloAlomioide
Ipdxropeg

Onwg £&xo mpoavaeépel 1o MATP givan eneicodioxd. e kdbe emelicdO10 01 TPAKTOPES
Kévouv ta fripata Toug TapdAANAa., £ToL HETPALLE TOV aplBud TV fnudtov Tov Kdvovy
01 TPAKTOPES UEYPL VAL YIVEL €vag apOUOC EMTUYNUEVOV LETAPOP®V. ATOPAGIGOUE VO
Kévovpe éva aplBpd amd dokiég Y Tov KaBe alyopiduo, 6mov oe kdbe dokyn o
alyopBpoc Ba Tpéyet Y éva apBud emeicodimv. 1o téAog maipvovpe tov HEGo Gpo
TV Pnudteov mov kdvel 0 TPAKTOpAS, OVTMG MoTte v eEayxfohv KOADTEPO Kot 71O

OVTUTPOCOTEVTIK( OTOTEAECLLATOL.
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Eniéybnke va ypnowomomoovpe 2 mpaktopeg kot 2 emPATES, POV TO GUVOAO
KOTOOTACEWDV-EVEPYELDV  UEYOADVEL AP TOAD OV YPNCUOTOMCOVUE UEYOAVTEPO
apOuod, Katt to omoio o pog KooTicEL GE YPOVO Kol Y®Po. Xeg ypOdvo emewdn Ha
ypelovtal akdpo TeEPIocOTEPQ EMEIGOIIO LEYXPL VO ETELDEL 1 pdBnom Kot g Ydpo yLoTi
Oo  ypealdpacte axopo meplocOTEPN HVAUN. Me ovtd To  dedopéva  €yovue
252x 5% x 4?2 = 250000 katootdoslg mov sivon HdN évog apketd peydhog apdudc
kataotdoewv. O apudg tov enclcodinv emhéydnke va eivon 1000000, apod Adyo Tov
HEYAAOL GUVOAOL KOTOCTACEMV-EVEPYEIDV YPEALOVIOL OPKETE EMEGOOIL UEYPL VO
e EVTOVV 01 TpdikTopes. O apBudg Twv dokiumv emA&ydnke va givan 10, apod Adyo
TOL UEYAAOL GLVOAOVL KOTOGTACEWMV-EVEPYEIDV KOl TOL UEYAAOL aplBpov emelcodiwv
YPEWBLETOL OPKETA HEYAAO YPOVIKO SLAoTNLO UEXPL Va TeEAel®oEl 1| kB dokur). Emiong

emAEEaLe, TO KOOE ETEIGOOI0 VO TEAEUMVEL LETA OO 2 EMTLYNUEVES LETAPOPES,.

Ot apoBéc vy kdbe Kivnon tov mpdktopa £xovv Kabopilotel GOLPOVOL LE TO KEQAAOLO
4.2.2 6mov meprypageton to MATP. Ot yevdoapoféc, yio tovg aiyopiduovng MAXQ-
PHC kot MAXQ-WOLF-PHC petd and kdmoteg dokipég amopaciotnke va givon 0 yio
KkéBe teppatikn xKatdotaon kot -100 v kdbe aAAn katdotaon. Emxiong axkoiovbeiton o

ovpPoAloudg Tov kepaAaiov 4.1.2 yia Tig TAPAUETPOVG.

AxoAovBohv Ta amoTEAEGLOTA OITO TNV EQPAPUOYT AVTOV TOV oAyopifumy oto MATP.

4.3.4.1 Egapuoyn alyopibuov Q-Learning Iloilarlav Ipaxtopwv

Y10 MATP anogacicape va dokiudoovpe tov odyopiOpo Q-Learning IToAlamidv
[Mpaxtopwv ypnoomowdvtag v e-greedy moAitiky. Metd omd kamoleg SOKIUEG
kaBopicape tig tipég €=0.1, 0=0.3 kar y=0.95, yuo tov Adyo 011 BéAape vo vhpyet
peYaAn PopdInto TNV EMAOYN EVEPYEWDV TOL divouv pHokpompdBecua peyoADTEPES

apopés.
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To Zynua 4.29 deiyvel to péco apBpd Pnudtov ové emelcddlo, Tov YPEWBGTNKE O
TPAKTOPOS Yo va, emtvyel Tov 6t0yo tov 6to MATP. IMapatmpodue 611, apywd ot
TPAKTOPES OVGKOAEHOVTOL TOAD VO EMTVYOVV TOV GTOYO TOVG, APOD 0 HEGOG oplOpdS
Bnudrov mov yperdlovtal avéavetat. tn cuvéyela PAETOVUE Vo BEATIOVETOL 1) ATOSOGN
TOVG, YWPIG OUMG OPKETE TKOAVOTOMNTIKE OTOTEAEGUATO, OPOV OTMC POiveETAl GTNV
YPOPIKN TOPAGTOCT VIAPYOVV OPKETH CKAUTOVERAoUATO, KATL TO 0moio onuaivel 6T
dev €xel yivel apketd Ko ekmaidgvon. Avtd Tav avapevopevo agov o adydpiduog Q-
Learning eivor akyopiOpoc mov agopd mpopriuata EMEIL ‘Etol cvumepaivoope 0Tt 1
epapuoyn tov aiyopiBuov Q-Learning oto mpoPinua tov MATP dev givar daitepa
xphon.
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Yyqua 4.29: Méoog 6pog Pypdtov ypnoiporoidvrag tov alyopiOpo Q-Learning
MoAhomdadv Mpaxtépov pe e-greedy kor Boltzmann moltiki yio 10 dokipés ko
1000000 erero6or0. ava dokipn 6to MATP

g VT TNV TPOCOUOIMGCT) 01 TPAKTOPES EMAEYOVV TIG EVEPYELEG TOVG CULPMOVO, [LE TNV
e-greedy. Ot Tyég TV TopapéTpov mov ypnopwomombnkay sivar €=0.1 , 0=0.3 kot
v=0.95. O1 mpdxtopeg dev ekmodevovtar pe Waitepn emrvyic aQod apykd o HEGOG
apBudg Pnudtov mov xpeldlovtol Yo Vo ETITVXOVV TOV GTOYO TOVG aVEAVETAL, CALY
KOO KO OTN GLVEYELD, OOV 0 PéEGOS aplfudg Pnudtov mov ypeldlovtol LeEtDVETaL,
VILAPYOVV OPKETH CKOAUTOVERAGULATO GTNV YPUPIKT TAPAGTAGT, KATL TO 07010 onpaivel
OTL dev €yet yivel apketd KoAN exmaidevon).
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4.3.4.2 Egopuoyn alyopiBuwv PHC kor WOLF-PHC yia I[ToAdarAodg [pdktopeg

2m ovvéyeln dokipdoape tovg aayopiuovg PHC kot WoLF-PHC yo moAhamiovg
TPAaKTopec. Metd omd KAmMOlEG SOKWEG  OmMOPUGIoTNKE OMMG Ypnoomombovy ot
axoilovbeg Tipég yuo Tig mapoapuétpoug: €=0.1 kar y=0.95, yioa tov Adyo 611 BéAape va
VIApYEL UHEYEAN PBopdtnTa otV EMAOYN EVEPYEWDV TOL divovv pakporpdOeca
peyoAvtepeg apolPéc, Ko otovg 6vo aiyopiBuovc. Emiong, otov aiyopibpo PHC
kabopicape 0=0.3 ko 0=0.2, evd otov aiyopiOpo WOLF-PHC xoabopicape a=0.3,

ow=0.05 kot 81=0.2, apod cOpemva pe Tov akyopduo mpénet 51> dw.

To Zynuo 4.30 deiyver o péoco apBud Pnudtomv avé enelcdo10, TOL YPEUCTNKAV Ol
TPAKTOPEG YL Vo €mMTOHYOLV TOV ©T10)0 Tovs, oto MATP. Ilopatnpovue OTL O1
TPAKTOPEG EKTOUOEVOVTOL [E EMTVYI, EXOVTOC TOPOLO GUUTEPIPOPE, KOl GTOVS OVO

alyopifpovg.
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Typa 4.30: Mécog 6pog Pnuatov ypnoipomordvrag tovg aiyépibpovg PHC ke WoOLF-PHC
oiromiav Mpaxtopov Yo 10 doxipég ko 1000000 ereicéora avé doxipr oto MATP

Y& QTN TNV TPOCGOUOIMOT Ol TWES TV TOPOUETPOV oL ypnolpomomdnkay etvonr €=0.1, 0=0.3,y=0.95
kot 8=0.2 otov akyopiOpo PHC, kot €=0.1, 0=0.3,y=0.95, dw=0.05 xor 81=0.2 otov otov aAydpiBpo
WOLF-PHC. Ot mpdaxtopeg ekmaidedovtor pe emrvyio Kot pe Toug d0o aiyopdpovg, pe Alyo kaivtepn
amddoon Otav ypnoitonoteitor o okydpdpoc WOLF-PHC, apob 1 ypapikh mapdotact Tov aiydpBrov
WOLF-PHC etvar ehappdg 1o amad and v ypapikn topdotact Tov aiyopidpov PHC.
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4.3.4.3 Egpapuoyn alyopifuwv MAXQ-PHC xou MAXQ-WOLF-PHC yia IloAlomlodg
Lpéxropeg

>t ovvéyela viomomoovpe lepapywd, ypnowomotdvtag v MAXQ dibdomaon o

[MoAhamrovg Ipaktopec, Toug adydpipovc MAXQ-PHC kot MAXQ-WoLF-PHC.

Metd amd KAmOolEG SOKIUEC OMOPAGIOTNKE OTMC YPNGILOTOMBOVV 01 aKOAOVOES TIES
v g mopapétpovs: €=0.1 kot y=0.9, vy Tov Adyo O0t1 BéAape vo vrdpyer peydn
Bapvnto 6TV €MAOYN EVEPYE®V TOL divouy poakpompOfecpo peyordtepes apolPés,
Kol 6Tovg Vo aAyopBpovs. Emiong, otov akyopiBpo MAXQ-PHC kabopicape 0=0.5
v kabe Max koppo tov ypdeov kot 6=0.2, eved otov adyopipo MAXQ-WoLF-PHC
kabopicope a=0.5 yio k4Be Max kouPo, ow=0.05 kot 61=0.2, apod cOuewva pe Tov

aAyopiBuo mpénet 51> dw.

To Zynuo 4.31 deiyvel 10 péco apOud Pnudtov avd enelcdo10, TOL YPECTNKAY Ol
TPAKTOPES Y10 VAL EXLTVYOVV TOV 6TOY0 T0VG 6T0 MATP. Tlapatnpodue 6Tt 01 TPAKTOPES
EKTOOEVOVTOL  UE  EMTUYIC, £YOVTIOG TOAPOUOIL  GUUTEPIPOPE, Kol oTOLS OO

alyopiBpovg.
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[—Ma MaxQ-PHC —Ma MaxQ-WoLF-PHC |

Xympoe 4.31: Méoog 6pog Pnpatov ypnoiporot@dvias tovg aryéptOpovg MAXQ-
PHC kot MAXQ-WoLF-PHC IMoAromrav Ipaxtopav yia 10 doxipéc kon 1000000
emEL66010. ava doKkipn 6to MATP

Yg ot TNV TPOGOUOImOoN Ol TWEG TOV TUPOUETPOV TOV Ypnolponomdnkav ivar
e=0.1, 0=0.5 yw xdBe Max koppo tov ypapov, y=0.9 kot 6=0.2 otov arydpiBuo
MAXQ-PHC, ka1 £=0.1, 0=0.5 ywo kd0e Max képupo tov ypaeov, y=0.9, dw=0.05 ko
31=0.2 otov aryopiBpo MAXQ-WOLF-PHC. O mpdktopag ekmoidevetal e enttvyia,
Kol [LE TOVG 0VO aAydp1Bovg £xovTag TapOHOL CLUTEPIPOPE.

4.3.4.4 Xvyrpion alyopifuwv Q-Learning kar WoLF-PHC Ilollomiav [paxtopawv

21 ovvéyew cuyKpivape To OmOTEAECUATO OV TNPAUE amd Tovg aAydpiduovg Q-
Learning kou WoLF-PHC. Xto XZynuo 4.32 @aivovtol To OIOTEAECUOTO ME TNV
epappoyn twv dvo alyopibuwv oto MATP. Tlapatnpovue 611 o arkydpiBpoc WOLF-

PHC éyel mapa mold koddtepn omddoon and tov odydopidpo Q-Learning, agov eivor
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eoavepd 6tL vapyel ovyKkAon tov aAdyopiBpov WOLF-PHC oe mold pikpodtepo péco
aplud Pnudtov amd tov akyopbpo Q-Learning, pe Ttov omoio ot TPAKTOPES
yperalovton apkeTd TeEPIocOTEPA PLOTO HEXPL VO ETTVYOVV TOV GTOYO TOVG. AVTO NTaV
AVOUEVOLEVO, apoD 0 olyopBuog Q-Learning eivat adydpiOuog mov apopd TpoPfAnuata
EMEII.
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|— MA Q-Learning - e-greedy — M4 WDLF-PHC|

Yypa 4.32: Méoog 0pog fudtov 1pnoitponotdvrag Tovs ahyopriOpovg Q-Learning
ne e-greedy mohtiki] kot WOLF-PHC Moilamhav Mpoktépov yia 10 dokipés ko
1000000 exerc6o10 avd doxkipn 6to MATP

Yg ot TNV TPOGOUOImoN Ol TWEG TOV TUPOUETPOV TOV Ypnolponomdnkay ivar
€=0.1, 0=0.3 ka1 y=0.95 otov aryopiBpo Q-Learning, kot £=0.1, 0=0.3, y=0.95, 51=0.05
kot 81=0.2 otov akyopiOpo WOLF-PHC. Ot mpdktopeg ekmadgdovton mold kaAdtepo
xpnoonowwvtag tov aAyopipo WOLF-PHC, apov ypnoyonowwvtag tov aiydopiipo
WOLF-PHC ypeialovtar moAd Aydtepa Prjpata yuo vo mtdyovv 1oV 6TOX0 TOVG GE
oyéon pe TV ypnoomoinomn tov adyopiuov Q-Learning.
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4.3.4.5 Xoyxpion alyopiBuwv PHC kai MAXQ-PHC IHoilariwv Hpaxtopwv

Ye outd 10 onpeio GLYKPIVOUE TO OMOTEAEGLOTO TOV THPOUE LE TNV EQAPUOYT TOV
alyopibpuwv PHC kot MAXQ-PHC. To Zynua 4.33 deiyvel o amoteAéopota Pe TV
epappoyn tovg oto MATP. Tlapatnpovpe 6tL pe Vv €poppoyn tov Iepapykov
alyopOpov MAXQ-PHC n amddoon tov aAydpiBpov PBeAtidvetor 6e oyéon UeE TOV
alyopiOpo PHC. BAémovpe 611 0 péoog apbudc tov Pnudtov mov ypeidlovior ot
TPAKTOPES YO VO EWMTVYOVY TOV OTOYO TOLG &ivol TOAD  uKkpOTEPOG  OTAV
ypnowonoteitor o aAyopiuog MAXQ-PHC, kot emiong m ovykMon emépyetol mo
ypnyopa. ‘Etol katoAnyovpe 010 cUUmEPOCUE OTL HE TNV ETEKTOCT TOL OAYOplOUOV
PHC otov Iepapyikd aryopiBpo MAXQ-PHC smitoyaue v emtdyovon g pdonong,
KATL TO 0moi0 MTaV avoueEVOUEVO, agoV ot lepapyikoi adydpOpol ckomevovy otV

EMTAYLVOT TNG LAbnong.

Average Steps

0 250.000 500.000 750,000 1.000.000
Episode

[—Ma PHC —ma maxg-PHC |

Zypa 4.33: Méoog 6pog Pnpdtov ypnoipomordvras tovg aiyépiOpovg PHC kv MAXQ-PHC
Moiramiav Mpaxtopov Yo 10 doxkipég kar 1000000 ereicéore ava doxkipn oto MATP

Y& 0T TNV TPOCOUOIMOT Ol TIEG TV TOPOUETPOV oL ypnotpomomdnkay givor €=0.1, a=0.3,y=0.95
kot 6=0.2 otov akyopifpo PHC kot €=0.1, 0=0.5 ywo k6B Max koppo tov ypdeov, y=0.9 ka1 6=0.2 ctov
aAyopiBpo MAXQ-PHC. Xpnowonouwvtag tov akyopidpuo MAXQ-PHC 1 pébnon enttoydvetat, opov ot
mpaktopeg ypewdlovrar Aydtepo Prjpata Yo vo €mitdyovy Tov oTOXO TOLG, GE GYEGN HE TNV
¥pnoonoinon ov aiydpuov PHC.
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4.3.4.6 Zvykpion okyopiBuwv WOLF-PHC xa: MAXQ-WoOLF-PHC Iloilomiov

Ipoxropwv

‘Enerta cvykpivape to 0moTEAEGLOTA TOV THPOUE UE TNV EPUPLOYN TOV OAyopiOuwmv
WOLF-PHC xa1 MAXQ-WOLF-PHC. To Zynua 4.34 deiyvel To 0mOTEAEGUOTO LE TNV
epapuoyn twovg oto MATP. IMapatnpodue 6t1 pe v epapuoyn tov lepapytkov
alyopBpovr MAXQ-WOoLF-PHC 1 anddoon tov alyopiBpov Bertiovetar o€ oyéon pe
tov odyopOpo WOLF-PHC. BAémouvpe o611 0 péoog apibudg twv Pnudtov mov
ypeGlovTal o1 TPAKTOPES Yo VAL EMTHYOVY TOV GTOYO TOLG £ivol TOAD HKPOTEPOS OTAV
ypnowonoteitor o aryopiuog MAXQ-WOLF-PHC, kot eniong n cvykhion emnépyetal
mo ypMyopa. ‘ET61 KaTaAYOUUE GTO GUUTEPOAGHA OTL LE TNV EMEKTOCT TOL AAYOPIOUOV
WOLF-PHC otov Iepapyikd arydpiOpo MAXQ-WoOLF-PHC smitoyaue v emitdyvvon
™G pabnong, xdtt to omoio Mrtav avapevopevo, aeov ot lepapykoi aAiydpidpot

OKOTEVOVY GTNV EMTAYLVVON TNG Udbnonc.
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|— MA WoLF-PHC — MA MAXQ-WolLF-PHC |

Typa 4.34: Mécog 6pog pnpdrov ypnoipomordvrag toug aryopidpovg WoLF-PHC kot MAXQ-
WOoLF-PHC TTolramridv Mpoxtépov yia 10 doxipés kar 1000000 srercodia ava dokip 6o MATP
Y& aUT TNV TPOGOUOI®GT Ol TIHEG TOV TOPAUETP®V OV Ypnotlpomomdnkay ival €=0.1, 0=0.3,y=0.95,
dw=0.05 xat 8I=0.2 otov aiydépBuo WOLF-PHC, war &=0.1, 0=0.5 ywa xabe Max koéupo tov
Ypaeov,y=0.95, 6w=0.05 kot 3l=0.2 otov aiydépiBuo MAXQ-WoLF-PHC. Xpnowwormoidvtog tov
aAyopiOpo MAXQ-WoLF-PHC n pébnomn emroydvetol, agobd o tpaktopeg yperalovron Mydtepa Prjpata
Y10, VOL ETLTOYOLV TOV GTOYO TOVG, GE GYEGT LE TNV XPNoLonoinor tov aikyopidpov WoLF-PHC.
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4.4 Xovoyn AmoTELEGNATOV

Tehetdvovtag, cvuvoyilovpe To AMOTEAECUATO OTOVIOVING £TCL, GTO EPMTNUO TOV
Oéoape oty apy avtov TOL KePaAaiov, kaTd TOGO 0avTOl 01 aAydpBuor eivon
OmOO0TIKOL 6TO GVYKEKPIUEVA TPOPANHOTO. XTOVS OVO Tivakeg Tov akoAovBov Eyovpe
KOTOTAEEL TOVG OAYOpOHOVG o€ Gelpd KaAvtepng amddoons. Xtov I[livaka 4.1
napovotdletal N oelpd Katdtaéng tov aiyopiumv EMEIL 6cov agopd v gpappoyn
tov¢ 610 TP kot oto ETP, 6émov 1 givar o amodotikdtepoc akydpiBuog ko 10 o Atydtepo
amodotikds. Xtov Ilivaka 4.2 moapovcualetor m oelpd Kotdtaéng tov aiyopliumv
EMIIII, 6cov agopd tv epoppoyn tovg oto TP, dmov 1 elvar o amodotikdtepog
alyopiBpoc kot 5 0 Mydtepo amodotikds. Oewpicape OTL o KOAN HETPIKN €ivor O
«ueocaiog apBudcy (median) tov Pnudtov mov ypeldleton ke mPAKTOPAS Yoo VO
EMITVYEL TOV GTOYO TOL o€ KABe adydpOuo, ywpis va eipocte andivta BéPatot. [a mo
éykvpa amoteAécpata Oa MTOV KOAO Vo SOKIUAOTOUV Ol aAyOplfuol 6€ KAmO10
nepipdAlov doxung (test environment), petd v ekmaidevon TV TPAKTOP®V, Kot KATA

™ OBPKELD OVTNG TNG OOKIUNG VoL LNV YIVETOL EMTAEOV EKTTAIOELOT] KOl €EEPELVTOT).

Xoupova pe tov Ilivaka 4.1 BAémovpe 611 mo amodotikol adyopiOuor EMEIT yw
epapuoyn tovg oto TP givar o akyopiBuoc SARSA  ¥pNnoILOTOIDOVTOS TNV TOAITIKY
Boltzmann ka1 o aikyopiOpog MAXQ-Q ypnoponowdvtac v e-greedy molTiky pe
«uecaio apOuo» ico pe 11.46 kar 11.86 avrtioctorgo. AkoAovBovv ot aikydpiBuor Q-
Learning kot SARSA ypnouomoidvtag tv e-greedy moAitikn, pe «uecoio apud» ico
pe 12.1 xou 12.9 avrioctoya kot otn cvvéyxewn ot odyopiBpor WoLF-PHC, pe «pecaio
apOuo» ico pe 14.35 ko PHC, pe «pecaio apBOuo» ico pe 14.74. Metd €xovpe 100G
alyopBpovg MAXQ-PHC, pe «pecaio apBud» ico pe 16.64 kar MAXQ-WoLF-PHC,
ue «ueoaio apBuod» ico pe 16.88. Télog éyovpe tovg aiyopiBuovg Q-Learning kot
MAXQ-Q ypnowomoidvrag tnv moltikny Boltzmann, pe «uecaio apBud» ico pe 21.88
kot 70.22 avtictoya. Xto ETP mapatnpovue 01t Mo amodotikdg givar o akydpidpog
MAXQ-Q ypnowomowdvtog tnv e-greedy moAtikn pe «pecoio apdud» ico pe 50.416
Kot okoAovbel o aAdyopiBpog SARSA  ypnowonoidvtag v molrtikr) Boltzmann pe
«peoaio apBuo» ico pe 59.383. Xt ocvvéyewr €yovpe tov akydpipo Q-Learning

xYPNoWomomvtag v &-greedy moAtikh, pe «peoaio apBud» ico pe 61.283 ko
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akoAovBovv ot adyopiBpor MAXQ-WoLF-PHC, SARSA ypnoiuomoioviog v &-
greedy molrtikn ka1 PHC, «uecaio apiOud» ico pe 85.2, 86.56 ko 94.267 avtictoyo.
Téhog €xovpe tovg odyopiBuovg Q-Learning ko MAXQ-Q ypnowomoidvtag v
noMtikn Boltzmann, kot tov aiyopipo WOLF-PHC, pe «uecaio apBud» ico pe
109.03, 146.93 ko1 151.33 avrtictotya.

[Mopatmpodpue 6TL N oepd Kotdtaing Tov aiyopiBuwv ota dvo mpoPfiquata EMEIT
dwpépel. BAémovpe 0Tt amodotikdtepog arydplluog oto TP ¢aiveron vo eivar o
alyopiuoc SARSA ypnowomoidvtag tnv moMtiky] Boltzmann, eveo oto ETP
TOPATNPOVUE OTL AmOS0TIKOTEPOC gival 0 aAdydpiBuog MAXQ-Q ypnowomoidvtag v
e-greedy moltikn. Avto cvpPaivel Adym tov 0Tt 610 ETP €yovpe peyaivtepo cvoro
KOTOOTACEMV-EVEPYEUDY KOl EMOUEVOG O  TPAKTOPOG YPEGleTon  TEPLGGATEPN
exmaidegvon. I'vopilovtag o011 ot6y0¢ TV lepopywodv pebddwv EM  egivar va
emraybvouv v uddnon, dwoaoroynuéva o oiyopiBpuoc MAXQ-Q eivor o mo
amodoTiKOG adyopiBuog oto ETP. BAémovpue emiong, mdg Ko ot 0o mpoPAnpata, ot
aAyopiBuor Q-Learning wou MAXQ-Q éxovv  kaAbtepa  omoteléopota  OTOV
ypnowonowvyv v e-greedy moltikr, evd o aAyopiBuoc SARSA éxst kalvtepa
amoteAéopato Otav ypnowonotel v moAtikny Boltzmann. Avto icwg vo cvuPaiver
AOy® tov OTL 0 aAyopBpog Q-Learning sival évag ekTO¢ MOMTIKNG aAyOplOHoC Kat o
aryopiBpuoc MAXQ-Q eivon pia Iepapykn eméktaomn tov, evd o alyopiuog SARSA
gtvon évog evtdg moAtikng adyopibuoc. Emopévac, otovg adydopibuovg Q-Learning ko
MAXQ-Q, n avavéwon tov Q Tindv kdbe katdotaong, yivetar Baon g EVEPYELNG TOV
LEYIOTOTOLEL TNV EMOUEVT] KATAGTACT], ONANON TNG AMANGTNG EVEPYEWG, Kot Oyl NG
evépyelag mov Ba emleyBel ylo va ektedeotel otV enOUEVT KatdotaoT. Emouévmg av n
evépyeln mov OBa emdexBel yio extédeon oty emduevn katdotoon eivar 1 dminotm
evépyeln, TOTE 1 EVEPYELD OV YPNOUOTOLEITOL Yol TV ovavE®oT Tov Q TdV Kot 1
eMOEVT EVEPYELN Y1 KTEAEST] Oa etvan o1 101eG. Xe avtiBeon otov adydpiBpo SARSA,
N avavémon tov Q Tov kdbe kotdotaong, yivetor Baon g emduevng evépyelog Ko
fowg va gtvar KOADTEPQ, GE QLT TNV TEPIMTOOT, 1 EMAOYN TNG EXOUEVIG EVEPYELNG VO
yivetan Bdon kdmoiwv mbavottev. Xvveyilovtag PAEmovpe 6Tt 01 adydpiBuot PHC ko
WoOLF-PHC Bpiockoviat otic pecaieg Béoeig g katdra&ng oto TP, kdtt mov onuaivet

ot av kot givor adydpiBuotl mov ypnoyomoovviat oe mpoPAnpate EMIIIL, dev éxovv
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doynuo aroteréopota oto TP, to omoio eivan éva mpoPAnua EMEIL Avtd icmg va
EYKELTOL 0TO YEYOVOS OTL avtoi ot akydpiBuot eivar eméktacn tov oiyopiBuov Q-
Leanrning. Emiong o aAyopiOpog WOLF-PHC eivar elappdg KoAdTEPOG amd TOV
alyopBpo PHC, kdtt to omoio ftov avapevouevo, agod o aiydpiOpoc WoLF-PHC
etvar pa eméktaon tov adyoppov PHC 1 onola éywve yuo va Bedtimbel o akyopiBuog
oVT®G Wote vo gvBappivetar n cvykMon. Kdatt to omoio dev ftav avapevopevo sivat
611 610 ETP 0 alydpiBuog PHC ¢aivetar va givar mo amodotikdg and tov akyopifuo
WOLF-PHC. Avtd dev 10 avapévope, o@od COUPOVO HE TO OTOTEAECUOTO TTOV
BAémovpe oMV YPAPIKN TAPACTOCT TOV Xynuatog 4.6, o aAdydopiuog WoLF-PHC
eoaivetor va &gl KoAvTePN ovumeprpopd and tov aryopipo PHC. 'Etol, PAémovpue 6Tt
{omG Vo unv €xovpe YPNGILOTOGEL TNV O KATAAANAN LETPIKT Y10 VTO TO TPOPANLLCL.
Téhog, PAémovpe 6tL ot Iepapywkol aryopiBpuor MAXQ-PHC kot MAXQ-WoLF-PHC
elval mo amodotikoi oto ETP mapd oto TP, xdtt 10 omoio avauévape apov fonbovv
otV emudyvvon G Hadnong, kou €tor o mpdktopog pobaivel mo  ypnyopa
YPNOLOTOUDVTOG VTOVG TOVG adyopiBuovg oto ETP, 6mov €yovpe mo peydlo ocvvoro

KOTOOTACEWDV-EVEPYELDVY amtd 6Tl 610 TP.

Ytov Ilivaka 4.2 mopatnpodpue 611 o amodotikoi aikyopiuor EMIIIT yw epappoyn
tovg 6t0 TP eivar ot akydopiOpor MAXQ-WoOLF-PHC xor MAXQ-PHC pe «pecaio
apOuo» ico pe 102 ko 103 avrictoya. AxkoAovBovv ot aiyopiBuor WoLF-PHC, pe
«uecaio apOud» ico pe 133.1 wou PHC, pe «uecaio apOuo» ico pe 153.4. Téhog
éyovue Tov adyopibpo Q-Learning ypnoipomoidvrog thy e-greedy moAtikn, pe «Uecaio
apOuo» ico pe 705.4. Avtd to 0mOTEAEGUOTO MTAV OVAUEVOUEVO, GPOV GE OVTO TO
TPOPANUa Exovpe Eva OPKETE LEYAAO CUVOAO KOTAGTAGEMV-EVEPYEIMV, KOl ETOUEVOG T
xpon lepapyikadv oalyopibuwv mov ypnowomorovvior ce mpofinuota EMIII,
emroyvvel v pnadnon. ‘Etot, dwaoroynuéva ot adydpipor MAXQ-WoLF-PHC kot
MAXQ-PHC £yovv v kaAbdtepn anddoon. Emiong, dwkaroroynuéva o alydpibuoc Q-
Learning éxet v yewpdtepn amddoon, agod eivar évoag olyoplOpog o omoiog
ypnowonoteitor og mpoPfanuata EMEIL Teieidvovtog, OTmg avapévaple, ot adyoppot
PHC xow WOLF-PHC &yovv kahvtepn amddoomn and tov adydopibpo Q-Learning, apod
avtol ot aAydpBpotl wvat dvo aikydpiBot ot omoiot ¥PNGYOTOVVTOL GE TPOPAN LT

EMIIIL. Axoun o oiyopiBpoc WOLF-PHC givar amodotikdtepog amd tov aAydpiBpo
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PHC, kdtt 10 omoio Mtov emiong oavopevouevo, aeod OTmG €Y TPOAVOQEPEL O

alyopOpoc WoLF-PHC enekteivel tov akyopiBuo PHC pe okond va tov Beltidoet.

ENIZXYTIKH MA®HXH ENOX ITPAKTOPA

EKTETAMENO TAXI
TAXI PROBLEM PROBLEM
2EIPA MEZAIOZ 2EIPA MEZAIOX
AATOPOMOL | )+ ATAZHS (MEDIAN) | KATATAEHY | (MEDIAN)
SARSA
(Boltzmann 1 11.46 2 59.383
exploration)
MAXQ-Q (e- 2 11.86 1 50.416
greedy)
Q-Learning (e- 3 12.1 3 61.283
greedy)
SARSA (e- 4 12.9 5 86.56
greedy)
WoLF-PHC 5 14.35 10 151.33
PHC 6 14.74 7 94.267
MAXQ-PHC 7 16.64 6 90.417
MAXQ-WoLF-
PHC 8 16.88 4 85.2
Q-Learning
(Boltzmann 9 21.88 8 109.03
exploration)
MAXQ-Q
(Boltzmann 10 70.22 9 146.93
exploration)

Mivakog 4.1: An6doon aryopiOpov EMEIL

H anddoon tov kabe adydpiBuov kabopiletar amd tov «uecaio apOpd» (median) tov
fnuatov mov ypelaleton kdbe TPAKTOPAS YL VO EMITUYXEL TOV OTOYO TOL G€ KAOE
alyopBpo. v oepd katdroing £xovpe pe 1 tov anodotikdtepo alyopBuo kot pe 10
TOV MYOTEPO ATOSOTIKO.
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ENIZXYTIKH MA®HXH I[TOAAATIAQN ITPAKTOPQN
TAXI PROBLEM
2XEIPA
AATOPOMOI KATATASHS MEZAIOX (MEDIAN)
MAXQ-WoLF-PHC 1 102
MAXQ-PHC 2 103
WoLF-PHC 3 133.1
PHC 4 153.4
Q-Learning (e-greedy) 5 705.4

IMivaxkag 4.2: Aw6d06m aryopiOpwv EMIIIT

H anddoon tov kabe adydpiBuov kabopiletar amd tov «uecaio apOud» (median) tov
Pnuatov mov yperaleton kdbe TPAKTOPAG YL VO EMITUYXEL TOV OTOYO TOL G€ KdOe
alyopiBuo. v oepd kotdraing Exovpe pe 1 tov amodotikdTEPO aAyopBuo Kou pe 5
TOV AYOTEPO OMOOOTIKO.
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Kepalaro 5

Yopnepdopato kot Merhovtiki Epyacia

5.1 Xbdvoyn

5.2  Xvumepdouarto

5.3  X0ykpion pe Gheg peréteg
5.4  Xvvewspopa

5.5  MeMovtikn gpyocio

5.1 Xvvoyn

H EM vmp&e o evepyn epeguvntikn mepoyn g Teyxvntig Nonpoohvng yio ToAAd
xpovia (Sutton kou Barto, 1998). Baocileton otnv 10éa Tov 0TL 1| TAON EMAOYNG U0
EVEPYELNG TPEMEL VAL EVOVVAUMVETOL (EVIGYDETOL) 0V TOPAYEL ELVVOTKG OTOTEAEGLLOTOL KOl
VO, QTOSVVAUADVETAL oV Topdyel dvopevr] amotedéopata. [ avtd to Adyo pmopel vo
YopaKkTnplotel emiong og «uddnon pet’ eumepiogy, ool 0 EKTOOEVOUEVOS 0V EEPEL
Omd TPV TOLEC EVEPYEIEC VO EMAEEEL, QAL aVTIOETOG TPEMEL VO, OVOKOADWEL TOEG

EVEPYEIEG 00N YOVV OTI HEYOADTEPT OUOPN, LLE TO VO TIG SOKIUAGEL.

Ye apketd mpoPinuata EM vrapyet éva peyddo chvoro kataotdoswmv-evepysidv (State-
action space). Xe yevikég ypappég ivar dbokolo va kabopiotel To KaTdAANA0 chvoro
KOTOGTACEMV KOl EVEPYEIDV G€ OAN Ta TpoPArnata EM tov mpaypatucod kocpov. Tig
TEPIOCOTEPES POPEG  OTMOUTEITOL OPKETO LEYAAT] YOPNTIKOTNTO UVIAUNG Y10 VO, KOADWEL
Oleg TIG evOEYOUEVEG OYETIKEG KATOOTACELS KOl EVEPYEIEG OV UTOPEL Vo EMAEYOVV,
KaOdg pmopel vo vdpyet pio evpeia TOKIMO KATOGTAGEDV KOl EVEPYEUDYV TOV UTOPOVV
va emdeyobv yuwo KaBe koatdotaon. Emiong oe xdmoww mpofAnpata  yxpedleton
OmEPLOPIOTN] UVAUN, YO TOPAdEYHo OTOV EYOVUE GLVEYNG OUVOAD KOTAGTAGEMV-

evepyewdv. Katd ocvvénewn vmapyet éva opketd peydlo mpdPfAnpo xdpov Kotd ThVv
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npoondfelo va depevvnBohv Ohec ot mBavég evépysleg amd Oheg TG MOAVEG
KOTOOTAOEL,. AKOUN, LIAPYEL KOl OPKETO TPOPANUA XPOVOL aPoL OGO LEYOAMVEL TO
OUVOAO KOTOOTAGEMV-EVEPYEIDV €VOG TPOPANUATOS, TOGO TEPLGGOTEPN EKTOUdEVLOT
ypedletoan o mpaktopag nEYpL va eméAfer m pabnon. o v emilvon avtod Ttov
TPoPAHaTOg ¥pnoyomoovvTon diapopeg nebddol OTmg ot Iepapyicéc Mebodot kot ot

Teyxvikég Ilpocéyyiong Zuvaptioewy.

210Y0G OVTNG NG OMA®UATIKNG epyaciog NTav va dodue Katd méco ot lepapyikég
MeBooot emtaydvouy v pdbnon kot emAvovy g éva Babud avtd to mpdPinua, 1660
oe mpoPMuota EMEIT 6co xou oe mpoPiquate EMIIIL. To mhoicio mov
ypnowonombnke eivar to «Taxi Problem» ko 1o «Extetouévo Taxi Problem» ce
npofiquata EMEIT kou to «Multi Agent Taxi Problem», to onoio givar pio enéktoon
tov amiov TP, oe mpofijuato EMIIIL. Kévape apyn egetdlovtag v omddoom
Kkémowwv akyopiBuwv ce mpofiuata EMEIT kot cuveyicape egtalovtag v amddoon

tov¢ o€ mpofAnuata EMIIIL.

Ymv EMEIL oapyikd e€etdoape tovg dvo aikyopiduovg XA Q-Learning koar SARSA,
xpNoponoldvTag TV e-greedy moAttikn kot tnv molrtikr] Boltzmann. TTapatnpioape
Ot pe ™V e@apuoyn Tov orlyopuov Q-Learning o TpdxTopog eKTUOEVOTAV KOADTEPA
YPNOOTOLDVTAG TNV &-greedy moAMTIKY, VD LE TV EQOPHOYN Tov aAydopiBuov SARSA

0 TPAKTOPOS EKTOLOEVOTAY KOADTEPO XPNOILOTOIDVTAG TNV ToATikry Boltzmann.

> ovvéyela egetdomkav ot aiyopiBuor PHC ko WOLF-PHC, mov av kot eivon
alyopiBuot ot omoiotr ypnoomoovvtorl oe mepPariiovia EMIIII, édeiéav 611 £ouvv
OPKETO KOAN amOd0on Kot 68 avToD TOL €idoVg Ta TPOPANUATA, POV O TPAKTOPOS
exkmandevetal pe emrvyia. Emiong mapatmpnioope 0Tt 6tav 0 TpaKTOpOS YPNOYLOTOLEL
tov ahyopipo WOLF-PHC tuyydver kodvtepng ekmaidevong kot n ndbnon enépyeton
70 Yp1yopa, Tapd otav ypnoyonotel tov akyopiBupo PHC.

‘Encurta acyoindnxape pe lepapyicéc MebBddovg EM kot moo cvykekpyéva pe v

[epapywn drbomaon MAXQ. Apyikd viorombnke o arydppog MAXQ-Q otov onoio

0 TPAKTOPOG UTOPEL va xpnowonolel gite v e-greedy moMTikY €ite TV TOAMTIKY
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Boltzmann. TTapatpncape 0Tt 6Ty 0 TPAKTOPOS YPNOOTOLEL TNV €-greedy ToATiky N
oLYKAOT EMEPYETAL GE TOAD WKPOTEPO aplfud Prnudtov, Tapd OTav XPNCOoTOolEiToL 1
oMtk Boltzmann. Eriong ocvykpivovtag ta anoteléopata omd Ty €OPUOYT TOV
alyoplipov MAXQ-Q pe 1o amoteléouato omd TV €QOPUOYN TOL oAyopBpov Q-
Learning mapatnpioape 0Tt €xel YivEl GNUOVTIKY EMTAYLVON TG MAONoNG pe v

epappoyn tov arydppov MAXQ-Q, dwd oty Tpocsopoimon tov ETP.

Otav gidape 6Aa avTA TO ATOTEAEGULATO, CKEPTIKALE VO, VAOTOMGoVpE epapykd Toug
alyopipovg PHC xor WOLF-PHC ypnowomoiwvtag v MAXQ dudoracn, Katt 0
omoio dev &xel mopatnpnOel otn Proypagic. ‘ETol mpotoTum|Gope VAOTOIOVTOG TOVG
alyopiOpovg MAXQ-PHC kot MAXQ-WOoLF-PHC avtiotoya, ot omoiot £6ei&av Oti
Exovv apkeTd Ko amoddoor. Otav o mpdktopag ypnoiponotei ov adyopidpo MAXQ-
WOLF-PHC n pébnon enépyetar mo ypnyopa, mapd 6tav ypnoIonotEiton o aAyoplopog
MAXQ-PHC. Axéun, ovykpivoviog To OTOTEAECUOTO OO TNV  EQOPHUOYT TOV
alyopOpov WOLF-PHC pe to amoteAéopoto amd TV €Qopuoyn tov oiyopldpov
MAXQ-WoOLF-PHC mapatmpnioaue 6tt 1 pabnon €xel emroyvoviel onuavtikd pe mmyv
epapuoyn tov aiyopidpov MAXQ-WoLF-PHC.

AxoloVBwg epappocape toug adyopBpovg oe mepiPairovta EMIIII. Eexkwvnocaue pe
™MV €Qopuoyn tov aiyopibpov Q-Learning. Aeod omwg eidape otnv EMEIL, o
aAyopiBuoc Q-Learning éxst KoAVTEPO AMOTEAEGUATA YPTOUOTOLDVTAS TV &-greedy
TOMTIKY], £YIVE EQPAPLOYN TOV, YPNOUOTOLOVTING ovTh TV oAtk [lapoatmpnoope

OU®G OTL dev £xel apKeTd KOAN amddoo oe mepiPdiriovrto EMIIIL.

2m ovvégela dokipdoape tovg aryopiBuovg PHC o WOLF-PHC ot omoiot og
oOykplon pe tov oAyopibpo Q-Learning éyovv modd kaAdtepn omoddoom. ‘Etot,
amoQacicope OTL dgv €Yl TOGO £VOLAPEPOV M €PapLoYn Tov aiydpiBpov MAXQ-Q ce
nepiBariovio EMIIIT apob sivan o Iepapyikn enéktaon tov adydpibpov Q-Learning,

oV OTMG £idaLE OV €£xEL KAAT amOOOGN.

‘Etor mpototumoape epapudlovtag tovg aryopiBpovg MAXQ-PHC ko MAXQ-
WOLF-PHC c¢ mepipdrrovta EMIIIL TTapatnpricope 0Tt o1 TPAKTOPES EKTALOEVOVTOL
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OpKETE KaAd, Kol emiong n pdonon emtoybhveton apkeTd e oYEoN HE TOVG AAYOPIOLOVS

PHC xon WoLF-PHC.

5.2 Toprepdopora

Amaviavtag to epaTnro mov 0écape oV apyr, KATOANEOUE GTO GLUTEPAGHO OTL
oviog ot lepapyicéc Mebdoot emtaydvouv v pabnon kot £16t emAvouvy ¢ Eva Baduo
10 TPOPANUA OV dNUOVPYETOL OTAV £YOVUE UEYAAO GUVOLO KOTAOTAGEMV-EVEPYEUDYV,
1600 oe mpoPanuata EMEIL, 6co kor oe mpofiquate EMIIIL. Avtd pmopel va
emtevyfel pe v ypnowomoinon ¢ Iepapyikne duwomaong MAXQ. Me v
ypnowonoinon avtig ¢ lepapyikng O0140TOONG KATAPEPOUUE VO TPOTOTLT|COVLLE
dnuovpydvtoag dovo lepapyucods aryopiBpovg, tovg aiyopiuovg MAXQ-PHC kot
MAXQ-WoLF-PHC, ot omoiot emttuyydvovv vo €mtoydvouy v pabnon 1600 og

nmpoPiquata EMEII, 660 ko o€ mpoPAnpota EMIIII.

5.3 Xvykpion pe Ghreg neAETEG

Avt m épevva amoteAdel o perétn adyopibuwv EM, ko xupimg aiyopiBuwv IEM,
1660 ©T0 Tedlo &VOC TPAKTOPO OAAG Kol OTO TEDI0 TOANOTA®Y TPUKTOPW®V
ypnoporowmvtog cov mepipdiiov to TP, to ETP ka1 to MATP. TIponyobuevec peréteg
amd dAAOVG epeLVNTEG EMKEVTPOONKOY Kupiwe otV avdmtuén lepapyikodv aryopiOumv
ol omoiot mpoomaBobv va avIpeT®Ticovy TO TPOPANUO TOL HEYOAOV GUVOAOL

KOTOGTACEMV-EVEPYELDV TOV OVTIHETOTICEL | EM.

M épevva mov Bo UTOpPOVCAUE VO TNV GLUYKPIVOLUE WE TNV OKN HOG, Kol opopd
nepiPariovto evog mpdktopa, ivar avt tov Hengst (2002). e avt) v épgvva o
Hengst napovcioce tov adyopiBpuo HEXQ o omoiog mpoomabel va evtomicel avtdpata
™V 1EpapyIKn doun tov mpofAnpatoc. O apBudg TV SOKYUOV TOL YPNGLOTOINCAY
etvar 100 ko o apBuog tov encicodiov etvar 500. Xg kKabe eneicdo10 KATEYPOPAY TOV

aplpd Pnudtov TOV YPEWICTNKE O TPAKTOPOG YL Vo EMITVYEL TOV OTOXO TOV,
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Bpiokovtag oto TéA0C T0 péco aplud Pnudtov mov ypeldoke Yo kdbe enelcod10,
Ommg akpPOg yiveton kol oe ovt) TV gpyacio. Epeic dpwg, o avt) mv epyooia,
&xovpe ypnowomomoetl S0 doxyég ko 3000 emelcddor Opmg TAA pmopel vor yiver 1
ovykpion. Ilapatnpovpe 6t 1 oOyKAlon otov aikydpiBuo HEXQ emépyeton petd amod
nepinov 200 eneioddia, oA apykd yperdletol Tapa moAAd Prpata, mepinov 900, apol
npénel mpadTa vo Ppel v Iepapyia. Xvykpivovioag pe tovg Iepapyikovg aiydpiBpovg
nov viomomoape gpeic (MAXQ-Q, MAXQ-PHC kot MAXQ-WOLF-PHC) 1 ouykiion
enépyetar petd and mepimov 500 encicodwo (Zynua 4.7 ko ynuo 4.9). ‘Etol fAémovue
6Tl 1 oVvyKAIon oTov adyopBpo HEXQ emépyetar mepimov 2.5 popéc mo ypriyopo amod
TOVG OKOVG Hag aAyopldpovs. Opme mapatnpovue 0Tt apykd ot dikol pog aAydppot
ypewlovtal moAd Aydtepa Prpata, mepimov 175 o adydpiOpog MAXQ-Q (Zymua 4.7)
kot tepimov 300 ot adyopBpor MAXQ-PHC kot MAXQ-WOoLF-PHC (Zynua 4.9). 'Etot
BAémovpe 6t apykd o odyopiBuog MAXQ-Q ypedleton mepimov 5 @opéc Atydtepa
rnuato kot ot adyopiOpor MAXQ-PHC kat MAXQ-WOLF-PHC mepimov 3 @opéc
Myotepa pruato ard tov adyoppo HEXQ. To Xynua 5.1 sivon mapuévo and to apbpo
«Discovering Hierarchy in Reinforcement Learning with HEXQ» (Hengst, 2002) «a1
delyvel to péco apBud Pnudtov mov ypeldletal 0 TPAKTOPOS Y0 VO, ETITVYEL TOV 6TOYO
TOV YPNOUOTOLDVTOS TOVG aAyopiBuovg Q-Learning, MAXQ kot HEXQ. Exiong apov
o alyopiOuog HEXQ PBpioker v Iepapywkn doun omd povog tov, umopel vo
ypnoorombet oe omoodmote GAAO TPOPANLA, VO Yia va xpnoipomoinfodv ot ool
pog oiyopibpot, Boa mpémer mpwrto. vo vAomoujcovpe TNV lepapyikn doun ywo ToO

OLYKEKPIEVO TPOPAN LA
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Yyqua 5.1: Méoog 6pog prudrov ypnoipomordvrag Tovg aiyopidpovg Q-Learning
kor MAXQ kot HEXQ yw 100 doxipég kar 500 exercooto ava doxipnq oto TP
(Hengst, 2002)

H obykhon enépyetar mo ypniyopa otov arydopiBpuo HEXQ, petd amd mepimov 200
EMEICO010, eV apykd ypelaleton apketd Pruparto, mepimov 900, péypt va uddber v
Lepapyia.

5.4 Xvveio@opd

Xe auth ™ SWA®UATIKN gpyacio dokipdoape Tov aAyopiipo MAXQ-Q, oyt uévo cto
apywkd TpopAnua (TP), yio to omoio mpotdbnke, oAlG kot o Eva TPOPANUE TO 0mOio
etvar eméktaon tov apywov (ETP), xor éxer mpotabel yww tv vAomoinom tov
aryoplbpov DOORMAX (Diuk, Cohen a1 Littman, 2008), étor mote va
TOPOTNPCOVUE TNV GULUTEPLPOPA TOL OAYOPIOUOV oe €va TPOPANUO pe PEYAADTEPO

GUVOAO KOTAGTAGEMV-EVEPYEUDV.
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Eniong amogacicape va dokyudcovpe tov adyopidpo Q-Learning mov ypnoonoteitan
oe mpoPinuato EMEIL kot og mpofiquota EMIIII yuo va dovpe TG GOUTEPIOEPETAL

o€ oVTA TO TPOPANHOTAL.

Axoun dokpdoape Toug alydppovg PHC kot WOLF-PHC, ot omoiot givat adyopiBpot
7oV ypnoomotovvtol og TpoPAnuate EMIIIL, kot o€ mpofAquata EMEII yio va dobue
TOG OCLUTEPLPEPOVTAL GE ovTd T TpoPAnuota. Agv €xel mapoatnpndel otnv
BPAoypapic viomoinomn tovg oe mpoPAnuata EMEIL, av kot ocOdppova pe ta
aroteléopoto mov mpape £deiEav 6t Bo propovoay va ypnoorombovy oto TP ko

ETP.

Téhog, KoTapéPApE Vo TPOTOTVINGOVUE Aol ot Iepapykol adydpiOuot MAXQ-PHC
kot MAXQ-WOoLF-PHC mov vAomomcape, toco yo tpoPfAnuota EMEIL, 6co kot y
mpoPiuata EMIIIL, €€ 6cov yvopilovpe dev €xovv viomombBel péypt otyung amod
Kémowv dAlo. Me avtovg tovg adyoplfuovg emtvyopue va avénoovue tov puouod
puéOnong, ko ota poPAnpota EMEIT oAl kot ota tpoPAnpuata EMIIII, kdtt T0 omoio
elval opketd onuUavTiKO, agolh @aivetal 0Tt avtol ot aAyopiduolr  pmopovv va

YPNOOTOM B0V Ko 6TIG 6VO TEPIMTOGELS,.

5.5 Meglhovtikn gpyacio

Avt n omAopoatiky epyacioa Ba umopovoe vo emektabel pe moAAlovG TpdTOLS. O
umopovoe va ypnoiponombel Kot Kamoo GAAo mAaiclo €KTOC amd to TP, dmwg yuo
nopadetypa o Aofopwvboc tov Parr (Parr, 1998), o omoiog €xel dokipaotel and tov
Dietterich (2000) ypnowomoidvtag tov adydpiBpo MAXQ-Q. ‘Etot Ba pmopel va yivet
po o yeviky a&loAdynorn 6Gov agopd TV amdoocn oaVT®OV TV aAlyopifpov ce avtod

T0V €idovg TpofAnuoTa.
O 1pdmog pe tov omoio yivetor m €Opeon S TWNG NG Zvvdptmong A&log 6tovg

obvletovg kouPovg tov MAXQ ypdoov YPNGWOTOIOVTAG TNV  GLVAPTNON

EvaluateMaxNode(i,s) (oynua 3.6) givor vToAoyloTIKd akpBog, 0ol Kavel Eva mAnpn
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éleyyo omd OAO TO. LOVOTATIO. TOV YPAPOV, YPNCLOTOLDVTOS TPOOEUaTIKY d1doyion
(best-first search). ®a pmopovoe vo Peltimbel £161 dote Otav oAAAEEL 1 KATAGTAGT TOVL
nePPAAALOVTOG, va emove3eTacovv noévo ot kOpPot Tov omoiwv ot TYEG Exovv vIooTel

oAAAYEG, AOY® OVTNG TNG OAAAYNG TNG KATAGTAGTG TOV TEPPAALOVTOG.

Ywv EMIIII Oa propovce va ypnoyonmombodv neptocdtepol amd dvo mpdxktopes. O
UmopovGE EMioNG G€ Lo TPOGOUOIWoTN 0 KAOE TPAKTOPAS VAL XPNOYLOTTOLEL O1OUPOPETIKO
alyopiBupo. Me avtd tov tpdmo Oa dovpe mwg Ba emnpeactel N cvuTEPPOPA TOL KAOE
TPAKTOPO. Kol KAt wOco o pumopel vo cuvepyaotel e Eva TPAKTOPO TOL AETOVPYEL

OLOLPOPETIKA.

2100G OAYOPIOLOVG TTOV XPNCYLOTOMCALE, OV VTTAPYEL Kapio emtkovovia HETasD TV
TPOKTOP®V KOl EMOUEVOS KOOOAOV OVTOAAXYY] YVAOONS Kol EUTEPiag. Oa pmopovce va
vAomonBel KAmo10g aAyoplOog 0 0To10G VoL £YEL TNV IKOVOTNTA AVTOALOYNG YVACNG KO
eunepioc, onmg sivar o adyopiBpuoc WoLF-PSP (Hwang et al, 2007), o omoiog givat pua
eméktacn tov oAyopidpov WolLF-PHC. 'Etol Oa pmopovce e0KoAa, GTI GUVEXELD, VO,

enektabel lepapykd, pe o enéktaon tov adyopdpov MAXQ-WoLF-PHC.

Ot aAyopiBuor Q-Learning, PHC ka1t WOLF-PHC givat extdg moltikng adydpifuotl. Oa
umopovcoav vo vAoromBovv kdmowot adyopiBuotl evidg moltikng, onwg SARSA-PHC
kol SARSA-WOLF-PHC, ot omoiot Ba cuvdvdlovv tov akyopiBuo SARSA kot toug
aryopiOuovg PHC wor WOLF-PHC avtioctoya. Xtn ovvéyeia 0o pmopodcav va
enektafovv epapykd ypnoywomnoidvatag v MAXQ d1demact, VAOTOIMVTOS £TG1 TOVG

aryopiOpovg MAXQ-SARSA, MAXQ-SARSA-PHC kot MAXQ-SARSA-WoLF-PHC.
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Hopdptnuo A

Inyaioc Kodwkag

Simulation.java

/**
* Afairetiki klasi gia tin prosomiwsi
*
* Giannis
*
*/
public abstract class Simulation ({
/**
* methodos i opoia kani tin prosomiosi
*/

abstract void simulation();

Main_Simulation.java

/**
* einai i kiria klasi tou sistimatos
*
* Giannis
*
*/
public class Main Simulation extends Simulation {
/**
* methodos i opoia kani tin prosomiosi
*/
public void simulation() {
int choice = 0;
int count = 0;
int nextMove = 0;
while (true) { // atermon vrogxos skopima
System.out
.println("Do you want Single Agent or
Multi Agent simulation?:");
do {
if (count > 0)
System.out
.println ("Your choice should
be one of the following:");

System.out.println("\t0: Single Agent");
System.out.println("\tl: Multi Agent");
System.out.println();



count++;
choice = StdIn.readInt();

} while (choice < 0 || choice > 1);

count = 0;

if (choice == 0) {
SA Simulation s = new SA Simulation();
s.simulation () ;

} else {
MA Simulation s = new MA Simulation();

s.simulation () ;

do {
System.out.println ("Please choose the next
move:");
System.out.println ("\t0: Continue with
simulation™);
System.out.println ("\tl: Exit");
nextMove = StdIn.readInt();
} while (nextMove < 0 || nextMove > 1);
if (nextMove == 1) {
System.out.println ("Exiting..");
System.exit (-1);
}
}
}
/**
* @param args
*/

public static void main (String[] args) {
// TODO Auto-generated method stub
Main Simulation s=new Main Simulation();
s.simulation () ;

SA_Simulation.java

/*k*k
* klasis i opoia aposkopei stin prosomiwsi ton single agent
* algorithmon
* @author Giannis
*
*/
public class SA Simulation extends Simulation ({

/*k*k
* methodos i opoia ektiponi tis grafikes gia tous algorithmous

* pou exoun ektelesti
*



* @param table
*/
public void plotGraphs (boolean|[] table) {
System.out.println ("Make your choice between the executed
algorithms:");
System.out
.println ("Write your choice in one line
separated with space..");
for (int i = 0; 1 < table.length; i++) {
if (table[i]) {
switch (i) {

case 0:
System.out.println ("\t0: Q-Learning");
break;

case 1:
System.out.println ("\tl: SARSA");
break;

case 2:
System.out.println ("\t2: PHC");
break;

case 3:
System.out.println ("\t3: WoLF-PHC") ;
break;

case 4:
System.out.println ("\t4: MAXQ-Q");
break;

case 5:
System.out.println ("\t5: MAXQ-PHC") ;
break;

case 6:
System.out.println ("\t6: MAXQ-WoOLF-

PHC") ;

break;

default:
System.err.println ("Invalid number for

choice..Exiting..");

System.exit(-1);

}
}

boolean[] algorithms = new boolean[7];// 7 einai o
arithmos ton

// algorithmon
for (int i = 0; i < table.length; i++)
algorithms[i] = false;
StdIn.readLine();
String line = StdIn.readLine();
String[] splitline = line.split("™ ");

for (int 1 = 0; 1 < splitline.length; i++)
algorithms[Integer.parselInt(splitline[i])] = true;

System.out.println ("Plot in the same graph or in different
graphs?");

System.out.println ("\tPress 0 for the same or 1 for
different");

boolean flag = StdIn.readBoolean();



PlotGraph.makeGraph (algorithms, flag);
}

/‘k‘k

* methodos stin opoia ginete 1 epilogi tis epomenis energias
* apo ton xristi

* @return

*/
public int chooseNextMove () {
int nextMove;
do {
System.out.println ("Please choose the next move:");

System.out.println ("\t0: Choose another Single Agent
algorithm") ;
System.out.println ("\tl: Plot graphs");
System.out
.println ("\t2: Choose between Single
Agent and Multi Agent Algorithms");
System.out.println ("\t3: Exit");
nextMove = StdIn.readInt();
} while (nextMove < 0 || nextMove > 3);
return nextMove;

}

/**
* methodos i opoia kani tin prosomiosi
*/
public void simulation() {
int choice = 0;
int count = 0;
int nextMove = 0;
boolean|[] table = new boolean[7];// 7 einai o arithmos ton
algorithmon
for (int 1 = 0; 1 < table.length; i++)
table[i] = false;
while (true) { // atermon vrogxos skopima
System.out.println ("Please choose an algorithm:");
do {
if (count > 0)
System.out
.println("Your choice should
be one of the following:");

System.out.println
System.out.println
System.out.println
System.out.println
System.out.println
System.out.println
System.out.println
System.out.println

"\t0: Q-Learning");
"\tl: SARSA");

"\t2: PHC");

"\t3: WoLF-PHC") ;
"\t4: MAXQO-Q");

"\t5: MAXQ-PHC") ;
"\t6: MAXQ-WoLF-PHC") ;
)7

~ o~~~ o~~~ —~

count++;

choice = StdIn.readInt();
} while (choice < 0 || choice > 6);
table[choice] = true;

count = 0;
RunTrials r = new RunTrials();



r.calculate (choice);
nextMove = chooseNextMove () ;

if (nextMove == 1) {
do {
plotGraphs (table) ;
nextMove = chooseNextMove () ;
} while (nextMove == 1);
}
if (nextMove == 3) {
System.out.println ("Exiting..");
System.exit (-1);
}
if (nextMove == 2) {
break;

}
/‘k‘k

* (@param args
*/
public static void main (String[] args) {
// TODO Auto-generated method stub
SA Simulation s = new SA Simulation();
s.simulation();

SA_Gridworld.java

import java.io.BufferedReader;

import java.io.FileNotFoundException;
import java.io.FileReader;

import java.io.IOException;

import java.util.ArrayList;

/**
* klasi pou antiprosopevi ena geniko gridworld
*

* @author Giannis
*
*/
public class SA Gridworld ({

public static int size x; // grammes tou grid

public static int size y; // stiles tou grid

public static Arraylist<Wall> wall = new ArrayList<Wall>();;

public static int numOfStartPosition; // kai mesa sto ta3i sto
taxi problem

public static int numOfGoals;

public static int states;



public static int actions;

private static int[] pasLoc; // passenger location

private static int[] destLoc; // destination location

// rewards gia kathe action
public static int wall hit;
public static int wrong put;
public static int wrong get;
public static int success;
public static int simple move;

// statheres gia actions
public static final int north =
public static final int south =

public static final int east = 2;
public static final int west = 3;
public static final int pickup =

public static final int putdown

public static void setStates () {

states = size x * size y * numOfStartPosition *

numOfGoals;

}
/‘k‘k

* methodos i opia epistrefi ton arithmo ton grammwn

*
* @return the size x
*/ N
public static int getSize x() {
return size x;

}
/‘k‘k

* methodos i opia epistrefi ton arithmo ton stilon

*
* @return the size y
*/
public static int getSize y () {
return size y;

}
/‘k‘k

(%)

(y)

tou

tou grid

* methodos i opoia epistrefi ton pinaka me tis sintetagmenes

twn wall

*

* @return the wall
*/
public ArrayList<Wall> getWall ()
return wall;

}
/**

{

* /** methodos 1 opoia epistrefi ton arithmo ton arxikon

thesewn pou

* iparxoun sto grid



*

* @return the numOfStartPosition
*/
public static int getNumOfStartPosition() {
return numOfStartPosition;

}
/**

* methodos i1 opoia epistrefi ton arithmon ton telikon thesewn
pou iparxoun
* sto grid
*
* @return the numOfGoals
*/
public static int getNumOfGoals () {
return numOfGoals;

}
/‘k‘k

* methodos i opoia dimiourgi ena wall meta3i ton dio cells
*

* @param celll

* @param cell2

*/
public static void setWall (int celll, int cell2) {
if (((Math.abs(celll - cell2?2) == 1) || ((Math.abs(celll -

cell2) == getSize y())))
&& (celll >= 0)
&& (celll < ((getSize x() * getSize y())))
&& (cell2 >= 0) && (cell2 < ((getSize x() *

getSize y())))) {

Wall temp = new Wall (celll, cell2);
wall.add (temp) ;
} else {
System.err
.println("You cannot enter a wall
between these cells\nExiting..");
System.exit (-1);
}

}
/‘k‘k

* methodos i opoia filaei ti thesi tou passenger
*

* @param i
* @param location

*/
public static void setPasloc(int i, int location) {
pasLoc[i] = location;
}
/**

* methodos i opoia epistrefi tin thesi tou passenger simfwna me
tin

* metavliti i

*

* @param i



* @return
*/
public static int getPasLoc (int i) {
return pasLocl[i];

}
/**

* methodos i1 opoia anatheti filaei to destination
*

* @param i
* @param location

*/
public static void setDestLoc (int i, int location) {
destLoc[i] = location;
}
/**

* methodos i1 opoia epistrefi to destination

*

* @param i
* @return
*/
public static int getDestLoc(int 1) {
return destLoc[i];

}

/**

* methodos i1 opoia elegxi an iparxi wall stin katefthinsi opou
* theli na metakinithi o agent epistrefi true an iparxi kai

* false an den iparxi

*

* @param cur pos

*

@param next pos
* @return

*/
public static boolean checkForWall (int cur pos, int next pos) {
for (int 1 = 0; 1 < wall.size(); i++) {
if (((cur_pos == wall.get(i).celll) && (next pos ==

wall.get(i).cell2))
|l ((cur_pos == wall.get(i).cell2) &&
(next pos == wall
.get (i) .celll)))
return true;

}

return false;

}
/‘k‘k

* methodos i opoia dimiourga to gridworld
* @param filename
*/
public static void makeGridworld(String filename) {
BufferedReader in = null;
String[] splitline;

try {
in = new BufferedReader (new FileReader (filename));
} catch (FileNotFoundException e) {



e.printStackTrace() ;

}

String line = null;

// grammes tou gridworld

try |
line = in.readLine();

} catch (IOException e) {
e.printStackTrace () ;

}

splitline = line.split("=");

size x = Integer.parselnt(splitlinel[l]);

// stiles tou gridworld

try {
line = in.readLine();

} catch (IOException e) {
e.printStackTrace () ;

}

splitline = line.split("=");

size y = Integer.parselnt(splitlinel[l]);

// actions

try {
line = in.readLine();

} catch (IOException e) {
e.printStackTrace () ;

}

splitline = line.split("=");

actions = Integer.parselnt(splitline[l]);

// number of start position
try f{
line = in.readLine();
} catch (IOException e) {
e.printStackTrace () ;
}
splitline = line.split("=");
numOfStartPosition = Integer.parselnt(splitline[l]);
pasLoc = new int[numOfStartPosition];

// start positions

try f{
line = in.readLine();

} catch (IOException e) {
e.printStackTrace () ;

}

splitline = line.split("=");

String[] temp = splitline[l].split(",");

for (int i = 0; i < temp.length; i++)
setPasLoc (i, Integer.parselnt(templ[i]));

// number of destinations
try {
line = in.readLine();
} catch (IOException e) {
e.printStackTrace();

}



splitline = line.split("=");
numOfGoals = Integer.parselnt(splitline[l]);
destLoc = new int[numOfGoals];

// destinations

try |
line = in.readLine();

} catch (IOException e) {
e.printStackTrace () ;

}

splitline = line.split("=");

temp = splitline[l].split(",");

for (int i = 0; i < temp.length; i++)

setDestLoc (i, Integer.parselInt(temp[i]));
// walls
try {

line = in.readLine();

} catch (IOException e) {
e.printStackTrace () ;

}

splitline = line.split("=");

temp = splitline([l].split(","™);

String[] tmp;

for (int i = 0; i < temp.length; i++) {
tmp = temp[i].split("-");
setWall (Integer.parselInt (tmp[0]),

Integer.parselInt(tmp[1l]));
}

// reward for wall hit

try f{
line = in.readLine();

} catch (IOException e) {
e.printStackTrace () ;

}

splitline = line.split("=");

wall hit = Integer.parselnt(splitlinel[l]);

// reward for simple move

try f{
line = in.readLine();

} catch (IOException e) {
e.printStackTrace () ;

}

splitline = line.split("=");

simple move = Integer.parselnt(splitline[l]);

// reward for wrong get

try {
line = in.readLine();

} catch (IOException e) {
e.printStackTrace();

}

splitline = line.split("=");

wrong get = Integer.parselnt(splitline[l]);

// reward for wrong put

A-10



try {
line = in.readLine();

} catch (IOException e) {
e.printStackTrace () ;

}

splitline line.split ("=");

wrong put = Integer.parselInt(splitline[l]);

// reward for succes

try {
line = in.readLine();

} catch (IOException e) {
e.printStackTrace () ;

}

splitline = line.split("=");

success = Integer.parselInt(splitline[l]);

try {
line = in.readLine();
} catch (IOException e) {
e.printStackTrace () ;

}
setStates() ;

}

public static void main (String[] args) {
SA Gridworld.makeGridworld("file.txt");
}

Environment.java

import java.util.ArrayList;
import java.util.Random;

/**

* abstract class for envrironment
*

* Giannis

*

*/

public abstract class Environment {
public static Random r = new Random() ;
private double[][] O;
private Arraylist<State Variables>[] episodes;
private int[] episodeSteps;
private double[] timePerEpisode;
private double discount factor;
private double learning rate;
private double 1r0 = 0.8;
private double epsilon0 = 0.5;
private double epsilon;
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private double timeConst;

private double temperature;// xrisimopoieite sto boltzmann
exploration

private double coolingRate; // xrisimopoieite gia na miwnete to
temperature

private double offset = 1; // xrisimopieite gia tin allagi
thermokrasias

[**rFHExxxk methodol set,get,add gia tis private metavlites *****/

/**
* methodos i1 opoia dimiourga ton pinaka Q
*/

abstract void makeQ();

*

/

methodos i opia dini timi stin sigkekrimeni thesi tou Q

@param i
@param j
@param value

B

*/
abstract void setQValue(int i, int j, double value);

/**
* methodos i1 opoia epistrefi tin timi sti sigkekrimeni thesi
tou Q

@param i

@param j

@return

/

abstract double getQValue(int i, int j);

* % ok ok X

/**
* methodos i opoia prostheti stin sigkekrimeni timi tou Q to
neo value
*
* @param i
* @param j
* @param value
*/
abstract void addQValue (int i, int j, double value);

/**

* methodos i opoia dimiourga ena arrylist gia ta episodia
*

* @param max episode
*/

abstract void makeNewEpisodes (int max episode);

/**
* methodos i opoia prostheti ena neo state sto episodio
*

* (@param i
* @param s
*/
abstract void addEpisodeState(int i, State Variables s);
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/**
* methodos i1 opoia dimiourga ton pinaka episodeSteps
*

* @param max episode
*/

abstract void makeNewEpisodeSteps (int max episode);

/**
* methodos i opoia dimiourgei ton pinaka episodeSteps
*

* @param max_episode
*/

abstract void makeNewTimePerEpisode (int max episode);

/**
* methodos i opoia dini timi sta steps tou episodiou i
*

* @param i
* @param steps
*/

abstract void setTimePerEpisode (int i, double time);

/**
* methodos i opoia epistrefi ton pinaka timePerEpisode
*

* @return
*/
abstract double[] getTimePerEpisode();

/**
* methodos i opoia epistrefi to xrono pou xriastike to
episodiou i
*
* @param i
* @return
*/
abstract double getTimePerEpisode (int 1i);

/**
* methodos i opoia epistrefi ton pinaka episodeSteps
*

* @return
*/
abstract int[] getEpisodeSteps/();

/**
* methodos i opoia dini timi sta steps tou episodiou i
*

* @param i
* @param steps
*/
abstract void setEpisodeSteps (int i, int steps);

/**
* methodos i opoia epistrefi ta steps tou episodiou i
*

* (@param i
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* @return
*/
abstract int getEpisodeSteps (int i) ;

/**

* methodos i opoia af3ani kata 1 ta steps tou episodiou i
*

* @param i
*/
abstract void addEpisodeSteps (int i) ;

/**

* methodos i1 opoia epistrefi ta state enos episodiou
*

* @param i
* @return
*/
abstract Arraylist<State Variables> getEpisodeStates(int 1i);

/**
* methodos i opoia kathorizei to learning rate
*

* @param num
*/

abstract void setlearningRate (double num) ;

/**
* methodos i opoia epistrefi to learning rate
*

* @return
*/
abstract double getlLearningRate () ;

/**
* methodos i opoia kathorizei to discount factor
*

* @param num
*/

abstract void setDiscountFactor (double num) ;

/**

* methodos i opoia epistrefi to discount factor
*

* @return
*/
abstract double getDiscountFactor();

/**

* methodos i opoia kathorizei to epsilon
*

* @param num
*/
abstract void setEpsilon (double num) ;

/**
* methodos i opoia epistrefi to epsilon
*

* @return
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*/
abstract double getEpsilon();

/**

* methodos i opoia kathorizi to temperature
*

* (@param temperature
*/

abstract void setTemperature (double temperature);

/**

* methodos i1 opoia epistrefi to temperature
*

* @return
*/
abstract double getTemperature();

/**

* methodos i opoia kathorizi to coolingRate
*

* @param coolingRate
* the coolingRate to set
*/
abstract void setCoolingRate (double coolingRate);

/**

* methodos 1 opoia epistrefi to coolingRate
*

* @return the coolingRate
*/
abstract double getCoolingRate();

/*********************************************/

/**
* methodos i opoia arxikopoiei to Q
*/

abstract void initQ (double num) ;

/**
* methodos i opoia ipologizi to index apo ena vector (vriski
tin katastasi

* pou imaste sto perivallon,tin grammi tou Q table)
*

* @param s
* @return
*/
abstract int findIndex (State Variables s);

/**

* methodos i opoia vriski tin thesi tou max action se ena state
*

* @param index
* @return
*/
abstract int findMaxQ (int index);

/**
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rate

methodos i opoia epilegi tin epomeni kinisi (action) apo tin
sigkekrimeni katastasi (state) simfona me tin policy e-greedy

* % X %

@param index
* @return
*/

abstract int chooseAction (int index);

/*******************Boltzmann EXplOrathn ********************/

/**

* methodos i opoia epilegi tin epomeni kinisi (action) apo tin
* sigkekrimeni katastasi (state) simfona me tin Boltzmann

* Exploration

* @param index

* @return

*

/

abstract int chooseActionWithBoltzmannExploration (int index);

/**
* methodos i opoia kanonikopoiei tis pithanottites enos pinaka
*

* @param index
*/
abstract double[] normalizeProbability(double[] table);

*

/
methodos i opoia vriski tin mikroteri arnitiki pithanotita se
ena pinaka pithanotitwn

@param index
@return

* % o X % X %

~

abstract double findMinNegativeValue (double[] table);

/**
* methodos i opoia epilegi mia kinisi (action) wvasi tis
* pithanotitas p(s,a)
* @param index
* @return
*/
abstract int chooseProbAction (double[] table);

/**
* methodos i opoia vriski pia thesi tou pinaka exi ti
* megaliteri timi
* @param table
* @return
*/
abstract int findMax (double[] table);

/**

* methodos 1 opoia allazi to temperature vasi kapiou cooling

*/

abstract void changeTemperature (int numStep) ;
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/**

* methodos i opoia allazti to epsilon0O se kathe iteration
*

* @param i

* @param max iteration

*/

abstract void changeEpsilon0(int i, int max episode);

/**

* methodos i opoia allazi to epsilon se kathe step tou
episodiou

*

* @param episode

*/

abstract void changeEpsilon (int episode);

/**

* methodos i1 opoia allazi to learning rate se kathe step tou
episodiou

*

* @param episode

*/

abstract void changelearningRate (int episode);

/**
* methodos i opoia allazi to timeConst gia kathe epsilonO
*/

abstract void changeTimeConst () ;

/**

* methodos i opoia ekteli to action apo to state s, vriski tin
epomeni
katastasi (state) kai epistrefi to reward

@param s
@param tempState
@param action
@return
/
abstract int takeAction(State Variables s, State Variables
tempState,

b S R T S

int action);
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SA_Taxi_Problem.java

import java.util.ArrayList;
import java.util.Random;

/**
* klasi 1 opoia epiliei to taxi problem
*/
public class SA Taxi Problem extends Environment {

public static Random r = new Random() ;

private double[][] OQ;

private Arraylist<State Variables>[] episodes;
private int[] episodeSteps;

private double|[] timePerEpisode;

private double discount factor;

private double learning rate;

private double 1r0 = 0.8;

private double epsilonO = 0.5;

private double epsilon;

private double timeConst;

private double temperature;// xrisimopoieite sto boltzmann

exploration

private double coolingRate; // xrisimopoieite gia na miwnete to
temperature

private double offset = 1; // xrisimopieite gia tin allagi
thermokrasias

/***** methodoi set,get,add gia tis private metavlites ******x*x/

/**
* methodos i1 opoia dimiourga ton pinaka Q
*/
public void makeQ () {
QO = new double[SA Gridworld.states] [SA Gridworld.actions];
}

*

/

methodos i opia dini timi stin sigkekrimeni thesi tou Q

@param i
@param j
@param value

b S S S S

~

public void setQValue(int i, int j, double value) {
this.Q[i][J] = value;

}
Jxx
methodos i opoia epistrefi tin timi sti sigkekrimeni thesi
tou Q

@param i

@param j

@return

X% ok X X % X
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public double getQValue (int i, int j) {
return this.Q[i][3j];
}

*

/
methodos i1 opoia prostheti stin sigkekrimeni timi tou Q to
neo value

@param i

@param j

@param value

T

~

public void addQValue (int i, int j, double value) {
this.Q[i] [Jj] += value;
}

/**
* methodos i1 opoia dimiourga ena arrylist gia ta episodia
*
* @param max_episode
*/
public void makeNewEpisodes (int max episode) {
this.episodes = new ArraylList[max episode];
for (int i = 0; 1 < max _episode; i++) {
this.episodes[i] = new Arraylist<State Variables>();

}
/**

* methodos i1 opoia prostheti ena neo state sto episodio
*
* @param i
* @param s
*/
public void addEpisodeState(int i, State Variables s) {
this.episodes[i].add(s);
}

/**
* methodos i opoia dimiourga ton pinaka episodeSteps
*
* @param max episode
*/
public void makeNewEpisodeSteps (int max episode) {
this.episodeSteps = new int[max episode];
// initialize episodeSteps
for (int i = 0; 1 < max episode; i++) {
// this.episodeSteps[i] = 0;
this.setEpisodeSteps (i, 0);

}
/‘k‘k

* methodos i opoia dimiourgei ton pinaka episodeSteps
*

* (@param max episode
*/ B
public void makeNewTimePerEpisode (int max episode) {
this.timePerEpisode = new double[max episode];

A-19



// initialize episodeSteps

for (int 1 = 0; i < max _episode; i++) {
// this.episodeSteps[i] = 0;
this.setTimePerEpisode (i, 0.0);

}
/**

* methodos i opoia dini timi sta steps tou episodiou i
*

* @param i
* @param steps

*/
public void setTimePerEpisode(int i, double time) {
this.timePerEpisode[i] = time;
}
/**

* methodos i opoia epistrefi ton pinaka timePerEpisode
*

* @return
*/
public double[] getTimePerEpisode () {
return this.timePerEpisode;

}
/**

* methodos i opoia epistrefi to xrono pou xriastike to
* episodiou i
* @param i
* @return
*/
public double getTimePerEpisode(int i) {
return this.timePerEpisode[i];

}
/‘k‘k

* methodos i opoia epistrefi ton pinaka episodeSteps
*

* @return
*/
public int[] getEpisodeSteps () {
return this.episodeSteps;

}
/‘k‘k

* methodos i opoia dini timi sta steps tou episodiou i
*

* @param i
* @param steps
*/
public void setEpisodeSteps (int i, int steps) {
this.episodeSteps[i] = steps;
}
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/**
* methodos i opoia epistrefi ta steps tou episodiou i
*
* @param i
* @return
*/
public int getEpisodeSteps(int i) {
return this.episodeSteps[i];

}
/**

* methodos i opoia af3ani kata 1 ta steps tou episodiou i

*
* @param i
*/
public void addEpisodeSteps(int i) {
this.episodeSteps[i]++;
}

/**
* methodos i opoia epistrefi ta state enos episodiou
*

* @param i
* @return
*/
public ArraylList<State Variables> getEpisodeStates (int i)
return this.episodes[i];

}
/‘k‘k

* methodos i opoia kathorizei to learning rate
*

* @param num

*/
public void setlLearningRate (double num) {
this.learning rate = num;
}
/**

* methodos i opoia epistrefi to learning rate
*

* @return
*/
public double getLearningRate () {
return this.learning rate;

}
/‘k‘k

* methodos i opoia kathorizei to discount factor
*

* @param num
*/
public void setDiscountFactor (double num) {
this.discount factor = num;

}
/**

* methodos i opoia epistrefi to discount factor
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*

* @return
*/
public double getDiscountFactor () {
return this.discount factor;

}
/**

* methodos i opoia kathorizei to epsilon
*

* @param num
*/
public void setEpsilon (double num) {
this.epsilon = num;

}
/‘k‘k

* methodos i opoia epistrefi to epsilon
*

* Qreturn
*/
public double getEpsilon() {
return this.epsilon;

}
/**

* methodos i opoia kathorizi to temperature
*

* (@param temperature

*/
public void setTemperature (double temperature)
this.temperature = temperature;
}
/**

* methodos i1 opoia epistrefi to temperature
*

* @return
*/
public double getTemperature () {
return temperature;

}
/‘k‘k

* methodos i opoia kathorizi to coolingRate
*

* @param coolingRate
* the coolingRate to set
*/
public void setCoolingRate (double coolingRate)
this.coolingRate = coolingRate;

}
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/**
* methodos i1 opoia epistrefi to coolingRate
*
* @return the coolingRate
*/
public double getCoolingRate () {
return coolingRate;
}
/**
* methodos i opoia arxikopoiei to Q
*/
public void initQ (double num) {
for (int i = 0; i1 < SA Gridworld.states; i++) {
for (int j = 0; J < SA Gridworld.actions; J++) {
// this.Q[i][j] = num;
this.setQValue (i, Jj, num);

}
/**
* methodos i opoia ipologizi to index apo ena vector (vriski
* tin katastasi pou imaste sto perivallon,tin grammi tou Q
* table)
* @param s
* @return
*

~

public int findIndex(State Variables s) {
return (s.taxi * SA Gridworld.numOfStartPosition *

SA Gridworld.numOfGoals

+ s.passenger * SA Gridworld.numOfGoals +

s.destination);

}
/‘k‘k

* methodos i opoia vriski tin thesi tou max action se ena state

*
* @param index
* @return
*/
public int findMaxQ (int index) {
double temp = this.getQValue (index, 0);
int pos = 0;
for (int i = 1; i < SA Gridworld.actions; i++) {
if (this.getQValue (index, 1) > temp) {
temp = this.getQValue (index, 1i);
pos = 1i;
}
}

return pos;
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/**

* methodos i1 opoia epilegi tin epomeni kinisi (action) apo tin
* sigkekrimeni katastasi (state) simfona me tin policy e-greedy
*

* @param index

* @return

*/

public int chooseAction (int index) {
if (r.nextDouble () < this.epsilon)
return (r.nextInt (SA Gridworld.actions));
return this.findMaxQ (index) ;

}

/************ Boltzmann EXplOrathn ******************/

/**

* methodos i1 opoia epilegi tin epomeni kinisi (action) apo tin
* sigkekrimeni katastasi (state) simfona me tin Boltzmann

* Exploration

* @param index

* @return

*

/
public int chooseActionWithBoltzmannExploration (int index) {
double[] probTable = new double[SA Gridworld.actions];
double sum = 0.0;
for (int 1 0; 1 < SA Gridworld.actions; i++)
sum += Math.exp((this.getQValue (index, 1) /
this.getTemperature()));
for (int i = 0; i < SA Gridworld.actions; i++)
probTable[i] = Math.exp((this.getQValue (index, 1) /

this
.getTemperature()))
/ sum;

probTable = this.normalizeProbability (probTable);
return this.chooseProbAction (probTable); //
this.findMax (probTable) ;
}

/**
* methodos i opoia kanonikopoiei tis pithanottites enos pinaka
*
* @param index
*/
public double[] normalizeProbability(double[] table) {
double minNegative = this.findMinNegativeValue (table);
double increment = Math.abs(2 * minNegative) ;
double sum = 0O;

for (int i = 0; i < table.length; i++)
table[i] += increment;

for (int i = 0; i < table.length; i++)
sum += table[i];

for (int 1 = 0; 1 < table.length; i++)
table[i] /= sum;

return table;
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/**
* methodos i opoia vriski tin mikroteri arnitiki pithanotita se
* ena pinaka pithanotitwn
*
* @param index
* @return
*/
public double findMinNegativeValue (double[] table) {
double temp = 0;
for (int 1 = 0; 1 < table.length; i++) {
if (table[i] < temp) {
temp = tablel[i];
}
}

return temp;

}
/‘k‘k

* methodos i opoia epilegi mia kinisi (action) wvasi tis)
* pithanotitas p(s,a
* @param index
* @return
*/
public int chooseProbAction (double[] table) {
double offset = 0;
double rand = r.nextDouble();
for (int i = 0; i < table.length; i++) {
offset += table[i];
if (offset > rand)
return i;

// en tha erti pote dame
return r.nextInt (table.length);
}

/**
* methodos i opoia vriski pia thesi tou pinaka exi ti
* megaliteri timi
* @param table
* @return
*/
public int findMax (double[] table) {
int maxPos = 0;
double max table[0];
for (int i = 0; i < table.length; i++) {
if (table[i] > max) {
max = tableli];
maxPos = 1i;

}
}

return maxPos;
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/**
* methodos i opoia allazi to temperature vasi kapiou cooling
* rate
*/
public void changeTemperature (int numStep) {
this.setTemperature (this.offset
+ (this.temperature *
Math.pow(this.coolingRate, numStep)));

}

/*************************************************************/

/**
* methodos i opoia allazti to epsilonO se kathe iteration
*
* @param i
* @param max iteration
*/
public void changeEpsilonO(int i, int max episode) {
this.epsilon0 = this.epsilon0 * Math.exp(-((double) i /
max_episode)) ;

}
/**

* methodos i opoia allazi to epsilon se kathe step tou
* episodiou
* @param episode
*/
public void changeEpsilon (int episode) {
this.epsilon = this.epsilonO0
* Math
.exp (- ( (double)
this.getEpisodeSteps (episode) / this.timeConst)) ;
}
/**
* methodos i opoia allazi to learning rate se kathe step tou
* episodiou
* @param episode
*/
public void changelearningRate (int episode) {
this.learning rate = this.1r0
* Math.exp (- ( (double)
this.getEpisodeSteps (episode) / 1000000)) ;
// this.learning rate=this.lr0* ((double)l-
((double) this.getEpisodeSteps (episode) /1000000)) ;
}
/**
* methodos i opoia allazi to timeConst gia kathe epsilonO
*/
public void changeTimeConst () {
this.timeConst = Math.log(0.01 / this.epsilonQ);
}
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*

methodos 1 opoia ekteli
epomeni katastasi

@param s

@param tempState
@param action
@Qreturn

I . T S S S

~

(state)

to action apo to state s,
kai epistrefi to reward

public int takeAction(State Variables s, State Variables

tempState,
int action) {
int taxi = s.taxi;
int passenger
int destination
int reward = -1;
switch (action) {
// north (move up)
case 0:
if

((!'((s.taxi
&&

s.passenger;
s.destination;

// ektos orion tou grid

- SA Gridworld.size x) < 0))
(! (SA_Gridworld.checkForWall (s

(s.taxi - SA Gridworld.size x))))) {

taxi

reward
} else {

reward

S

}

break;
// south (move down)
case 1:

if ((!((s.taxi

.taxi - SA Gridworld.size x;
SA Gridworld.simple move;

SA Gridworld.wall hit;

// ektos orion tou grid

+ SA Gridworld.size y) >=

(SA Gridworld.size x * SA Gridworld.size y)))

&&

(! (SA_Gridworld.checkForWall (s

(s.taxi + SA Gridworld.size y))))) {

taxi = s
reward =
} else {
reward =
}
break;
// east (move right)
case 2:
if ((!((s.taxi
(SA Gridworld.size y - 1)))
&&
(s.taxi + 1))))) {
taxi = s
reward =
} else {
reward =
}
break;
// west (move left)
case 3:

if ((!((s.taxi

.taxi + SA Gridworld.size y;
SA Gridworld.simple move;

SA Gridworld.wall hit;

// hit the wall or ektos orion tou grid

o)

% SA Gridworld.size y)

(! (SA_Gridworld.checkForWall (s

.taxi + 1;
SA Gridworld.simple move;

SA Gridworld.wall hit;

// hit the wall or ektos orion tou grid

o

5 SA Gridworld.size y)

))
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&& (! (SA Gridworld.checkForWall (s.taxi,

(s.taxi - 1))))) {
taxi = s.taxi - 1;
reward = SA Gridworld.simple move;
} else {
reward = SA Gridworld.wall hit;

}
break;
// pickup the passenger
case 4: // location without a passenger or passenger
already in the taxi
if ((s.taxi != SA Gridworld.getPasLoc(s.passenger))
|| (SA _Gridworld.getPasLoc (s.passenger)

== -1)) |
reward = SA Gridworld.wrong get;
} else {
passenger = 0;
reward = SA Gridworld.simple move;
}
break;

// put down the passenger
case 5: // wrong destination or passenger not in the taxi
if ((s.taxi !=
SA Gridworld.getDestLoc(s.destination))
|| (SA Gridworld.getPasLoc(s.passenger)
= -1)) |
reward =SA Gridworld.wrong put;
} else { // Successful passenger delivery
passenger = s.destination + 1;
reward = SA Gridworld.success;
}
break;
default:
System.err.println("Invalid number for
action..Exiting..");
System.exit (-1);
}
tempState.taxi = taxi;
tempState.passenger = passenger;
tempState.destination = destination;
return reward;

}
/‘k‘k

* @param args
*/
public static void main(String[] args) {
// TODO Auto-generated method stub

}
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SA_Graph.java

import java.util.ArraylList;

/‘k‘k
* klasi 1 opoia antiprosopevi ton grafo
*

* @author giannis
*
*/
public class SA Graph extends Graph {

ArraylList<Node> graph = new ArrayList<Node> () ;

public final int MaxRoot = 0;
public final int MaxGet 1;
public final int MaxPut = 2;
public final int Pickup = 3;
public final int Putdown = 4;
public final int MaxNavigate = 5;
public final int North = 6;
public final int East = 7;
public final int South = 8§;
public final int West = 9;

public final int Qget = 10;

public final int Qput 11;

public final int Qpickup = 12;

public final int QNavigateForGet = 13;
public final int QNavigateForPut 14;
public final int Qputdown = 15;

public final int Qnorth = 16;

public final int Qeast = 17;

public final int Qsouth = 18;

public final int Qwest = 19;

public final int numMaxNodes = 10;
public final int numQnodes = 10;

/**
* methodos i opoia dimiourgi ton grafo
*/

public void makeGraph (int states,int num) {

// add the MaxNodes exoume 4 composite kai 6 primitive
for (int 1 = 0; 1 < this.numMaxNodes; 1i++)
this.addMaxNode (SA Gridworld.states,num) ;

// add the Qnodes
for (int 1 = 0; 1 < this.numQnodes; 1i++)
this.addQnode (SA Gridworld.states);

// add childrens

this.addChild (this.MaxRoot, this.Qget);
this.addChild (this.MaxRoot, this.Qput);
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this

this

this

this

this

this

num.

this.addChild
this.addChild
this.addChild
this.addChild
this.addChild
this.addChild
this.addChild
this.addChild
this.addChild
this.addChild
this.addChild
this.addChild
this.addChild
this.addChild
this.addChild
this.addChild
this.addChild
this.addChild

this.MaxGet, this.Qpickup):;
this.MaxGet, this.QNavigateForGet)
this.MaxPut, this.QNavigateForPut);
this.MaxPut, this.Qputdown) ;
this.MaxNavigate, this.Qnorth);
this.MaxNavigate, this.Qeast);
this.MaxNavigate, this.Qsouth);
this.MaxNavigate, this.Qwest);
this.Qget, this.MaxGet);

this.Qput, this.MaxPut);
this.Qpickup, this.Pickup);
this.QNavigateForGet, this.MaxNavigate);
this.QNavigateForPut, this.MaxNavigate);
this.Qputdown, this.Putdown) ;
this.Qnorth, this.North);
this.Qeast, this.East);
this.Qsouth, this.South);
this.Qwest, this.West);

e~~~ o~ o~

// add actions

( (MaxNode)

.graph.get (this.Pickup)) .setAction (SA Gridworld.pickup);
( (MaxNode)

.graph.get (this.Putdown)) .setAction (SA Gridworld.putdown) ;
( (MaxNode)

.graph.get (this.North)) .setAction (SA Gridworld.north);
( (MaxNode)

.graph.get (this.East)) .setAction(SA Gridworld.east);
( (MaxNode)

.graph.get (this.South)) .setAction (SA Gridworld.south);
( (MaxNode)

.graph.get (this.West)) .setAction (SA Gridworld.west) ;

}
/‘k‘k

* methodos i opoia prostheti ena MaxNode sto grafo
*
* @param i
* @param num
*/
public void addMaxNode (int i, int num) {
switch (num) {
case 0:// gia ton algorithmo MAXQ-Q
MaxNode tmp = new MaxNode (1) ;
this.graph.add (tmp) ;
break;
case 1:// gia ton algorithmo MAXQ-PHC
MaxNodePHC tmpl = new MaxNodePHC (i) ;
this.graph.add (tmpl) ;
break;
case 2:// gia ton algorithmo MAXQ-WoLF-PHC
MaxNodeWoLFPHC tmp2 = new MaxNodeWoLFPHC (i) ;
this.graph.add (tmp2) ;
break;
default:
System.err.println("Invalid number for
.Exiting..");
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System.exit(-1);

/**
* methodos i1 opoia prostheti ena Qnode sto grafo
*
* @param i
* @param j
*/
public void addQnode (int i) {
Qnode tmp = new Qnode (i) ;
this.graph.add (tmp) ;
}

/**
* methodos i opoia prostheti ena paidi se ena komvo
*
* (@param parent
* @param child
*/
public void addChild (int parent, int child) {
this.graph.get (parent) .children.add (child);
}

/**
* @param args
*/
public static void main(String[] args) {
// TODO Auto-generated method stub

Graph.java

import java.util.ArrayList;

/*k*
* afairetiki klasi pou antiprosopevi ton grafo
*

* @author Giannis
*
*/
public abstract class Graph {
ArrayList<Node> graph = new ArrayList<Node> () ;

public final int MaxRoot = 0O;
public final int MaxGet = 1;
public final int MaxPut 2;
public final int Pickup 3;
public final int Putdown = 4;
public final int MaxNavigate = 5;
public final int North = 6;

public final int East = 7;
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public final int South = 8;
public final int West = 9;

public final int Qget = 10;

public final int Qput 11;

public final int Qpickup = 12;

public final int QNavigateForGet = 13;
public final int QNavigateForPut 14;
public final int Qputdown = 15;

public final int Qnorth = 16;

public final int Qeast = 17;

public final int Qsouth = 18;

public final int Qwest = 19;

public final int numMaxNodes = 10;
public final int numQnodes = 10;

/**
* methodos i opoia dimiourgi ton grafo
*/

abstract void makeGraph (int states, int num);

/**
* methodos i1 opoia prostheti ena MaxNode sto grafo
*

* @param i
* @param num
*/

abstract void addMaxNode (int i, int num);

/**
* methodos i1 opoia prostheti ena Qnode sto grafo
*

* @param i
* @param j
*/

abstract void addQnode (int 1i);

/**
* methodos i opoia prostheti ena paidi se ena komvo
*

* @param parent
* @param child
*/
abstract void addChild(int parent, int child);
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MAXQ.java

import java.util.ArrayList;
import java.util.Random;

/**

*

*

*

*

*/

klasis i opoia ilopoiei to MaxQ Value function decomposition

@author Giannis

public class MaxQ extends SA Graph {

public Random r = new Random() ;
private int[] episodeSteps;
private double|[] timePerEpisode;
private double discount factor;
private double epsilon;

/**** methodoil set,get,add gia tis private metavlites ***x***x*x/

/**

* methodos i opoia dini timi sta steps tou episodiou i
*

* @param i
* @param steps

*/
public void setEpisodeSteps (int i, int steps) {
this.episodeSteps[i] = steps;
}
/**

* methodos i opoia epistrefi ton pinaka episodeSteps
*

* @return
*/
public int[] getEpisodeSteps () {
return this.episodeSteps;

}
/**

* methodos i opoia epistrefi ta steps tou episodiou i
*

* (@param i
* @return
*/
public int getEpisodeSteps (int i) {
return this.episodeSteps[i];

}
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/**

* methodos i opoia af3ani kata 1 ta steps tou episodiou
*

* @param i
*/
public void addEpisodeSteps (int i) {
this.episodeSteps[i]++;
}

/**
* methodos i opoia dini timi sta steps tou episodiou i
*

* @param i
* @param steps

*/
public void setTimePerEpisode(int i, double time) {
this.timePerEpisode[i] = time;
}
/**

* methodos i opoia epistrefi ton pinaka timePerEpisode
*

* @return
*/
public double[] getTimePerEpisode () {
return this.timePerEpisode;

}
/‘k‘k

* methodos i opoia epistrefi to xrono pou xriastike to
* episodiou i
* @param i
* @return
*/
public double getTimePerEpisode(int i) {
return this.timePerEpisode[i];

}
/‘k‘k

* methodos i opoia kathorizei to discount factor
*

* @param num
*/
public void setDiscountFactor (double num) {
this.discount factor = num;

}
/‘k‘k

* methodos i opoia epistrefi to discount factor
*

* @return
*/
public double getDiscountFactor () {
return this.discount factor;

}
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/**

* methodos i opoia kathorizei to epsilon
*

* (@param num
*/
public void setEpsilon (double num) {
this.epsilon = num;

}
/**

* methodos i1 opoia epistrefi to epsilon
*

* @Qreturn
*/
public double getEpsilon() {
return this.epsilon;

}

/*******************************************************/

/**
* methodos i opoia dimiourgei ton pinaka episodeSteps
*

* @param max episode

*/

public void makeNewEpisodeSteps (int max episode) {
this.episodeSteps = new int[max episode];
// initialize episodeSteps
for (int i = 0; 1 < max episode; i++) {

this.setEpisodeSteps (i, 0);

}

}

/**

* methodos i opoia dimiourgei ton pinaka episodeSteps
*
* @param max episode
*/
public void makeNewTimePerEpisode (int max episode) {
this.timePerEpisode = new double[max episode];
// initialize episodeSteps

for (int i = 0; 1 < max _episode; i++) {
// this.episodeSteps[i] = 0;
this.setTimePerEpisode (i, 0.0);

/**
* methodos i opoia arxikopoiei ta actions se ola ta primitive
* MaxNode

*/
public void initActionsToPrimitive() {
( (MaxNode)
this.graph.get (this.Pickup)) .setAction (SA Gridworld.pickup) ;
( (MaxNode)

this.graph.get (this.Putdown)) .setAction (SA Gridworld.putdown) ;
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( (MaxNode)
this.graph.get (this.North)) .setAction(SA Gridworld.north);

( (MaxNode)

this.graph.get (this.South)) .setAction(SA Gridworld.south);
( (MaxNode)

this.graph.get (this.East)) .setAction (SA Gridworld.east);
( (MaxNode)

this.graph.get (this.West)) .setAction (SA Gridworld.west) ;
}

/**

* methodos i opoia ipologizi to index apo ena vector (vriski
* tin katastasi pou imaste sto perivallon,tin grammi tou Q

* table)

* @param s

* @return

*/

public int findIndex(State Variables s) {
return (s.taxi * SA Gridworld.numOfStartPosition *
SA Gridworld.numOfGoals
+ s.passenger * SA Gridworld.numOfGoals +
s.destination);

}

/**

* methodos i opoia vriski tin timi (V(i,s)) gia ena MaxNode pou
* ine composite (not primitive) - Greedy Execution of the MAXQ
* Graph (evaluateMaxNode (i,s))

*

* @param maxnode

* @param index

* ( dixni tin katastasi (state) pou vriskomaste)

* @return

*

~

public NodeValue evaluateMaxNode (int node, int index) {

ArrayList<NodeValue> nodeValue = new
ArrayList<NodeValue> () ;

int maxpos = 0;

if (this.graph.get (node) instanceof Qnode) {
node = ((Qnode)
this.graph.get (node)) .children.get (0) ;
}

if (((MaxNode) this.graph.get (node)).isPrimitive()) {
NodeValue tmp = new NodeValue ( ( (MaxNode)
this.graph.get (node))
.getValueFunctForPrimitive (index),

node) ;
return tmp;
} else {
for (int 1 = 0; 1 <
this.graph.get (node) .children.size(); i++) {

NodeValue tmp = this.evaluateMaxNode (

this.graph.get (node) .children.get (i), index);
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nodeValue.add (tmp) ;
}

maxpos = this.findMax (nodeValue) ;
nodeValue.get (maxpos) .value += ((Qnode) this.graph
.get (( (MaxNode)
this.graph.get (node)) .children.get (maxpos)))
.getCvalue (index) ;

return nodeValue.get (maxpos) ;

*

methodos i opoia vriski pio node apo ena arraylist exi ti pio
megali timi (Value) V(j,s)) - xrisimopoieitai apo tin
evaluateMaxNode

@param nodeValue

@param node

@param index

@return

B T T

~

public int findMax (ArrayList<NodeValue> nodeValue) {
double max = 0;
int maxpos = 0;
double temp = O0;
if (nodeValue.isEmpty()) {
System.err.println ("Error in evaluating Max
Node\nExiting..");
System.exit (-1);
}
max = nodeValue.get (0) .value;
for (int 1 = 1; i1 < nodeValue.size(); i++) {
temp = nodeValue.get (i) .value;
if (temp > max) {
max = temp;
maxpos = 1i;
}
}

return maxpos;

*

methodos 1 opoia elegxi an imaste se terminal state enos
subtask (MaxNode)

@param node
@param s
@return

X5k ok X X % % o

~

public boolean isTerminal (int node, State Variables s) {
switch (node) {
case 0:// MaxRoot goal state
if ((SA Gridworld.getPasLoc(s.passenger) ==
SA Gridworld.getDestLoc(s.destination))
&& (s.taxi ==
SA Gridworld.getDestLoc(s.destination)))
return true;
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return false;
case 1l:// MaxGet
if (SA Gridworld.getPasLoc(s.passenger) == -1)
return true;
return false;
case 2:// MaxPut
// goal state
if (((SA_Gridworld.getPasLoc(s.passenger) ==
SA Gridworld.getDestLoc(s.destination)) && (s.taxi == SA Gridworld
.getDestLoc(s.destination)))
|| SA Gridworld.getPasLoc(s.passenger)
= -1)
// terminal state (to OR) (simeni oti o
passenger dn ine mesa
// sto
// taxi ara prepi na kamw get prwta)
return true;
return false;
case 5:// MaxNavigate (t) goal state

if (((MaxNode) this.graph.get (node)).getDest () ==
s.taxi)
return true;
return false;
default:
return false;
}
}
/**
* methodos i opoia epistrefi tin timi Value gia mia katastasi
* enos node analoga me to an ine primitive 1 composite node
*
* @param maxNode
* @param index
* (@return
*/
public double findValue (int maxNode, int index) {
if (! (this.graph.get (maxNode) instanceof Qnode))
if (((MaxNode)
this.graph.get (maxNode) ) .isPrimitive ()) {
return (((MaxNode) this.graph.get (maxNode))

.getValueFunctForPrimitive (index) ) ;
}

NodeValue nValue = this.evaluateMaxNode (maxNode, index);

return nValue.value;
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/**

* methodos i1 opoia epilegi tin epomeni kinisi (action) apo tin
* sigkekrimeni katastasi (state) simfona me tin policy e-greedy
*

* @param node

* (@param index

* @return

*/

public int chooseAction (int node, int index) {
if (r.nextDouble () < this.epsilon)
return
(r.nextInt (this.graph.get (node) .children.size()));
return this.findMaxQvalue (node, index);

}

/****************** Boltzmann EXploratiOn *******************/

*

/
methodos 1 opoia epilegi tin epomeni kinisi (action) apo tin
sigkekrimeni katastasi (state) simfona me Boltzmann
Exploration

@param node

@param index

@return

B A T T

~

public int chooseActionWithBoltzmannExploration (int node, int

index) {

double[] probTable = new
double[this.graph.get (node) .children.size () ];

probTable = this.findQvalues (node, index);

double sum = 0.0;

for (int 1 = 0; 1 < probTable.length; i++)

sum += Math.exp (probTable[i]
/ ((MaxNode)

this.graph.get (node)) .getTemperature()) ;

for (int 1 = 0; 1 < probTable.length; i++)
probTable[i] = Math.exp(probTable[i]
/ ((MaxNode)
this.graph.get (node)) .getTemperature())

/ sum;

probTable=this.normalizeProbability (probTable) ;

return this.chooseProbAction (probTable) ;

}
/‘k‘k

* methodos i opoia kanonikopoiei tis pithanottites enos pinaka
*

* @param index
*/
public double[] normalizeProbability(double[] table) {
double minNegative = this.findMinNegativeValue (table);
double increment = Math.abs (2 * minNegative) ;
double sum = 0O;
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for (int 1 = 0; 1 < table.length; i++)

table[i]+= increment;

for (int 1 = 0; 1 < table.length; i++)

sum += tablel[i];
0
]

4+~

for (int i = i < table.length; i++)

return table;

*

methodos i opoia vriski tin mikroteri arnitiki pithanotita se
ena pinaka pithanotitwn

@param index
@return
/
public double findMinNegativeValue (double[] table) {
double temp = 0;
for (int i = 0; i < table.length; i++) {

if (table[i] < temp) {

temp = tablel[i];

R T T

}
}

return temp;

}
/‘k‘k

* methodos i opoia epilegi mia kinisi (action) wvasi tis
* pithanotitas p(s,a)
* @param index
* (@return
*/
public int chooseProbAction (double[] table) {
double offset = 0;
double rand = r.nextDouble();
for (int 1 = 0; 1 < table.length; i++) {
offset += table[i];
if (offset > rand)
return i;
}
//en tha erti potte dame
return r.nextInt (table.length);

}
/‘k‘k

* methodos i opoia vriski pia thesi tou pinaka exi ti
* megaliteri timi

* @param table

* @return

*/
public int findMax (double[] table) {
int maxPos = 0;
double max = table[0];

for (int 1 = 1; 1 < table.length; i++) {
if (table[i] > max) {
max = tableli];
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maxPos = 1i;
}
}
return maxPos;

}

/************ End Of Boltzmann Exploration ****************/

/**

* methodos i opoia vriski pios Qnode exi ti megaliteri Expected
Discounted Cumulative Reward ( C(i,s,a) )

*

*

* @param node
* @param index
*
*

@return
/
public int findMax (int node, int index) {
double maxValue = ((Qnode)
this.graph.get (this.graph.get (node) .children
.get (0))) .getCvalue (index) ;
int maxPos = 0

double temp = 0;
for (int 1 1; i < this.graph.get(node).children.size();

i++) |

temp ((Qnode) this.graph
.get (this.graph.get (node) .children.get (i)))
.getCvalue (index) ;
if (temp > maxValue) {
maxValue = temp;
maxPos = 1i;
}
}

return maxPos;

methodos i1 opoia vriski pios Qnode apo ta children enos
Maxnode exi to max Q value

@param maxNode
@param index

* @return

*/

public int findMaxQvalue (int maxNode, int index) {
double|[] table = new

double[this.graph.get (maxNode) .children.size () ];
table = this.findQvalues (maxNode, index);
return this.findMax (table);

b I R

*

methodos i opoia vriski ta Q values gia kathe children enos
MaxNode

@param node

@param index

@return

X% ok X o

*

*/
public double[] findQvalues (int maxNode, int index) {
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double[] table = new
double|[this.graph.get (maxNode) .children.size () ];

NodeValue nValue;

for (int i = 0; 1 <

this.graph.get (maxNode) .children.size(); i++) {
nValue =
this.evaluateMaxNode (this.graph.get (maxNode) .children
.get (i), index);
table[i] = nValue.value;

}

for (int i =

0; 1 < table.length; i++)
table[i] += (

(Qnode) this.graph

.get (this.graph.get (maxNode) .children.get (i)))
.getCvalue (index) ;

return table;

/**
* methodos i opoia vriski pios Qnode exi ti mikroteri Expected
* Discounted Cumulative Reward ( C(i,s,a) )
*
* @param node
* @param index
* @return
*/
public int findMin (int node, int index) {
double minValue = ((Qnode)
this.graph.get (this.graph.get (node) .children
.get (0))) .getCvalue (index) ;
int minPos = 0

double temp = 0;
for (int i = 1; i < this.graph.get(node).children.size();

i++) |
temp = ((Qnode) this.graph
.get (this.graph.get (node) .children.get (i)))
.getCvalue (index) ;
if (temp < minValue) {
minValue = temp;
minPos = 1i;
}
}
return minPos;
}
/**
* methodos i opoia arxikopoiei ta learning rates ton Max nodes
*/

public void initLearningRate (double 1r) {
// set learning rate to Max nodes
( (MaxNode)
this.graph.get (this.MaxRoot)) .setLearningRate (1r) ;
( (MaxNode)
this.graph.get (this.MaxGet)) .setLearningRate (1lr) ;
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this.

this.

this.

this.

this.

this.

this.

this.

this.

this

this.

this

this.

this.

( (MaxNode)
graph.get (this.MaxPut) ) .setLearningRate (1lr) ;
( (MaxNode)
graph.get (this.Pickup)) .setLearningRate (1r) ;
( (MaxNode)
graph.get (this.Putdown) ) .setLearningRate (1lr) ;
( (MaxNode)
graph.get (this.MaxNavigate) ) .setLearningRate (1r);
( (MaxNode)
graph.get (this.North) ) .setLearningRate (1r) ;
( (MaxNode) this.graph.get (this.East)) .setLearningRate(lr);
( (MaxNode)
graph.get (this.South) ) .setLearningRate (1r) ;
( (MaxNode) this.graph.get (this.West)) .setLearningRate (lr);

}
/**

* methodos i opoia arxikopoiei tis thermokrasies stous MaxNodes
*/
public void initTemperature(int t) {
( (MaxNode)
graph.get (this.MaxRoot)) .setTemperature (t) ;
( (MaxNode) this.graph.get (this.MaxGet)) .setTemperature(t);
( (MaxNode) this.graph.get (this.MaxPut)) .setTemperature(t);
( (MaxNode)
graph.get (this.MaxNavigate) ) .setTemperature (t);

}
/‘k‘k

* methodos i1 opoia arxikopoiei ta cooling rates stous MaxNodes
*/
public void initCoolingRates () {
( (MaxNode)
graph.get (this.MaxRoot)) .setCoolingRate (0.9996) ;
( (MaxNode)

.graph.get (this.MaxGet) ) .setCoolingRate (0.9939);

( (MaxNode)
graph.get (this.MaxPut)) .setCoolingRate (0.9996) ;
( (MaxNode)

.graph.get (this.MaxNavigate)) .setCoolingRate (0.9879) ;

}

/**
* methodos i opoia allazi ta learning rate ton Max Nodes
*
* @param episode
* @param max episode
*/
public void changelLearningRate (int episode, int max episode) {
( (MaxNode)
graph.get (this.MaxRoot)) .changeLearningRate (episode,
max_ episode) ;
( (MaxNode)
graph.get (this.MaxGet)) .changelLearningRate (episode,
max_ episode);
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( (MaxNode)

this.graph.get (this.MaxPut)) .changelLearningRate (episode,
max_episode);
( (MaxNode)
this.graph.get (this.Pickup)) .changelearningRate (episode,
max_episode);
( (MaxNode)
this.graph.get (this.Putdown) ) .changelLearningRate (episode,
max_episode);
( (MaxNode)
this.graph.get (this.MaxNavigate) ) .changeLearningRate (
episode, max episode);
( (MaxNode)
this.graph.get (this.North) ) .changelLearningRate (episode,
max_episode);
( (MaxNode)
this.graph.get (this.East)) .changelLearningRate (episode,
max_episode) ;
( (MaxNode)
this.graph.get (this.South)) .changelLearningRate (episode,
max_episode) ;
( (MaxNode)
this.graph.get (this.West) ) .changelLearningRate (episode,
max_episode) ;
}
/**
* methodos i1 opoia ekteli to action apo to state s, vriski tin
* epomeni katastasi (state) kai epistrefi to reward
*
* @param s
* (@param tempState
* @param action
* @return
*/
public int takeAction(State Variables s, State Variables
tempState,
int action) {
int taxi = s.taxi;
int passenger = s.passenger;
int destination = s.destination;
int reward = -1;
switch (action) {
// north (move up)
case 0: // ektos orion tou grid
if ((!((s.taxi - SA Gridworld.size x) < 0))
&& (! (SA Gridworld.checkForWall (s.taxi,
(s.taxi - SA Gridworld.size x))))) {
taxi = s.taxi - SA Gridworld.size x;
reward = SA Gridworld.simple move;
} else {
reward = SA Gridworld.wall hit;
}
break;

// south (move down)
case 1: // ektos orion tou grid
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if ((!((s.taxi + SA Gridworld.size y) >=
(SA Gridworld.size x * SA Gridworld.size y)))
&& (! (SA Gridworld.checkForWall (s.taxi,
(s.taxi + SA Gridworld.size y))))) {
taxi = s.taxi + SA Gridworld.size y;
reward = SA Gridworld.simple move;
} else {
reward

SA Gridworld.wall hit;
}
break;
// east (move right)
case 2: // hit the wall or ektos orion tou grid
if ((!((s.taxi % SA Gridworld.size y) ==
(SA Gridworld.size y - 1)))

&& (! (SA Gridworld.checkForWall (s.taxi,
(s.taxi + 1))))) {
taxi = s.taxi + 1;
reward = SA Gridworld.simple move;
} else {
reward = SA Gridworld.wall hit;

}
break;
// west (move left)
case 3: // hit the wall or ektos orion tou grid
if ((!((s.taxi % SA Gridworld.size y) == 0))
&& (! (SA Gridworld.checkForWall (s.taxi,
(s.taxi - 1))))) |
taxi = s.taxi - 1;
reward SA Gridworld.simple move;
} else {
reward = SA Gridworld.wall hit;

}
break;
// pickup the passenger
case 4: // location without a passenger or passenger
already in the taxi
if ((s.taxi != SA Gridworld.getPasLoc(s.passenger))
|| (SA _Gridworld.getPasLoc(s.passenger)
== -1)) |
reward = SA Gridworld.wrong get;
} else {
passenger = 0;
reward = SA Gridworld.simple move;
}
break;
// put down the passenger
case 5: // wrong destination or passenger not in the taxi
if ((s.taxi !=
SA Gridworld.getDestLoc(s.destination))
|| (SA Gridworld.getPasLoc(s.passenger)
= -1)) |
reward =SA Gridworld.wrong put;
} else { // Successful passenger delivery
passenger = s.destination + 1;
reward = SA Gridworld.success;
}
break;
default:
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System.err.println("Invalid number for
action..Exiting..");
System.exit (-1);
}
tempState.taxi = taxi;
tempState.passenger = passenger;
tempState.destination = destination;
return reward;

State_Variables.java

/**
* klasi 1 opoia antiprosopevi ta state variables tou episodiou gia
* single agent
*/

public class State Variables {

// Constructor 1
State Variables () {
super () ;

}

// Constructor 2
State Variables (int size x, int size y, int numOfStartPosition,
int numOfGoals) {
int tmp = size x * size y;
this.taxi = SA Taxi Problem.r.nextInt (tmp);
this.passenger =
SA Taxi Problem.r.nextInt (numOfStartPosition);

this.destination = SA Taxi Problem.r.nextInt (numOfGoals);

}

// Constructor 3

State Variables (int taxi, int passenger, int destination) {
this.taxi = taxi;
this.passenger = passenger;
this.destination = destination;

}

// Constructor 4

State Variables (State Variables s) {
this.taxi = s.taxi;
this.passenger = s.passenger;
this.destination = s.destination;

}

int taxi;
int passenger;
int destination;
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RunTrails.java

import org.jfree.data.xy.XYSeries;

/**
* klasi i opoia einai ipefthini gia na kanei polla trials gia tous
* algorithmous

* @author Giannis

*

*/

public class RunTrials {

private int[][] episodeSteps;
private double|[] averageSteps;

[FFFAxFAFxAKR set,get for private variables x*xxkxdkxdx/

/**
* (@param episodeSteps
* the episodeSteps to set
*/
public void setEpisodeSteps(int[][] episodeSteps) {
this.episodeSteps = episodeSteps;
}
/**
* methodos i1 opoia kathorizi ta steps se kapio episodio kapiou
* trial
* @param i
* @param j
* @param steps
*/

public void setEpisodeSteps (int trial, int[] episodeSteps) {
for (int 1 = 0; 1 < episodeSteps.length; i++)
this.episodeSteps[trial] [i] = episodeSteps[i];
}

/**
* @return the episodeSteps
*/
public int[][] getEpisodeSteps () {
return episodeSteps;

}

*

/

methodos i1 opoia epistrefi ta steps enos episode enos trial

@param trial
@param episode
@return

b S R .

~

public int getEpisodeStep(int trial, int episode) {
return this.episodeSteps[trial] [episode];

}
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/**

* methodos i1 opoia kathorizi ta avarege step enos episode
*

* @param i
* @param steps

*/
public void setAverageSteps (int episode, double avgSteps) {
this.averageSteps[episode] = avgSteps;
}
/**
* @return the averageSteps
*/

public double[] getAverageSteps () {
return averageSteps;

}
/**

* methodos i1 opoia epistrefi ta average steps enos trial
*

* @param trial
* @return
*/
public double getAverageSteps (int trial) {
return averageSteps|[trial];

}

/****************************************************/

/**
* methodos i1 opoia dimiourgi ton pinaka episodeSteps
*/
public void makeNewEpisodeSteps (int trials, int episodes) {
this.episodeSteps = new int[trials] [episodes];

}
/‘k‘k

* methodos i opoia dimiourgi ton pinaka averageSteps
*
* @param trials
*/
public void makeNewAverageSteps (int episodes) {
this.averageSteps = new double[episodes];

}

*

/

methodos i opoia vriski to average step gia ena episode

@param trial

@param episodeSteps
@param trials
@return

b S S S S S

~
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public double findAvarage (int episode, int[][] episodeSteps, int

trials) {
double sum = 0O;
for (int i = 0; 1 < trials; i++) {
sum += episodeSteps[i] [episode];
}
return sum / trials;
}
/**
* methodos stin opoia kathorizete to learning rate
*
* @return
*/
public double chooselearningRate () {
double 1r;
do {
System.out

.println("Please set the learning rate
(between 0 and 1)");
lr = StdIn.readDouble () ;
} while (1lr < 0 || 1lr > 1);
return 1r;

}
/‘k‘k

* methodos stin opoia kathorizete to discount factor
*

* @return

*/
public double chooseDiscountFactor () {
double df;
do {

System.out
.println("Please set the discount factor
(between 0 and 1)");
df = StdIn.readDouble() ;
} while (df < 0 || df > 1);
return df;

}
/‘k‘k

* methodos stin opoia kathorizete to epsilon
*
* @return
*/
public double chooseEpsilon() {
double epsilon;
do {
System.out.println ("Please set epsilon (between 0 and
IR
epsilon = StdIn.readDouble() ;
} while (epsilon < 0 || epsilon > 1);
return epsilon;

}
/**

* methodos stin opoia kathorizetai to temperature gia boltzmann
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* exploration
*/
public double chooseTemperature () {
double temperature = 0;
System.out.println ("Please set temperature");
temperature = StdIn.readDouble () ;
return temperature;

}
/**

* methodos stin opoia kathorizetai to coolingRate gia boltzmann
* exploration
*/
public double chooseCoolingRate () {
double coolingRate = 0;
do {
System.out.println ("Please set the cooling rate
(between 0-1)");
coolingRate = StdIn.readDouble() ;
} while (coolingRate < 0 || coolingRate > 1);
return coolingRate;

}
/‘k‘k

* methodos stin opoia ginete epilogi gia exploration meta3i e-
* greedy kai boltzmann
*/
public boolean chooseExploration() {
boolean exploration;
System.out
.println ("Please choose what exploration do
you want from the following:");
System.out.println ("\t0: Botzmann explotation");
System.out.println ("\tl: e-greedy");
exploration = StdIn.readBoolean();
return exploration;

}
/‘k‘k

* methodos i opoia kani plot tin grafiki
*

* @param title
*/
public void plotGraph(String title,String xySeries) {
// dimiourgia grafikis
XYSeries steps = new XYSeries (xySeries);

for (int 1 = 0; 1 < this.getAverageSteps () .length; i++) {
steps.add (i, this.getAverageSteps(i));
}

PlotGraph.createChart (steps, title, "Episode", "Average
Steps") ;
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/‘k‘k

* methodos i opoia kani polla trials gia tous diaforous
* algorithmous kai ipologizi ta average steps tous

*

* @param trials

* @param episodes

*/

public void calculate (int choice) {

System.out
.println ("Please enter how many trials you
would like to run:");
int trials = StdIn.readInt();
System.out
.println("Please enter how many episodes you
would like to run:");
int episodes = StdIn.readInt();
System.out.println ("Please insert the name of the input

file:");
String filename = StdIn.readString();
this.makeNewEpisodeSteps (trials, episodes);
this.makeNewAverageSteps (episodes) ;
boolean exploration = true;
double epsilon = 0;
double temperature = 0;
double coolingRate = 0;
double 1r = 0;
double df = 0;
double delta = 0;
double deltaW = 0;
double deltal = 0;
PrintInFile p = new PrintInFile();
switch (choice) {
case 0:// O-Learning
exploration = chooseExploration();
if (exploration) {
epsilon = chooseEpsilon();
} else {
temperature = chooseTemperature();
coolingRate = chooseCoolingRate();
}
lr = chooselearningRate();
df = chooseDiscountFactor () ;
Q Learning gl = new Q Learning();
for (int 1 = 0; i1 < trials; i++) {
System.out.println("trial=" + 1i);
gl.calculate (episodes, exploration, epsilon,
temperature,

coolingRate, filename, lr, df);
this.setEpisodeSteps (i, gl.getEpisodeSteps());
}
for (int 1 = 0; 1 < episodes; i++) {
this.setAverageSteps (i, this.findAvarage (i,
this.episodeSteps,
trials));
}

if (exploration)
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p.printResults ("Q-Learning Average Results

with e-greedy.txt",
this.getAverageSteps (), episodes);

else

.printResults (
"QO-Learning Average

Results with boltzmann exploration.txt",

this.getAverageSteps (), episodes);
plotGraph ("Q-Learning Average Steps Per Episode","Q-

Learning™);

break;
case 1:// Sarsa

exploration = chooseExploration();

if (exploration) {
epsilon = chooseEpsilon{();

} else {
temperature = chooseTemperature () ;
coolingRate = chooseCoolingRate();

}

lr = chooselearningRate() ;

df = chooseDiscountFactor () ;

Sarsa s = new Sarsal();
for (int i = 0; i < trials; i++) {
System.out.println("trial=" + 1i);
s.calculate (episodes, exploration, epsilon,
temperature,
coolingRate, filename, 1lr, df);
this.setEpisodeSteps (i, s.getEpisodeSteps());
}
for (int i = 0; i < episodes; i++) {
this.setAverageSteps (i, this.findAvarage (i,
this.episodeSteps,
trials));
}
if (exploration)
p.printResults ("Sarsa Average Results with e-
greedy.txt", this
.getAverageSteps (), episodes);
else
p-printResults (
"Sarsa Average Results with
boltzmann exploration.txt",
this.getAverageSteps (), episodes);
plotGraph ("Sarsa Average Steps Per
Episode", "SARSA") ;

break;

case 2:// PHC
lr = chooselearningRate();
df = chooseDiscountFactor () ;
epsilon = chooseEpsilon{();
do {

System.out.println ("Please set delta (between
0 and 1)");
delta = StdIn.readDouble();
} while (delta < 0 || delta > 1);
Phc phc = new Phc();
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for (int i = 0; 1 < trials; i++) {
System.out.println("trial=" + 1i);
phc.calculate (episodes, epsilon, 1lr, df,
delta, filename);
this.setEpisodeSteps (i,
phc.getEpisodeSteps());
}
for (int i = 0; 1 < episodes; i++) {
this.setAverageSteps (i, this.findAvarage (i,
this.episodeSteps,
trials));
}
p.printResults ("PHC Average Results.txt",
this.getAverageSteps(),
episodes) ;
plotGraph ("PHC Average Steps Per Episode","PHC");
break;
case 3:// WoLF-PHC
Wolf w = new Wolf (),
lr = chooselearningRate() ;
df = chooseDiscountFactor();
epsilon = chooseEpsilon ()
do {

’

System.out
.println ("Please set delta winning
(between 0 and 1)");
deltaW = StdIn.readDouble();
} while (deltaWw < 0 || deltaw > 1);

do {
System.out.println ("Please set delta losing
(between 0 and 1)");
deltal. = StdIn.readDouble();
} while (deltal < O || deltal > 1);

for (int 1 = 0; i < trials; i++) {
System.out.println("trial=" + 1i);
w
.calculate (episodes, epsilon, 1lr,
df, deltaW, deltal,
filename) ;
this.setEpisodeSteps (i, w.getEpisodeSteps());
}
for (int 1 = 0; 1 < episodes; i++) {
this.setAverageSteps (i, this.findAvarage (i,
this.episodeSteps,
trials));
}
p-printResults ("WoLF-PHC Average Results.txt", this
.getAverageSteps (), episodes);
plotGraph ("WoLF-PHC Average Steps Per
Episode", "WoLF-PHC") ;
break;
case 4:// MAXQ-Q
System.out
.println("Please choose what exploration
do you want from the following:");
System.out.println ("\t0: Botzmann explotation");
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System.out.println ("\tl: e-greedy");

exploration = StdIn.readBoolean();
if (exploration)

epsilon = chooseEpsilon();
lr = chooselLearningRate () ;
df = chooseDiscountFactor();

MaxQ Q maxg = new MaxQ Q();
this.makeNewEpisodeSteps (trials, episodes);
this.makeNewAverageSteps (episodes) ;
for (int 1 = 0; i < trials; i++) {
System.out.println("trial=" + 1i);
maxg.calculate (episodes, exploration, epsilon,
df, filename,lr);
this.setEpisodeSteps (i,
maxqg.getEpisodeSteps());
}
for (int i = 0; i < episodes; i++) {
this.setAverageSteps (i, this.findAvarage (i,
this.episodeSteps,
trials));
}
if (exploration)
p.printResults ("MaxQ-Q Average Results with e-
greedy.txt", this
.getAverageSteps (), episodes);
else

.printResults (
"MAXQ-Q Average
Results with boltzmann exploration.txt",

this.getAverageSteps (), episodes);
plotGraph ("MAXQ-Q Average Steps Per Episode", "MAXQ-

break;

case 5:// MAXQ-PHC
lr = chooselearningRate();
df = chooseDiscountFactor () ;
epsilon = chooseEpsilon ()
do {

’

System.out.println ("Please set delta (between
0O and 1)"™);
delta = StdIn.readDouble() ;
} while (delta < 0 || delta > 1);

MaxQ PHC m = new MaxQ PHC();
this.makeNewEpisodeSteps (trials, episodes);
this.makeNewAverageSteps (episodes) ;
for (int 1 = 0; i1 < trials; i++) {
System.out.println("trial=" + 1i);
m.calculate (episodes, epsilon, df, delta,
filename, lr) ;
this.setEpisodeSteps (i, m.getEpisodeSteps());
}
for (int 1 = 0; 1 < episodes; i++) {
this.setAverageSteps (i, this.findAvarage (i,
this.episodeSteps,
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trials));
}
p.printResults ("MAXQ-PHC Average Results.txt", this
.getAverageSteps (), episodes);
plotGraph ("MAXQ-PHC Average Steps Per
Episode", "MAXQ-PHC") ;
break;
case 6:// MAXQ-WoLF-PHC
lr = chooselearningRate();
df = chooseDiscountFactor();
epsilon = chooseEpsilon{();
do {
System.out
.println ("Please set delta winning
(between 0 and 1)");
deltaW = StdIn.readDouble();
} while (deltaW < O || deltaW > 1);

do {
System.out.println ("Please set delta losing
(between 0 and 1)");
deltal. = StdIn.readDouble();
} while (deltal < 0 || deltal > 1);

MaxQ WoLF PHC mw = new MaxQ WoLF PHC();
this.makeNewEpisodeSteps (trials, episodes);
this.makeNewAverageSteps (episodes) ;
for (int i = 0; i < trials; i++) {
System.out.println("trial=" + 1i);
mw.calculate (episodes, epsilon, df, deltaW,
deltal,, filename,lr);
this.setEpisodeSteps (i, mw.getEpisodeSteps());
}
for (int i = 0; i < episodes; i++) {
this.setAverageSteps (i, this.findAvarage (i,
this.episodeSteps,
trials));
}
p-printResults ("MAXQ-WoLF-PHC Average Results.txt",
this
.getAverageSteps (), episodes);
plotGraph ("MAXQ-WoLF-PHC Average Steps Per
Episode", "MAXQ-WoLF-PHC") ;
break;
default:
System.err.println("Invalid number for
choice..Exiting..");
System.exit (-1);
}
}

/*k*k
* @param args
*/
public static void main (String[] args) {
// TODO Auto-generated method stub

}
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PlotGraph.java

import
import
import
import
import

import
import
import
import
import
import

/**

* klasi ipefthini gia tin dimiourgia ton grafikon

*
*

*

*/

java.
java.
java.
java.

Jjava

org.
org
org.
org
org.
org

io.B

io.I
.util

jfree.
.Jfree.
jfree.
.Jfree.
jfree.
.Jfree.

Giann

ufferedReader;

io.FileNotFoundException;
io.FileReader;

OException;
.ArrayList;

chart.ChartFactory;
chart.ChartFrame;
chart.JFreeChart;
chart.plot.PlotOrientation;
data.xy.XYSeries;
data.xy.XYSeriesCollection;

is

public class PlotGraph {

/

public static void createChart (ArrayList<XYSeries> data,

title,

xAxis,

false) ;

* ok ok ok %k ok ok
%

~

yAxi

XYSe
for

JFre
S,

Char

methodos i opoia kani plot tin grafiki

data

title
xXAxX1is
yAxis

String xAxis, String yAxis) {

parastasewn

String

riesCollection dataset = new XYSeriesCollection();

(int i = 0; i1 < data.size(); i++) {
dataset.addSeries (data.get (1))

eChart chart = ChartFactory.createXYLineChart(title,

dataset, PlotOrientation.VERTICAL, true, true,

tFrame frame = new ChartFrame (title,

frame.setLocation (0, 0);
frame.setVisible (true) ;
frame.setSize (500, 400);
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/**
* methodos i opoia dimiourga tin lista me tis times gia kathe
* grafiki
* @param algorithms
* @param flag
*/
public static void makeGraph (boolean|[] algorithms, boolean flag)

ArrayList<XYSeries> steps = new ArrayList<XYSeries>();
int exploration = 0O;
for (int 1 = 0; 1 < algorithms.length; i++) {
if (algorithms[i]) {
switch (i) {
case O:
do {
System.out.println ("Choose
exploration for Q-Learning");
System.out.println ("\t0: Botzmann
explotation");
System.out.println ("\tl: e-
greedy");
System.out.println ("\t2: both (if
they are exist)");
exploration = StdIn.readInt();
} while (exploration < 0 || exploration
> 2);
if (exploration == 0) {
readFromFile (
"Q-Learning Average
Results with boltzmann exploration.txt",
steps, "Q-Learning -
boltzmann exploration", 1i);
} else if (exploration == 1) {
readFromFile (
"Q-Learning Average
Results with e-greedy.txt",
steps, "Q-Learning -
e-greedy", 1);
} else {
readFromFile (
"QO-Learning Average
Results with boltzmann exploration.txt",
steps, "Q-Learning -
boltzmann exploration", 1i);
readFromFile (
"Q-Learning Average
Results with e-greedy.txt",
steps, "Q-Learning -
e-greedy", 1);

break;
case 1:
do {
System.out.println ("Choose
exploration for Sarsa");
System.out.println ("\t0: Botzmann
explotation");

A-57



System.out.println ("\tl: e-

greedy") ;
System.out.println ("\t2: both (if
they are exist)");
exploration = StdIn.readInt();
} while (exploration < 0 || exploration
> 2);
if (exploration == 0) {
readFromFile (

"Sarsa Average Results
with boltzmann exploration.txt",
steps, "SARSA -
boltzmann exploration", 1i);
} else if (exploration == 1) {
readFromFile ("Sarsa Average
Results with e-greedy.txt",
steps, "SARSA - e-
greedy", 1i);
} else {
readFromFile (
"Sarsa Average Results
with boltzmann exploration.txt",
steps, "SARSA -
boltzmann exploration", 1i);
readFromFile ("Sarsa Average
Results with e-greedy.txt",
steps, "SARSA - e-
greedy", 1i);
}
break;
case 2:
readFromFile ("PHC Average Results.txt",
steps, "PHC", 1);
break;
case 3:
readFromFile ("WoLF-PHC Average
Results.txt", steps,
"WoLF-PHC", 1i);
break;
case 4:
do {
System.out.println ("Choose
exploration for MAXQ-Q");
System.out.println ("\t0: Botzmann
explotation");
System.out.println("\tl: e-

greedy") ;
System.out.println ("\t2: both (if
they are exist)");
exploration = StdIn.readInt();
} while (exploration < 0 || exploration
> 2);
if (exploration == 0) {
readFromFile (

"MAXQ-Q Average
Results with boltzmann exploration.txt",
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steps, "MAXQ-Q -
boltzmann exploration"”, 1i);
} else if (exploration == 1) {
readFromFile (
"MAXQ-Q Average
Results with e-greedy.txt",
steps, "MAXQ-Q - e-
greedy", 1i);
} else {
readFromFile (
"MAXQ-Q Average
Results with boltzmann exploration.txt",
steps, "MAXQ-Q -
boltzmann exploration", 1i);
readFromFile (
"MAXQ-Q Average
Results with e-greedy.txt",
steps, "MAXQ-Q - e-
greedy", 1i);
}
break;
case 5:
readFromFile ("MAXQ-PHC Average
Results.txt", steps,
"MAXQ-PHC", 1i);
break;
case 6:
readFromFile ("MAXQ-WoLF-PHC Average
Results.txt", steps,
"MAXQ-WoLF-PHC", 1);
break;
default:
System.err.println ("Invalid
number. .Exiting..");
System.exit (-1);

}
}
ArrayList<XYSeries> tmp = new ArrayList<XYSeries>();
if (flag) {// different graphs
for (int 1 = 0; i < steps.size(); i++) {
tmp.add (steps.get (1))
PlotGraph.createChart (tmp, "Average Steps Per
Episode",
"Episode", "Average Steps");
tmp.clear ()
}
} else {
PlotGraph.createChart (steps, "Average Steps Per
Episode",
"Episode", "Average Steps");
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*

methodos 1 opoia diavazi tis times gia tis grafikes apo to
arxio

@param filename
@param steps
@param str
@param algorithm

b S S I S I

~

public static void readFromFile (String filename,
ArraylList<XYSeries> steps,
String str, int algorithm) {
XYSeries tmp = new XYSeries (str);

BufferedReader in = null;
String[] splitline;

try {

in = new BufferedReader (new FileReader (filename));
} catch (FileNotFoundException e) {

e.printStackTrace () ;

}
String line = null;
// grammes tou gridworld
try {
line = in.readLine();
} catch (IOException e) {
e.printStackTrace () ;
}
int count = 0;
while (line != null) {
splitline = line.split("\t");
tmp.add (count, Double.parseDouble(splitline([1l]));
try f{
line = in.readLine();
} catch (IOException e) {
e.printStackTrace () ;

}

count++;

}

steps.add (tmp) ;
}

public static void createChart (XYSeries data, String title,
String xAxis,
String yAxis) {

XYSeriesCollection dataset = new XYSeriesCollection();
dataset.addSeries (data) ;

JFreeChart chart = ChartFactory.createXYLineChart(title,
xAxis, yAxis,
dataset, PlotOrientation.VERTICAL, true, true,
false);

ChartFrame frame = new ChartFrame (title, chart);
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}
/**

frame.setLocation (0, 0);
frame.setVisible (true) ;
frame.setSize (500, 400);

* (@param args

*/

public static void main(String[] args) {

// TODO Auto-generated method stub

Q_Learning.java

/**

* klasi i opoia ilopoiei ton algorithmo Q-Learning gia to Taxi

* Problem

* @author Giannis

*

*/

public class Q Learning extends SA Taxi Problem ({

/**

* methodos i opia ekpedevi ton agent

*/

public void calculate (int max episode, boolean exploration,
double epsilon,

filename,

double temperature, double coolingRate, String

double 1r,

double df) {
SA Gridworld.makeGridworld(filename) ;
this.makeQ () ;
double timer;
/*
* 1f (!exploration) this.setCoolingRate(0.98); else
* this.setEpsilon(0.1); this.setLearningRate (0.5);
* this.setDiscountFactor (0.95);
*/
if (!exploration)
this.setCoolingRate (coolingRate) ;
else
this.setEpsilon (epsilon);
this.setlLearningRate (1r);
this.setDiscountFactor (df) ;

State Variables s;

this.makeNewEpisodeSteps (max episode);

this.makeNewTimePerEpisode (max episode);

this.initQ (1) ;

for (int i = 0; 1 < max episode; i++) {
if ('exploration)
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this.setTemperature (50) ;
timer = (double) System.currentTimeMillis() / 1000;
// System.out.println ("episode=" + 1i);
s = new State Variables (SA Gridworld.size x,
SA Gridworld.size y,
SA Gridworld.numOfStartPosition,
SA Gridworld.numOfGoals) ;
- this.qg learning(s, i, exploration);
this.setTimePerEpisode (i,
((double) System.currentTimeMillis() /
1000 - timer)):;
}

// PrintInFile p = new PrintInFile();

// p.printResults ("Q-Learning Results-twra.txt",
this.getEpisodeSteps(),

// max_episode);

// p.printResults ("Q-Learning clock time.txt",
this.getTimePerEpisode (),

// max_episode) ;

// p.printResults ("Q-Learning Results-Boltzmann.txt",

// this.getEpisodeSteps(),

// max_episode);

// p.printResults ("Q-Learning clock time - Boltzmann.txt",

// this.getTimePerEpisode (),

// max_episode);

*

methodos 1 opoia ilopoiei to taxi problem simfona me ton
algorithmo Q-Learning

b R

@param s
* @param episode
*/
public void g learning(State Variables s, int episode, boolean
exploration) {

int index = this.findIndex(s);

int action;
if (exploration) {
action = this.chooseAction (index) ;
} else {
action =
this.chooseActionWithBoltzmannExploration (index) ;

this.changeTemperature (this.getEpisodeSteps (episode)) ;

}

int reward = 0;

int next index;

State Variables tempState;

// Successful passenger delivery

while (reward != 20) {
tempState = new State Variables();
reward = this.takeAction (s, tempState, action);
next index = this.findIndex (tempState);
this.addQValue (index, action,
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((double) this.getLearningRate() *
((double) reward
+ (double)
this.getDiscountFactor ()
* this.getQValue (next index,
this

.findMaxQ (next index)) - this.getQValue (
index, action))));

s = new State Variables (tempState.taxi,
tempState.passenger,
tempState.destination);
this.addEpisodeSteps (episode) ;

index = next index;
if (exploration) {
action = this.chooseAction (index) ;
} else {
action =
this.chooseActionWithBoltzmannExploration (index) ;

this.changeTemperature (this.getEpisodeSteps (episode));

}
}

}
/‘k‘k

* @param args
*/
public static void main (String[] args) {
Q Learning gl = new Q Learning();

gl.calculate (500, true,0.1,80,0.98,"inputFile.txt",0.3,0.95);
// TODO Auto-generated method stub

Sarsa.java

/*k*k
* klasi 1 opoia ilopoiei ton algorithmo Sarsa gia to Taxi Problem
*

* @author Giannis
*

*/
public class Sarsa extends SA Taxi Problem {
/**
* methodos i opia ekpedevi ton agent
*/

public void calculate (int max episode, boolean exploration,
double epsilon,
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double temperature, double coolingRate, String
filename, double lr,
double df) {
SA Gridworld.makeGridworld(filename) ;
this.makeQ () ;
if (!exploration)
this.setCoolingRate (coolingRate) ;
else
this.setEpsilon(epsilon);
this.setlLearningRate (1lr);
this.setDiscountFactor (df) ;
State Variables s;
this.makeNewEpisodes (max_episode) ;
this.makeNewEpisodeSteps (max episode) ;
this.initQ (1) ;
for (int i = 0; 1 < max episode; i++) {
// System.out.println ("episode=" + i);
if (!exploration)
this.setTemperature (50) ;
s = new State Variables (SA Gridworld.size x,
SA Gridworld.size y,
SA Gridworld.numOfStartPosition,
SA Gridworld.numOfGoals) ;
this.sarsa (s, i,exploration);

}

//PrintInFile p = new PrintInFile();

// p.printResuls ("Q-Learning Results.txt",
this.getEpisodeSteps(),

// max_episode);

// p

// .printResults ("Sarsa Results.txt",
this.getEpisodeSteps(),

// max_episode) ;

}

/*k*k

* methodos i opoia ilopoiei to taxi problem simfona me ton
* algorithmo Sarsa
* @param s
* @param episode
*/
public void sarsa(State Variables s, int episode,boolean
exploration) {

int index = this.findIndex(s);
int action;
if (exploration) {
action = this.chooseAction (index) ;
} else {
action =
this.chooseActionWithBoltzmannExploration (index) ;

this.changeTemperature (this.getEpisodeSteps (episode)) ;
}
int reward = 0;
int next index;
int next action;
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State Variables tempState;
// Successful passenger delivery
while (reward != 20) {
tempState = new State Variables();
reward = this.takeAction (s, tempState, action);
next index = this.findIndex (tempState);
next action = this.chooseAction (next index);

this.addQValue (index, action,
((double) this.getLearningRate() *
((double) reward
+ (double)
this.getDiscountFactor ()
* this.getQValue (next index,
next action) - this.getQValue (index, action))));

s = new State Variables (tempState.taxi,
tempState.passenger,

tempState.destination);

this.addEpisodeSteps (episode) ;

index = next index;
action = next action;
}
}
/**
* @param args
*/

public static void main (String[] args) {
// TODO Auto-generated method stub
Sarsa sarsa = new Sarsal();

// sarsa.calculate (5000) ;

PHC.java

/*k*k
* klasi i opoia ilopoiei ton algorithmo PHC gia to Taxi Problem
*

* @author Giannis
*/
public class Phc extends SA Taxi Problem ({
private double[][] policyValue = new
double[SA Gridworld.states] [SA Gridworld.actions];
private double delta; // learning rate (to delta)

/******************* methodoi g’et,set,add *******************/

/**
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* methodos i opia dini timi stin sigkekrimeni thesi tou
policyValue
*

* @param i
* @param j
* @param value
*/
public void setPolicyValue(int i, int j, double value) {
this.policyValuel[i] [j] = value;
}

*

/
methodos 1 opoia epistrefi tin timi sti sigkekrimeni thesi
tou policyValue

@param i
@param j
@return

* ook ok ok kK

*

*/
public double getPolicyValue (int i, int j) {
return this.policyValuel[i][]j];
}

*

/
methodos i1 opoia prostheti stin sigkekrimeni timi tou
policyValue to neo value

@param i
@param j
@param value

* % ok X X %

*

*/
public void addPolicyValue (int i, int j, double value) {
this.policyValue[i] [j] += value;
}

/**
* methodos i opoia arxikopoiei to delta
*

* @param delta
*/
public void setDelta (double delta) {
this.delta = delta;
}

/**
* methodos i opoia epistrefi to delta
*

* @return
*/
public double getDelta() {
return delta;

}

/******************************************************/

/**
* methodos i opoia dimiourga ena pinaka policyValue
*/

public void makeNewPolicyValue () {
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policyValue = new
double [SA Gridworld.states] [SA Gridworld.actions];
}

/**
* methodos i1 opoia arxikopoiei to policyValue
*
* @param actions
*/
public void initPolicyValue() {
for (int i = 0; i1 < SA Gridworld.states; i++) {
for (int j = 0; J < SA Gridworld.actions; J++) {
this.setPolicyValue (i, Jj, ((double) 1 /
SA Gridworld.actions));
}
}

/**

* methodos i1 opoia epilegi tin epomeni kinisi (action) apo tin
* sigkekrimeni katastasi (state) me pithanotita p(s,a) kai me
* kapia anixnefsi

*

@param index
* @return
*/
public int chooseAction (int index) {
if (r.nextDouble() < this.getEpsilon())
return (r.nextInt(SA Gridworld.actions));
return this.chooseProbAction (index) ;

}
/‘k‘k

* methodos i opoia epilegi mia kinisi (action) wvasi tis
* pithanotitas p(s,a)
* @param index
* @return
*/
public int chooseProbAction (int index) {
double offset = 0;
double rand = r.nextDouble();
for (int i = 0; i < SA Gridworld.actions; i++) {
offset += this.getPolicyValue (index, 1i);
if (offset >= rand)
return i;
}
System.out.println ("rand=" + rand);
System.out.println ("offset=" + offset);
return 5; // en tha erti pote dame

*

methodos i opoia kani update tin timi tis pithanotitas gia ti
sigkekrimeni katastasi

b e

@param index
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* @param action
*/
public void updatePolicyValue (int index, int action) {
// System.out.println ("index="+index) ;
// System.out.println ("action="+action);

//
System.out.println ("this.findMaxQ (index)="+this.findMaxQ (index));
if (action == this.findMaxQ (index))
this.addPolicyValue (index, action, this.getDelta());
else
this.addPolicyValue (index, action,
((-this.getDelta()) /
(SA Gridworld.actions - 1)));
// System.out.println ("this.getDelta ()="+this.getDelta());

// System.out.println("-this.getDelta () / (this.actions -
1)="+(-this.getDelta ()
// / (this.actions - 1)));

}
/‘k*

* methodos i opoia kanonikopoiei tis pithanottites tou
* policyValue meta to update
*
* @param index
*/
public void normalizePolicyValue (int index) {
double minNegative =
this.findMinNegativePolicyValue (index) ;
double temp = Math.abs(2 * minNegative);
double sum = 0;
for (int i = 0; i < SA Gridworld.actions; i++)
this.addPolicyValue (index, i, temp);
for (int i = 0; i < SA Gridworld.actions; i++)
sum += this.getPolicyValue (index, 1i);
for (int i = 0; i < SA Gridworld.actions; i++)
this

.setPolicyValue (index, i,
(this.getPolicyValue (index,
i) / sum));

/**

* methodos i opoia vriski tin thesi tis megaliteris
* pithanotitas se ena state

*

* @param index

* @return

*

~

public int findMaxValue (int index) {
double temp = this.getPolicyValue (index, 0);
int pos = 0;
for (int i = 1; i < SA Gridworld.actions; i++) {
if (this.getPolicyValue (index, i) > temp) {
temp = this.getPolicyValue (index, 1i);
pos = 1i;
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}
}

return pos;

}

*

/
methodos i opoia vriski tin thesi tis mikroteris pithanotitas
se ena state tou policyValue

@param index

@return

/

public int findMinValue (int index) {

double temp = this.getPolicyValue (index, 0);

int pos = 0;

for (int i = 1; i < SA Gridworld.actions; i++) {

if (this.getPolicyValue (index, i) < temp) {

temp = this.getPolicyValue (index, 1i);
pos = 1i;

R A T

}
}
return pos;
}
Jx%
methodos i opoia vriski tin mikroteri arnitiki pithanotita se
ena state tou policyValue

@param index

@return

/

public double findMinNegativePolicyValue (int index) {

double temp = O0;

for (int i = 0; i < SA Gridworld.actions; i++) {
if (this.getPolicyValue (index, i) < temp) {

temp = this.getPolicyValue (index, 1i);

A A

}
}

return temp;

}
/‘k‘k

* methodos i opia ekpedevi ton agent
*/
public void calculate (int max episode,double epsilon,double
lr,double df,double delta,String filename) {

SA Gridworld.makeGridworld(filename) ;
this.makeQ () ;
/*this.setEpsilon(0.1);
this.setLearningRate (0.3);
this.setDiscountFactor (0.95);
this.setDelta (0.2);
*/
this.setEpsilon(epsilon);
this.setlLearningRate (1r);
this.setDiscountFactor (df) ;
this.setDelta(delta);
State Variables s;
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this.makeNewEpisodes (max_episode);
this.makeNewEpisodeSteps (max_ episode);
this.initQ (1) ;
this.makeNewPolicyValue () ;
this.initPolicyValue();
for (int i = 0; i1 < max_episode; i++) {
// System.out.println ("episode=" + i);
s = new State Variables (SA Gridworld.size x,
SA Gridworld.size y,
SA Gridworld.numOfStartPosition,
SA Gridworld.numOfGoals) ;
this.phc(s, 1);
}

//PrintInFile p = new PrintInFile();
//p.printResults ("PHC Results.txt",
this.getEpisodeSteps (), max episode);
}

/**
* methodos i1 opoia ilopoiei to taxi problem simfona me ton
* algorithmo PHC
* @param s
* (@param episode
*/
public void phc(State Variables s, int episode) {
int index = this.findIndex(s);
int action = this.chooseAction (index) ;
int reward = 0;
int next index;
State Variables tempState;
// Successful passenger delivery
while (reward != 20) {
tempState = new State Variables();
reward = this.takeAction (s, tempState, action);
next index = this.findIndex (tempState);
this.setQValue (index, action,
(((double) 1 - this.getLearningRate())
* this.getQValue (index,
action) + this
.getLearningRate ()
* ((double) reward +
(double) this

.getDiscountFactor ()
this.getQValue (next index, this
.findMaxQ (next index)))));

// update policyValue (s, a)
this.updatePolicyValue (index, action);

this.normalizePolicyValue (index) ;
s = new State Variables (tempState.taxi,

tempState.passenger,
tempState.destination);
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this.addEpisodeSteps (episode) ;

index = next index;
action = this.chooseAction (index) ;

}
/**

* @param args
*/
public static void main(String[] args) {
// TODO Auto-generated method stub
Phc phc = new Phc();
//phc.calculate (4000) ;

WOoLF-PHC.java

/**
* klasi i opoia ilopoiei ton algorithmo WoLF-PHC gia to Taxi Problem
*

* @author Giannis
*
*/
public class Wolf extends Phc ({

private double[][] avgPolicyValue; // average policy value
private int[] C = new int[SA Gridworld.states];

private double deltaW; // learning rate for winning
private double deltal.; // learning rate for losing

/****************** methodoi get,set,add **********************/
/**
* methodos i opia dini timi stin sigkekrimeni thesi tou
* avgPolicyValue
* @param i
* @param j
* @param value
*/
public void setAvgPolicyValue (int i, int j, double value) ({
this.avgPolicyValue[i] []j] = value;
}

*

/
methodos i opoia epistrefi tin timi sti sigkekrimeni thesi
tou avgPolicyValue

@param i
@param j
@return

b I I S

~
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public double getAvgPolicyValue (int i, int j) {
return this.avgPolicyValuel[i][3];

}

/**

* methodos i opoia prostheti stin sigkekrimeni timi tou
* avgPolicyValue to neo value

*

* @param i

* @param j

* @param value

*/

public void addAvgPolicyValue (int i, int j, double value) ({
this.avgPolicyValue[i] [j] += value;
}

/**

* methodos i opoia dini timi se mia thesi tou pinaka C
*

* @param state

* @param num

*/
public void setC (int state, int num) {
C[state] = num;
}
/**

* methodos i1 opoia epistrefi mia timi tou pinaka C
*

* @return
*/
public int getC (int state) {
return C[state];

}
/‘k‘k

* methodos i opoia prostheti 1 se mia thesi tou pinaka C
*

* @param state
*/
public void addOneToC (int state) {
Clstate] ++;
}

/**
* methodos i opoia arxikopoiei to deltaW
*

* @param deltaW
*/
public void setDeltaW (double deltaW) {
this.deltaW = deltaW;
}

/**
* methodos i opoia epistrefi to deltaW
*

* @return

*/
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public double getDeltaW () {
return deltaW;

}

/**
* methodos i opoia arxikopoiei to deltal
*
* @param deltal
*/
public void setDeltal (double deltal) {
this.deltal = deltal;
}

/**

* methodos i1 opoia epistrefi to deltal
*

* @return
*/
public double getDeltalL () {
return deltal;

}

/********************************************************/

/**
* methodos i opoia dimiourga ena pinaka avgPolicyValue
*/
public void makeNewAvgPolicyValue () {
avgPolicyValue = new
double[SA Gridworld.states] [SA Gridworld.actions];
}

/**
* methodos i1 opoia dimiourga ena pinaka C
*/
public void makeNewC () {
C = new int[SA Gridworld.states];
}

/**

* methodos i opoia arxikopoiei to avgPolicyValue
*

* @param actions
*/
public void initAvgPolicyValue () {
for (int i = 0; i < SA Gridworld.states; i++) {
for (int j = 0; j < SA Gridworld.actions; J++) {
this.setAvgPolicyValue (i, j, ((double) 1 /
SA Gridworld.actions));
}
}
}

/**

* methodos i opoia arxikopoiei to C
*

* @param actions

*/
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public void initC (int num) {
for (int i = 0; 1 < 500; i++) {
this.setC (i, 0);

/**
* update estimate of average policy p
*
* @param index
* @param action
*/
public void updateAvgPolicyValue (int index, int action) {
this.addOneToC (index) ;
for (int i = 0; i < SA Gridworld.actions; i++)
this.addAvgPolicyValue (index, i,
(((double) 1 / this.getC(index)) *
(this.getPolicyValue (
index, i) -
this.getAvgPolicyValue (index, 1i))));
}
Jx%

methodos i opoia vriski tin mikroteri arnitiki pithanotita se
ena state tou avgPolicyValue

@param index
@return
/
public double findMinNegativeAvgPolicyValue (int index) {
double temp = O0;
for (int i = 0; i < SA Gridworld.actions; i++) {
if (this.getAvgPolicyValue (index, i) < temp) {
temp = this.getAvgPolicyValue (index, 1i);

* Ok ok ok ok F

}
}

return temp;

}
/‘k‘k

* methodos i opoia kanonikopoiei tis pithanottites tou
* avgPolicyValue meta to update
*
* @param index
*/
public void normalizeAvgPolicyValue (int index) {
double minNegative =
this.findMinNegativeAvgPolicyValue (index) ;
double temp = Math.abs(2 * minNegative);
double sum = O0;
for (int i = 0; i < SA Gridworld.actions; i++)
this.addAvgPolicyValue (index, i, temp);
for (int i = 0; i < SA Gridworld.actions; i++)
sum += this.getAvgPolicyValue (index, 1);
for (int i = 0; i < SA Gridworld.actions; i++)
this.setAvgPolicyValue (index, i,
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(this.getAvgPolicyValue (index, 1) /
sum) ) ;

}

/**

* methodos i opoia vriski pio delta (winning or losing) tha

* xrisimopoihthei gia na ginoun update oi times tou policyValue
*

* @param index

* @return

*

/
public double chooseDeltaForUpdate (int index) {
double sumPolicy = 0;
double sumAvgPolicy = 0;
for (int i = 0; i < SA Gridworld.actions; i++) {
sumPolicy += (this.getPolicyValue (index, i) *
this.getQValue (index,
1))
sumAvgPolicy += (this.getAvgPolicyValue (index, i) *
this.getQValue (
index, 1i));
}
if (sumPolicy > sumAvgPolicy)
return this.getDeltaW();
else
return this.getDeltal();

/**

* methodos i opoia kani update tin timi tis pithanotitas gia ti
* sigkekrimeni katastasi (simfona me to megalo to arthro)

*

* @param index

* @param action

*

~

public void updatePolicyValue?2 (int index, int action) {
double delta = this.chooseDeltaForUpdate (index) ;
if (action != this.findMaxQ (index)) {
this.addPolicyValue (index, action,
Math.min(this.getPolicyValue (
index, action), (delta /
(SA _Gridworld.actions - 1))));
} else {
double sum = 0;
for (int 1 0; 1 < SA Gridworld.actions; i++) {
if (i == action)
continue;
sum += Math.min(this.getPolicyValue (index, 1),
(delta / (SA Gridworld.actions -

}

this.addPolicyValue (index, action, sum);

/**

* methodos i opoia kani update tin timi tis pithanotitas gia ti
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sigkekrimeni katastasi

@param action
/
public void updatePolicyValue (int index, int action) {
// System.out.println ("index="+index) ;
// System.out.println ("action="+action);
//
System.out.println ("this.findMaxQ (index)="+this.findMaxQ (index)) ;
double delta = this.chooseDeltaForUpdate (index) ;
if (action == this.findMaxQ (index))
this.addPolicyValue (index, action, delta);

*
*
* @param index
*
*

else
this.addPolicyValue (index, action,
((-delta) / (SA Gridworld.actions -
1)));
// System.out.println ("this.getDelta ()="+this.getDelta());

// System.out.println("-this.getDelta () / (this.actions -
1)="+(-this.getDelta ()
// / (this.actions - 1))):

}
/‘k‘k

* methodos i1 opia ekpedevi ton agent
*/
public void calculate (int max episode,double epsilon, double lr,
double df, double deltaW,
double deltal, String filename) {

SA Gridworld.makeGridworld(filename) ;
this.makeQ () ;
/*this.setEpsilon(0.1);
this.setLearningRate (0.3);
this.setDiscountFactor (0.95);
this.setDeltaL (0.4);
this.setDeltaW(0.1);

*/

this.setEpsilon(epsilon);
this.setlLearningRate (1r);
this.setDiscountFactor (df) ;
this.setDeltal (deltal) ;
this.setDeltaW (deltaW) ;

State Variables s;
this.makeNewEpisodes (max_episode);
this.makeNewEpisodeSteps (max episode);
this.initQ(1);
this.makeNewPolicyValue () ;
this.initPolicyValue();
this.makeNewAvgPolicyValue () ;
this.initAvgPolicyValue () ;
this.makeNewC () ;
for (int i = 0; 1 < max episode; i++) {
// System.out.println ("episode=" + 1i);
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s = new State Variables (SA Gridworld.size x,

SA Gridworld.size y,

SA Gridworld.numOfStartPosition,

SA Gridworld.numOfGoals) ;

this.wolf (s, 1);
}

/*
* PrintInFile p = new PrintInFile();
* p.printResults ("WoLF-PHC Results.txt",

this.getEpisodeSteps (),

* Ok ok ok ok o %
%

~

* max_episode);

*/

methodos 1 opoia ilopoiei to taxi problem simfona me ton
algorithmo WoLF-PHC

@param s
@param episode

public void wolf (State Variables s, int episode) {

action)

(double)

int index = this.findIndex(s);
int action = this.chooseAction (index) ;
int reward = 0;
int next index;
State Variables tempState;
// Successful passenger delivery
while (reward != 20) {
tempState = new State Variables();
reward = this.takeAction (s, tempState, action);
next index = this.findIndex (tempState);
this.setQValue (index, action,
(((double) 1 - this.getLearningRate())
* this.getQValue (index,

+ this

.getLearningRate ()
* ((double) reward +

this

.getDiscountFactor ()

this.getQValue (next index, this

.findMaxQ (next index)))));

// update avgPolicyValue (s, a)
this.updateAvgPolicyValue (index, action);

this.normalizeAvgPolicyValue (index) ;
// update policyValue (s, a)
this.updatePolicyValue (index, action);

//this.updatePolicyValue?2 (index, action);

this.normalizePolicyValue (index) ;
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s = new State Variables (tempState.taxi,
tempState.passenger,
tempState.destination) ;
this.addEpisodeSteps (episode) ;
index = next index;
action = this.chooseAction (index) ;

}
/**

* (@param args
*/
public static void main(String[] args) {
// TODO Auto-generated method stub
Wolf wolf = new Wolf();
//wolf.calculate (4000) ;

MaxQ_Q.java

import java.util.ArraylList;

/**
* klasi i opoia ilopoiei ton algorithmo MAXQ Q
*

* @author Giannis
*

*/
public class MaxQ Q extends MaxQ ({

private int count;

private int n;

private State Variables next state;
private int greedyAction;

[r**x*xxxx*methodol set,get,add gia tis private metavlites ****x*x/

/**
* methodos i opoia anatheti timi sto count
*

* @param count

* the count to set
*/
public void setCount (int count) {
this.count = count;
}
/**

* methodos i opoia epistrefi to count
*

* @return the count

*/
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public int getCount () {
return count;

}
/**

* methodos i1 opoia anatheti timi sto n
*

* @param n
*/
public void setN(int n) {
this.n = n;

}
/‘k‘k

* methodos i1 opoia epistrefi to n
*

* @return

*/
public int getN() {
return n;
}
/**

* methodos i1 opoia prostheti 1 sto n
*

* @return

*/
public void addOneToN () {
this.n++;
}
/**

* methodos i opoia kathorizi to greedy action
*
* @param greedyAction
*/
public void setGreedyAction (int greedyAction) {
this.greedyAction = greedyAction;
}

/**
* methodos i opoia epistrefi to greedy action
*
* @return
*/
public int getGreedyAction() {
return greedyAction;

}
/‘k‘k

* methodos i opoia kathorizi to next state

*

* @param next state

* the next state to set

*/ o

public void setNext state(State Variables next state) {

this.next state.destination = next state.destination;
this.next state.passenger = next state.passenger;
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this.next state.taxi = next state.taxi;

}
/**

* methodos i opoia epistrefi to next state
*

* @return the next state
*/ o
public State Variables getNext state() {
return next state;

}

/*************************************************************/

*

/
methodos i opoia vriski ta Q values gia kathe children enos
MaxNode xrisimopoiontas to Cinside

@param node
@param index
@return

B A A T

~

public double|[] findQvaluesWithCinside (int maxNode, int index) {

double|[] table = new
double[this.graph.get (maxNode) .children.size () ];

NodeValue nValue;

for (int 1 = 0; i <
this.graph.get (maxNode) .children.size(); i++) {

nValue =

this.evaluateMaxNode (this.graph.get (this.graph

.get (maxNode) .children.get (i)) .children.get (0), index);
table[i] = nValue.value;

}

for (int i =

0; 1 < table.length; i++)
table[1i] += (

(Qnode) this.graph

.get (this.graph.get (maxNode) .children.get (i)))
.getCinsideValue (index) ;

return table;

*

methodos i opoia vriski ta Q values gia kathe children enos
MaxNode xrisimopoiontas to C

@param node
@param index
@return

b S . S . S I

~

public double[] findQvaluesWithC (int maxNode, int index) {
double[] table = new
double[this.graph.get (maxNode) .children.size () ];
NodeValue nValue;
for (int i = 0; i <
this.graph.get (maxNode) .children.size(); i++) {
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nValue =
this.evaluateMaxNode (this.graph.get (this.graph

.get (maxNode) .children.get (i) ) .children.get (0), index);
table[i] = nValue.value;

}

for (int i =

0; i < table.length; i++)
table[i] += (

(Qnode) this.graph

.get (this.graph.get (maxNode) .children.get (i)))
.getCvalue (index) ;

return table;

/**

* methodos i opoia vriski to greedy action gia ena Max node
* xrisimopoiontas to Cinside

*

* @param node

* @param index

* @return

*/

public int findGreedyAction (int maxNode, int index) {
double|[] table = new
double[this.graph.get (maxNode) .children.size () ];
table = this.findQvaluesWithCinside (maxNode, index);
return this.findMax (table);

/**

* methodos i opoia vriski to greedy action gia ena Max node
* xrisimopoiontas to C

*

* @param node

* @param index

* @return

*/

public int findGreedyActionWithC (int maxNode, int index) {
double|[] table = new
double[this.graph.get (maxNode) .children.size () ];
table = this.findQvaluesWithC (maxNode, index);
return this.findMax (table);
}

/**
* methodos i opoia kani copy ta nodes tou seqg sto childSeqg
*/
public void setChildSeqg(ArraylList<State Variables> seq,
ArrayList<State Variables> childSeq) {
childSeqg.clear();
for (int 1 = 0; 1 < seg.size(); i++)
childSeqg.add (seg.get (1))
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/**
* methodos i opia ekpedevi ton agent
*/
public void calculate (int max episode, boolean exploration,
double epsilon,
double df, String filename,double 1lr) ({
SA Gridworld.makeGridworld(filename) ;
double timer;
this.setEpsilon(epsilon);
this.setDiscountFactor (df) ;
this.graph.clear();
this.makeGraph (SA Gridworld.states,0);
State Variables s;

// this.initTemperature (80);// gia boltzmann exploration

this.initCoolingRates();// gia boltzmann exploration
this.initLearningRate (1lr);
this.makeNewEpisodeSteps (max episode) ;
this.makeNewTimePerEpisode (max episode) ;

for (int i = 0; 1 < max episode; i++) {

timer = (double) System.currentTimeMillis() / 1000;

// this.changeLearningRate (i, max episode);

this.initTemperature (50);// gia boltzmann
exploration

// System.out.println ("episode=" + 1i);

// System.out.println("learning rate=" + ((MaxNode)
// this.graph.get (this.MaxRoot)) .getLearningRate());

s = new State Variables (SA Gridworld.size Xx,
SA Gridworld.size y,
SA Gridworld.numOfStartPosition,
SA Gridworld.numOfGoals) ;
this.next state = new
State Variables (SA Gridworld.size Xx,
SA Gridworld.size y,
SA Gridworld.numOfStartPosition,

SA Gridworld.numOfGoals) ;
this.maxQ Q(this.MaxRoot, s, 1, exploration);
this.setTimePerEpisode (i,

((double) System.currentTimeMillis/()

1000 - timer));
}

//PrintInFile p = new PrintInFile();

//p.printResults ("MaxQ Q-results twra .txt",
this.getEpisodeSteps(),

// max_episode) ;

// p.printResults ("MaxQ Q-clock time.txt",
this.getTimePerEpisode (),

// max_episode);

// p.printResults ("MaxQ Q-results Boltzmann.txt",
// this.getEpisodeSteps(),
// max_episode);

/

// p.printResults ("MaxQ Q-clock time Boltzmann.txt", this

// .getTimePerEpisode (), max episode);
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*

methodos 1 opoia ilopoiei ton MAXQ-Q algorithmo

@param maxNode
@param s
@param episode
@Qreturn

b S S I S I

~

public ArraylList<State Variables> maxQ Q(int maxNode,
State Variables s,
int episode, boolean exploration) {

ArrayList<State Variables> seq = new
ArrayList<State Variables>();

int reward = 0;

int index = 0;

double 1r = 0;

// int count =

// int n = 0;

0;

// an einai Qnode tote pernoume to child tou (ton maxnode
pou exteli to
// action)
if (this.graph.get (maxNode) instanceof Qnode) {
// kathorizoume tin parametro t gia to
MaxNavigate (t)

if (maxNode == this.QNavigateForGet) {
maxNode = ((Qnode)
this.graph.get (maxNode)) .children.get (0) ;
( (MaxNode)

this.graph.get (maxNode)) .setDest (SA Gridworld
.getPasLoc (s.passenger)) ;

} else if (maxNode == this.QNavigateForPut) {
maxNode = ((Qnode)
this.graph.get (maxNode)) .children.get (0) ;
( (MaxNode)

this.graph.get (maxNode)) .setDest (SA Gridworld
.getDestLoc(s.destination)) ;
} else {
maxNode = ((Qnode)
this.graph.get (maxNode) ) .children.get (0) ;
}
}

// 1 periptosi opou o maxNode einail primitive

if (((MaxNode) this.graph.get (maxNode)) .isPrimitive()) {
index = this.findIndex(s);
State Variables nextState = new State Variables();

reward = this.takeAction (s, nextState, ((MaxNode)
this.graph
.get (maxNode) ) .getAction());
this.setNext state(nextState);
lr = ((MaxNode)
this.graph.get (maxNode) ) .getLearningRate () ;
( (MaxNode)
this.graph.get (maxNode) ) .setValueFunctForPrimitive (
index, (1 - 1lr)
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* ((MaxNode)
this.graph.get (maxNode) )

.getValueFunctForPrimitive (index)
+ (lr * reward));

// System.out.println("s.destination=" +
s.destination

// + "\ns.passenger=" + s.passenger + "\ns.taxi=" +
s.taxi);

// System.exit (-1);

State Variables tmp = new State Variables(s);

seqg.add (0, tmp);

this.addEpisodeSteps (episode) ;

} else {// 1 periptosi opou o maxnode einai composite (not

primitive)

count = 0;

int action = 0;

int next index = 0;

while (! (this.isTerminal (maxNode, s))) {

ArrayList<State Variables> childSeq = new
ArrayList<State Variables>();
index = this.findIndex(s);

// choose action
if (exploration) {//e-greedy
action = ((MaxNode)
this.graph.get (maxNode) ) .children

.get (this.chooseAction (maxNode, index));
} else {//boltzmann
action = ((MaxNode)
this.graph.get (maxNode) ) .children

.get (this.chooseActionWithBoltzmannExploration (
maxNode,
index)) ;

( (MaxNode)
this.graph.get (maxNode) ) .changeTemperature (this
.getEpisodeSteps (episode)) ;

}

// einai to childSeg= tou algorithmou

this.setChildSeqg(this.maxQ Q(action, s,
episode, exploration),

childSeq) ;

// observe next state

next index = this.findIndex(this.next state);

lr = ((MaxNode)
this.graph.get (maxNode) ) .getLearningRate () ;

this
.setGreedyAction ( ( (MaxNode)
this.graph.get (maxNode) ) .children

.get (this.findGreedyAction (maxNode, next index)));
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this.setN(1l);

int tmp_ index =

for (int 1

tmp index

this.findIndex (childSeqg.get (i));

0; < childSeq.size(); i++) {

I = o

// set Cinside

((Qnode) this.graph.get (action))
.setCinsideValue (
tmp index,
((1 - 1r)
*
((Qnode) this.graph.get (action))
.getCinsideValue (tmp_index) + (lr
*
Math
. pow (
this
.getDiscountFactor (),
n) * (this

.getPseudoreward (maxNode,
this.next state)
((Qnode) this.graph.get (this

.getGreedyAction()))

.getCinsideValue (next index)

+ this

.findValue (this.getGreedyAction (),

tmp index)))));

// set C value

( (Qnode)

((Qnode) this.graph.get (action))
.getCvalue (tmp_ index) +
Math
. pow (

this

this.graph.get (action))
.setCvalue (
tmp index,
((1 - 1r)

(1r

.getDiscountFactor (),
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n) * (((Qnode) this.graph
.get (this.getGreedyAction()))
.getCvalue (next index) + this
.findvalue (this.getGreedyAction (),
next index)))));

this.addOneToN () ;

}
// append childSeqg onto the front of seq

this.appendChildSeqOntoSeq(childSeq, seq);

s = new State Variables (this.next state.taxi,
this.next state.passenger,
this.next state.destination);
index = next index;

}

return seq;

}

*

/
methodos i opoia epistrefi to pseudo-reward gia ena maxnode
otan vriskete se kapia katastasi

b S .

@param maxnode
@param s
* (@return
*/
public int getPseudoreward(int maxnode, State Variables s) {
if (this.isTerminal (maxnode, s))
return O;
else
return -100;

}
/‘k‘k

* methodos i opoia vazi to childSeg stin arxi tou seq

*

* @param childSeq

* @param seq

*/

public void appendChildSegOntoSeq(ArrayList<State Variables>
childSeq,
ArrayList<State Variables> seq) {
for (int i = childSeg.size() - 1; i >= 0; i--)

seqg.add (0, childSeqg.get(i));

// for (int 1 = 0; i < childSeq.size(); i++)
// seqg.add (0, childSeqg.get (i));
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/**
* @param args
*/
public static void main (String[] args) {
// TODO Auto-generated method stub
MaxQ Q maxg = new MaxQ Q();
//maxqg.calculate (5000) ;

MaxQ_PHC.java

import java.util.ArrayList;
import java.util.Stack;

/**
* klasi i opoia ilopoiei ton algorithmo MAXQ-PHC
*

* @author Giannis
*

*/
public class MaxQ PHC extends MaxQ ({

protected int count;

protected int n;

protected State Variables next state;
protected int greedyAction;

private double delta; // learning rate (to delta)

/**************** methodoi Set,get,add **********************/

/**

* methodos i opoia arxikopoiei to delta
*

* @param delta
*/
public void setDelta (double delta) {
this.delta = delta;
}

/**

* methodos i opoia epistrefi to delta
*

* @return
*/
public double getDelta() {
return delta;

}
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/**
* methodos i opoia anatheti timi sto count
*

* @param count

* the count to set
*/
public void setCount (int count) {
this.count = count;
}
/**

* methodos i opoia epistrefi to count
*
* @return the count
*/
public int getCount () {
return count;
}
/**
* methodos i opoia anatheti timi sto n
*
* @param n
*/
public void setN(int n) {
this.n = n;
}
/**
* methodos i opoia epistrefi to n
*

* @return

*/
public int getN() {
return n;
}
/**

* methodos i opoia prostheti 1 sto n
*

* @return

*/
public void addOneToN () {
this.n++;
}
/**

* methodos i opoia kathorizi to greedy action
*

* @param greedyAction
*/
public void setGreedyAction (int greedyAction) {
this.greedyAction = greedyAction;
}

/**
* methodos i opoia epistrefi to greedy action
*

* @return
*/
public int getGreedyAction() {
return greedyAction;

}
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/**
* methodos i opoia kathorizi to next state
*
* @param next state
* the next state to set
* / o
public void setNext state(State Variables next state) {
this.next state.destination = next state.destination;
this.next state.passenger = next state.passenger;
this.next state.taxi = next state.taxi;

}
/**

* methodos i opoia epistrefi to next state
*

* @return the next state
*/
public State Variables getNext state() {
return next state;

}

/************************************************************/

/*********************** PHC ************************/

/**

* methodos i1 opoia epilegi tin epomeni kinisi (action) apo tin
* sigkekrimeni katastasi (state) me pithanotita p(s,a) kai me
* kapia anixnefsi

*

@param index
* @return

*/
public int chooseAction (int index, double[][] policyValue) {
if (r.nextDouble() < this.getEpsilon())
return (r.nextInt (policyValue[O0].length));
return this.chooseProbAction (index, policyValue);
}
/**

* methodos i opoia epilegi mia kinisi (action) wvasi tis
* pithanotitas p(s,a)
* @param index
* @return
*/
public int chooseProbAction (int index, double[][] policyValue) {
double offset = 0;
double rand = r.nextDouble();
for (int i = 0; i < SA Gridworld.actions; i++) {
offset += policyValue[index] [i];
if (offset >= rand)
return i;
}
System.out.println ("rand=" + rand);
System.out.println ("offset=" + offset);
return 5; // en tha erti pote dame
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*

sigkekrimeni katastasi

@param index
@param action

b S T . S

~

public void updatePolicyValue2 (int index, int action, int
maxNode) {

int length = ((MaxNodePHC) this.graph.get (maxNode))
.getPolicyValueLength () ;
if (action != this.findGreedyAction (maxNode, index))
( (MaxNodePHC)

this.graph.get (maxNode) ) .addPolicyValue (index,
action, Math.min (((MaxNodePHC)
this.graph.get (maxNode) )
.getPolicyValue (index,
action),

methodos i1 opoia kani update tin timi tis pithanotitas gia ti

(this.getDelta () / (length -

1)))):
else {
double sum = 0;
for (int 1 = 0; 1 < length; i++) {
if (i == action)
continue;
sum += Math.min(((MaxNodePHC)
this.graph.get (maxNode) )
.getPolicyValue (index, 1),

(this.getDelta() / (length - 1)));

}
( (MaxNodePHC)
this.graph.get (maxNode) ) .addPolicyValue (index,
action, sum);

}

*

sigkekrimeni katastasi

@param index
@param action

b I . S

~

public void updatePolicyValue (int index, int action, int
maxNode) {
// System.out.println ("index="+index) ;
// System.out.println ("action="+action);

//
System.out.println ("this.findMaxQ (index)="+this.findMaxQ (index)) ;
if (action == this.findGreedyAction (maxNode, index))

( (MaxNodePHC)
this.graph.get (maxNode)) .addPolicyValue (index,
action, this.getDeltal());
else
( (MaxNodePHC)
this.graph.get (maxNode)) .addPolicyValue (index,
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action, ((-this.getDelta()) /
(( (MaxNodePHC) this.graph

.get (maxNode) ) .getPolicyValueLength() - 1)));

// System.out.println ("this.getDelta ()="+this.getDelta());

// System.out.println("-this.getDelta() / (this.actions -
1)="+(-this.getDelta ()

// / (this.actions - 1)));

}
/**

* methodos i opoia kanonikopoiei tis pithanottites tou

* policyValue meta to update
*

* @param index

*/
public void normalizePolicyValue (int index, int maxNode) {
int length = ((MaxNodePHC) this.graph.get (maxNode))
.getPolicyValuelLength () ;

double minNegative =
this.findMinNegativePolicyValue (index, maxNode) ;

double temp = Math.abs(2 * minNegative);

double sum = 0;

for (int 1 = 0; i < length; i++)

( (MaxNodePHC)
this.graph.get (maxNode) ) .addPolicyValue (index, i,
temp) ;
for (int 1 = 0; 1 < length; i++)
sum += ( (MaxNodePHC)
this.graph.get (maxNode) ) .getPolicyValue (index,
i);
for (int 1 = 0; 1 < length; i++)
( (MaxNodePHC)
this.graph.get (maxNode) ) .setPolicyValue (index, i,

( ( (MaxNodePHC)
this.graph.get (maxNode) ) .getPolicyValue (
index, i) / sum));

}
/‘k‘k

* methodos i opoia vriski tin mikroteri arnitiki pithanotita se
ena state

* tou policyValue

*

* @param index

* @return

*/

public double findMinNegativePolicyValue (int index, int maxNode)

double temp = 0;

int length = ((MaxNodePHC) this.graph.get (maxNode))
.getPolicyValueLength () ;
for (int i = 0; i < length; i++) {
if (((MaxNodePHC)

this.graph.get (maxNode) ) .getPolicyValue (index, 1) < temp) {
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temp = ((MaxNodePHC)
this.graph.get (maxNode) ) .getPolicyValue (
index, 1i):
}
}

return temp;

}
/**

* methodos i opoia dimiourgei k arxikopoiei tous pinakes
policyValues se
* olous tous komvous tou grafou
*/
public void makePolicyValues () {
for (int i = 0; i < this.numMaxNodes; i++) {
( (MaxNodePHC) this.graph.get (i)) .makeNewPolicyValue (
SA Gridworld.states,
this.graph.get (i) .children.size());
( (MaxNodePHC) this.graph.get(i)) .initPolicyValue (
SA Gridworld.states,
this.graph.get (i) .children.size());
}
}

/**************************************************************/

*

/
methodos i opoia vriski ta Q values gia kathe children enos
MaxNode xrisimopoiontas to Cinside

@param node
@param index
@return

X% ok X X ok X ot

~

public double|[] findQvaluesWithCinside (int maxNode, int index) {

double|[] table = new
double[this.graph.get (maxNode) .children.size () ];

NodeValue nValue;

for (int 1 = 0; i <
this.graph.get (maxNode) .children.size(); i++) {

nValue =

this.evaluateMaxNode (this.graph.get (this.graph

.get (maxNode) .children.get (1)) .children.get (0), index);
table[i] = nValue.value;

}

for (int i =

0; i < table.length; i++)
table[i] += (

+ (Qnode) this.graph

.get (this.graph.get (maxNode) .children.get (i)))
.getCinsideValue (index) ;

return table;
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*

methodos 1 opoia vriski ta Q values gia kathe children enos
MaxNode xrisimopoiontas to C

@param node
@param index
@Qreturn

b S S S

~

public double[] findQvaluesWithC (int maxNode, int index) {

double[] table = new
double|[this.graph.get (maxNode) .children.size () ];

NodeValue nValue;

for (int i = 0; 1 <
this.graph.get (maxNode) .children.size(); i++) {

nValue =

this.evaluateMaxNode (this.graph.get (this.graph

.get (maxNode) .children.get (i)) .children.get (0), index);
table[i] = nValue.value;

}

for (int i =

0; 1 < table.length; i++)
table[i] += (

(Onode) this.graph

.get (this.graph.get (maxNode) .children.get (i)))
.getCvalue (index) ;

return table;

/**

* methodos i opoia vriski to greedy action gia ena Max node
* xrisimopoiontas to Cinside

*

* @param node

* @param index

* @return

*/

public int findGreedyAction (int maxNode, int index) {
double|[] table = new
double[this.graph.get (maxNode) .children.size () ];
table = this.findQvaluesWithCinside (maxNode, index);
return this.findMax (table);

}

/**

* methodos i opoia vriski to greedy action gia ena Max node
* xrisimopoiontas to C

*

* @param node

* @param index

* @return

*/

public int findGreedyActionWithC (int maxNode, int index) {
double[] table = new
double[this.graph.get (maxNode) .children.size () ];
table = this.findQvaluesWithC (maxNode, index);
return this.findMax (table);
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/‘k*
* methodos i opoia kani copy ta nodes tou seq sto childSeg
*/
public void setChildSeqg(ArraylList<State Variables> seq,
ArrayList<State Variables> childSeq) {
childSeqg.clear();
for (int i = 0; 1 < seq.size(); i++)
childSeqg.add (seqg.get (1))
}

/‘k*
* methodos i opia ekpedevi ton agent
*/
public void calculate (int max episode, double epsilon, double
df,
double delta, String filename,double 1r) ({
SA Gridworld.makeGridworld(filename) ;
double timer;
this.setEpsilon(epsilon);
this.setDiscountFactor (df) ;
this.setDelta (delta);
this.graph.clear();
this.makeGraph (SA Gridworld.states, 1);
this.makePolicyValues();
State Variables s;
this.InitLearningRate(lr);
this.makeNewEpisodeSteps (max episode);
this.makeNewTimePerEpisode (max_episode);
for (int i = 0; 1 < max _episode; i++) {
timer = (double) System.currentTimeMillis() / 1000;
// System.out.println ("episode=" + 1i);
s = new State Variables (SA Gridworld.size Xx,
SA Gridworld.size y,
SA Gridworld.numOfStartPosition,
SA Gridworld.numOfGoals) ;
this.next state = new
State Variables (SA Gridworld.size Xx,
SA Gridworld.size y,
SA Gridworld.numOfStartPosition,
SA Gridworld.numOfGoals) ;
this.maxQ PHC (this.MaxRoot, s, 1);
//this.maxQ PHC iterative (this.MaxRoot, s, 1);
this.setTimePerEpisode (i,
((double) System.currentTimeMillis() /
1000 - timer));
}

/*
* PrintInFile p = new PrintInFile();
* p.printResults ("MaxQ PHC-results.txt",
this.getEpisodeSteps(),
* max_episode); p.printResults("MaxQ PHC-clock time.txt",
* this.getTimePerEpisode (), max episode);

*/
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*

methodos 1 opoia ilopoiei ton MAXQ-0 algorithmo

@param maxNode
@param s
@param episode
@Qreturn

b S S I S I

~

public ArraylList<State Variables> maxQ PHC (int maxNode,
State Variables s,
int episode) {

ArrayList<State Variables> seq = new
ArrayList<State Variables>();

int reward = 0;

int index = 0;

double 1r = 0;

// int count =

// int n = 0;

0;

// an einai Qnode tote pernoume to child tou (ton maxnode
pou exteli to
// action)
if (this.graph.get (maxNode) instanceof Qnode) {
// kathorizoume tin parametro t gia to
MaxNavigate (t)

if (maxNode == this.QNavigateForGet) {
maxNode = ((Qnode)
this.graph.get (maxNode)) .children.get (0) ;
( (MaxNodePHC)

this.graph.get (maxNode)) .setDest (SA Gridworld
.getPasLoc (s.passenger)) ;

} else if (maxNode == this.QNavigateForPut) {
maxNode = ((Qnode)
this.graph.get (maxNode)) .children.get (0) ;
( (MaxNodePHC)

this.graph.get (maxNode)) .setDest (SA Gridworld
.getDestLoc(s.destination)) ;
} else {
maxNode = ((Qnode)
this.graph.get (maxNode) ) .children.get (0) ;
}
}

// 1 periptosi opou o maxNode einail primitive
if (((MaxNodePHC) this.graph.get (maxNode)) .isPrimitive())

index = this.findIndex(s);
State Variables nextState = new State Variables();

reward = this.takeAction (s, nextState, ((MaxNodePHC)
this.graph
.get (maxNode) ) .getAction());
this.setNext state(nextState);
lr = ((MaxNodePHC)
this.graph.get (maxNode) ) .getLearningRate () ;
( (MaxNodePHC)
this.graph.get (maxNode) ) .setValueFunctForPrimitive (
index, (1 - 1r)
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* ((MaxNodePHC)
this.graph.get (maxNode) )

.getValueFunctForPrimitive (index)
+ (lr * reward));

// System.out.println("s.destination=" +
s.destination

// + "\ns.passenger=" + s.passenger + "\ns.taxi=" +
s.taxi);

// System.exit (-1);

State Variables tmp = new State Variables(s);

seqg.add (0, tmp);

this.addEpisodeSteps (episode) ;

} else {// 1 periptosi opou o maxnode einai composite (not

primitive)

count = 0;

int action = 0;

int childAction = 0;

int next index = 0;

while (! (this.isTerminal (maxNode, s))) {

ArrayList<State Variables> childSeq = new
ArrayList<State Variables>();
index = this.findIndex(s);

// choose action
childAction = this.chooseAction (index,
( (MaxNodePHC) this.graph
.get (maxNode) ) .getPolicyValue());
action = ((MaxNodePHC)
this.graph.get (maxNode) ) .children
.get (childAction) ;

this.updatePolicyValue (index, childAction,
maxNode) ;
this.normalizePolicyValue (index, maxNode) ;

// einai to childSeg= tou algorithmou
this.setChildSeqg(this.maxQ PHC (action, s,
episode), childSeq);

// observe next state

next index = this.findIndex(this.next state);

lr = ((MaxNodePHC)
this.graph.get (maxNode) ) .getLearningRate () ;

this
.setGreedyAction ( ( (MaxNodePHC)
this.graph.get (maxNode) ) .children

.get (this.findGreedyAction (maxNode, next index)));
this.setN(1l);
int tmp index = 0;
for (int 1 = 0; 1 < childSeq.size(); i++) {
tmp index =
this.findIndex (childSeqg.get (i));
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// set Cinside
((Qnode) this.graph.get (action))

.setCinsideValue (
tmp index,
((1 - 1r)

((Qnode) this.graph.get (action))
.getCinsidevValue (tmp_index) + (lr
Math
. pow (
this
.getDiscountFactor (),
n) * (this
.getPseudoreward (maxNode,
this.next state)
((Qnode) this.graph.get (this
.getGreedyAction()))
.getCinsideValue (next index) + this
.findValue (this.getGreedyAction (),
tmp index)))));
// set C value
((Qnode) this.graph.get (action))
.setCvalue (
tmp index,
((1 - 1r)
((Qnode) this.graph.get (action))
.getCvalue (tmp_ index) + (lr
Math
. pow (
this
.getDiscountFactor (),
n) * (((Qnode) this.graph
.get (this.getGreedyAction()))

.getCvalue (next index) + this
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.findvalue (this.getGreedyAction (),
next index)))));

this.addOneToN () ;

}
// append childSeqg onto the front of seq
this.appendChildSegOntoSeqg(childSeq, seq);

s = new State Variables(this.next state.taxi,
this.next state.passenger,

this.next state.destination);
index = next index;

}

return seq;

}
/**
* methodos 1 opoia elegxei an o node pou imaste einai Max node
* 1 Qnode an einai Qnode tote pernoume to child tou (ton
* maxnode pou exteli to action)
* (@param maxNode
* @param s
*

/

public int checkInstanceOf (int maxNode, State Variables s) {
if (this.graph.get (maxNode) instanceof Qnode) {
// kathorizoume tin parametro t gia to
MaxNavigate (t)

if (maxNode == this.QNavigateForGet) {
maxNode = ((Qnode)
this.graph.get (maxNode) ) .children.get (0) ;
( (MaxNodePHC)

this.graph.get (maxNode)) .setDest (SA Gridworld
.getPasLoc (s.passenger)) ;

} else if (maxNode == this.QNavigateForPut) ({
maxNode = ((Qnode)
this.graph.get (maxNode) ) .children.get (0) ;
( (MaxNodePHC)

this.graph.get (maxNode)) .setDest (SA Gridworld
.getDestLoc(s.destination)) ;
} else {
maxNode = ( (Qnode)
this.graph.get (maxNode) ) .children.get (0) ;
}
}

return maxNode;
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*

methodos 1 opoia allazi tin timi tou Completion function (C
kai Cinside)

@param segStack

@param index

@param next index

@param action

@param maxNode

@param 1lr

b S S S I S S

~

public void changeCompletionValue (
Stack<ArraylList<State Variables>> seqgStack, int

index,
int next index, int action, int maxNode, double 1r)
{
this.setN (1) ;
int tmp_ index = 0;
for (int i = 0; i < seqgStack.peek().size(); i++) {
tmp index = this.findIndex (segStack.peek() .get(i));
// set Cinside
( (Qnode)
this.graph.get (action)) .setCinsideValue (tmp index,
((1 - 1r)
* ((Qnode)
this.graph.get (action))

Math.

this.

this.

this.

Math.

.getCinsideValue (tmp_index) + (lr
*
pow(this.getDiscountFactor (), n) * (this
.getPseudoreward (maxNode,
next state)
+ ((Qnode)
graph.get (this.getGreedyAction()))

.getCinsideValue (next index) + this
.findvalue (this.getGreedyAction (), tmp index)))));

// set C value
((Qnode) this.graph.get (action))

.setCvalue (
tmp index,
((1 - 1r)
* ((Qnode)
graph.get (action))
.getCvalue (tmp index) + (lr
*
pow (this.getDiscountFactor (), n) * (((Qnode) this.graph

.get (this.getGreedyAction()))
.getCvalue (next index) + this.findValue (
this.getGreedyAction(), next index)))));

this.addOneToN () ;

A-99



}
// append childSeqg onto the front of seq
if (!segStack.isEmpty())
this.appendChildSegOntoSeq (segStack.pop (),
segStack.peek () ) ;
}

*

/

methodos 1 opoia ilopoiei ton MAXQ-PHC algorithmo (iterative)

@param maxNode
@param s
@param episode
@return

%k ok ok % ok of

~

public void maxQ PHC iterative (int node, State Variables s, int
episode) {

Stack<Arraylist<State Variables>> segStack = new

Stack<ArrayList<State Variables>>();
Stack<Integer> stack = new Stack<Integer>();
stack.push (node) ;

int reward = 0;

int index = 0;
double 1r = 0;

// int count = 0;

// int n = 0;

int maxNode;

int action = 0;

int childAction = 0;
int next index = 0;

while (!stack.isEmpty()) {
ArrayList<State Variables> seq = new
ArraylList<State Variables>();
segStack.push (seq) ;

maxNode = stack.peek();

// elegxos an imaste se Max node

maxNode = checkInstanceOf (maxNode, s);

// 1 periptosi opou o maxNode einai primitive

if (((MaxNodePHC)
this.graph.get (maxNode) ) .isPrimitive ()) {

index = this.findIndex(s);
State Variables nextState = new
State Variables();
reward = this.takeAction (s, nextState,
( (MaxNodePHC) this.graph
.get (maxNode) ) .getAction());
this.setNext state(nextState);
lr = ((MaxNodePHC)
this.graph.get (maxNode) ) .getLearningRate () ;
( (MaxNodePHC) this.graph.get (maxNode))
.setValueFunctForPrimitive (index,
(1 - 1r)
* ((MaxNodePHC)
this.graph.get (maxNode))
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.getValueFunctForPrimitive (index)
+ (lr * reward));

// System.out.println("s.destination=" +
s.destination

// + "\ns.passenger=" + s.passenger +
"\ns.taxi=" + s.taxi);

// System.exit (-1);

State Variables tmp = new State Variables(s);

seqgStack.peek () .add (0, tmp);

this.addEpisodeSteps (episode) ;

stack.pop () ;

maxNode = stack.peek();

// elegxos an imaste se Max node

maxNode = checkInstanceOf (maxNode, s);

// observe next state

next index = this.findIndex(this.next state);

lr = ((MaxNodePHC)
this.graph.get (maxNode) ) .getLearningRate () ;

this

.setGreedyAction ( ( (MaxNodePHC)
this.graph.get (maxNode) ) .children

.get (this.findGreedyAction (maxNode, next index)));

changeCompletionValue (segStack, index,
next index, action,
maxNode, 1r);
s = new State Variables (this.next state.taxi,
this.next state.passenger,
this.next state.destination);
index = next index;

} else {
if (! (this.isTerminal (maxNode, s))) {

index = this.findIndex(s);

// choose action

childAction = this.chooseAction (index,
( (MaxNodePHC)
this.graph.get (maxNode) )
.getPolicyValue());
action = ((MaxNodePHC)

this.graph.get (maxNode) ) .children
.get (childAction) ;

this.updatePolicyValue?2 (index,
childAction, maxNode) ;
this.normalizePolicyValue (index,
maxNode) ;
stack.push (action);
} else {
stack.pop () ;
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if (stack.isEmpty())
break;
maxNode = stack.peek();

// elegxos an imaste se Max node
maxNode = checkInstanceOf (maxNode, s);
// observe next state
next index =
this.findIndex (this.next state);
lr = ((MaxNodePHC)
this.graph.get (maxNode) )
.getLearningRate () ;

this
.setGreedyAction ( ( (MaxNodePHC) this.graph
.get (maxNode) ) .children.get (this

.findGreedyAction (maxNode, next index)));
changeCompletionValue (segStack, index,
next index, action,
maxNode, 1r);
S = new
State Variables (this.next state.taxi,
this.next state.passenger,

this.next state.destination);
index = next index;

}

}
/‘k‘k

* methodos i opoia epistrefi to pseudo-reward gia ena maxnode
otan vriskete
se kapia katastasi

@param maxnode
@param s
@return
/
public int getPseudoreward(int maxnode, State Variables s) {
if (this.isTerminal (maxnode, s))
return 0;

b T A

else
return -100;
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/**
* methodos i opoia vazi to childSeqg stin arxi tou seq
*
* @param childSeq
* @param seq
*/
public void appendChildSegOntoSeqg(ArrayList<State Variables>
childSeq,
ArrayList<State Variables> seq) {
for (int i = childSeqg.size() - 1; i >= 0; i--)
seq.add (0, childSeg.get(i));
}

/**
* (@param args
*/
public static void main(String[] args) {
// TODO Auto-generated method stub
MaxQ PHC maxg = new MaxQ PHC();
// maxqg.calculate (500);

MaxQ_WoLF_PHC.java

import java.util.ArrayList;
import java.util.Stack;

/**
* klasi i opoia ilopoiei ton algorithmo MAXQ-WoLF-PHC
*

* @author giannis
*

*/
public class MaxQ WoLF PHC extends MaxQ PHC ({

private double deltaW; // learning rate for winning
private double deltal.; // learning rate for losing

/***************** methodoi set get *******************/

/**
* methodos i opoia arxikopoiei to deltaW
*

* (@param deltaW
*/
public void setDeltaW (double deltaW) ({
this.deltaW = deltaW;
}

/**
* methodos i opoia epistrefi to deltaW
*
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* @return
*/
public double getDeltaW () {
return deltaW;

}
/**

* methodos i opoia arxikopoiei to deltal
*
* (@param deltal
*/
public void setDeltal (double deltal) {
this.deltal = deltal;
}

/**
* methodos i1 opoia epistrefi to deltal
*

* @return
*/
public double getDeltal () {
return deltal;

}
/‘k‘k

* update estimate of average policy p
*
* @param index
* @param action
*/
public void updateAvgPolicyValue (int index, int action, int
maxNode) {

int length = ((MaxNodeWoLFPHC) this.graph.get (maxNode))
.getAvgPolicyValuelLength () ;
( (MaxNodeWoLFPHC)

this.graph.get (maxNode) ) .addOneToC (index) ;
for (int 1 = 0; 1 < length; i++)
( (MaxNodeWoLFPHC) this.graph.get (maxNode))

.addAvgPolicyValue (
index,
i,
(((double) 1 /
( (MaxNodeWoLFPHC) this.graph
.get (maxNode) ) .getC (index)) * (((MaxNodeWoLFPHC) this.graph
.get (maxNode) ) .getPolicyValue (index, i) - ((MaxNodeWoLFPHC)

this.graph

.get (maxNode) ) .getAvgPolicyValue (index, 1i))));
}

/**
* methodos i opoia vriski tin mikroteri arnitiki pithanotita se
ena state

* tou avgPolicyValue
*

* @param index
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this

this

this

this

this

* @return

*/

public double findMinNegativeAvgPolicyValue (int index, int
maxNode) {

int length = ((MaxNodeWoLFPHC) this.graph.get (maxNode))
.getAvgPolicyValueLength () ;

double temp = 0;

for (int 1 = 0O;

.graph.get (maxNode) )

}
}

return temp;

}
/**

I3

i < length;
if (((MaxNodeWoLFPHC)
this.graph.get (maxNode) ) .getAvgPolicyValue (
index, 1)
temp = ((MaxNodeWoLFPHC)

i++) |

< temp) {

.getAvgPolicyValue (index, 1);

* methodos i opoia kanonikopoiei tis pithanottites tou
avgPolicyValue meta

* to update
*

* @param index

*/

public void normalizeAvgPolicyValue (int index, int maxNode) {
int length = ((MaxNodeWoLFPHC) this.graph.get (maxNode))
.getAvgPolicyValueLength () ;

double minNegative =

.findMinNegativeAvgPolicyValue (index, maxNode) ;
double temp = Math.abs(2 * minNegative);

double sum = 0;

i++)

for (int i = 0; i < length;
( (MaxNodeWoLFPHC)
.graph.get (maxNode) ) .addAvgPolicyValue (index,
i, temp);
i < length;

for (int 1 = 0O;
((

i++)

sum += MaxNodeWoLFPHC) this.graph.get (maxNode))
.getAvgPolicyValue (index, 1);
for (int 1 = 0; 1 < length; i++)
( (MaxNodeWoLFPHC)
.graph.get (maxNode) ) .setAvgPolicyValue (index,
i, (((MaxNodeWoLFPHC)

.graph.get (maxNode) )

/ sum)) ;

}
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/‘k‘k
* methodos i opoia vriski pio delta (winning or losing) tha
* xrisimopoihthei gia na ginoun update oi times tou policyValue
*
* @param index
* @return
*/
public double chooseDeltaForUpdate (int index, int maxNode) {
int length = ((MaxNodeWoLFPHC) this.graph.get (maxNode))

.getPolicyValueLength () ;
double sumPolicy = 0;
double sumAvgPolicy = 0;
for (int i = 0; i < length; i++) {
sumPolicy += (((MaxNodeWoLFPHC)
this.graph.get (maxNode) )
.getPolicyValue (index, i) *
this.findValue (maxNode, index));
sumAvgPolicy += (((MaxNodeWoLFPHC)
this.graph.get (maxNode) )
.getAvgPolicyValue (index, i) *
this.findValue (maxNode,
index) ) ;
}
if (sumPolicy > sumAvgPolicy)
return this.getDeltaW();
else
return this.getDeltal();

/**

* methodos i opoia kani update tin timi tis pithanotitas gia ti
* sigkekrimeni katastasi (simfona me to megalo to arthro)

*

* @param index

* @param action

*

~

public void updatePolicyValue?2 (int index, int action, int
maxNode) {
int length = ((MaxNodeWoLFPHC) this.graph.get (maxNode))
.getPolicyValueLength () ;
double delta = this.chooseDeltaForUpdate (index, maxNode) ;
if (action != this.findGreedyAction (maxNode, index)) {
( (MaxNodeWoLFPHC)
this.graph.get (maxNode) ) .addPolicyValue (index,
action, Math.min (((MaxNodeWoLFPHC)
this.graph.get (maxNode) )
.getPolicyValue (index,
action),
(delta / (length - 1))));
} else {
double sum = 0;
for (int 1 = 0; 1 < length; i++) {
if (i == action)
continue;
sum += Math.min (((MaxNodeWoLFPHC)
this.graph.get (maxNode))
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.getPolicyValue (index, i), (delta
/ (length - 1)));
}
( (MaxNodeWoLFPHC)
this.graph.get (maxNode)) .addPolicyValue (index,
action, sum);

}

*

methodos i opoia kani update tin timi tis pithanotitas gia ti
sigkekrimeni katastasi

@param index
@param action

A I

~

public void updatePolicyValue (int index, int action, int
maxNode) {
double delta = this.chooseDeltaForUpdate (index, maxNode) ;
if (action == this.findGreedyAction (maxNode, index))
( (MaxNodeWoLFPHC)
this.graph.get (maxNode) ) .addPolicyValue (index,
action, delta);

else
( (MaxNodeWoLFPHC)
this.graph.get (maxNode) ) .addPolicyValue (index,
action, ((-delta) / (((MaxNodeWoLFPHC)

this.graph

.get (maxNode) ) .getPolicyValueLength() - 1)));

}

/**

* methodos i opoia dimiourgei k arxikopoiei tous pinakes
avgPolicyValues se
* olous tous komvous tou grafou
*/
public void makeAvgPolicyValues () {
for (int 1 = 0; i1 < this.numMaxNodes; i++) {
( (MaxNodeWoLFPHC)
this.graph.get (i)) .makeNewAvgPolicyValue (
SA Gridworld.states,
this.graph.get (i) .children.size());
( (MaxNodeWoLFPHC)
this.graph.get (i)) .initAvgPolicyValue (
SA Gridworld.states,
this.graph.get (i) .children.size());
}
}

/**

* methodos i opoia dimiourgei k arxikopoiei tous pinakes C

* olous tous komvous tou grafou

*/
public void makeC (int num) {

for (int i = 0; i < this.numMaxNodes; i++) {
( (MaxNodeWoLFPHC)
this.graph.get (i)) .makeNewC (SA Gridworld.states);
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( (MaxNodeWoLFPHC) this.graph.get(i)).initC (num);

}

/‘k‘k
* methodos i1 opia ekpedevi ton agent
*/
public void calculate (int max episode, double epsilon, double
df,
double deltaW, double deltal, String filename,double
1r) {

SA Gridworld.makeGridworld(filename) ;
double timer;
this.setEpsilon(epsilon);
this.setDiscountFactor (df) ;
this.setDeltal (deltal) ;
this.setDeltaW (deltaW) ;
this.graph.clear();
this.makeGraph (SA Gridworld.states, 2);
this.makePolicyValues();
this.makeAvgPolicyValues () ;
this.makeC (0) ;
State Variables s;
this.initLearningRate (1lr);
this.makeNewEpisodeSteps (max episode);
this.makeNewTimePerEpisode (max_episode);
for (int i = 0; 1 < max episode; i++) {
timer = (double) System.currentTimeMillis() / 1000;
// System.out.println ("episode=" + 1i);
s = new State Variables (SA Gridworld.size Xx,
SA Gridworld.size y,
SA Gridworld.numOfStartPosition,
SA Gridworld.numOfGoals) ;
this.next state = new
State Variables (SA Gridworld.size Xx,
SA Gridworld.size y,
SA Gridworld.numOfStartPosition,

SA Gridworld.numOfGoals) ;
this.maxQ Wolf phc(this.MaxRoot, s, 1);
//this.maxQ Wolf phc iterative (this.MaxRoot, s, i);
this.setTimePerEpisode (i,

((double) System.currentTimeMillis() /

1000 - timer));
}

/*

* PrintInFile p = new PrintInFile();

* p.printResults ("MaxQ WoLF PHC-results2.txt",
this.getEpisodeSteps(),

* max_episode); p.printResults ("MaxQ WoLF PHC-clock
time2.txt",

* this.getTimePerEpisode (), max episode);

*/
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*

methodos 1 opoia ilopoiei ton MAXQ-WoLF-PHC algorithmo

@param maxNode
@param s
@param episode
@Qreturn

b S S I S I

~

public ArraylList<State Variables> maxQ Wolf phc(int maxNode,
State Variables s, int episode) {

ArrayList<State Variables> seq = new
ArrayList<State Variables>();

int reward = 0;

int index = 0;

double 1r = 0;

// int count = 0;

// int n = 0;

// an einai Qnode tote pernoume to child tou (ton maxnode
pou exteli to
// action)
if (this.graph.get (maxNode) instanceof Qnode) {
// kathorizoume tin parametro t gia to
MaxNavigate (t)

if (maxNode == this.QNavigateForGet) {
maxNode = ((Qnode)
this.graph.get (maxNode)) .children.get (0);
( (MaxNodeWoLFPHC)

this.graph.get (maxNode)) .setDest (SA Gridworld
.getPasLoc (s.passenger)) ;

} else if (maxNode == this.QNavigateForPut) {
maxNode = ((Qnode)
this.graph.get (maxNode) ) .children.get (0) ;
( (MaxNodeWoLFPHC)

this.graph.get (maxNode)) .setDest (SA Gridworld
.getDestLoc(s.destination)) ;
} else {
maxNode = ((Qnode)
this.graph.get (maxNode) ) .children.get (0) ;
}
}

// 1 periptosi opou o maxNode einai primitive
if (((MaxNodeWoLFPHC)
this.graph.get (maxNode) ) .isPrimitive ()) {
index = this.findIndex(s);
State Variables nextState = new State Variables();
reward = this.takeAction (s, nextState,
( (MaxNodeWoLFPHC)
this.graph.get (maxNode) ) .getAction()) ;
this.setNext state(nextState);
lr = ((MaxNodeWoLFPHC)
this.graph.get (maxNode) ) .getLearningRate () ;
( (MaxNodeWoLFPHC) this.graph.get (maxNode))
.setValueFunctForPrimitive (index, (1 -
1r)
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* ((MaxNodeWoLFPHC)
this.graph.get (maxNode) )

.getValueFunctForPrimitive (index)
+ (lr * reward));

// System.out.println("s.destination=" +
s.destination

// + "\ns.passenger=" + s.passenger + "\ns.taxi=" +
s.taxi);

// System.exit (-1);

State Variables tmp = new State Variables(s);

seqg.add (0, tmp);

this.addEpisodeSteps (episode) ;

} else {// 1 periptosi opou o maxnode einai composite (not

primitive)

count = 0;

int action = 0;

int childAction = 0;

int next index = 0;

while (! (this.isTerminal (maxNode, s))) {

ArrayList<State Variables> childSeq = new
ArrayList<State Variables>();
index = this.findIndex(s);

// choose action

childAction = this.chooseAction (index,
( (MaxNodeWoLFPHC)
this.graph.get (maxNode) )
.getPolicyValue());
action = ((MaxNodeWoLFPHC)

this.graph.get (maxNode) ) .children
.get (childAction) ;

this.updatePolicyValue (index, childAction,
maxNode) ;

this.normalizePolicyValue (index, maxNode) ;

this.updateAvgPolicyValue (index, childAction,
maxNode) ;

this.normalizeAvgPolicyValue (index, maxNode) ;

// einai to childSeg= tou algorithmou
this.setChildSeqg(this.maxQ Wolf phc(action, s,
episode),
childSeq) ;

// observe next state
next index = this.findIndex(this.next state);
lr = ((MaxNodeWoLFPHC)
this.graph.get (maxNode) )
.getLearningRate () ;

this
.setGreedyAction ( ( (MaxNodeWoLFPHC)
this.graph

.get (maxNode) ) .children.get (this
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.findGreedyAction (maxNode, next index)));
this.setN(1l);
int tmp index = 0;
for (int 1 = 0; i < childSeqg.size(); i++) {

tmp index =
this.findIndex (childSeqg.get (1))

// set Cinside
((Qnode) this.graph.get (action))

.setCinsideValue (
tmp index,
((1 - 1r)

((Qnode) this.graph.get (action))

.getCinsidevValue (tmp_index) + (lr

Math

. pow (

this
.getDiscountFactor (),
n) * (this
.getPseudoreward (maxNode,
this.next state)
((Qnode) this.graph.get (this
.getGreedyAction()))

.getCinsideValue (next index) + this
.findValue (this.getGreedyAction (),

tmp index)))));
// set C value
((Qnode) this.graph.get (action))

.setCvalue (
tmp index,

((1 - 1r)
((Qnode) this.graph.get (action))
.getCvalue (tmp index) + (lr

Math
. pow (

this
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.getDiscountFactor (),

n) * (((Qnode)

.get (this.getGreedyAction()))

.getCvalue (next index) + this

.findvalue (this.getGreedyAction (),

next index)))));

this.addOneToN () ;

}

this.graph

// append childSeqg onto the front of seq
this.appendChildSeqOntoSeq(childSeq, seq);

s = new State Variables (this.next state.taxi,
this.next state.passenger,

this.next state.destination);

b S S S S S

~

public void maxQ Wolf phc iterative(int node,

*

index = next index;

}

return seq;

@param maxNode
@param s
@param episode
@return

int episode) {
Stack<ArraylList<State Variables>> segStack = new

Stack<ArrayList<State_Variables>>?);
= new Stack<Integer>();

Stack<Integer> stack
stack.push (node) ;
int reward = 0;
int index = 0;
double 1r = 0;
// int count =
// int n = 0;
int maxNode;
int action = 0;
int childAction = 0;
int next index = 0;

0;

while (!stack.isEmpty()) {

methodos 1 opoia ilopoiei ton MAXQ-PHC algorithmo (iterative)

State Variables s,

ArrayList<State Variables> seq = new
ArrayList<State Variables>();

segStack.push (seq) ;

maxNode = stack.peek();
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// elegxos an imaste se Max node
maxNode = checkInstanceOf (maxNode, s);
// 1 periptosi opou o maxNode einai primitive
if (((MaxNodeWoLFPHC)
this.graph.get (maxNode) ) .isPrimitive()) {
index = this.findIndex(s);
State Variables nextState = new
State Variables();
reward = this.takeAction (s, nextState,
( (MaxNodeWoLFPHC)
this.graph.get (maxNode) ) .getAction());
this.setNext state(nextState);
lr = ((MaxNodeWoLFPHC)
this.graph.get (maxNode) )
.getLearningRate () ;
( (MaxNodeWoLFPHC) this.graph.get (maxNode))
.setValueFunctForPrimitive (index,
(1 - 1r)
* ( (MaxNodeWoLFPHC)
this.graph.get (maxNode) )

.getValueFunctForPrimitive (index)
+ (lr * reward));

// System.out.println("s.destination=" +
s.destination

// + "\ns.passenger=" + s.passenger +
"\ns.taxi=" + s.taxi);

// System.exit (-1);

State Variables tmp = new State Variables(s);
seqStack.peek () .add (0, tmp);
this.addEpisodeSteps (episode) ;

stack.pop () ;

maxNode = stack.peek();

// elegxos an imaste se Max node
maxNode = checkInstanceOf (maxNode, s);

// observe next state
next index = this.findIndex(this.next state);
lr = ((MaxNodeWoLFPHC)
this.graph.get (maxNode) )
.getLearningRate () ;
this
.setGreedyAction ( ( (MaxNodeWoLFPHC)
this.graph

.get (maxNode) ) .children.get (this
.findGreedyAction (maxNode, next index)));

changeCompletionValue (segStack, index,
next index, action,
maxNode, 1r);
s = new State Variables(this.next state.taxi,
this.next state.passenger,
this.next state.destination);
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index = next index;
} else {
if (! (this.isTerminal (maxNode, s))) {

index = this.findIndex(s):;

// choose action

childAction = this.chooseAction (index,
( (MaxNodeWoLFPHC)
this.graph.get (maxNode) )
.getPolicyValue());
action = ((MaxNodeWoLFPHC)

this.graph.get (maxNode) ) .children
.get (childAction);

this.updatePolicyValue?2 (index,
childAction, maxNode) ;

this.normalizePolicyValue (index,
maxNode) ;

this.updateAvgPolicyValue (index,
childAction, maxNode) ;

this.normalizeAvgPolicyValue (index,
maxNode) ;

stack.push (action);

} else {
stack.pop () ;
if (stack.isEmpty())
break;
maxNode = stack.peek();

// elegxos an imaste se Max node
maxNode = checkInstanceOf (maxNode, s);
// observe next state
next index =
this.findIndex (this.next state);
lr = ((MaxNodeWoLFPHC)
this.graph.get (maxNode) )
.getLearningRate () ;

this.setGreedyAction ( ( (MaxNodeWoLEFPHC)
this.graph

.get (maxNode) ) .children.get (this.findGreedyAction (
maxNode, next index)));
changeCompletionValue (segStack, index,
next index, action,
maxNode, 1r);
S = new
State Variables (this.next state.taxi,
this.next state.passenger,

this.next state.destination);

index = next index;

}
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}
/**

* @param args

*/

public static void main (String[] args) {
// TODO Auto-generated method stub
MaxQ WoLF PHC m = new MaxQ_WoLF_PHC();
//m.calculate (500) ;

MA_Enironment.java

import java.util.Random;

public abstract class MA Environment ({

public static Random r = new Random() ;
// private double[][] Q;//lookup table

private
private
private
private
private
private
private
private
private
exploration
private
temperature
private
thermokrasias

private
private

/******

/**

int[]

episodeSteps;

double[] timePerEpisode;

double
double
double
double
double
double
double

double

double

int[]
int[]

discount factor;

learning rate;

1r0 = 0.8;

epsilon0;

epsilon;

timeConst;

temperature;// xrisimopoieite sto boltzmann

coolingRate; // xrisimopoieite gia na miwnete to

offset = 1; // xrisimopieite gia tin allagi

ranges;
offsetTable;

methodoi set,get,add gia tis private metavlites ******/

* methodos i opoia dimiourga ton pinaka episodeSteps

*

* @param max episode

*/

abstract void makeNewEpisodeSteps (int max episode);

/**

* methodos i opoia dimiourgei ton pinaka episodeSteps

*

* @param max episode

*/

abstract void makeNewTimePerEpisode (int max episode);
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/**

* methodos i opoia dini timi sta steps tou episodiou i
*

* @param i

* @param steps

*/

abstract void setTimePerEpisode (int i, double time);

/**
* methodos i opoia epistrefi ton pinaka timePerEpisode
*

* @Qreturn
*/
abstract double[] getTimePerEpisode();

/**
* methodos i opoia epistrefi to xrono pou xriastike to
* episodiou i
* @param i
* @return
*/
abstract double getTimePerEpisode (int 1i);

/**
* methodos i1 opoia epistrefi ton pinaka episodeSteps
*

* @return
*/
abstract int[] getEpisodeSteps/();

/**
* methodos i opoia dini timi sta steps tou episodiou i
*
* @param i
* @param steps
*/
abstract void setEpisodeSteps (int i, int steps);

/**
* methodos i opoia epistrefi ta steps tou episodiou i
*

* @param i
* @return
*/
abstract int getEpisodeSteps(int 1i);
/**
* methodos i opoia af3ani kata 1 ta steps tou episodiou i
*

* @param i

*/
abstract void addEpisodeSteps (int 1i);
/**

* methodos i opoia kathorizei to learning rate
*

* @param num
*/
abstract void setlearningRate (double num) ;
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/**
* methodos i opoia epistrefi to learning rate
*

* @return
*/
abstract double getlLearningRate () ;

/**
* methodos i1 opoia kathorizei to discount factor
*

* @param num
*/

abstract void setDiscountFactor (double num) ;

/**
* methodos i opoia epistrefi to discount factor
*

* @return
*/
abstract double getDiscountFactor();

/**
* methodos i opoia kathorizei to epsilon
*

* @param num
*/
abstract void setEpsilon (double num) ;

/**
* methodos i1 opoia epistrefi to epsilon
*

* @return
*/
abstract double getEpsilon();

/**
* methodos i opoia epistrefi to epsilonO
*

* @return
*/
abstract double getEpsilonO () ;

/**
* methodos i opoia kathorizi to temperature
*

* @param temperature
*/

abstract void setTemperature (double temperature);

/**
* methodos i opoia epistrefi to temperature
*

* @return
*/
abstract double getTemperature();
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/**
* methodos i opoia kathorizi to coolingRate
*
* (@param coolingRate
* the coolingRate to set
*/
abstract void setCoolingRate (double coolingRate) ;

/**
* methodos i1 opoia epistrefi to coolingRate
*

* @return the coolingRate
*/
abstract double getCoolingRate();

/**
* methodos i opoia kathorizi ta ranges
*/
abstract void setRanges();
/**
* @return the ranges
*/
abstract int[] getRanges();
/**
* @param offsetTable
* the offsetTable to set
*/
abstract void setOffsetTable (int[] offsetTable);
/**
* @return the offsetTable
*/

abstract int[] getOffsetTable();

/***************************************************/

/**
* methodos i opoia arxikopoiei ton pinaka offsetTable
*/
abstract void initOffsetTable();
/**
* methodos i opoia ipologizi to index apo ena vector (vriski
tin katastasi
* pou imaste sto perivallon,tin grammi tou Q table)
*
* @param s
* @return
*/
abstract int findIndex (MA State Variables s);
/**
* methodos i opoia vriski tin thesi tou max action se ena state
*
* @param index
* @return
*/
abstract int findMaxQ (int index, double[][] Q)
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*
methodos i opoia epilegi tin epomeni kinisi (action) apo tin
sigkekrimeni katastasi (state) simfona me tin policy e-greedy

* % % X o

@param index
* @Qreturn
*/
abstract int chooseAction (int index, double[][] Q);

/****************** Boltzmann EXplOrathn ********************/

/**

* methodos i opoia epilegi tin epomeni kinisi (action) apo tin

sigkekrimeni

* katastasi (state) simfona me tin Boltzmann Exploration
*

* @param index
* Qreturn
*/

abstract int chooseActionWithBoltzmannExploration (int index,

double[][] Q)

rate

/**
* methodos i opoia kanonikopoiei tis pithanottites enos pinaka
*

* @param index
*/
abstract void normalizeProbability(double[] table);

*

/
methodos 1 opoia vriski tin mikroteri arnitiki pithanotita se
ena pinaka pithanotitwn

* % X X %

@param index
* (@return
*/
abstract double findMinNegativeValue (double[] table);

/**
* methodos i opoia epilegi mia kinisi (action) wvasi tis
* pithanotitas p(s,a)
* @param index
* @return
*/
abstract int chooseProbAction (double[] table);
/**
* methodos i opoia vriski pia thesi tou pinaka exi ti
* megaliteri timi
* @param table
* @return
*/
abstract int findMax (double[] table);
/**

* methodos 1 opoia allazi to temperature vasi kapiou cooling

*/

abstract void changeTemperature (int numStep) ;
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/**

* methodos i1 opoia allazti to epsilonO se kathe iteration
*

* @param i

* @param max iteration

*/

abstract void changeEpsilon0(int i, int max episode);

/**
* methodos i opoia allazi to epsilon se kathe step tou
* episodiou
* @param episode
*/
abstract void changeEpsilon (int step);

/**

* methodos i opoia allazi to learning rate se kathe step tou
* episodiou

* (@param episode

*/

abstract void changelearningRate (int episode);

/**
* methodos i opoia allazi to timeConst gia kathe epsilonO
*/

abstract void changeTimeConst () ;

MA _ Taxi_Problem.java

import java.util.Random;

/**
* klasi 1 opoia epiliei to taxi problem gia multi agent
*/

public class MA Taxi Problem extends MA Environment {

public static Random r = new Random() ;
// private double[][] Q;//lookup table
private int[] episodeSteps;

private double[] timePerEpisode;
private double discount factor;
private double learning rate;

private double 1r0 = 0.8;

private double epsilonO ;

private double epsilon;

private double timeConst;

private double temperature;// xrisimopoieite sto boltzmann

exploration

private double coolingRate; // xrisimopoieite gia na miwnete to
temperature

private double offset = 1; // xrisimopieite gia tin allagi
thermokrasias
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private int[] ranges;
private int[] offsetTable;

/*****methodol set,get,add gia tis private metavlites ******x*x/

/**

* methodos i1 opoia dimiourga ton pinaka episodeSteps
*

* @param max_episode

*/
public void makeNewEpisodeSteps (int max episode) {
this.episodeSteps = new int[max episode];
// initialize episodeSteps
for (int i = 0; 1 < max episode; i++) {
// this.episodeSteps[i] = 0;
this.setEpisodeSteps (i, 0);
}
}
/**

* methodos i opoia dimiourgei ton pinaka episodeSteps
*
* @param max episode
*/
public void makeNewTimePerEpisode (int max episode) {
this.timePerEpisode = new double[max episode];
// initialize episodeSteps
for (int i = 0; 1 < max episode; i++) {
// this.episodeSteps[i] = 0;
this.setTimePerEpisode (i, 0.0);

}
/‘k‘k

* methodos i opoia dini timi sta steps tou episodiou i
*

* @param i
* @param steps

*/
public void setTimePerEpisode(int i, double time) {
this.timePerEpisode[i] = time;
}
/**

* methodos i opoia epistrefi ton pinaka timePerEpisode
*

* @return
*/
public double[] getTimePerEpisode () {
return this.timePerEpisode;
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/**
* methodos i opoia epistrefi to xrono pou xriastike to
* episodiou i
* @param i
* @return
*/
public double getTimePerEpisode (int i) {
return this.timePerEpisode[i];

}
/**

* methodos i1 opoia epistrefi ton pinaka episodeSteps
*

* @return
*/
public int[] getEpisodeSteps () {
return this.episodeSteps;

}
/**

* methodos i opoia dini timi sta steps tou episodiou i
*

* @param i
* @param steps

*/
public void setEpisodeSteps (int i, int steps) {
this.episodeSteps[i] = steps;
}
/**

* methodos i1 opoia epistrefi ta steps tou episodiou i
*
* @param i
* @return
*/
public int getEpisodeSteps(int i) {
return this.episodeSteps[i];

}
/‘k‘k

* methodos i opoia af3ani kata 1 ta steps tou episodiou i
*

* @param i
*/
public void addEpisodeSteps (int 1) {
this.episodeSteps[i]++;
}

/**
* methodos i opoia kathorizei to learning rate
*

* @param num
*/
public void setLearningRate (double num) {
this.learning rate = num;

}
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/**

* methodos i opoia epistrefi to learning rate
*

* @return
*/
public double getlLearningRate () {
return this.learning rate;

}
/**

* methodos i1 opoia kathorizei to discount factor
*

* @param num
*/
public void setDiscountFactor (double num) {
this.discount factor = num;

}
/‘k‘k

* methodos i opoia epistrefi to discount factor
*

* @return
*/
public double getDiscountFactor () {
return this.discount factor;

}

/**
* methodos i opoia kathorizei to epsilon
*

* @param num
*/
public void setEpsilon (double num) {
this.epsilon = num;

}
/‘k‘k

* methodos i1 opoia epistrefi to epsilon
*

* @return
*/
public double getEpsilon() {
return this.epsilon;
}
/**

* methodos i opoia epistrefi to epsilonO
*

* @return
*/
public double getEpsilonO() {
return this.epsilonO;
}
/**
* methodos i opoia kathorizi to temperature
*
* @param temperature
*/
public void setTemperature (double temperature) {
this.temperature = temperature;

}
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/**

* methodos i1 opoia epistrefi to temperature
*

* @return
*/
public double getTemperature() {
return temperature;

}
/**

* methodos i opoia kathorizi to coolingRate
*

* @param coolingRate

* the coolingRate to set
*/
public void setCoolingRate (double coolingRate) {
this.coolingRate = coolingRate;
}
/**

* methodos i1 opoia epistrefi to coolingRate
*
* @return the coolingRate
*/
public double getCoolingRate () {
return coolingRate;

}
/‘k‘k

* methodos i opoia kathorizi ta ranges
*/
public void setRanges () {
ranges = new int[MA Gridworld.numOfAgents +
MA Gridworld.numOfPassengers
+ MA Gridworld.numOfPassengers];

for (int i = 0; i < MA Gridworld.numOfAgents; i++)
this.ranges[i] = MA Gridworld.size x *
MA Gridworld.size y;
for (int i = 0; i < MA Gridworld.numOfPassengers; 1i++)
this.ranges[i + MA Gridworld.numOfAgents] =
MA Gridworld.numOfStartPosition + 1;
for (int i = 0; i < MA Gridworld.numOfPassengers; i++)
this.ranges[i + MA Gridworld.numOfAgents +
MA Gridworld.numOfPassengers] = MA Gridworld.numOfGoals;
}

/**
* @return the ranges
*/
public int[] getRanges () {
return ranges;

}
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/**
* @param offsetTable
* the offsetTable to set
*/
public void setOffsetTable(int[] offsetTable) {
this.offsetTable = offsetTable;

}

/**
* (@return the offsetTable
*/
public int[] getOffsetTable() {
return offsetTable;

}

/****************************************************/

/**
* methodos i opoia arxikopoiei ton pinaka offsetTable
*/
public void initOffsetTable() {
offsetTable = new int[MA Gridworld.numOfAgents +
MA Gridworld.numOfPassengers
+ MA Gridworld.numOfPassengers];

int product = 1;

for (int i = offsetTable.length - 1; i >= 0; --1) {
offsetTable[i] = product;
product *= ranges[i];

}
/‘k‘k

* methodos i opoia ipologizi to index apo ena vector (vriski
tin katastasi
* pou imaste sto perivallon,tin grammi tou Q table)
*
* @param s
* @return
*/
public int findIndex(MA State Variables s) {
int offset = 0;
for (int 1 < s.taxi.size(); ++i) {
offset += s.taxi.get (i) * offsetTable[i];

Il
(@)
[

}
for (int 1 = 0; 1 < s.passenger.size(); ++i) {
offset += s.passenger.get (i) * offsetTable[i +
s.taxi.size ()],
}
for (int 1 = 0; 1 < s.destination.size(); ++1i) {
offset += s.destination.get (1)
* offsetTable[1i + s.taxi.size() +
s.passenger.size()];
}

return offset;
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/**

* methodos i opoia vriski tin thesi tou max action se ena state
*

* (@param index
* @return

*/
public int findMaxQ (int index, double[][] Q) {
double temp = Q[index] [0];
int pos = 0;
for (int i = 1; i1 < MA Gridworld.actions; i++) {
// for (int i = 1; 1 < 6; 1i++) {
if (Q[index] [1] > temp) {
temp = Q[index] [i];
pos = 1i;
}
}
return pos;
}
/**

* methodos i1 opoia epilegi tin epomeni kinisi (action) apo tin
sigkekrimeni
* katastasi (state) simfona me tin policy e-greedy
*
* @param index
* @return
*/
public int chooseAction (int index, double[][] Q) {
if (r.nextDouble() < this.epsilon)
return (r.nextInt(MA Gridworld.actions));
// return (r.nextInt(6));
return this.findMaxQ (index, Q);

}

/***************** Boltzmann EXplOratiOn *******************/

/**
* methodos i opoia epilegi tin epomeni kinisi (action) apo tin
sigkekrimeni
* katastasi (state) simfona me tin Boltzmann Exploration
*
* @param index
* @return
*/
public int chooseActionWithBoltzmannExploration (int index,
double[][] Q) {
double[] probTable = new double[MA Gridworld.actions];
double sum = 0.0;
for (int i = 0; i < MA Gridworld.actions; i++) {

//System.out.println ("Q[index] ["+i+"]="+Q[index] [1]);
//System.out.println (" this.getTemperature ()="+
this.getTemperature())
//System.out.println ("Math.exp ((Q[index] [i] /
this.getTemperature ()))"+Math.exp ((Q[index] [i] /
this.getTemperature())));
sum += Math.exp((Q[index] [1] /
this.getTemperature()));
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}
// for (int i = 0; i < probTable.length; i++)
//
System.out.println ("probTable["+i+"]="+probTable[i]);

for (int i = 0; i1 < MA Gridworld.actions; i++)
probTable[i] = Math.exp((Q[index][i] /
this.getTemperature()))

/ sum;
// for (int i = 0; i < probTable.length; i++)
//
System.out.println ("probTable["+i+"]="+probTable[i]);
// if (this.getTemperature ()==0)
// System.exit (0);

this.normalizeProbability (probTable) ;
return this.chooseProbAction (probTable);//
this.findMax (probTable) ;
}

/**
* methodos i opoia kanonikopoiei tis pithanottites enos pinaka
*
* @param index
*/
public void normalizeProbability(double[] table) {
double minNegative = this.findMinNegativeValue (table);
double increment = Math.abs(2 * minNegative);
double sum = 0;

for (int 1 = 0; 1 < table.length; i++)

table[i] += increment;

for (int 1 = 0; 1 < table.length; i++)
sum += table[i];

for (int 1 = 0; 1 < table.length; i++)
table[i] /= sum;

// for (int i = 0; i < table.length; i++)

// System.out.println ("table["+i+"]="+table[i]);
// System.exit (0);

}

/**

* methodos i opoia vriski tin mikroteri arnitiki pithanotita se
* ena pinaka pithanotitwn

* @param index
* @return
*/
public double findMinNegativeValue (double[] table) {
double temp = 0;
for (int i = 0; i < table.length; i++) {
if (table[i] < temp) {
temp = table[i];
}
}

return temp;
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/**
* methodos i opoia epilegi mia kinisi (action) wvasi tis)
* pithanotitas p(s,a
* @param index
* @return
*/
public int chooseProbAction (double[] table) {
double offset = 0;
double rand = r.nextDouble();
for (int 1 = 0; 1 < table.length; i++) {
offset += table[i];
if (offset > rand)
return i;

}
return r.nextInt (table.length);// en tha erti potte dame

/**

* methodos i opoia vriski pia thesi tou pinaka exi ti
* megaliteri timi

* (@param table

* @return

*/
public int findMax (double[] table) {
int maxPos = 0;
double max = table[0];
for (int i = 0; i < table.length; i++) {
if (table[i] > max) {
max = table[i];
maxPos = 1i;
}
}
return maxPos;
}
/**

* methodos i opoia allazi to temperature vasi kapiou cooling
rate

*/
public void changeTemperature (int numStep) ({
this.setTemperature (this.offset
+ (this.temperature *
Math.pow(this.coolingRate, numStep)));
}

/**

* methodos i opoia allazti to epsilon0O se kathe iteration
*

* @param i
* @param max iteration
*/
public void changeEpsilonO(int i, int max episode) {
this.epsilon0 = 0.7 * Math.exp(-((double) i /
max_episode)) ;

}
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/**
* methodos i opoia allazi to epsilon se kathe step tou
episodiou

*

* @param episode

*/
public void changeEpsilon (int step) {

this.epsilon=0.09+ (this.epsilon0*Math.pow(0.995,step ));

}

/**
* methodos i opoia allazi to learning rate se kathe step tou
episodiou
*
* (@param episode
*/
public void changelearningRate (int episode) {
this.learning rate = this.1r0
* Math.exp (- ( (double)
this.getEpisodeSteps (episode) / 1000000)) ;
}

/**
* methodos i opoia allazi to timeConst gia kathe epsilonO
*/
public void changeTimeConst () {
this.timeConst = Math.log(0.01 / this.epsilonQ);
}

/**
* @param args
*/
public static void main(String[] args) {
// TODO Auto-generated method stub
// Taxi Problem t = new Taxi Problem();
// t.calculate (500);

MA_Gridword.java

import java.io.BufferedReader;

import java.io.FileNotFoundException;
import java.io.FileReader;

import java.io.IOException;

import java.util.ArrayList;

/**
* klasi pou antiprosopevi ena geniko gridworld gia multi agent
*

* @author Giannis
*

*/
public class MA Gridworld ({
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public static int size x; // grammes tou grid

public static int size y; // stiles tou grid

public static ArraylList<Wall> wall = new ArrayList<Wall>();;
public static int numOfStartPosition; // oxi mesa sto ta3i
public static int numOfGoals;

public static int numOfPassengers;

public static int numOfAgents; // taxi

public static int states;

public static int actions;

private static int[] pasLoc; // passenger location

private static int[] destLoc; // destination location

// rewards gia kathe action

public static int wall hit;

public static int wrong put;

public static int wrong get;

public static int success;

public static int simple move;

public static int no move; // otan o agent diale3i tin pra3i
"idle" dld na

// min kani kinisi

public static int collision; // otan o agent sigkrousti me ena
allo agent

// statheres gia actions

public static final int north = 0;
public static final int south =1
public static final int east = 2;
public static final int west = 3;
public static final int pickup = 4;
public static final int putdown = 5;
public static final int idle = 6;

’

public static void setStates () {

states = (int) ((int) Math.pow(size x * size y,
numOfAgents)
* Math.pow( (numOfStartPosition+l),
numOfPassengers) * Math.pow(
numOfGoals, numOfPassengers));

}

/**

* methodos i opia epistrefi ton arithmo ton grammwn (x) tou
* grid

* @return the size x

*/

public static int getSize x() {
return size x;

}
/**

* methodos i opia epistrefi ton arithmo ton stilon (y) tou grid
*

* @return the size y
*/ a
public static int getSize y () {
return size y;
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}
/**

* methodos i1 opoia epistrefi ton pinaka me tis sintetagmenes
* twn wall
* @return the wall
*/
public ArrayList<Wall> getWall() {
return wall;

}
/**

* methodos i opoia epistrefi ton arithmo ton arxikon

* thesewn pou iparxoun sto grid
*

* @return the numOfStartPosition
*/
public static int getNumOfStartPosition() {
return numOfStartPosition;

}
/**

* methodos i opoia epistrefi ton arithmon ton telikon thesewn

* pou iparxoun sto grid
*

* @return the numOfGoals
*/
public static int getNumOfGoals () {
return numOfGoals;

}
/‘k‘k

* methodos i opoia dimiourgi ena wall meta3i ton dio cells
*

* @param celll

* @param cell2

*/
public static void setWall (int celll, int cell2) {
if (((Math.abs(celll - cell2?2) == 1) || ((Math.abs(celll -

cell2) == getSize y())))
&& (celll >= 0)
&& (celll < ((getSize x() * getSize y())))
&& (cell2 >= 0) && (cell2 < ((getSize x() *

getSize y())))) {

Wall temp = new Wall (celll, cell?2);
wall.add (temp) ;
} else {
System.err
.println ("You cannot enter a wall
between these cells\nExiting..");
System.exit (-1);
}
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/**
* methodos i opoia filaei ti thesi tou passenger
*

* @param i
* (@param location

*/
public static void setPasloc(int i, int location) {
pasLoc[i] = location;
}
/**
* methodos i opoia epistrefi tin thesi tou passenger simfwna me
* tin metavliti i
*
* @param i
* @Qreturn

*/
public static int getPasLoc(int i) {
return pasLoc[i];

}
/**

* methodos i opoia anatheti filaei to destination
*

* @param i

* @param location

*/
public static void setDestLoc (int i, int location) {
destLoc[i] = location;
}
/**

* methodos i1 opoia epistrefi to destination
*
* @param i
* @return
*/
public static int getDestLoc(int i) {
return destLoc[i];

}
/‘k‘k

* methodos i opoia elegxi an iparxi wall stin katefthinsi opou
theli na

* metakinithi o agent epistrefi true an iparxi kai false an den
iparxi

@param cur pos
@param next pos
* @return

* ok of

*/
public static boolean checkForWall (int cur pos, int next pos) {
for (int 1 = 0; i < wall.size(); i++) {
if (((cur pos == wall.get(i).celll) && (next pos ==

wall.get(i).cell2))
|l ((cur pos == wall.get(i).cell2) &&
(next pos == wall
.get (i) .celll)))
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return true;
}
return false;

}
/**

* methodos i opoia dimiourga to gridworld
*
* (@param filename
*/
public static void makeGridworld(String filename) {
BufferedReader in = null;
String[] splitline;

try {

in = new BufferedReader (new FileReader (filename)) ;
} catch (FileNotFoundException e) {

e.printStackTrace () ;

}

String line = null;

// grammes tou gridworld

try {
line = in.readLine();

} catch (IOException e) {
e.printStackTrace () ;

}

splitline = line.split("=");

size x = Integer.parselnt(splitlinel[l]);

// stiles tou gridworld

try f{
line = in.readLine();

} catch (IOException e) {
e.printStackTrace () ;

}

splitline = line.split("=");

size y = Integer.parselnt(splitlinell]);

// actions

try f{
line = in.readLine();

} catch (IOException e) {
e.printStackTrace () ;

}

splitline = line.split("=");

actions = Integer.parselnt(splitline[l]);

// number of start position
try {
line = in.readLine();
} catch (IOException e) {
e.printStackTrace();
}
splitline = line.split("=");
numOfStartPosition = Integer.parselnt(splitline[l]);
pasLoc = new int[numOfStartPosition + 1];
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// start positions
try {
line = in.readLine();
} catch (IOException e) {
e.printStackTrace () ;
}
splitline = line.split("=");
String[] temp = splitline[l].split(",");
for (int i = 0; i < temp.length; i++)
setPasLoc (i, Integer.parseInt(temp[i]));
// 1 periptosi opou o passenger vriskete mesa sto taxi
setPasLoc (numOfStartPosition, -1);

// number of destinations

try {
line = in.readLine();

} catch (IOException e) {
e.printStackTrace () ;

}

splitline = line.split("=");

numOfGoals = Integer.parselInt(splitlinel[l]);

destLoc = new int[numOfGoals];

// destinations

try {
line = in.readLine();

} catch (IOException e) {
e.printStackTrace () ;

}

splitline = line.split("=");

temp = splitline([l].split(",");

for (int 1 = 0; 1 < temp.length; i++)

setDestLoc (i, Integer.parselnt(temp[i]));
// walls
try {

line = in.readLine();

} catch (IOException e) {
e.printStackTrace () ;

}

splitline = line.split("=");

temp = splitline[l].split(",");

Stringl[] tmp;

for (int i = 0; i < temp.length; i++) {
tmp = temp[i].split("-");
setWall (Integer.parselnt (tmp[0]),

Integer.parseInt(tmp[l]));
}

// number of passengers
try {
line = in.readLine();
} catch (IOException e) {
e.printStackTrace();
}
splitline = line.split("=");
numOfPassengers = Integer.parselnt(splitline[l]);
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// number of agents (taxi)

try {
line = in.readLine();

} catch (IOException e) {
e.printStackTrace () ;

}

splitline = line.split("=");

numOfAgents = Integer.parselInt(splitline[l]);

// reward for wall hit

try {
line = in.readLine();

} catch (IOException e) {
e.printStackTrace () ;

}

splitline = line.split("=");

wall hit = Integer.parselnt(splitlinel[l]);

// reward for simple move

try {
line = in.readLine();

} catch (IOException e) {
e.printStackTrace () ;

}

splitline = line.split("=");

simple move = Integer.parselnt(splitline[l]);

// reward for wrong get

try f{
line = in.readLine();

} catch (IOException e) {
e.printStackTrace () ;

}

splitline = line.split("=");

wrong get = Integer.parselnt(splitline[l]);

// reward for wrong put

try f{
line = in.readLine();

} catch (IOException e) {
e.printStackTrace () ;

}

splitline = line.split("=");

wrong put = Integer.parselInt(splitline[l]);

// reward for no move (idle)

try {
line = in.readLine();

} catch (IOException e) {
e.printStackTrace () ;

}

splitline = line.split("=");

no move = Integer.parselnt(splitlinel[l]);

// reward for collision
try {

line = in.readLine();
} catch (IOException e) {
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e.printStackTrace () ;
}
splitline = line.split("=");
collision = Integer.parselInt(splitlinel[l]);

// reward for succes

try {
line = in.readLine();

} catch (IOException e) {
e.printStackTrace () ;

}

splitline = line.split("=");

success = Integer.parselInt(splitlinel[l]);

try {
line = in.readLine();
} catch (IOException e) {
e.printStackTrace () ;

}
setStates() ;
}

public static void main (String[] args) {
MA Gridworld.makeGridworld("file.txt");
}

MA_Graph.java

import java.util.ArrayList;

/**

* klasi 1 opoia antiprosopevi ton grafo
*

* giannis

*

*/

public class MA Graph extends Graph {
ArrayList<Node> graph = new ArrayList<Node> () ;

public final int MaxRoot = 0O;
public final int MaxGet = 1;
public final int MaxPut 2;
public final int Pickup 3;
public final int Putdown = 4;
public final int MaxNavigate = 5;
public final int North = 6;
public final int East = 7;

public final int South = §;
public final int West = 9;

public final int Idle=10;
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public final int Qget = 11;

public final int Qput = 12;

public final int Qpickup = 13;

public final int QNavigateForGet = 14;
public final int QNavigateForPut 15;
public final int Qputdown = 16;

public final int Qnorth = 17;

public final int Qeast = 18;

public final int Qsouth = 19;

public final int Qwest = 20;

public final int Qidle=21;

public final int numMaxNodes = 11;
public final int numQnodes = 11;

/**
* methodos i opoia dimiourgi ton grafo
*/

public void makeGraph (int states,int num) {

// add the MaxNodes exoume 4 composite kai 6 primitive
for (int 1 = 0; i1 < this.numMaxNodes; i++)
this.addMaxNode (states, num) ;

// add the Qnodes
for (int 1 = 0; i1 < this.numQnodes; i++)
this.addQnode (states);

// add childrens

this.addChild (this.MaxRoot, this.Qget);
this.addChild (this.MaxRoot, this.Qput);

this.addChild (this.MaxGet, this.Qpickup):;
this.addChild (this.MaxGet, this.QNavigateForGet);
this.addChild (this.MaxPut, this.QNavigateForPut);
this.addChild (this.MaxPut, this.Qputdown) ;
this.addChild (this.MaxNavigate, this.Qnorth);
this.addChild (this.MaxNavigate, this.Qeast);
this.addChild (this.MaxNavigate, this.Qsouth);
this.addChild (this.MaxNavigate, this.Qwest) ;
this.addChild (this.MaxNavigate, this.Qidle);
this.addChild (this.Qget, this.MaxGet) ;

this.addChild (this.Qput, this.MaxPut);

this.addChild (this.Qpickup, this.Pickup);
this.addChild (this.QNavigateForGet, this.MaxNavigate) ;
this.addChild (this.QNavigateForPut, this.MaxNavigate) ;
this.addChild (this.Qputdown, this.Putdown) ;
this.addChild (this.Qnorth, this.North);

this.addChild (this.Qeast, this.East);

this.addChild (this.Qsouth, this.South);

this.addChild (this.Qwest, this.West);

this.addChild (this.Qidle, this.Idle);

// add actions
( (MaxNode)
this.graph.get (this.Pickup)) .setAction (MA Gridworld.pickup);
( (MaxNode)
this.graph.get (this.Putdown)) .setAction (MA Gridworld.putdown) ;
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( (MaxNode)
this.graph.get (this.North)) .setAction(MA Gridworld.north);

( (MaxNode)

this.graph.get (this.East)) .setAction (MA Gridworld.east);
( (MaxNode)

this.graph.get (this.South)) .setAction (MA Gridworld.south);
( (MaxNode)

this.graph.get (this.West)) .setAction (MA Gridworld.west) ;

}
/**

* methodos i1 opoia prostheti ena MaxNode sto grafo
*
* @param i
* @param num
*/
public void addMaxNode (int i, int num) {
switch (num) {
case 0:// gia ton algorithmo MAXQ-Q
MaxNode tmp = new MaxNode (i) ;
this.graph.add (tmp) ;
break;
case 1:// gia ton algorithmo MAXQ-PHC
MaxNodePHC tmpl = new MaxNodePHC (i) ;
this.graph.add (tmpl) ;
break;
case 2:// gia ton algorithmo MAXQ-WoLF-PHC
MaxNodeWoLFPHC tmp2 = new MaxNodeWoLFPHC (i) ;
this.graph.add (tmp2) ;
break;
default:
System.err.println("Invalid number for
num. .Exiting..");
System.exit (-1);
}
}

/**
* methodos i opoia prostheti ena Qnode sto grafo
*
* @param i
* @param j
*/
public void addQnode (int i) {
Qnode tmp = new Qnode (i) ;
this.graph.add (tmp) ;
}

/**
* methodos i opoia prostheti ena paidi se ena komvo
*

* @param parent
* @param child
*/
public void addChild(int parent, int child) {
this.graph.get (parent) .children.add (child) ;
}
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/**
* @param args
*/
public static void main (String[] args) {
// TODO Auto-generated method stub

MA_RunTrials.java

import org.jfree.data.xy.XYSeries;

public class MA RunTrials {
public static double time = 0;

private int[][] episodeSteps;
private double[] averageSteps;
public static int num;

/**************** Set,qet for private Variables **************/

/**
* @param episodeSteps
* the episodeSteps to set
*/
public void setEpisodeSteps(int[][] episodeSteps) {
this.episodeSteps = episodeSteps;
}

*

/
methodos i1 opoia kathorizi ta steps se kapio episodio kapiou
trial

@param i

@param j

@param steps

b S R S S

~

public void setEpisodeSteps (int trial, int[] episodeSteps) {
for (int 1 = 0; 1 < episodeSteps.length; i++)

this.episodeSteps[trial] [i] = episodeSteps[i];
}
/**
* @return the episodeSteps
*/
public int[][] getEpisodeSteps() {

return episodeSteps;

}
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*

methodos 1 opoia epistrefi ta steps enos episode enos trial

@param trial
@param episode
@return

S R

~

public int getEpisodeStep(int trial, int episode) {
return this.episodeSteps[trial] [episode];

}
/**

* methodos i1 opoia kathorizi ta avarege step enos episode
*

* @param i
* @param steps

*/
public void setAverageSteps (int episode, double avgSteps) {
this.averageSteps|[episode] = avgSteps;
}
/**
* @return the averageSteps
*/

public double[] getAverageSteps () {
return averageSteps;

}
/‘k‘k

* methodos i1 opoia epistrefi ta average steps enos trial
*

* @param trial
* @return
*/
public double getAverageSteps (int trial) {
return averageSteps|[triall];

}

/**********************************************************/

/**
* methodos i opoia dimiourgi ton pinaka episodeSteps
*/
public void makeNewEpisodeSteps (int trials, int episodes) {
this.episodeSteps = new int[trials] [episodes];

}
/‘k‘k

* methodos i opoia dimiourgi ton pinaka averageSteps
*

* @param trials
*/
public void makeNewAverageSteps (int episodes) {
this.averageSteps = new double[episodes];

}
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*

methodos 1 opoia vriski to average step gia ena episode

@param trial

@param episodeSteps
@param trials
@return

b S S I S I

~

public double findAvarage (int episode, int[][] episodeSteps, int
trials) {
double sum = 0;
for (int i = 0; i < trials; i++) {
sum += episodeSteps[i] [episode];
}

return sum / trials;

}
/‘k‘k

* methodos stin opoia kathorizete to learning rate
*

* @return

*/
public double chooselLearningRate () {
double 1r;
do {
System.out

.println("Please set the learning rate
(between 0 and 1)");
lr = StdIn.readDouble();
} while (lr < 0 || 1lr > 1);
return 1lr;

}
/‘k‘k

* methodos stin opoia kathorizete to discount factor
*

* @return

*/
public double chooseDiscountFactor () {
double df;
do {

System.out
.println("Please set the discount factor
(between 0 and 1)");
df = StdIn.readDouble();
} while (df < 0 || df > 1);
return df;

}
/‘k‘k

* methodos stin opoia kathorizete to epsilon
*

* @return
*/
public double chooseEpsilon () {
double epsilon;
do {
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System.out.println ("Please set epsilon (between 0 and
DR
epsilon = StdIn.readDouble() ;
} while (epsilon < 0 || epsilon > 1);
return epsilon;

}
/**

* methodos stin opoia kathorizetai to temperature gia boltzmann

exploration
*

*/
public double chooseTemperature () {
double temperature = 0;
System.out.println ("Please set temperature");
temperature = StdIn.readDouble () ;
return temperature;

}
/**

* methodos stin opoia kathorizetai to coolingRate gia boltzmann
exploration
*
*/
public double chooseCoolingRate () {
double coolingRate = 0;
do {
System.out.println ("Please set the cooling rate
(between 0-1)");
coolingRate = StdIn.readDouble() ;
} while (coolingRate < 0 || coolingRate > 1);
return coolingRate;

}
/‘k‘k

* methodos stin opoia ginete epilogi gia exploration meta3i e-
greedy kai
* boltzmann
*/
public boolean chooseExploration() {
boolean exploration;
System.out
.println ("Please choose what exploration do
you want from the following:");
System.out.println ("\t0: Botzmann explotation");
System.out.println("\tl: e-greedy");
exploration = StdIn.readBoolean();
return exploration;

}
/**

* methodos i opoia kani plot tin grafiki
*

* @param title
*/
public void plotGraph(String title, int num, String xySeries) {
// dimiourgia grafikis
XYSeries steps = new XYSeries (xySeries);
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for (int 1 = 0; 1 < this.getAverageSteps () .length; i++) {
steps.add ((i * num), this.getAverageSteps(i)):;
}

MA PlotGraph.createChart (steps, title, "Episode", "Average
Steps") ;
}

*

/
methodos 1 opoia kani polla trials gia tous diaforous
algorithmous kai ipologizi ta average steps tous

@param trials
@param episodes

A I

~

public void calculate (int choice) {

System.out
.println ("Please enter how many trials you
would like to run:");
int trials = StdIn.readInt();
System.out
.println ("Please enter how many episodes you
would like to run:");
int episodes = StdIn.readInt();
int delivery = 0;
System.out.println ("How many delivery do you want?");
delivery = StdIn.readInt();
System.out.println ("Please insert the name of the input
file:");
String filename = StdIn.readString();
boolean exploration = true;
boolean changelLr = true;
boolean changeEpsilon = true;
double epsilon = 0;
double temperature = 0;
double coolingRate 0;
double 1r = 0;
double df = 0;
double delta = 0;
double deltaW = 0;
double deltal 0;
PrintInFile p = new PrintInFile();
String tmp;
int length;
System.out.println ("Ana posa episodia thelis na gini i
grafiki?");
num = StdIn.readInt();
if (num == 1)
length = episodes;

else

length = (episodes / num) + 1;
this.makeNewEpisodeSteps (trials, length);
this.makeNewAverageSteps (length) ;
switch (choice) {
case 0:// MAQ-Learning

exploration = chooseExploration();
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if (exploration) {

epsilon = chooseEpsilon();
} else {
temperature = chooseTemperature () ;
coolingRate = chooseCoolingRate () ;
}
lr = chooselearningRate() ;
df = chooseDiscountFactor();

MAQ Learning gl = new MAQ Learning();
MA Taxi Problem tp = new MA Taxi Problem();
for (int 1 = 0; i < trials; i++) {
System.out.println("trial=" + 1i);
gl.calculate (episodes, exploration, tp,
epsilon, temperature,
coolingRate, filename, 1lr, df,
delivery, num, length);
this.setEpisodeSteps (i, tp.getEpisodeSteps()):
gl.agents.clear () ;
}
// for (int i = 0; 1 < episodes; i++) {
for (int i = 0; i < length; i++) {
this.setAverageSteps (i, this.findAvarage (i,
this.episodeSteps,
trials));
}
if (exploration)
p.printAvgResults (
"MAQ-Learning Average Results with
e-greedy.txt", this
.getAverageSteps (),
length) ;
else

.printAvgResults (
"MAQ-Learning Average

Results with boltzmann exploration.txt",

this.getAverageSteps (), length);
plotGraph ("Multi agent Q-Learning Average Steps Per
Episode", num,
"Multi Agent Q-Learning");
break;
case 1:// PHC
System.out.println ("Do you want to dicrease
1r?(yes/no)");
tmp = StdIn.readString();
if (tmp.equals("yes"))
changelr = true;
else
changeLr = false;
System.out.println ("Do you want to dicrease
epsilon? (yes/no)");
tmp = StdIn.readString();
if (tmp.equals("yes"))
changeEpsilon = true;
else
changeEpsilon = false;
lr = chooselearningRate() ;
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df = chooseDiscountFactor();

epsilon = chooseEpsilon();
do {
System.out.println ("Please set delta (between
0 and 1)");
delta = StdIn.readDouble();
} while (delta < 0 || delta > 1);
MA Phc phc = new MA Phc();
MA Taxi Problem tpl = new MA Taxi Problem();
for (int 1 = 0; i < trials; i++) {
System.out.println("trial=" + 1i);
phc.calculate (episodes, tpl, num, length,
changeEpsilon,

changelr, epsilon, lr, df, delta,
filename, delivery);
phc.agents.clear();
this.setEpisodeSteps (i,
tpl.getEpisodeSteps());
}
// for (int i = 0; 1 < episodes; i++) {
for (int i = 0; i < length; i++) {
this.setAverageSteps (i, this.findAvarage (i,
this.episodeSteps,
trials));
}
p.printAvgResults ("MA PHC Average Results.txt", this
.getAverageSteps (), length);
plotGraph ("Multi agent PHC Average Steps Per
Episode", num,
"Multi Agent PHC");
break;
case 2:// WoLF-PHC
System.out.println ("Do you want to dicrease
1lr? (yes/no)");
tmp = StdIn.readString();
if (tmp.equals("yes"))
changelr = true;
else
changeLr = false;
System.out.println ("Do you want to dicrease
epsilon? (yes/no)");
tmp = StdIn.readString();
if (tmp.equals("yes"))
changeEpsilon = true;
else
changeEpsilon = false;
MA Wolf w = new MA Wolf ();
MA Taxi Problem tp2 = new MA Taxi Problem();

lr = chooselearningRate();
df = chooseDiscountFactor () ;
epsilon = chooseEpsilon();
do {

System.out

.println("Please set delta winning
(between 0 and 1)");

deltaW = StdIn.readDouble() ;

} while (deltaW < O || deltaWw > 1);
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do {
System.out.println ("Please set delta losing
(between 0 and 1)");
deltal. = StdIn.readDouble() ;
} while (deltal < O || deltalL > 1);

for (int i = 0; i < trials; i++) {
System.out.println("trial=" + 1i);
w.calculate (episodes, tp2, num, length,
epsilon, changeEpsilon,
changelr, lr, df, deltaW, deltal,
filename, delivery);
w.agents.clear () ;

this.setEpisodeSteps (i,
tp2.getEpisodeSteps());
}
// for (int i = 0; 1 < episodes; i++) {
for (int i = 0; i < length; i++) {
this.setAverageSteps (i, this.findAvarage (i,
this.episodeSteps,
trials));
}
p.printAvgResults ("MA WoLF-PHC Average Results.txt",
this B
.getAverageSteps (), length);
plotGraph ("Multi agent WoLF-PHC Average Steps Per
Episode", num,
"Multi Agent WoLF-PHC");

break;

case 3:// MAXQ-0Q
lr = chooselearningRate() ;
df = chooseDiscountFactor () ;
epsilon = chooseEpsilon{();

MA MAXQ Q mg = new MA MAXQ Q();
for (int 1 = 0; i < trials; i++) {
System.out.println("trial=" + 1i);
mg.calculate (episodes, num, length, epsilon,
df, filename,
delivery,lr);
mg.agents.clear();
this.setEpisodeSteps (i, mg.getEpisodeSteps());
}
// for (int i = 0; 1 < episodes; i++) {
for (int 1 = 0; 1 < length; i++) {
this.setAverageSteps (i, this.findAvarage (i,
this.episodeSteps,
trials));
}
p.printAvgResults ("MA MAXQ-Q Average Results.txt",
this
.getAverageSteps (), length);
plotGraph ("Multi agent MAXQ-Q Average Steps Per
Episode", num,
"Multi Agent MAXQ-Q");
break;
case 4:// MAXQ-PHC
lr = chooselearningRate() ;
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df = chooseDiscountFactor();

epsilon = chooseEpsilon();
do {
System.out.println ("Please set delta (between
0 and 1)");
delta = StdIn.readDouble();
} while (delta < 0 || delta > 1);
MA MaxQ PHC mphc = new MA MaxQ PHC();
for (int 1 = 0; i < trials; i++) {
System.out.println("trial=" + 1i);
mphc.calculate (episodes, num, length, epsilon,
df, delta,

filename, delivery, 1lr);
mphc.agents.clear ()
this.setEpisodeSteps (i,
mphc.getEpisodeSteps());
}
// for (int i = 0; 1 < episodes; i++) {
for (int i = 0; i < length; i++) {
this.setAverageSteps (i, this.findAvarage (i,
this.episodeSteps,
trials));
}
p.printAvgResults ("MA MAXQ-PHC Average Results.txt",
this B
.getAverageSteps (), length);
plotGraph ("Multi agent MAXQ-PHC Average Steps Per
Episode", num,
"Multi Agent MAXQ-PHC");
break;
case 5:// MAXQ-WoLF-PHC

MA MaxQ WoLF PHC mwphc new MA MaxQ WoLF PHC();

lr = chooselearningRate() ;
df = chooseDiscountFactor () ;
epsilon = chooseEpsilon{();
do {

System.out

.println("Please set delta winning
(between 0 and 1)");

deltaW = StdIn.readDouble();
} while (deltaW < O || deltaw > 1);

do {
System.out.println ("Please set delta losing
(between 0 and 1)");
deltal. = StdIn.readDouble();
} while (deltal < O || deltal > 1);

for (int 1 = 0; i1 < trials; i++) {
System.out.println("trial=" + 1i);
mwphc.calculate (episodes, num, length,
epsilon, df, deltaW,
deltal, filename, delivery,lr);
mwphc.agents.clear () ;

this.setEpisodeSteps (i,

mwphc.getEpisodeSteps());
}
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// for (int i = 0; 1 < episodes; i++) {
for (int 1 = 0; 1 < length; i++) {
this.setAverageSteps (i, this.findAvarage (i,
this.episodeSteps,
trials));
}
p.printAvgResults ("MA MAXQ-WoLF-PHC Average
Results.txt", this
.getAverageSteps (), length);
plotGraph ("Multi agent MAXQ-WoLF-PHC Average Steps
Per Episode",
num, "Multi Agent MAXQ-WoLF-PHC");
break;
default:
System.err.println ("Invalid number for
choice..Exiting..");
System.exit(-1);
}
}

/**
* @param args
*/
public static void main (String[] args) {
// TODO Auto-generated method stub
// MA RunTrials r = new MA RunTrials();
// r.calculate(l, 100, 10);

MA_PlotGraph.java

import java.io.BufferedReader;

import java.io.FileNotFoundException;
import java.io.FileReader;

import java.io.IOException;

import java.util.ArrayList;

import org.jfree.chart.ChartFactory;

import org.jfree.chart.ChartFrame;

import org.jfree.chart.JFreeChart;

import org.jfree.chart.plot.PlotOrientation;
import org.jfree.data.xy.XYSeries;

import org.jfree.data.xy.XYSeriesCollection;

/*k*k

* klasi ipefthini gia tin dimiourgia ton grafikwn parastasevn gia
multi agent

*

* @author Giannis
*

*/
public class MA PlotGraph ({
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*

methodos i1 opoia kani plot tin grafiki

@param data
@param title
@param xAxis
@param yAxis

b S S I S I

~

public static void createChart (ArrayList<XYSeries> data, String
title,
String xAxis, String yAxis) {

XYSeriesCollection dataset = new XYSeriesCollection();

for (int 1 = 0; i < data.size(); i++) {
dataset.addSeries (data.get (1))

}

JFreeChart chart = ChartFactory.createXYLineChart(title,

xAxis, yAxis,
dataset, PlotOrientation.VERTICAL, true, true,

false) ;

ChartFrame frame = new ChartFrame (title, chart);

frame.setLocation (0, 0);

frame.setVisible (true) ;

frame.setSize (500, 400);

/**
* methodos i opoia dimiourga tin lista me tis times gia kathe
* grafiki
* @param algorithms
* @param flag
*/
public static void makeGraph (boolean[] algorithms, boolean flag,
int num) {
ArrayList<XYSeries> steps = new ArrayList<XYSeries>();
int exploration = 0;
for (int 1 = 0; 1 < algorithms.length; i++) {
if (algorithms[i]) {
switch (i) {
case O:
do {
System.out.println ("Choose
exploration for Q-Learning");
System.out.println ("\t0: Botzmann
explotation");
System.out.println("\tl: e-
greedy") ;
System.out.println ("\t2: both (if
they are exist)");
exploration = StdIn.readInt();
} while (exploration < 0 || exploration
> 2);
if (exploration == 0) {
readFromFile (
"MAQ-Learning Average
Results with boltzmann exploration.txt",
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steps, "MA Q-Learning
- boltzmann exploration",
i, num);
} else if (exploration == 1) {
readFromFile (
"MAQ-Learning Average
Results with e-greedy.txt",
steps, "MA Q-Learning
- e-greedy", i, num);
} else {
readFromFile (
"QO-Learning Average
Results with boltzmann exploration.txt",
steps, "MA Q-Learning
- boltzmann exploration",
i, num);
readFromFile (
"QO-Learning Average
Results with e-greedy.txt",
steps, "MA Q-Learning
- e-greedy", i, num);
}
break;
case 1:
readFromFile ("MA PHC Average
Results.txt", steps, "MA PHC",
i, num);
break;
case 2:
readFromFile ("MA WoLF-PHC Average
Results.txt", steps,
"MA WoLF-PHC", i, num);
break;
case 3:
readFromFile ("MA MAXQ-Q Average
Results.txt", steps,
"MA MAXQ-Q", i, num);
break;
case 4:
readFromFile ("MA MAXQ-PHC Average
Results.txt", steps,
"MA MAXQ-PHC", i, num);
break;
case 5:
readFromFile ("MA MAXQ-WoLF-PHC Average
Results.txt", steps,
"MA MAXQ-WoLF-PHC", i, num);
break;
default:
System.err.println("Invalid
number. .Exiting..");
System.exit (-1);

}
}
ArrayList<XYSeries> tmp = new ArraylList<XYSeries>();
if (flag) {// different graphs

for (int 1 = 0; 1 < steps.size(); i++) {
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tmp.add (steps.get (1))
MA PlotGraph.createChart (tmp, "Average Steps
Per Episode",
"Episode", "Average Steps");
tmp.clear ()

}

} else {
MA PlotGraph.createChart (steps, "Average Steps Per
Episode",
"Episode", "Average Steps");
}
}
/**
* methodos i opoia diavazi tis times gia tis grafikes apo to
* arxio
* @param filename
* (@param steps
* @param str
* @param algorithm
*

~

public static void readFromFile (String filename,
ArrayList<XYSeries> steps,
String str, int algorithm, int num) {
XYSeries tmp = new XYSeries (str);

BufferedReader in = null;
String[] splitline;

try f{

in = new BufferedReader (new FileReader (filename)) ;
} catch (FileNotFoundException e) {

e.printStackTrace () ;

}

String line = null;

// grammes tou gridworld
try f{

line = in.readLine(
} catch (IOException e) {
)

e.printStackTrace (

) ;

’

}
int count = 0;
while (line != null) {
splitline = line.split ("\t");
tmp.add (count * num,
Double.parseDouble (splitline[1l]));
try {
line = in.readLine();
} catch (IOException e) {
e.printStackTrace () ;

}

count++;

}

steps.add (tmp) ;
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public static void createChart (XYSeries data, String title,
String xAxis,
String yAxis) {

XYSeriesCollection dataset = new XYSeriesCollection();
dataset.addSeries (data) ;

JFreeChart chart = ChartFactory.createXYLineChart(title,
xAxis, yAxis,
dataset, PlotOrientation.VERTICAL, true, true,

false) ;

ChartFrame frame = new ChartFrame (title, chart);
frame.setLocation (0, 0);
frame.setVisible (true) ;
frame.setSize (500, 400);

}

/**

* @param args

*/

public static void main (String[] args) {
// TODO Auto-generated method stub

MA_Simulation.java

/**
* klasi 1 opoia kani tin prosomiosi gia tous multi agent algorithmous
*

* @author Giannis
*

*/

public class MA Simulation extends Simulation ({

/**
* methodos i opoia ektiponi tis grafikes gia tous algorithmous
* pou exoun ektelesti
*
* @param table
*/
public void plotGraphs (boolean[] table) {
System.out.println ("Make your choice between the executed
algorithms:");
System.out
.println("Write your choice in one line
separated with space..");
for (int 1 = 0; 1 < table.length; i++) {
if (table[i]) {
switch (i) {
case 0:
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System.out.println ("\t0: Q-Learning");

break;
case 1:
System.out.println ("\tl: PHC");
break;
case 2:
System.out.println ("\t2: WoLF-PHC") ;
break;
case 3:
System.out.println ("\t3: MAXQ-Q");
break;
case 4:
System.out.println ("\t4: MAXQ-PHC");
break;
case 5:
System.out.println ("\t5: MAXQ-WoLF-
PHC") ;
break;
default:
System.err.println ("Invalid number for
choice..Exiting..");
System.exit (-1);
}
}
}
boolean[] algorithms = new boolean[table.length];
for (int i = 0; i < table.length; i++)
algorithms([i] = false;
StdIn.readLine();
String line = StdIn.readLine();
String[] splitline = line.split(™ ");
for (int i = 0; i < splitline.length; i++)
algorithms[Integer.parselnt(splitline[i])] = true;
System.out.println ("Plot in the same graph or in different
graphs?");

System.out.println ("\tPress 0 for the same or 1 for
different");
boolean flag = StdIn.readBoolean();
//MA_PlotGraph.makeGraph (algorithms, flag,
MA RunTrials.num) ;
MA PlotGraph.makeGraph(algorithms, flag, 1000);

}
/**

* methodos stin opoia ginete 1 epilogi tis epomenis energias
* apo ton xristi
* @return
*/
public int chooseNextMove () {
int nextMove;
do {
System.out.println ("Please choose the next move:");
System.out.println ("\t0: Choose another Multi Agent
algorithm") ;
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System.out.println ("\tl:
System.out

Plot graphs"):;

.println("\t2:
Agent and Multi Agent Algorithms");
System.out.println ("\t3: Exit");
nextMove = StdIn.readInt();
} while (nextMove < 0 || nextMove > 3);
return nextMove;

}

Choose between Single

/‘k*
* methodos i opoia kani tin prosomiosi
*/
public void simulation() {
int choice = 0;
int count = 0;
int nextMove = 0;
boolean|[] table = new boolean[6];// 6 einai o arithmos ton
algorithmon
for (int i = 0; i < table.length; i++)
table[i] = false;
while (true) { // atermon vrogxos skopima
System.out.println ("Please choose an algorithm:");
do {
if (count > 0)
System.out
.println("Your choice should
be one of the following:");
System.out.println ("\t0: Q-Learning");
System.out.println ("\tl: PHC");
System.out.println ("\t2: WoLF-PHC");
System.out.println ("\t3: MAXQ-Q");
System.out.println ("\t4: MAXQ-PHC");
System.out.println ("\t5: MAXQ-WoLF-PHC") ;
System.out.println () ;
count++;

choice = StdIn.readInt();
(choice < 0

} while

table[choice
count = 0;
MA RunTrials

nextMove =
if (nextMove
do {

} whil
}

if (nextMove

System.
System.

}
if (nextMove
break;

] =

r =

plotGraphs (table) ;

true;

choice > 5);

new MA RunTrials();
r.calculate (choice) ;

chooseNextMove () ;

)

nextMove = chooseNextMove () ;
e (nextMove == 1);

== 3) {
out.println("Exiting..");

exit(-1);
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}

public static void main (String[] args) {
// TODO Auto-generated method stub
MA Simulation s = new MA Simulation();
s.simulation () ;

MA_MaxQ.java

import java.util.ArrayList;
import java.util.Random;

/**
* klasis 1 opoia ilopoiei to MaxQ Value function decomposition
*

* @author Giannis
*
*/
public class MA MaxQ extends MA Graph {

public static Random r = new Random() ;
private int[] episodeSteps;

private double[] timePerEpisode;
private double discount factor;
private double epsilon;

private int[] ranges;
private int([] offsetTable;

/******methodol set,get,add gia tis private metavlites ******xx*x/

/**
* methodos i opoia dini timi sta steps tou episodiou i
*

* @param i
* @param steps

*/
public void setEpisodeSteps (int i, int steps) {
this.episodeSteps[i] = steps;
}
/**

* methodos i opoia epistrefi ton pinaka episodeSteps
*

* @return
*/
public int[] getEpisodeSteps () {
return this.episodeSteps;
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/**
* methodos i opoia epistrefi ta steps tou episodiou i
*
* @param i
* @return
*/
public int getEpisodeSteps(int i) {
return this.episodeSteps[i];

}
/‘k‘k

* methodos i1 opoia af3ani kata 1 ta steps tou episodiou i
*

* @param i
*/
public void addEpisodeSteps(int i) {
this.episodeSteps[i]++;
}

/**
* methodos i opoia dini timi sta steps tou episodiou i
*

* @param i
* @param steps

*/
public void setTimePerEpisode(int i, double time) {
this.timePerEpisode[i] = time;
}
/**

* methodos i opoia epistrefi ton pinaka timePerEpisode
*
* @return
*/
public double[] getTimePerEpisode () {
return this.timePerEpisode;

* methodos i opoia epistrefi to xrono pou xriastike to
* episodiou i
* (@param i
* @return
*/
public double getTimePerEpisode (int i) {
return this.timePerEpisode[i];
}
/**
* methodos i opoia kathorizei to discount factor
*
* @param num
*/
public void setDiscountFactor (double num) {
this.discount factor = num;

}
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/**

* methodos i opoia epistrefi to discount factor
*

* @return
*/
public double getDiscountFactor () {
return this.discount factor;

}
/**

* methodos i opoia kathorizei to epsilon
*

* @param num
*/
public void setEpsilon (double num) {
this.epsilon = num;

}
/**

* methodos i1 opoia epistrefi to epsilon
*

* @return
*/
public double getEpsilon() {
return this.epsilon;

}
/‘k‘k

* methodos i opoia kathorizi ta ranges
*/
public void setRanges () {
ranges = new int[MA Gridworld.numOfAgents +
MA Gridworld.numOfPassengers
+ MA Gridworld.numOfPassengers];

for (int i = 0; i < MA Gridworld.numOfAgents; i++)
this.ranges[i] = MA Gridworld.size x *
MA Gridworld.size y;
for (int i = 0; i < MA Gridworld.numOfPassengers; i++)
this.ranges[i + MA Gridworld.numOfAgents] =
MA Gridworld.numOfStartPosition + 1;
for (int i = 0; i < MA Gridworld.numOfPassengers; i++)
this.ranges[i + MA Gridworld.numOfAgents +
MA Gridworld.numOfPassengers] = MA Gridworld.numOfGoals;
}

/**
* @return the ranges
*/
public int[] getRanges () {
return ranges;

}
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/**
* @param offsetTable
* the offsetTable to set
*/
public void setOffsetTable(int[] offsetTable) {
this.offsetTable = offsetTable;

}

/**
* (@return the offsetTable
*/
public int[] getOffsetTable() {
return offsetTable;

}

/************************************************************/

/**
* methodos i opoia arxikopoiei ton pinaka offsetTable
*/
public void initOffsetTable() {
offsetTable = new int[MA Gridworld.numOfAgents +
MA Gridworld.numOfPassengers
+ MA Gridworld.numOfPassengers];

int product = 1;

for (int i = offsetTable.length - 1; i >= 0; --1) {
offsetTable[i] = product;
product *= ranges[i];

}
/‘k‘k

* methodos i opoia ipologizi to index apo ena vector (vriski
tin katastasi
* pou imaste sto perivallon,tin grammi tou Q table)
*
* @param s
* @return
*/
public int findIndex(MA State Variables s) {
int offset = 0;
for (int 1 < s.taxi.size(); ++i) {
offset += s.taxi.get (i) * offsetTable[i];

Il
(@)
[

}
for (int 1 = 0; 1 < s.passenger.size(); ++i) {
offset += s.passenger.get (i) * offsetTable[i +
s.taxi.size ()],
}
for (int 1 = 0; 1 < s.destination.size(); ++1i) {
offset += s.destination.get (1)
* offsetTable[1i + s.taxi.size() +
s.passenger.size()];
}

return offset;
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/**
* methodos i opoia dimiourgei ton pinaka episodeSteps
*

* @param max episode

*/

public void makeNewEpisodeSteps (int max episode) {
this.episodeSteps = new int[max episode];
// initialize episodeSteps
for (int 1 = 0; i < max _episode; i++) {

this.setEpisodeSteps (i, 0);

}

}

/**

* methodos i opoia dimiourgei ton pinaka episodeSteps

*

* (@param max episode

*/ o

public void makeNewTimePerEpisode (int max episode) {
this.timePerEpisode = new double[max episode];
// initialize episodeSteps
for (int i = 0; 1 < max _episode; i++) {
this.setTimePerEpisode (i, 0.0);

}
/‘k‘k

* methodos i opoia arxikopoiei ta actions se ola ta primitive

MaxNode

ine

Graph

*/

public void initActionsToPrimitive (ArrayList<MaxQ Agent> agents)

for (int i = 0; i < agents.size(); i++) {

((MaxNode) agents.get (i) .g.graph.get (this.Pickup))
.setAction (MA Gridworld.pickup);

((MaxNode) agents.get (i) .g.graph.get (this.Putdown))
.setAction (MA Gridworld.putdown) ;

( (MaxNode) agents.get (i) .g.graph.get (this.North))
.setAction (MA Gridworld.north);

( (MaxNode) agents.get (i) .g.graph.get (this.South))
.setAction (MA Gridworld.south);

( (MaxNode) agents.get (i) .g.graph.get (this.East))
.setAction (MA Gridworld.east);

( (MaxNode) agents.get (i) .g.graph.get (this.West))
.setAction (MA Gridworld.west);

}

/**

* methodos i opoia vriski tin timi (V(i,s)) gia ena MaxNode pou
* composite (not primitive) - Greedy Execution of the MAXQ

* (evaluateMaxNode (i, s))

*

* @param maxnode

* @param index

hd ( dixni tin katastasi (state) pou vriskomaste)
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* @return
*/
public NodeValue evaluateMaxNode (MaxQ Agent agent, int node, int
index) {

ArraylList<NodeValue> nodeValue = new
ArrayList<NodeValue> () ;

int maxpos = 0;

if (agent.g.graph.get (node) instanceof Qnode) {
node = ((Qnode)
agent.g.graph.get (node)) .children.get (0) ;
}

if (((MaxNode) agent.g.graph.get(node)) .isPrimitive()) {
NodeValue tmp = new NodeValue ( ( (MaxNode)
agent.g.graph.get (node))
.getValueFunctForPrimitive (index),

node) ;
return tmp;
} else {
for (int 1 = 0; i <
agent.g.graph.get (node) .children.size (); i++) {
NodeValue tmp = this.evaluateMaxNode (agent,
agent.g.graph
.get (node) .children.get (1),
index) ;
nodeValue.add (tmp) ;
}
maxpos = this.findMax (nodeValue) ;
nodeValue.get (maxpos) .value += ((Qnode)

agent.g.graph
.get (( (MaxNode)
agent.g.graph.get (node)) .children

.get (maxpos))) .getCvalue (index) ;

return nodeValue.get (maxpos) ;

}
/‘k‘k

* methodos i opoia vriski pio node apo ena arraylist exi ti pio
megali timi
* (Value) V(j,s)) - xrisimopoieitai apo tin evaluateMaxNode

@param nodeValue

@param node

@param index

@return

/

public int findMax (ArrayList<NodeValue> nodeValue) {
double max = 0;

int maxpos = 0;

double temp = O;

if (nodeValue.isEmpty()) {

X X ok X o
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System.err.println ("Error in evaluating Max
Node\nExiting..");
System.exit (-1);
}
max = nodeValue.get (0) .value;
for (int i = 1; i < nodeValue.size(); i++) {
temp = nodeValue.get (i) .value;
if (temp > max) {
max = temp;
maxpos = 1i;
}
}

return maxpos;

}
/**

* methodos i opoia elegxi an imaste se terminal state enos
subtask
(MaxNode)

*
*
* @param node
* @param s
* @return
*/
public boolean isTerminal (MaxQ Agent agent, int node,
MA State Variables s) {
switch (node) {
case 0:// MaxRoot goal state (skopima epistrefi mono
false)
//if (agent.isTransferPrevious () ==true &&
agent.isTransfer ()==false)
//return true;
return false;
case 1:// MaxGet
if (agent.getPassenger () !=-1)
return true;
return false;
case 2:// MaxPut
// goal state
if (agent.getPassenger ()==-1)
return true;
if
(((MA_Gridworld.getPasLoc (s.passenger.get (agent.getPassenger())) ==
MA Gridworld

.getDestLoc(s.destination.get (agent.getPassenger()))) && (agent
.getAgentPos () ==
MA Gridworld.getDestLoc(s.destination
.get (agent.getPassenger()))))
|| MA Gridworld.getPasLoc (s.passenger
.get (agent.getPassenger()))
= -1)
// terminal state (to OR) (simeni oti o
passenger dn ine mesa
// sto
// taxi ara prepi na kamw get prwta)
return true;
return false;
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case 5:// MaxNavigate (t) goal state

if (((MaxNode) agent.g.graph.get (node)).getDest () ==
agent
.getAgentPos())
return true;
return false;
default:
return false;
}
}
/**
* methodos i1 opoia epilegi tin epomeni kinisi (action) apo tin
* sigkekrimeni katastasi (state) simfona me tin policy e-greedy
*
* @param node
* @param index
* @return
*/

public int chooseAction (MaxQ Agent agent,int node, int index) {
if (r.nextDouble () < this.epsilon)
return
(r.nextInt (agent.g.graph.get (node) .children.size()));
return this.findMaxQvalue (agent,node, index);

}

/**

* methodos i opoia epistrefi tin timi Value gia mia katastasi
* enos node analoga me to an ine primitive 1 composite node

*

* @param maxNode

* @param index

* @return

*

~

public double findValue (MaxQ Agent agent, int maxNode, int

index) {
if (! (agent.g.graph.get (maxNode) instanceof Qnode))
if (((MaxNode)
agent.g.graph.get (maxNode) ) .isPrimitive()) {
return (((MaxNode) agent.g.graph.get (maxNode))

.getValueFunctForPrimitive (index)) ;

}
NodeValue nValue = this.evaluateMaxNode (agent, maxNode,
index) ;

return nValue.value;

A-162



/**

* methodos i opoia vriski pia thesi tou pinaka exi ti
* megaliteri timi

* (@param table

* @return

*/
public int findMax (double[] table) {
int maxPos = 0;
double max = table[0];
for (int 1 = 1; 1 < table.length; i++) {
if (table[i] > max) {
max = table[i];
maxPos = 1i;
}
}
return maxPos;
}
/**

* methodos i opoia vriski pios Qnode exi ti megaliteri Expected
Discounted

* Cumulative Reward ( C(i,s,a) )

*

* @param node

* @param index

* @return

*/
public int findMax (int node, int index) {
double maxValue = ((Qnode)
this.graph.get (this.graph.get (node) .children
.get (0))) .getCvalue (index) ;
int maxPos = 0

double temp = O0;
for (int 1 = 1; i < this.graph.get (node).children.size();

i++) |
temp = ((Qnode) this.graph
.get (this.graph.get (node) .children.get (i)))
.getCvalue (index) ;
if (temp > maxValue) {
maxValue = temp;
maxPos = 1i;
}
}
return maxPos;
}
/**

* methodos i opoia vriski pios Qnode apo ta children enos
Maxnode exi to
max Q value

@param maxNode
@param index
@return
/
public int findMaxQvalue (MaxQ Agent agent, int maxNode, int
index) {

X% X X X o
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double|[] table = new
double[agent.g.graph.get (maxNode) .children.size () ];

table = this.findQvalues (agent, maxNode, index);

return this.findMax (table);

*

methodos i1 opoia vriski ta Q values gia kathe children enos
MaxNode

@param node

@param index

@Qreturn

T

~

public double[] findQvalues (MaxQ Agent agent, int maxNode, int

index) {

double|[] table = new
double[agent.g.graph.get (maxNode) .children.size () ];

NodeValue nValue;

for (int 1 = 0; i <
agent.g.graph.get (maxNode) .children.size(); i++) {

nValue = this.evaluateMaxNode (agent,

agent.g.graph.get (maxNode) .children.get (i
, 1index) ;
table[i] = nValue.value;

for (int i =

0; < table.length; i++)
table[i] +

((Qnode) agent.g.graph

k-

.get (agent.g.graph.get (maxNode) .children.get (i)))
.getCvalue (index) ;

return table;

/**

* methodos i opoia vriski pios Qnode exi ti mikroteri Expected
* Discounted Cumulative Reward ( C(i,s,a) )

*

* @param node

* @param index

* @return

*/

public int findMin (int node, int index) {

double minValue = ((Qnode)
this.graph.get (this.graph.get (node) .children
.get (0))) .getCvalue (index) ;

int minPos = 0;
double temp = 0;
for (int 1 1; i < this.graph.get(node).children.size();

i++) |

temp ((Qnode) this.graph

.get (this.graph.get (node) .children.get (i)))
.getCvalue (index) ;
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if (temp < minValue) {
minValue = temp;
minPos = i;
}
}

return minPos;

}
/**

* methodos i opoia arxikopoiei ta learning rates ton Max nodes
*/
public void initLearningRate (ArrayList<MaxQ Agent> agents,double
1r) {
// set learning rate to Max nodes
for (int i = 0; i < agents.size(); i++) {

( (MaxNode) agents.get (i) .g.graph.get (this.MaxRoot))
.setLearningRate (1r);

( (MaxNode) agents.get (i) .g.graph.get (this.MaxGet))
.setLearningRate (1r);

( (MaxNode) agents.get (i) .g.graph.get (this.MaxPut))
.setLearningRate (1r) ;

( (MaxNode) agents.get (i) .g.graph.get (this.Pickup))
.setLearningRate (1r) ;

( (MaxNode) agents.get (i) .g.graph.get (this.Putdown))
.setLearningRate (1r) ;

( (MaxNode)

agents.get (i) .g.graph.get (this.MaxNavigate))

.setLearningRate (1r) ;

( (MaxNode) agents.get (i) .g.graph.get (this.North))
.setLearningRate (1r);

( (MaxNode) agents.get (i) .g.graph.get (this.East))
.setLearningRate (1r);

( (MaxNode) agents.get (i) .g.graph.get (this.South))
.setLearningRate (1r);

( (MaxNode) agents.get (i) .g.graph.get (this.West))
.setLearningRate (1r);

}
/‘k‘k

* methodos i1 opoia arxikopoiei tis thermokrasies stous MaxNodes
*/

public void initTemperature (ArrayList<MaxQ Agent> agents, int t)

for (int 1 = 0; 1 < agents.size(); i++) {

( (MaxNode) agents.get (i) .g.graph.get (this.MaxRoot))
.setTemperature (t) ;

( (MaxNode) agents.get (i) .g.graph.get (this.MaxGet))
.setTemperature (t) ;

( (MaxNode) agents.get (i) .g.graph.get (this.MaxPut))
.setTemperature (t) ;

( (MaxNode)

agents.get (i) .g.graph.get (this.MaxNavigate))

.setTemperature (t) ;

}
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/**

* methodos i opoia arxikopoiei ta cooling rates stous MaxNodes

*/
public void initCoolingRates () {
( (MaxNode)
this.graph.get (this.MaxRoot) ) .setCoolingRate (0.9996) ;
( (MaxNode)
this.graph.get (this.MaxGet) ) .setCoolingRate (0.9939) ;
( (MaxNode)
this.graph.get (this.MaxPut) ) .setCoolingRate (0.9996) ;
( (MaxNode)

this.graph.get (this.MaxNavigate)) .setCoolingRate (0.9879);
}
/**
* methodos i opoia allazi ta learning rate ton Max Nodes
*
* @param episode
* @param max episode
*/
public void changeLearningRate (int episode, int max episode) {
( (MaxNode)
this.graph.get (this.MaxRoot) ) .changelLearningRate (episode,
max_episode) ;
( (MaxNode)
this.graph.get (this.MaxGet) ) .changelearningRate (episode,
max_episode) ;
( (MaxNode)
this.graph.get (this.MaxPut) ) .changelearningRate (episode,
max_episode);
( (MaxNode)
this.graph.get (this.Pickup) ) .changelearningRate (episode,
max_episode) ;
( (MaxNode)
this.graph.get (this.Putdown) ) .changelLearningRate (episode,
max_episode);
( (MaxNode)
this.graph.get (this.MaxNavigate) ) .changelLearningRate (
episode, max episode);
( (MaxNode)
this.graph.get (this.North)) .changelLearningRate (episode,
max_episode) ;
( (MaxNode)
this.graph.get (this.East)) .changelLearningRate (episode,
max_episode) ;
( (MaxNode)
this.graph.get (this.South)) .changelLearningRate (episode,
max_episode);
( (MaxNode)
this.graph.get (this.West)) .changelLearningRate (episode,
max_episode);
}
/**
* @param args
*/
public static void main (String[] args) {
// TODO Auto-generated method stub
}
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Agent.java

/**
* afairetiki klasi pou antiprosopevi tous agent
*

* @author Giannis
*
*/
public abstract class Agent ({
private double[][] Q;// lookup table
private int agentNum;// i thesi tou agent mesa sti lista
private int agentPos; // pou vriskete o agent sto gridworld
// pou vriskotan o agent sto gridworld stin
// prohgoumeni katastasi
private int agentPreviousPos;
private int passenger; // pios passenger metaferete (i thesi tou
sti lista)
private int action;
private int prevAction;
private int reward;
private boolean transfer; // mas leei an metaferete kapios
passenger
// mas leei an stin proigoumeni katastasi
// metaferotan kapios passenger
private boolean transferPrevious;
// mas leei an o agent mas exi sigkrousti me
// kapion allo i oxi
private boolean collision;

/**
* @param g
* the g to set
*/
abstract void setQ(double[][] q);
/**
* @return the g
*/
abstract double[][] getQ();
/**
* @param agentNum
* the agentNum to set
*/
abstract void setAgentNum(int agentNum) ;
/**
* @return the agentNum
*/
abstract int getAgentNum() ;
/**
* @param agentPos
* the agentPos to set
*/

public void setAgentPos (int agentPos) {
this.agentPos = agentPos;

}
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/**
* @return the agentPos
*/
abstract int getAgentPos();

/**
* (@param agentPreviousPos
* the agentPreviousPos to set
*/
abstract void setAgentPreviousPos (int agentPreviousPos) ;
/**
* @return the agentPreviousPos
*/
abstract int getAgentPreviousPos();
/**
* @param passenger
* the passenger to set
*/
abstract void setPassenger (int passenger);
/**
* @return the passenger
*/
abstract int getPassenger();
/**
* @param action
* the action to set
*/
abstract void setAction(int action);
/**
* @return the action
*/
abstract int getAction();
/**
* @param prevAction
* the prevAction to set
*/

abstract void setPrevAction (int prevAction);
/~k~k

* @return the prevAction

*/
abstract int getPrevAction();
/**
* @param reward
* the reward to set
*/
abstract void setReward(int reward);
/**
* @return the reward
*/

abstract int getReward();
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tou Q

/**

* (@param transfer

* the transfer to set
*/
abstract void setTransfer (boolean transfer);
/**
* @return the transfer
*/
abstract boolean isTransfer();
/**
* @param transferPrevious
* the transferPrevious to set
*/
abstract void setTransferPrevious (boolean transferPrevious);
/**
* @return the transferPrevious
*/
abstract boolean isTransferPrevious();
/**
* @param collision
* the collision to set
*/
abstract void setCollision (boolean collision);
/**
* @return the collision
*/
abstract boolean isCollision();
/**
* methodos i1 opoia dimiourga ton pinaka Q
*/
abstract void makeQ() ;
/**
* methodos i opia dini timi stin sigkekrimeni thesi tou Q
*
* @param i
* @param j
* @param value
*/
abstract void setQValue(int i, int j, double value);
/**
* methodos i opoia epistrefi tin timi sti sigkekrimeni thesi
*
* @param i
* @param j
* @return
*/

abstract double getQValue (int i, int 3J);
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*

methodos 1 opoia prostheti stin sigkekrimeni timi tou Q to
neo value

@param i

@param j

@param value

X% ok X o

*

*/
abstract void addQvValue (int i, int j, double value);

/**
* methodos i opoia arxikopoiei to Q
*/

abstract void initQ (double num);

Q_Agent.java

/**
* klasi 1 opoia antiprosopevi ton agent gia tin methodo Q-Learning
*

* @author Giannis
*
*/
public class Q Agent extends Agent {
// constructor
Q Agent (int agentNum, int agentPos, double gValue) ({
this.agentNum = agentNum;
this.agentPos = agentPos;
this.action = -1;
this.prevAction = -1;
this.reward = -1;
this.makeQ () ;
this.initQ (gvValue);
this.agentPreviousPos = -1; // (-1 = dn iparxi proigoumeni
katastasi)
this.passenger = -1; // -1 =dn metaferete kapios passenger
this.transfer = false;
this.transferPrevious = false;
this.collision = false;

}

private double[][] Q;// lookup table

private int agentNum;// i thesi tou agent mesa sti lista

private int agentPos; // pou vriskete o agent sto gridworld

// pou vriskotan o agent sto gridworld stin

// prohgoumeni katastasi

private int agentPreviousPos;

private int passenger; // pios passenger metaferete (i thesi tou
sti lista)

private int action;

private int prevAction;

private int reward;

private boolean transfer; // mas leei an metaferete kapios
passenger

// mas leei an stin proigoumeni katastasi
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// metaferotan kapios passenger
private boolean transferPrevious;

// mas leei an o agent mas exi sigkrousti me

// kapion allo 1 oxi
private boolean collision;

/**
* @param g
* the g to set
*/
public void setQ(double[][] g) {
Q = q;
}
/**
* @return the g
*/
public double[][] getQ() {
return Q;
}
/**
* @param agentNum
* the agentNum to set
*/

public void setAgentNum (int agentNum)
this.agentNum = agentNum;

}
/‘k‘k

* @return the agentNum
*/
public int getAgentNum() {
return agentNum;

}

/**

* @param agentPos

* the agentPos to set
*/

public void setAgentPos (int agentPos)
this.agentPos = agentPos;

}
/‘k‘k

* @return the agentPos
*/
public int getAgentPos () {
return agentPos;

}

/**

* @param agentPreviousPos

* the agentPreviousPos to
*/

set

public void setAgentPreviousPos (int agentPreviousPos)
this.agentPreviousPos = agentPreviousPos;

}
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/**
* @return the agentPreviousPos
*/
public int getAgentPreviousPos () {
return agentPreviousPos;

}

/**

* @param passenger

* the passenger to set
*/

public void setPassenger (int passenger) {
this.passenger = passenger;

}
/‘k‘k

* @return the passenger
*/
public int getPassenger () {
return passenger;

}

/**

* @param action

* the action to set
*/

public void setAction(int action) {
this.action = action;

}
/‘k‘k

* @return the action
*/
public int getAction() {
return action;

}

/**

* @param prevAction

* the prevAction to set
*/

public void setPrevAction (int prevAction)
this.prevAction = prevAction;

}
/‘k‘k

* @return the prevAction
*/
public int getPrevAction () {
return prevAction;

}

/**

* @param reward

* the reward to set
*/

public void setReward(int reward) {
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this.reward = reward;

}
/**

* @return the reward
*/
public int getReward() {
return reward;

}

/**

* @param transfer

* the transfer to set
*/

public void setTransfer (boolean transfer) {
this.transfer = transfer;

}
/‘k‘k

* @return the transfer
*/
public boolean isTransfer() {
return transfer;

}

/**
* @param transferPrevious
* the transferPrevious to set
*/
public void setTransferPrevious (boolean transferPrevious) {
this.transferPrevious = transferPrevious;
}
/**
* @return the transferPrevious
*/

public boolean isTransferPrevious() {
return transferPrevious;

}

/**
* @param collision
* the collision to set
*/
public void setCollision (boolean collision) {
this.collision = collision;
}
/**
* @return the collision
*/

public boolean isCollision() {
return collision;
}
/**
* methodos i opoia dimiourga ton pinaka Q
*/
public void makeQ () {
Q = new double[MA Gridworld.states] [MA Gridworld.actions];
}
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*

methodos 1 opia dini timi stin sigkekrimeni thesi tou Q

@param i
@param j
@param value

b S R T

~

public void setQValue(int i, int j, double value) {
this.Q[i][J] = value;
}

*

/
methodos 1 opoia epistrefi tin timi sti sigkekrimeni thesi
tou Q

@param i

@param j

@return

* ok X X %

*

*/
public double getQValue (int i, int j) {
return this.Q[i][]];
}

*

/
methodos i opoia prostheti stin sigkekrimeni timi tou Q to
neo value

@param i

@param j

@param value

* ok X % o

*

*/
public void addQValue (int i, int j, double value) {
this.Q[i] [j] += value;
}

/**
* methodos i opoia arxikopoiei to Q
*/
public void initQ (double num) {
for (int i = 0; i < MA Gridworld.states; i++) {
for (int j = 0; j < MA Gridworld.actions; J++) {
this.setQValue (i, Jj, num);

}
/‘k‘k

* @param args
*/
public static void main(String[] args) {
// TODO Auto-generated method stub
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PHC_Agent.java

/‘k‘k
* klasi i1 opoia ntiprosopevi ton agent gia tin methodo PHC
*

* @author Giannis
*

*/
public class PHC Agent extends Q Agent ({
// constructor
PHC Agent (int agentNum, int agentPos, double gValue, double 1r)

super (agentNum, agentPos, gValue);
this.setPolicyValue (new

double [MA Gridworld.states] [MA Gridworld.actions]);
this.initPolicyValue();
this.actionCounter = new

int[MA Gridworld.states] [MA Gridworld.actions];
this.setlLr (new

double [MA Gridworld.states] [MA Gridworld.actions]);
1r0 = 1r;
this.initLr (1lr);

}

protected double[] [] policyValue;// gia ton PHC kai WoLF-PHC
protected int([][] actionCounter;
protected double[][] 1lr;// learning rates for state-action pairs

protected double 1r0;

/**
* @param policyValue
* the policyValue to set
*/
public void setPolicyValue (double[][] policyValue) {
this.policyValue = policyValue;
}
/*k*
* @return the policyValue
*/
public double[][] getPolicyValue() {
return policyValue;
}
/**
* methodos i opia dini timi stin sigkekrimeni thesi tou
* policyValue
* @param i
* @param j
* @param value
*

~

public void setPolicyValue(int i, int j, double value) {
this.policyValue[i][]j] = value;
}
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*

methodos 1 opoia epistrefi tin timi sti sigkekrimeni thesi
tou policyValue

@param i
@param j
@return

P T S . S

~

public double getPolicyValue (int i, int j) {
return this.policyValuel[i][3];

}

*

/
methodos i1 opoia prostheti stin sigkekrimeni timi tou
policyValue to neo value

@param i
@param j
@param value

B

*

*/
public void addPolicyValue (int i, int j, double value) {
this.policyValue[i] [j] += value;
}

/**
* methodos i opoia arxikopoiei to Q
*/
public void initQ (double num) {
for (int i = 0; i < MA Gridworld.states; i++) {
for (int j = 0; j < MA Gridworld.actions; J++) {
this.setQValue (i, Jj, num);

}
/‘k‘k

* methodos i opoia arxikopoiei to policyValue
*
* @param actions
*/
public void initPolicyValue () {
for (int i = 0; i < MA Gridworld.states; i++) {
for (int j = 0; j < MA Gridworld.actions; J++) {
this.setPolicyValue (i, j, ((double) 1 /
MA Gridworld.actions));
}
}
}

/**
* @param actionCounter
* the actionCounter to set
*/
public void setActionCounter (int[][] actionCounter) {

this.actionCounter = actionCounter;

}
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*

methodos 1 opoia anatheti mia timi se mia thesi tou pinaka
actionCounter

@param i

@param j

@param count

S R

~

public void setActionCounter (int i, int j, int count) {
this.actionCounter[i] [j] = count;

}
/**

* methodos i opoia prostheti 1 se mia thesi tou actionCounter
*

* @param i
* @param j
*/
public void addActionCounter (int i, int j) {
this.actionCounter[i] [j]++;

}

/**
* @return the actionCounter
*/
public int[][] getActionCounter () {
return actionCounter;
}
/**
* methodos i opoia epistrefi tin timi mias thesis tou pinaka
* actionCounter
* @param i
* @param j
* (@return

*/
public int getActionCounter (int i, int j) {
return actionCounter[i][]];

}
/‘k‘k

* methodos i opoia arxikopoiei ta learning rates
*

* @param value
*/
public void initLr (double value) {
for (int 1 = 0; 1 < MA Gridworld.states; 1i++) {

for (int j = 0; E < MA Gridworld.actions; j++) {
this.lr[i][]] = value;
}
}
}
/**
* @param lr
* the 1r to set
*/
public void setlr (double[][] 1r) {

this.lr = 1r;
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*

methodos 1 opoia dini mia timi se mia sigkekrimeni thesi tou
pinaka 1r

@param i

@param j

@param value

o X ok ok ot

*/
public void setLr (int state, int action, int value) {
this.lr[state] [action] = value;

}

*

/
methodos i1 opoia epistrefi to learning rate gia sigkekrimeno
state-action pair

@param i
@param j
@return

X% b X X %

*

*/
public double getlr (int state, int action) {
return lr[state] [action];

}

/**
* @return the 1lr
*/
public double[] [] getLr () {
return 1lr;
}
/**
* methodos i opoia miwni to learning rate se ena state-action
* pair
* @param state
*

@param action
* @param episodes

*/
public void changelr (int state, int action, int episodes) {
this.lr[state] [action] = this.1lr0
* Math

.exp (- ( (double)

getActionCounter (state, action) / episodes));

}
/‘k‘k

* @param args
*/
public static void main(String[] args) {
// TODO Auto-generated method stub
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WP_Agent.java

/**
* klasi i opoia ntiprosopevi ton agent gia tin methodo WoLF-PHC
*

* @author Giannis
*
*/
public class WP Agent extends PHC Agent {

WP _Agent (int agentNum, int agentPos, double value, double 1r) ({
super (agentNum, agentPos, value, 1lr);
// TODO Auto-generated constructor stub
this.avgPolicyValue = new
double [MA Gridworld.states] [MA Gridworld.actions];
this.C = new int[MA Gridworld.states];
this.initAvgPolicyValue () ;
this.initC(0);
}
private double[][] avgPolicyValue; // gia ton WoLF-PHC average
policy value
private int[] C;// gia ton WoLF-PHC
/****************** qla ton WOLF_PHC ************************/
/**
* methodos i opia dini timi stin sigkekrimeni thesi tou
* avgPolicyValue
* @param i
* @param j
* @param value
*/
public void setAvgPolicyValue (int i, int j, double value) {
this.avgPolicyValue[i] [j] = value;
}
/xx
methodos i1 opoia epistrefi tin timi sti sigkekrimeni thesi
tou avgPolicyValue

@param i
@param j
@Qreturn

b .

*

*/
public double getAvgPolicyValue (int i, int j) {
return this.avgPolicyValuel[i][Jj];

}
/**
* methodos i opoia prostheti stin sigkekrimeni timi tou
* avgPolicyValue to neo value
*
* @param i
* @param j
* @param value
*

~

public void addAvgPolicyValue (int i, int j, double value) ({
this.avgPolicyValue[i] [j] += value;

}
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/**

* methodos i opoia dini timi se mia thesi tou pinaka C
*

* @param state

* @param num

*/
public void setC (int state, int num) {
Clstate] = num;
}
/**

* methodos i1 opoia epistrefi mia timi tou pinaka C
*
* @return
*/
public int getC (int state) ({
return C[state];
}
/**
* methodos i opoia prostheti 1 se mia thesi tou pinaka C
*
* @param state
*/
public void addOneToC (int state) {
Clstatel]++;
}
/**
* methodos i opoia arxikopoiei to avgPolicyValue
*
* @param actions
*/
public void initAvgPolicyValue () {
for (int i = 0; i < MA Gridworld.states; i++) {
for (int j = 0; j < MA Gridworld.actions; J++) {
this.setAvgPolicyValue (i, j, ((double) 1 /
MA Gridworld.actions));
}
}
}
/**
* methodos i opoia arxikopoiei to C
*
* @param actions
*/
public void initC(int num) {
for (int 1 = 0; 1 < 500; 1i++) {
this.setC (i, num);
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MaxQ_Agent.java

import java.util.ArrayList;
import java.util.Stack;

public class MaxQ Agent {

// constructor

MaxQ Agent (int agentNum, int agentPos, int num) {
this.agentNum = agentNum;
this.agentPos = agentPos;
this.action=-1;
this.prevAction=-1;
this.reward=-1;

this.agentPreviousPos = -1; // (-1 = dn iparxi proigoumeni
katastasi)

this.passenger = -1; // -1 =dn metaferete kapios passenger

this.transfer = false;

this.transferPrevious = false;

this.collision = false;
stack.push (g.MaxRoot) ;
g.makeGraph (MA Gridworld.states,num);
}
MA Graph g=new MA Graph();
Stack<ArrayList<MA State Variables>> segStack = new
Stack<ArrayList<MA State Variables>>();
Stack<Integer> stack = new Stack<Integer>();
private int agentNum;// i1 thesi tou agent mesa sti lista
private int agentPos; // pou vriskete o agent sto gridworld
// pou vriskotan o agent sto gridworld stin
// prohgoumeni katastasi
private int agentPreviousPos;
private int passenger; // pios passenger metaferete (i thesi tou
sti lista)
private int action;
private int prevAction;
private int reward;
private boolean transfer; // mas leei an metaferete kapios
passenger
// mas leei an stin proigoumeni katastasi
// metaferotan kapios passenger
private boolean transferPrevious;
// mas leei an o agent mas exi sigkrousti me
// kapion allo i oxi
private boolean collision;
private int greedyAction;
public int maxNode;

/**

* @param agentNum

* the agentNum to set
*/

public void setAgentNum(int agentNum) {
this.agentNum = agentNum;

}
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/**
* @return the agentNum
*/
public int getAgentNum() {
return agentNum;

}

/**

* @param agentPos

* the agentPos to set
*/

public void setAgentPos (int agentPos) {
this.agentPos = agentPos;

}
/‘k‘k

* @return the agentPos
*/
public int getAgentPos () {
return agentPos;

}

/**
* @param agentPreviousPos
* the agentPreviousPos to set
*/
public void setAgentPreviousPos (int agentPreviousPos)
this.agentPreviousPos = agentPreviousPos;
}
/**
* @return the agentPreviousPos
*/

public int getAgentPreviousPos () {
return agentPreviousPos;

}

/**

* @param passenger

* the passenger to set
*/

public void setPassenger (int passenger) {
this.passenger = passenger;

}
/‘k‘k

* @return the passenger
*/
public int getPassenger () {
return passenger;

}

/**

* @param action

* the action to set
*/

public void setAction(int action) {
this.action = action;
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}
/**

* (@return the action
*/
public int getAction() {
return action;

}

/**

* @param prevAction

* the prevAction to set
*/

public void setPrevAction (int prevAction) {
this.prevAction = prevAction;

}
/‘k‘k

* @return the prevAction
*/
public int getPrevAction() {
return prevAction;

}

/**

* @param reward

* the reward to set
*/

public void setReward (int reward) {
this.reward = reward;

}
/‘k‘k

* @return the reward
*/
public int getReward() {
return reward;

}

/**

* @param transfer

* the transfer to set
*/

public void setTransfer (boolean transfer) {
this.transfer = transfer;

}
/‘k‘k

* @return the transfer
*/
public boolean isTransfer () {
return transfer;

}

/**

* @param transferPrevious

* the transferPrevious to set
*/
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public void setTransferPrevious (boolean transferPrevious)

this.transferPrevious = transferPrevious;
}
/‘k‘k
* @return the transferPrevious
*/

public boolean isTransferPrevious () {
return transferPrevious;

}

/**

* @param collision

* the collision to set
*/

public void setCollision (boolean collision) {
this.collision = collision;

}
/‘k‘k

* @return the collision
*/
public boolean isCollision() {
return collision;

}
/**

* methodos i1 opoia kathorizi to greedy action
*

* @param greedyAction
*/
public void setGreedyAction (int greedyAction) {
this.greedyAction = greedyAction;
}

/**

* methodos i opoia epistrefi to greedy action
*

* @return
*/
public int getGreedyAction () {
return greedyAction;

}

/**
* @param args
*/
public static void main(String[] args) {
// TODO Auto-generated method stub
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Q_Controller.java

import java.

/**

util.ArrayList;

* klasi 1 opoia einai ipefthini gia ton elegxo twn Q Agent

*

* @author Giannis

*

*/

public class Q Controller ({

*

/

ta

B A T T A S

~

methodos i opoia ine ipefthini gia tis kinisis twn agent kai

rewards pou pairnoun

@param s

@param tempState
@param agents

@param passDelivered
@param index

@param exploration
@param episodeSteps

public void agentController (MA Taxi Problem tp,
MA State Variables s,

agents,

exploration,

MA State Variables tempState, ArrayList<Q Agent>

ArraylList<Integer> passDelivered, int index, boolean

int episodeSteps) {

ArrayList<Integer> collisions = new ArrayList<Integer>();

// choose action
for (int i = 0; i < MA Gridworld.numOfAgents; i++) {

agents.get (i) .setPrevAction (agents.get (i) .getAction());

agents.get (1

if (exploration)// e-greedy exploration
agents.get (i) .setAction (
tp.chooseAction (index,
) .getQ()));
else
// boltzmann exploration
agents.get (i) .setAction (

tp.chooseActionWithBoltzmannExploration (index, agents

.get (i) .getQ()));
}
// change temperature for boltzmmann exploration
if (! (exploration))
tp.changeTemperature (episodeSteps) ;

// take action

for (int i = 0; i < MA Gridworld.numOfAgents; i++) {
// 1f (! (agents.get (i) .isCollision())) {
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takeAction (s, tempState, agents.get (i) .getAction(),
agents.get (i),
passDelivered) ;
// 0}
}

// collision check
//boolean flag;

//do {
// System.out.println ("apoel") ;
// flag = false;

for (int i = 0; i1 < MA Gridworld.numOfAgents; i++) {
if (collisionCheck (tempState, i,

agents.get (i), collisions)) {
//flag = true;
for (int j = 0; j < collisions.size();
Jj++) A
agents.get (collisions.get (j)) .setCollision (true);

}

removeCollisions (tempState, agents,
collisions);
// diagrafi collision apo ton agent

// for (int j = 0; j <

MA Gridworld.numOfAgents; J++) {
// agents.get (J) .setCollision(false);
// }

}

collisions.clear();

}
//} while (flag);

// get rewards
for (int i = 0; i < MA Gridworld.numOfAgents; i++) {
agents.get (i) .setReward (
findReward (s, tempState,
agents.get (i) .getAction(), i,
agents.get(i)));

}

// diagrafi collision apo ton agent

for (int i = 0; i < MA Gridworld.numOfAgents; i++) {
agents.get (i) .setCollision (false);

}

*

methodos i opoia ekteli to action gia ena agent kai vriski
tin epomeni katastasi (state)

@param s

@param tempState
@param action
@param agent
@return

X% ok X % X X o X o

~

public void takeAction(MA State Variables s, MA State Variables
tempState,
int action, Q Agent agent, ArrayList<Integer>
passDelivered) {
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if (agent.isTransfer () && (! (agent.isTransferPrevious()))
&& (agent.getPrevAction () ==
MA Gridworld.pickup))
agent.setTransferPrevious (true) ;
if (('agent.isTransfer()) && (agent.isTransferPrevious())
&& (agent.getPrevAction () ==
MA Gridworld.putdown))
agent.setTransferPrevious (false) ;

int taxi = agent.getAgentPos();
switch (action) {
// north (move up)
case 0: // ektos orion tou grid

if ((!((taxi - MA Gridworld.size x) < 0))
&& (! (MA Gridworld.checkForWall (taxi,
(taxi -
MA Gridworld.size x))))) |
taxi = taxi - MA Gridworld.size x;
}
break;

// south (move down)
case 1: // ektos orion tou grid

if ((!((taxi + MA Gridworld.size y) >=
(MA Gridworld.size x * MA Gridworld.size y)))
&& (! (MA Gridworld.checkForWall (taxi,
(taxi +
MA Gridworld.size y))))) {

taxi = taxi + MA Gridworld.size y;
}
break;
// east (move right)
case 2: // hit the wall or ektos orion tou grid
if ((!((taxi % MA Gridworld.size y) ==
(MA Gridworld.size y - 1)))
&& (! (MA Gridworld.checkForWall (taxi,
(taxi + 1))))) |
taxi = taxi + 1;
}
break;
// west (move left)
case 3: // hit the wall or ektos orion tou grid

if ((!((taxi % MA Gridworld.size y) == 0))
&& (! (MA Gridworld.checkForWall (taxi,
(taxi - 1))))) A
taxi = taxi - 1;
}
break;
// pickup the passenger
case 4:
// elegxos an metaferete kapios passenger apo afto
to taxi

if (! (agent.isTransfer()))
// elegxos an sti thesi pou imaste iparxi
passenger gia pick up
for (int i = 0; 1 <
MA Gridworld.numOfPassengers; i++)
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if (taxi ==
MA Gridworld.getPasLoc(s.passenger.get(i))) {
//
MA Gridworld.numOfStartPosition+l antistixi sti thesi
// opou o passenger einai mesa sto
taxi (-1)
tempState.passenger
.set (1,
MA Gridworld.numOfStartPosition);
agent.setPassenger (i) ;
agent.setTransfer (true) ;
break;
}
break;
// put down the passenger
case 5: // elegxos an metaferete kapios passenger apo afto
to taxi
if (agent.isTransfer())
// elegxos an imasten sto destination tou
passenger pou
// metaferete apo afto to taxi
if (taxi ==
MA Gridworld.getDestLoc(s.destination.get (agent
.getPassenger()))) {
// Successful passenger delivery

tempState.passenger.set (agent.getPassenger (), s.destination
.get (agent.getPassenger()));
passDelivered.add (agent.getPassenger());
agent.setPassenger (-1);
agent.setTransfer (false) ;
}
break;
case 6: // idle
break;
default:
System.err.println("Invalid number for
action..Exiting..");
System.exit (-1);
}

agent.setAgentPreviousPos (agent.getAgentPos()) ;
agent.setAgentPos (taxi);
tempState.taxi.set (agent.getAgentNum(), taxi);
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*

methodos 1 opoia epistrefi to reward gia 1 agent

@param s

@param tempState
@param action
@param agentNum
@param agent
@Qreturn

b S S S I S S

~

public int findReward(MA State Variables s, MA State Variables
tempState,
int action, int agentNum, Q Agent agent) {
int reward = 0;
if (agent.isCollision())
reward = MA Gridworld.collision;

switch (action) {
case 0: // north (move up)
case 1: // south (move down)
case 2: // east (move right)
case 3: // west (move left)
if (s.taxi.get (agentNum) !=
tempState.taxi.get (agentNum)) {
reward += MA Gridworld.simple move;
} else {
reward += MA Gridworld.wall hit;
}

break;
// pickup the passenger
case 4:
if (agent.isTransfer () &&
(! (agent.isTransferPrevious()))) {
reward += MA Gridworld.simple move;
} else {

reward += MA Gridworld.wrong get;

}

break;
// put down the passenger
case 5:
if (('agent.isTransfer()) &&
(agent.isTransferPrevious())) {
// Successful passenger delivery
reward += MA Gridworld.success;
} else {
reward += MA Gridworld.wrong put;
}
break;

case 6: // idle
reward += MA Gridworld.no move;
break;
default:
System.err.println("Invalid number for
action..Exiting..");
System.exit (-1);
}

return reward;
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*

methodos
me kapio

Qreturn

T A

~

i opoia elegxi an enas agent (taxi) exi sigkrousti
allo agent (taxi)

@param tempState
@param agentNum
@param agent
@param collisions

public boolean collisionCheck (MA State Variables tempState, int

agentNum,

Q Agent agent, ArrayList<Integer> collisions) {

int agentPos = tempState.taxi.get (agentNum) ;
boolean col = false;
// collisions.add (agentNum) ;

for (int i = 0; i < tempState.taxi.size(); i++) {
if (i == agentNum)
continue;
if (agentPos == tempState.taxi.get (i)) {

collisions.add (i)

}

col = true;

}

if (col)

collisions.add (0, agentNum);

return col;

}

*

/

methodos

b

i opoia apalifi tis sigkrousis

@param tempState
@param agents

* @param collisions

*/
public void

collisions) {

removeCollisions (MA State Variables tempState,
ArrayList<Q Agent> agents, ArraylList<Integer>

int temp = -1;
boolean flag = false;
for (int 1 = 0; 1 < collisions.size(); i++) {

stin idia thesi me
paramini edw

(agents.get (collis

// an o agent stin prohgoumeni katastasi viskotan

// afti tin katastasi simeni oti aftos prepi na

if
ions.get (1)) .getAgentPreviousPos () == agents
.get(collisions.get (1)) .getAgentPos()) {

flag = true;
temp = 1i;
break;
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}
if (! (flag)) |
temp = findAgentWhoTakesTheAction(collisions);

}

for (int 1 = 0; i < collisions.size(); i++) {

if (1 !'= temp) {
agents.get (collisions.get (i) ) .setAgentPos (

agents.get (collisions.get (i) ) .getAgentPreviousPos())
tempState.taxi.set(collisions.get (i),
agents.get (
collisions.get(i)) .getAgentPreviousPos());
}
}
}
/**

* methodos i opoia vriski vasi pithanotitwn pios agent tha kani
* tin kinisi

* @param collisions

* @return

*/
public int findAgentWhoTakesTheAction (ArrayList<Integer>

collisions) {

int n = collisions.size();

double probTable[] = new double[n];

for (int 1 = 0; 1 < n; 1i++)
probTable[i] = (double) 1 / n;

double offset = 0;
double rand = MA Taxi Problem.r.nextDouble();

for (int i = 0; i < probTable.length; i++) {
offset += probTable[i];
if (offset > rand)
return i;

}
return MA Taxi Problem.r.nextInt (probTable.length);// en

tha erti potte

// dame
}
/*k*k
* @param args
*/

public static void main(String[] args) {
// TODO Auto-generated method stub

A-191



MaxQ_Controller.java

import java.util.ArrayList;

/**
* klasi 1 opoia einai ipefthini gia ton elegxo twn agent
*

* @author Giannis
*
*/
public class MaxQ Controller {

*

/
methodos i opoia ine ipefthini gia tis kinisis twn agent kai
ta rewards pou pairnoun

@param s

@param tempState
@param agents

@param passDelivered
@param index

@param exploration
@param episodeSteps

P I I

~

public void agentController (MA State Variables s,
MA State Variables tempState, ArrayList<MaxQ Agent>
agents,
ArrayList<Integer> passDelivered, int index) {

ArrayList<Integer> collisions = new ArrayList<Integer>();

// take action
for (int i = 0; i < MA Gridworld.numOfAgents; i++) {
// 1if (! (agents.get (i) .isCollision())) {
takeAction (s, tempState, agents.get(i).getAction(),
agents.get (i),
passDelivered) ;

/1Y

// collision check

// boolean flag;

// do {

// System.out.println ("apoel");

// flag = false;

for (int i = 0; i < MA Gridworld.numOfAgents; i++) {
if (collisionCheck (tempState, i, agents.get (i),

collisions)) {
// flag = true;
for (int j = 0; j < collisions.size(); j++) {
agents.get (collisions.get(j)) .setCollision (true);
}
removeCollisions (tempState, agents,
collisions);

// diagrafi collision apo ton agent
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// for (int j = 0; j <

MA Gridworld.numOfAgents; J++) {

// agents.get (j).setCollision (false);
// 0}

}

collisions.clear();

}
// } while (flag);

// get rewards
for (int i = 0; i1 < MA Gridworld.numOfAgents; i++) {
agents.get (i) .setReward (
findReward (s, tempState,

agents.get (i) .getAction (), i,

¥ ok ok ok ok ok ok k¥ ok

*

~

agents.get (i)));
}
// diagrafi collision apo ton agent
for (int i = 0; i < MA Gridworld.numOfAgents; i++) {
agents.get (i) .setCollision (false);

methodos i opoia ekteli to action gia ena agent kai vriski
tin epomeni katastasi (state)

@param s

@param tempState
@param action
@param agent
@return

public void takeAction(MA State Variables s, MA State Variables

tempState,

int action, MaxQ Agent agent, ArrayList<Integer>

passDelivered) {

if (agent.isTransfer () && (! (agent.isTransferPrevious()))
&& (agent.getPrevAction () ==

MA Gridworld.pickup))

agent.setTransferPrevious (true) ;
if (('agent.isTransfer()) && (agent.isTransferPrevious())
&& (agent.getPrevAction () ==

MA Gridworld.putdown))

agent.setTransferPrevious (false) ;

int taxi = agent.getAgentPos();
switch (action) {
// north (move up)
case 0: // ektos orion tou grid

if ((!((taxi - MA Gridworld.size x) < 0))
&& (! (MA Gridworld.checkForWall (taxi,
(taxi -

MA Gridworld.size x))))) {

taxi = taxi - MA Gridworld.size x;

}
break;
// south (move down)
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case 1: // ektos orion tou grid

if ((!((taxi + MA Gridworld.size y) >=
(MA Gridworld.size x * MA Gridworld.size y)))
&& (! (MA Gridworld.checkForWall (taxi,
(taxi +

MA Gridworld.size y))))) {
taxi = taxi + MA Gridworld.size y;

}
break;
// east (move right)
case 2: // hit the wall or ektos orion tou grid
if ((!((taxi % MA Gridworld.size y) ==
(MA Gridworld.size y - 1)))
&& (! (MA Gridworld.checkForWall (taxi,
(taxi + 1))))) |
taxi = taxi + 1;
}
break;
// west (move left)
case 3: // hit the wall or ektos orion tou grid

if ((!((taxi % MA Gridworld.size y) == 0))
&& (! (MA Gridworld.checkForWall (taxi,
(taxi - 1))))) |
taxi = taxi - 1;
}
break;
// pickup the passenger
case 4:
// elegxos an metaferete kapios passenger apo afto
to taxi

if (! (agent.isTransfer()))
// elegxos an sti thesi pou imaste iparxi
passenger gia pick up
for (int 1 = 0; 1 <
MA Gridworld.numOfPassengers; 1i++)

if (taxi ==
MA Gridworld.getPasLoc(s.passenger.get(i))) {
//

MA Gridworld.numOfStartPosition+l antistixi sti thesi

// opou o passenger einai mesa sto
taxi (-1)

tempState.passenger.set (i,

MA Gridworld.numOfStartPosition);
agent.setPassenger (i) ;
agent.setTransfer (true) ;
break;
}
break;
// put down the passenger
case 5: // elegxos an metaferete kapios passenger apo afto
to taxi
if (agent.isTransfer())
// elegxos an imasten sto destination tou
passenger pou
// metaferete apo afto to taxi
if (taxi ==
MA Gridworld.getDestLoc(s.destination.get (agent
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.getPassenger()))) {
// Successful passenger delivery

tempState.passenger.set (agent.getPassenger (), s.destination
.get (agent.getPassenger()));
passDelivered.add (agent.getPassenger());
agent.setPassenger (-1);
agent.setTransfer (false) ;
}
break;
case 6: // idle
break;
default:
System.err.println ("Invalid number for
action..Exiting..");
System.exit (-1);
}

agent.setAgentPreviousPos (agent.getAgentPos ());
agent.setAgentPos (taxi) ;
tempState.taxi.set (agent.getAgentNum(), taxi);

*

methodos 1 opoia epistrefi to reward gia 1 agent

@param s

@param tempState
@param action
@param agentNum
@param agent
@return

b S . S . S S I

~

public int findReward(MA State Variables s, MA State Variables

tempState,
int action, int agentNum, MaxQ Agent agent) {

int reward = 0;
if (agent.isCollision{())
reward = MA Gridworld.collision;

switch (action) {
case 0: // north (move up)
case 1: // south (move down)
case 2: // east (move right)
case 3: // west (move left)

if (s.taxi.get (agentNum) !=
tempState.taxi.get (agentNum)) {

reward += MA Gridworld.simple move;

} else {
reward += MA Gridworld.wall hit;

}
break;

// pickup the passenger

case 4:
if (agent.isTransfer () &&

(! (agent.isTransferPrevious()))) {

reward += MA Gridworld.simple move;
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} else {
reward += MA Gridworld.wrong get;
}
break;
// put down the passenger
case 5:
if (('agent.isTransfer()) &&
(agent.isTransferPrevious())) {
// Successful passenger delivery
reward += MA Gridworld.success;
} else {
reward += MA Gridworld.wrong put;
}
break;
case 6: // idle
reward += MA Gridworld.no move;
break;
default:
System.err.println ("Invalid number for
action..Exiting..");
System.exit (-1);
}

return reward;

/**

* methodos i opoia elegxi an enas agent (taxi) exi sigkrousti
me kapio allo

* agent (taxi)

@param tempState
@param agentNum
@param agent
@param collisions
@return
/
public boolean collisionCheck (MA State Variables tempState, int
agentNum,

b S R S S

MaxQ Agent agent, Arraylist<Integer> collisions) {
int agentPos = tempState.taxi.get (agentNum) ;
boolean col = false;
// collisions.add (agentNum) ;

for (int 1 = 0; i < tempState.taxi.size(); i++) {
if (i == agentNum)
continue;
if (agentPos == tempState.taxi.get (i)) {
collisions.add (i) ;
col = true;
}
}
if (col)

collisions.add (0, agentNum) ;
return col;
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*

methodos 1 opoia apalifi tis sigkrousis

@param tempState
@param agents
@param collisions

b S R S

~

public void removeCollisions(MA State Variables tempState,
ArrayList<MaxQ Agent> agents, ArraylList<Integer>

collisions) {
int temp = -1;
boolean flag = false;
for (int 1 = 0; i < collisions.size(); i++) {

// an o agent stin prohgoumeni katastasi viskotan

stin idia thesi me
// afti tin katastasi simeni oti aftos prepi na

paramini edw

if
(agents.get (collisions.get (i)) .getAgentPreviousPos () == agents
.get(collisions.get (i)) .getAgentPos ()) {
flag = true;
temp = 1i;
break;
}
}
if (! (flag)) {
temp = findAgentWhoTakesTheAction(collisions);
}
for (int 1 = 0; 1 < collisions.size(); 1i++) {
if (1 !'= temp) {

agents.get (collisions.get (1)) .setAgentPos (

agents.get (collisions.get (1)) .getAgentPreviousPos());
tempState.taxi.set(collisions.get (i),

agents.get (

collisions.get (1)) .getAgentPreviousPos());
}
}
}

/**
* methodos i opoia vriski vasi pithanotitwn pios agent tha kani
tin kinisi
*
* @param collisions
* @return
*/
public int findAgentWhoTakesTheAction (ArrayList<Integer>
collisions) {

int n = collisions.size();

double probTable[] = new double[n];

for (int i = 0; i < n; i++)
probTable[i] = (double) 1 / n;

double offset = 0;
double rand = MA MaxQ.r.nextDouble () ;
for (int 1 = 0; 1 < probTable.length; i++) {

A-197



potte

}

/**
* (@param args
*/

public static void main (String[] args) {

offset += probTablel[i];
if (offset > rand)
return i;
}
return MA MaxQ.r.nextInt (probTable.length);// en tha erti

// dame

// TODO Auto-generated method stub

PHC_Controller.java

import java.util.ArrayList;

/**

* klasi 1 opoia einai ipefthini gia ton elegxo twn PHC Agent

*

* @author Giannis

*

*/

public class PHC Controller ({

/

b S T e . S S . S S

*

~

methodos i opoia ine ipefthini gia tis kinisis twn agent kai
ta rewards pou pairnoun

@param s

@param tempState
@param agents

@param passDelivered
@param index

@param exploration
@param episodeSteps

public void agentController (MA Taxi Problem tp,
MA State Variables s,

agents,

step,

MA State Variables tempState, ArrayList<PHC Agent>
ArraylList<Integer> passDelivered, int index, int
boolean changeEpsilon) {

ArraylList<Integer> collisions = new ArrayList<Integer>();

// choose action
for (int i = 0; i < MA Gridworld.numOfAgents; i++) {
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agents.get (i) .setPrevAction (agents.get (i) .getAction());
agents.get (i) .setAction (
this.chooseAction (step,
agents.get (i) .getPolicyValue (),
index, tp, changeEpsilon));

agents.get (i) .addActionCounter (index,

agents.get (i) .getAction());
}

// take action
for (int i = 0; i < MA Gridworld.numOfAgents; i++) {
// 1f (! (agents.get (i) .isCollision())) {
takeAction (s, tempState, agents.get (i) .getAction(),
agents.get (i),
passDelivered) ;

/)

// collision check

// boolean flag;

// do {

// System.out.println ("apoel");

// flag = false;

for (int i = 0; i < MA Gridworld.numOfAgents; i++) {
if (collisionCheck (tempState, i, agents.get (i),

collisions)) {
// flag = true;
for (int j = 0; j < collisions.size(); J++) {
agents.get (collisions.get (j)) .setCollision (true);

}

removeCollisions (tempState, agents,
collisions);
// diagrafi collision apo ton agent
// for (int j = 0; J <
MA Gridworld.numOfAgents; J++) {
// agents.get (j) .setCollision(false);
!/}
}

collisions.clear();

}
// } while (flag);

// get rewards
for (int i = 0; i < MA Gridworld.numOfAgents; i++) {
agents.get (i) .setReward (
findReward (s, tempState,
agents.get (i) .getAction(), i,
agents.get(i)));
}
// diagrafi collision apo ton agent
for (int i = 0; i < MA Gridworld.numOfAgents; i++) {
agents.get (i) .setCollision (false);
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*

methodos 1 opoia ekteli to action gia ena agent kai vriski
tin epomeni katastasi (state)

@param s

@param tempState
@param action
@param agent
@return

. S S S S S S S

~

public void takeAction(MA State Variables s, MA State Variables
tempState,
int action, PHC_Agent agent, ArrayList<Integer>
passDelivered) {

if (agent.isTransfer () && (! (agent.isTransferPrevious()))
&& (agent.getPrevAction () ==
MA Gridworld.pickup))
agent.setTransferPrevious (true) ;
if (('agent.isTransfer()) && (agent.isTransferPrevious())
&& (agent.getPrevAction () ==
MA Gridworld.putdown))
agent.setTransferPrevious (false) ;

int taxi = agent.getAgentPos();
switch (action) {
// north (move up)
case 0: // ektos orion tou grid

if ((!((taxi - MA Gridworld.size x) < 0))
&& (! (MA Gridworld.checkForWall (taxi,
(taxi -

MA Gridworld.size x))))) {
taxi = taxi - MA Gridworld.size x;
}
break;
// south (move down)
case 1: // ektos orion tou grid

if ((!((taxi + MA Gridworld.size y) >=
(MA Gridworld.size x * MA Gridworld.size y)))
&& (! (MA Gridworld.checkForWall (taxi,
(taxi +

MA Gridworld.size y))))) {
taxi = taxi + MA Gridworld.size y;
}
break;
// east (move right)
case 2: // hit the wall or ektos orion tou grid
if ((!((taxi % MA Gridworld.size y) ==
(MA Gridworld.size y - 1)))
&& (! (MA Gridworld.checkForWall (taxi,
(taxi + 1))))) |
taxi = taxi + 1;
}
break;
// west (move left)
case 3: // hit the wall or ektos orion tou grid
if ((!((taxi % MA Gridworld.size y) == 0))
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&& (! (MA Gridworld.checkForWall (taxi,

(taxi - 1))))) |
taxi = taxi - 1;
}
break;
// pickup the passenger
case 4:
// elegxos an metaferete kapios passenger apo afto
to taxi

if (! (agent.isTransfer()))
// elegxos an sti thesi pou imaste iparxi
passenger gia pick up
for (int i = 0; 1 <
MA Gridworld.numOfPassengers; 1i++)

// 1if (s.passenger.get (i) !=-1)
if (taxi ==
MA Gridworld.getPasLoc(s.passenger.get(i))) {
//

MA Gridworld.numOfStartPosition+l antistixi sti thesi
// opou o passenger einai mesa sto

taxi (-1)
// tempState.passenger
// .set (i,
//

MA Gridworld.getPasLoc (MA Gridworld.numOfStartPosition));
tempState.passenger.set (i,

MA Gridworld.numOfStartPosition);
agent.setPassenger (i) ;
agent.setTransfer (true) ;
break;
}
break;
// put down the passenger
case 5: // elegxos an metaferete kapios passenger apo afto
to taxi
if (agent.isTransfer())
// elegxos an imasten sto destination tou
passenger pou
// metaferete apo afto to taxi
if (taxi ==
MA Gridworld.getDestLoc(s.destination.get (agent
.getPassenger()))) {
// Successful passenger delivery

tempState.passenger.set (agent.getPassenger (), s.destination
.get (agent.getPassenger()));
passDelivered.add (agent.getPassenger());
agent.setPassenger (-1);
agent.setTransfer (false) ;
}
break;
case 6: // idle
break;
default:
System.err.println("Invalid number for
action..Exiting..");
System.exit (-1);
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}

agent.setAgentPreviousPos (agent.getAgentPos () ) ;
agent.setAgentPos (taxi) ;
tempState.taxi.set (agent.getAgentNum(), taxi);

*

methodos 1 opoia epistrefi to reward gia 1 agent

@param s

@param tempState
@param action
@param agentNum
@param agent
@return

B T T

~

public int findReward(MA State Variables s, MA State Variables

tempState,
int action, int agentNum, PHC Agent agent) ({

int reward = 0;
if (agent.isCollision{())
reward = MA Gridworld.collision;

switch (action) {
case 0: // north (move up)
case 1: // south (move down)
case 2: // east (move right)
case 3: // west (move left)

if (s.taxi.get (agentNum) !=
tempState.taxi.get (agentNum)) {

reward += MA Gridworld.simple move;

} else {
reward += MA Gridworld.wall hit;
}
break;
// pickup the passenger
case 4:
if (agent.isTransfer () &&
(! (agent.isTransferPrevious()))) {
reward += MA Gridworld.simple move;
} else {
reward += MA Gridworld.wrong get;
}
break;
// put down the passenger
case 5:
if (('agent.isTransfer()) &&
(agent.isTransferPrevious())) {
// Successful passenger delivery
reward += MA Gridworld.success;
} else {
reward += MA Gridworld.wrong put;
}
break;

case 6: // idle
reward += MA Gridworld.no move;
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break;
default:
System.err.println("Invalid number for
action..Exiting..");
System.exit (-1);
}

return reward;

/**

* methodos i opoia elegxi an enas agent (taxi) exi sigkrousti
me kapio allo

* agent (taxi)

@param tempState
@param agentNum
@param agent
@param collisions

* Qreturn

*/

public boolean collisionCheck (MA State Variables tempState, int

agentNum,

* ok ok ok

PHC Agent agent, ArrayList<Integer> collisions) {
int agentPos = tempState.taxi.get (agentNum) ;
boolean col = false;
// collisions.add (agentNum) ;

for (int 1 = 0; 1 < tempState.taxi.size(); i++) {
if (i == agentNum)
continue;
if (agentPos == tempState.taxi.get (i)) {
collisions.add (i) ;
col = true;
}
}
if (col)

collisions.add (0, agentNum) ;
return col;

*

methodos 1 opoia apalifi tis sigkrousis

@param tempState
@param agents
* @param collisions
*/
public void removeCollisions (MA State Variables tempState,
ArrayList<PHC Agent> agents, ArrayList<Integer>

b

collisions) {

int temp = -1;
boolean flag = false;
for (int 1 = 0; 1 < collisions.size(); i++) {

// an o agent stin prohgoumeni katastasi viskotan
stin idia thesi me

// afti tin katastasi simeni oti aftos prepi na
paramini edw
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if

(agents.get (collisions.get (i)) .getAgentPreviousPos () == agents
.get (collisions.get (1)) .getAgentPos ()) {
flag = true;
temp = 1i;
break;
}
}
if (! (flag)) {
temp = findAgentWhoTakesTheAction (collisions);
}
for (int 1 = 0; i < collisions.size(); i++) {
if (i !'= temp) {
// System.out.println ("damesa");
agents.get (collisions.get (i) ) .setAgentPos (
agents.get (collisions.get (i)) .getAgentPreviousPos())
tempState.taxi.set(collisions.get (i),
agents.get (
collisions.get(i)) .getAgentPreviousPos());
}
}
}
/**

* methodos i opoia vriski vasi pithanotitwn pios agent tha kani
* tin kinisi
* @param collisions
* @return
*/
public int findAgentWhoTakesTheAction (ArrayList<Integer>
collisions) {

int n = collisions.size();

double probTable[] = new double[n];

for (int 1 = 0; 1 < n; 1i++)
probTable[i] = (double) 1 / n;

double offset = 0;
double rand = MA Taxi Problem.r.nextDouble();
for (int 1 = 0; 1 < probTable.length; i++) {
offset += probTable[i];
if (offset > rand)
return i;

}
return MA Taxi Problem.r.nextInt (probTable.length);// en

tha erti potte
// dame

}
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/**
* methodos i1 opoia epilegi tin epomeni kinisi (action) apo tin
sigkekrimeni
* katastasi (state) me pithanotita p(s,a) kai me kapia

anixnefsi
*

* (@param index

* @return

*/

public int chooseAction (int step, double[][] policyValue, int
index,
MA Taxi Problem tp, boolean changeEpsilon) {
if (changeEpsilon)

tp.changeEpsilon (step);

if (MA Taxi Problem.r.nextDouble() < tp.getEpsilon())
return
(MA Taxi Problem.r.nextInt (MA Gridworld.actions));
return this.chooseProbAction (policyValue, index);

}
/‘k*

* methodos i opoia epilegi mia kinisi (action) wvasi tis
pithanotitas p(s,a)

*

* @param index

* @return

*/
public int chooseProbAction (double[][] policyValue, int index) {
double offset = 0;
double rand = MA Taxi Problem.r.nextDouble();
for (int i = 0; i < MA Gridworld.actions; i++) {
offset += policyValue[index] [i];
if (offset >= rand)
return i;
}
return 5; // en tha erti pote dame
}
/**
* @param args
*/

public static void main (String[] args) {
// TODO Auto-generated method stub
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WP_Controller.java

import java.util.ArrayList;

/‘k‘k
* klasi 1 opoia einai ipefthini gia ton elegxo twn WoLF-PHC Agent
*

* @author Giannis
*
*/
public class WP Controller {
/**
* methodos i opoia ine ipefthini gia tis kinisis twn agent kai
ta rewards pou pairnoun

*
*
* @param s
* (@param tempState
* (@param agents
* (@param passDelivered
* @param index
* @param exploration
* (@param episodeSteps
*/
public void agentController (MA Taxi Problem tp,
MA State Variables s,
MA State Variables tempState, ArrayList<WP_ Agent>
agents,
ArraylList<Integer> passDelivered, int index, int
step,
boolean changeEpsilon) {

ArrayList<Integer> collisions = new ArrayList<Integer>();
// choose action
for (int i = 0; i < MA Gridworld.numOfAgents; i++) {

agents.get (i) .setPrevAction (agents.get (i) .getAction());
agents.get (i) .setAction (
this.chooseAction (step,
agents.get (i) .getPolicyValue (),
index, tp, changeEpsilon));

agents.get (i) .addActionCounter (index,

agents.get (i) .getAction());
}

// take action
for (int i = 0; i < MA Gridworld.numOfAgents; i++) {
// if (! (agents.get (i) .isCollision())) {
takeAction (s, tempState, agents.get(i).getAction(),
agents.get (i),
passDelivered) ;
// 0}
}

// collision check
// boolean flag;
// do {
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// System.out.println ("apoel");

// flag = false;

for (int i = 0; i1 < MA Gridworld.numOfAgents; i++) {
if (collisionCheck (tempState, i, agents.get (i),

collisions)) {
// flag = true;
for (int j = 0; J < collisions.size(); j++) {
agents.get (collisions.get(j)) .setCollision (true);

}
removeCollisions (tempState, agents,
collisions);
// diagrafi collision apo ton agent
// for (int j = 0; J <
MA Gridworld.numOfAgents; J++) {
// agents.get (j) .setCollision (false);
// 0}
}
collisions.clear();

}
// } while (flag);

// get rewards
for (int i = 0; i < MA Gridworld.numOfAgents; i++) {
agents.get (i) .setReward (
findReward (s, tempState,
agents.get (i) .getAction(), i,
agents.get(i)));
}
// diagrafi collision apo ton agent
for (int i = 0; i < MA Gridworld.numOfAgents; i++) {
agents.get (i) .setCollision (false);

*

methodos i1 opoia ekteli to action gia ena agent kai vriski
tin epomeni katastasi (state)

@param s

@param tempState
@param action
@param agent
@return

b S S . S S . S

~

public void takeAction(MA State Variables s, MA State Variables
tempState,
int action, WP Agent agent, ArrayList<Integer>
passDelivered) {

if (agent.isTransfer () && (! (agent.isTransferPrevious()))
&& (agent.getPrevAction () ==
MA Gridworld.pickup))
agent.setTransferPrevious (true) ;
if (('agent.isTransfer()) && (agent.isTransferPrevious())
&& (agent.getPrevAction () ==
MA Gridworld.putdown))
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agent.setTransferPrevious (false) ;

int taxi = agent.getAgentPos();
switch (action) {
// north (move up)
case 0: // ektos orion tou grid

if ((!((taxi - MA Gridworld.size x) < 0))
&& (! (MA Gridworld.checkForWall (taxi,
(taxi -

MA Gridworld.size x))))) {
taxi = taxi - MA Gridworld.size x;

}
break;
// south (move down)
case 1: // ektos orion tou grid

if ((!((taxi + MA Gridworld.size y) >=
(MA Gridworld.size x * MA Gridworld.size y)))
&& (! (MA Gridworld.checkForWall (taxi,
(taxi +

MA Gridworld.size y))))) {
taxi = taxi + MA Gridworld.size y;

}
break;
// east (move right)
case 2: // hit the wall or ektos orion tou grid
if ((!((taxi % MA Gridworld.size y) ==
(MA Gridworld.size y - 1)))
&& (! (MA Gridworld.checkForWall (taxi,
(taxi + 1))))) |
taxi = taxi + 1;
}
break;
// west (move left)
case 3: // hit the wall or ektos orion tou grid

if ((!((taxi % MA Gridworld.size y) == 0))
&& (! (MA Gridworld.checkForWall (taxi,
(taxi = 1))))) |
taxi = taxi - 1;
}
break;
// pickup the passenger
case 4:
// elegxos an metaferete kapios passenger apo afto
to taxi

if (! (agent.isTransfer()))
// elegxos an sti thesi pou imaste iparxi
passenger gia pick up
for (int 1 = 0; 1 <
MA Gridworld.numOfPassengers; i++)
// 1f (s.passenger.get (i) !=-1)
if (taxi ==
MA Gridworld.getPasLoc(s.passenger.get(i))) {
//
MA Gridworld.numOfStartPosition+l antistixi sti thesi
// opou o passenger einai mesa sto
taxi (-1)
tempState.passenger.set (i,
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MA Gridworld.numOfStartPosition);
agent.setPassenger (i) ;
agent.setTransfer (true) ;
break;
}
break;
// put down the passenger
case 5: // elegxos an metaferete kapios passenger apo afto
to taxi
if (agent.isTransfer())
// elegxos an imasten sto destination tou
passenger pou
// metaferete apo afto to taxi
if (taxi ==
MA Gridworld.getDestLoc(s.destination.get (agent
.getPassenger()))) |
// Successful passenger delivery

tempState.passenger.set (agent.getPassenger (), s.destination
.get (agent.getPassenger()));
passDelivered.add (agent.getPassenger());
agent.setPassenger (-1);
agent.setTransfer (false) ;
}
break;
case 6: // idle
break;
default:
System.err.println("Invalid number for
action..Exiting..");
System.exit (-1);
}

agent.setAgentPreviousPos (agent.getAgentPos () ) ;
agent.setAgentPos (taxi);
tempState.taxi.set (agent.getAgentNum(), taxi);

*

methodos i1 opoia epistrefi to reward gia 1 agent

@param s

@param tempState
@param action
@param agentNum
@param agent
@return

X% ok X kX o % X o

~

public int findReward(MA State Variables s, MA State Variables
tempState,

int action, int agentNum, WP_Agent agent) {
int reward = 0;
if (agent.isCollision())

reward = MA Gridworld.collision;

switch (action) {
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case 0: // north (move up)

case 1: // south (move down)
case 2: // east (move right)
case 3: // west (move left)

if (s.taxi.get (agentNum) !=
tempState.taxi.get (agentNum)) {
reward += MA Gridworld.simple move;
} else {
reward += MA Gridworld.wall hit;
}
break;
// pickup the passenger
case 4:
if (agent.isTransfer() &&
(! (agent.isTransferPrevious()))) |
reward += MA Gridworld.simple move;
} else {
reward += MA Gridworld.wrong get;
}
break;
// put down the passenger
case 5:
if (('agent.isTransfer()) &&
(agent.isTransferPrevious())) {
// Successful passenger delivery
reward += MA Gridworld.success;
} else {
reward += MA Gridworld.wrong put;
}
break;
case 6: // idle
reward += MA Gridworld.no move;
break;
default:
System.err.println("Invalid number for
action..Exiting..");
System.exit (-1);
}

return reward;

*

methodos i1 opoia elegxi an enas agent (taxi) exi sigkrousti
me kapio allo agent (taxi)

@param tempState
@param agentNum
@param agent
@param collisions
@return

b S S S S S S S

~

public boolean collisionCheck (MA State Variables tempState, int
agentNum,
WP Agent agent, Arraylist<Integer> collisions) {
int agentPos = tempState.taxi.get (agentNum) ;
boolean col = false;
// collisions.add (agentNum) ;
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for (int 1 = 0; 1 < tempState.taxi.size(); i++) {

if (i == agentNum)
continue;
if (agentPos == tempState.taxi.get (i)) {
collisions.add (i) ;
col = true;
}
}
if (col)

collisions.add (0, agentNum);
return col;

}

*

methodos 1 opoia apalifi tis sigkrousis

/

@param tempState

@param agents

@param collisions

/

public void removeCollisions (MA State Variables tempState,
ArrayList<WP_Agent> agents, ArrayList<Integer>

%k ok ok ok % o

collisions) {

int temp = -1;
boolean flag = false;
for (int 1 = 0; i1 < collisions.size(); 1i++) {

// an o agent stin prohgoumeni katastasi viskotan
stin idia thesi me
// afti tin katastasi simeni oti aftos prepi na
paramini edw
if
(agents.get (collisions.get (i)) .getAgentPreviousPos () == agents
.get (collisions.get (i)) .getAgentPos()) {
flag = true;
temp i;
break;

}

}
if (! (flag)) {
temp = findAgentWhoTakesTheAction(collisions);

}

for (int 1 = 0; 1 < collisions.size(); 1i++) {
if (i !'= temp) {
// System.out.println ("damesa") ;
agents.get (collisions.get (1)) .setAgentPos (

agents.get (collisions.get (1)) .getAgentPreviousPos());
tempState.taxi.set(collisions.get (i),

agents.get (

collisions.get (1)) .getAgentPreviousPos());
}
}
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/**
* methodos i opoia vriski vasi pithanotitwn pios agent tha kani
* tin kinisi
* (@param collisions
* @return
*/
public int findAgentWhoTakesTheAction (ArrayList<Integer>
collisions) {

int n = collisions.size();

double probTable[] = new double[n];

for (int i = 0; i < n; i++)
probTable[i] = (double) 1 / n;

double offset = 0;
double rand = MA Taxi Problem.r.nextDouble();
for (int 1 = 0; i < probTable.length; i++) {
offset += probTable[i];
if (offset > rand)
return i;
}
return MA Taxi Problem.r.nextInt (probTable.length);// en
tha erti potte
// dame
}

/**
* methodos i1 opoia epilegi tin epomeni kinisi (action) apo tin
sigkekrimeni
* katastasi (state) me pithanotita p(s,a) kai me kapia
anixnefsi
*
* @param index
* (@return
*/
public int chooseAction (int step, double[][] policyValue, int
index,
MA Taxi Problem tp, boolean changeEpsilon) {
// 1f (tp.getEpsilon() != 0)
if (changeEpsilon)
tp.changeEpsilon (step);

if (MA Taxi Problem.r.nextDouble() < tp.getEpsilon())
return
(MA Taxi Problem.r.nextInt (MA Gridworld.actions));
return this.chooseProbAction (policyValue, index);

}
/**

* methodos i opoia epilegi mia kinisi (action) wvasi tis
* pithanotitas p(s,a)
* @param index
* @return
*/
public int chooseProbAction (double[][] policyValue, int index) {
double offset = 0;
double rand = MA Taxi Problem.r.nextDouble();
for (int i = 0; i < MA Gridworld.actions; i++) {
offset += policyValue[index] [i];
if (offset >= rand)
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return 1i;

}

return 5; // en tha erti pote dame

MAQ_Learning.java

import java.util.ArraylList;

*

/
klasi 1 opoia ilopoiei ton algorithmo Q-Learning gia to Taxi
Problem gia multi agent

@author Giannis

ok ok ok ok % o

/
public class MAQ Learning {

protected ArraylList<Q Agent> agents = new ArrayList<Q Agent>();
int countStep;
int count;

// Taxi Problem tp = new Taxi Problem();
/**
* methodos i1 opia ekpedevi ton agent
*/
public void calculate (int max episode, boolean exploration,
MA Taxi Problem tp, double epsilon, double
temperature,
double coolingRate, String filename, double 1r,
double df,
int delivery, int num, int length) {
MA Gridworld.makeGridworld(filename);
tp.setRanges () ;
tp.initOffsetTable();

for (int i = 0; i < MA Gridworld.numOfAgents; i++) {
Q Agent tmp = new Q Agent(i, -1, 1);
agents.add (tmp) ;
}
double timer;
// botzmann exploration
if (! (exploration))
tp.setCoolingRate (coolingRate) ;
tp.setEpsilon (epsilon);
tp.setlearningRate (1r) ;
tp.setDiscountFactor (df) ;
MA State Variables s;
tp.makeNewEpisodeSteps (length) ;
tp.makeNewTimePerEpisode (length) ;
count=0;
for (int i = 0; 1 < max episode; i++) {
if ((count % num == 0))
System.out.println ("episode=" + count);
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count++;

if (! (exploration))
tp.setTemperature (temperature) ;
timer = (double) System.currentTimeMillis() / 1000;

//System.out.println ("episode=" + 1i);
s = new MA State Variables (MA Gridworld.size x,
MA Gridworld.size y,
MA Gridworld.numOfStartPosition,
MA Gridworld.numOfGoals) ;
for (int j = 0; J < s.taxi.size(); j++) {
agents.get (j) .setAgentPos (s.taxi.get (3));
}
this.qg learning(s, i, exploration, tp,
delivery,num) ;
if (num != 1) {
if (1 == 0)
tp.setTimePerEpisode (i, ((double) System
.currentTimeMillis() / 1000
- timer));
else if ((count % num == 0))
tp.setTimePerEpisode ((i + 1) / num,
( (double) System
.currentTimeMillis() / 1000

- timer));
} else {
tp.setTimePerEpisode (i,
( (double)
System.currentTimeMillis() / 1000 - timer));
}
for (int j = 0; j < s.taxi.size(); j++) {
agents.get (j) .setAgentPreviousPos (-1);
agents.get (j) .setPassenger (-1);
agents.get (j) .setTransfer (false);
agents.get (j) .setTransferPrevious (false) ;
agents.get (j) .setCollision (false);
agents.get (j) .setAction(-1);
agents.get (j) .setPrevAction (-1);
agents.get (j) .setReward(-1);
}
}
Runtime.getRuntime () .gc () ;
/*
* PrintInFile p = new PrintInFile(); if (exploration) {
* p.printResults ("Q-Learning Results e-greedy.txt", tp
* .getEpisodeSteps (), max_episode);
* p.printResults ("Q-Learning clock time e-greedy.txt", tp
* .getTimePerEpisode (), max episode); } else {
* p.printResults ("Q-Learning Results-Boltzmann.txt", tp
* .getEpisodeSteps (), max episode);
* p.printResults ("Q-Learning clock time - Boltzmann.txt",
tp
.getTimePerEpisode (), max episode); }
*/
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*

methodos 1 opoia ilopoiei to taxi problem simfona me ton
algorithmo Q-Learning

@param s
@param episode

b S T . S

~

public void g learning(MA State Variables s, int episode,
boolean exploration, MA Taxi Problem tp, int
delivery,int num) {

int passengerDelivered = 0;

Q Controller control = new Q Controller();

Arraylist<Integer> passDelivered = new
ArrayList<Integer>();

int index = tp.findIndex(s);

int next index;

MA State Variables tempState;// to next state
countStep = 0;

do {
tempState = new MA State Variables(s);
control.agentController (tp, s, tempState, agents,
passDelivered,
index, exploration, countStep);
// topothetounte neoi passenger stin thesi aftwn pou
metaferthikan

// ston proorismo tous
next index = tp.findIndex (tempState);

for (int i = 0; i < passDelivered.size(); i++) {
tempState.passenger.set (passDelivered.get (i),
MA Taxi Problem.r
.nextInt (MA Gridworld.numOfStartPosition));

tempState.destination.set (passDelivered.get (i),

MA Taxi Problem.r.nextInt (MA Gridworld.numOfGoals)) ;
}

for (int 1 = 0; 1 < s.taxi.size(); i++) {
agents.get (i) .addQValue (
index,

agents.get (i) .getAction(),
((double) tp.getLearningRate() *
( (double) agents
.get (i) .getReward()
+ (double)
tp.getDiscountFactor ()
agents.get (1) .getQValue (
next index,

tp.findMaxQ (next index, agents.get (i)

.getQ())) - agents.get (i)
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.getQVvalue (index,

agents.get (i) .getAction()))))
}

s = new MA State Variables (tempState);
passengerDelivered += passDelivered.size();
if (num != 1) {
if (episode == 0)
tp.addEpisodeSteps (0) ;
else if ((count % num == 0)) {
// System.out.println ("count="+count) ;
// 1f (count==1)
// tp.addEpisodeSteps (0);
// else
tp.addEpisodeSteps ((episode + 1) / num);
}
} else {
tp.addEpisodeSteps (episode) ;
}
//tp.addEpisodeSteps (episode) ;

index = next index;
passDelivered.clear () ;
countStep++;

} while (passengerDelivered < delivery);

}
/‘k‘k

* @param args
*/
public static void main (String[] args) {
MAQ Learning gl = new MAQ Learning();
MA Taxi Problem tp = new MA Taxi Problem();
// gql.calculate (100000, true, tp);
// TODO Auto-generated method stub

MA MAXQ_Q.java

import java.util.ArrayList;

/*k*k
* klasi i opia antiprosopevi ton algorithmo MAXQ-Q gia multi agent
*
* @author Giannis
*
*/
public class MA MAXQ Q extends MA MaxQ({

protected int count;
protected int n;
protected MA State Variables next state;
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ArrayList<MaxQ Agent> agents = new ArrayList<MaxQ Agent>();

/**
* methodos i opoia anatheti timi sto count
*

* @param count

* the count to set
*/
public void setCount (int count) {
this.count = count;
}
/**

* methodos i opoia epistrefi to count
*

* @return the count
*/
public int getCount () {
return count;

}
/**

* methodos i1 opoia anatheti timi sto n
*

* @param n
*/
public void setN(int n) {
this.n = n;

}
/‘k‘k

* methodos i1 opoia epistrefi to n
*

* @return

*/
public int getN() {
return n;
}
/**

* methodos i opoia prostheti 1 sto n
*

* @return

*/
public void addOneToN () {
this.n++;
}
/**

* methodos i opoia kathorizi to next state
*

* @param next state
* the next state to set
*/ o
public void setNext state(MA State Variables next state) {
this.next state.destination = next state.destination;
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this.next state.passenger = next state.passenger;
this.next state.taxi = next state.taxi;

}
/**

* methodos i opoia epistrefi to next state
*

* @return the next state
*/
public MA State Variables getNext state() {
return next state;

}

*

/
methodos i opoia vriski ta Q values gia kathe children enos
MaxNode xrisimopoiontas to Cinside

@param node
@param index
@return

B T

~

public double[] findQvaluesWithCinside (MaxQ Agent agent, int
maxNode,
int index) {
double|[] table = new
double[agent.g.graph.get (maxNode) .children.size () ];
NodeValue nValue;
for (int 1 = 0; i <
agent.g.graph.get (maxNode) .children.size(); i++) {
nValue = this.evaluateMaxNode (agent, agent.g.graph

.get (agent.g.graph.get (maxNode) .children.get (i)) .children
.get (0), index);
table[i] = nValue.value;

}

for (int i =

0; i < table.length; i++)
table[1i] += (

+ (Onode) agent.g.graph

.get (agent.g.graph.get (maxNode) .children.get (i)))
.getCinsideValue (index) ;

return table;

*

methodos i opoia vriski ta Q values gia kathe children enos
MaxNode xrisimopoiontas to C

@param node
@param index
@return

b S S S S S I

~

public double[] findQvaluesWithC (MaxQ Agent agent, int maxNode,
int index) {
double[] table = new
double[this.graph.get (maxNode) .children.size () ];
NodeValue nValue;
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for (int 1 = 0; 1 <
this.graph.get (maxNode) .children.size(); i++) {
nValue = this.evaluateMaxNode (agent,
this.graph.get (this.graph

.get (maxNode) .children.get (i)) .children.get (0), index);
table[i] = nValue.value;

}

for (int i = 0;
table[i] +

I -

< table.length; i++)
((Qnode) this.graph

.get (this.graph.get (maxNode) .children.get (i)))
.getCvalue (index) ;

return table;

/**

* methodos i opoia vriski to greedy action gia ena Max node
* xrisimopoiontas to Cinside

*

* @param node

* @param index

* @return

*/

public int findGreedyAction (MaxQ Agent agent, int maxNode, int
index) {
double|[] table = new
double[agent.g.graph.get (maxNode) .children.size () ];
table = this.findQvaluesWithCinside (agent, maxNode,
index) ;
return this.findMax (table);
}

/**

* methodos i opoia vriski to greedy action gia ena Max node
* xrisimopoiontas to C

*

* @param node

* @param index

* @return

*/

public int findGreedyActionWithC (MaxQ Agent agent, int maxNode,
int index) {
double|[] table = new
double[agent.g.graph.get (maxNode) .children.size()];
table = this.findQvaluesWithC (agent, maxNode, index) ;
return this.findMax (table);
}

/**
* methodos i opoia kani copy ta nodes tou seqg sto childSeq
*/
public void setChildSeqg(ArrayList<MA State Variables> seq,
ArrayList<MA State Variables> childSeq) {
childSeg.clear();
for (int 1 = 0; 1 < seg.size(); i++)
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childSeqg.add (seq.get (1)) ;
}

/‘k‘k
* methodos i opia ekpedevi ton agent
*/
public void calculate (int max episode, int num, int length,
double epsilon,
double df, String filename, int delivery,double 1r)
{

MA Gridworld.makeGridworld(filename);
this.setRanges() ;
this.initOffsetTable () ;

for (int i = 0; i < MA Gridworld.numOfAgents; i++) {
MaxQ Agent tmp = new MaxQ Agent(i, -1, 0);//
1=MaxNode
agents.add (tmp) ;
}
double timer;
this.setEpsilon(epsilon);
this.setDiscountFactor (df) ;
MA State Variables s;
this.initLearningRate (agents, 1lr);
this.makeNewEpisodeSteps (length) ;
this.makeNewTimePerEpisode (length) ;

count=0;
for (int i = 0; 1 < max episode; i++) {
if ((count % num == 0))
System.out.println ("episode=" + count);
count++;
timer = (double) System.currentTimeMillis() / 1000;

// System.out.println ("episode=" + 1i);
s = new MA State Variables(MA Gridworld.size x,
MA Gridworld.size y,
MA Gridworld.numOfStartPosition,
MA Gridworld.numOfGoals) ;
for (int j = 0; 7 < s.taxi.size(); j++) {
agents.get (j) .setAgentPos (s.taxi.get (3));
}
this.next state = new MA State Variables(s);
// this.maxQ PHC(this.MaxRoot, s, 1i);
this.maxQ Q(s, i, delivery, num);
if (num != 1) {
if (1 == 0)
this.setTimePerEpisode (i, ((double)
System
.currentTimeMillis() / 1000
- timer));
else if ((count % num == 0))
this.setTimePerEpisode ((1i + 1) / num,
((double) System
.currentTimeMillis() / 1000
- timer));
} else {
this.setTimePerEpisode (i,
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( (double)
System.currentTimeMillis() / 1000 - timer));
}
// this.setTimePerEpisode (i,
// ((double) System.currentTimeMillis() / 1000 -

timer));
for (int j = 0; J < s.taxi.size(); j++) {

agents.get (j) .setAgentPreviousPos (-1);
agents.get (j) .setPassenger (-1);
agents.get (j) .setTransfer (false) ;
agents.get (j) .setTransferPrevious (false) ;
agents.get (j) .setCollision (false);
agents.get (j) .setAction(-1);
agents.get (j) .setPrevAction(-1);
agents.get (j) .setReward(-1);
agents.get (j) .segStack.clear ()
agents.get (j) .stack.clear();
agents.get (j) .stack.push (this.MaxRoot) ;

}

// PrintInFile p = new PrintInFile();

// p.printResults ("MaxQ PHC-results.txt",
this.getEpisodeSteps(),

// length) ;

// p.printResults ("MaxQ PHC-clock time.txt",
this.getTimePerEpisode (),

// length) ;

}
/‘k‘k

* methodos i1 opoia elegxei an o node pou imaste einai Max node
i Qnode an
* einai Qnode tote pernoume to child tou (ton maxnode pou
extelil to action)
*
* @param maxNode
* @param s
*/
public int checkInstanceOf (MaxQ Agent agent, int maxNode,
MA State Variables s) {
if (agent.g.graph.get (maxNode) instanceof Qnode) {
// kathorizoume tin parametro t gia to
MaxNavigate (t)

if (maxNode == this.QNavigateForGet) {
maxNode = ((Qnode)
agent.g.graph.get (maxNode) ) .children.get (0) ;
( (MaxNode)

agent.g.graph.get (maxNode) ) .setDest (MA Gridworld
.getPasLoc(s.passenger.get (r

.nextInt (MA Gridworld.numOfPassengers))));
} else if (maxNode == this.QNavigateForPut) {
maxNode = ((Qnode)
agent.g.graph.get (maxNode) ) .children.get (0) ;
( (MaxNode)
agent.g.graph.get (maxNode) ) .setDest (MA Gridworld
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.getDestLoc(s.destination.get (agent.getPassenger())));
} else {
maxNode = ((Qnode)
agent.g.graph.get (maxNode) ) .children.get (0) ;
}
}

return maxNode;

*

methodos 1 opoia allazi tin timi tou Completion function (C
kai Cinside)

@param segStack

@param index

@param next index

@param action

@param maxNode

@param 1r

S T T T T T S

~

public void changeCompletionValue (MaxQ Agent agent, int index,
int next index, int action, int maxNode, double 1r)

this.setN (1) ;
int tmp_ index = 0;

for (int i = 0; i < agent.segStack.peek().size(); i++) {
tmp index =
this.findIndex (agent.seqgStack.peek () .get (i));

// set Cinside
((Qnode)
agent.g.graph.get (action)) .setCinsideValue (tmp index,
((L - 1r)
* ((Qnode)
agent.g.graph.get (action))

.getCinsideValue (tmp_index) + (lr
*
Math.pow(this.getDiscountFactor (), n) * (this
.getPseudoreward (agent,
maxNode, this.next state)
+ ((Qnode)
agent.g.graph.get (agent

.getGreedyAction()))

.getCinsideValue (next index) + this
.findValue (agent,
agent.getGreedyAction (),
tmp index)))));

// set C value
((Qnode) agent.g.graph.get (action))
.setCvalue (
tmp index,
((1 - 1r)
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* ((Qnode)
agent.g.graph.get (action))

.getCvalue (tmp_index) + (lr

*

Math.pow(this.getDiscountFactor (), n) * (((Qnode) agent.g.graph
.get (agent.getGreedyAction()))

.getCvalue (next index) + this.findValue (
agent,
agent.getGreedyAction (), next index)))));

this.addOneToN () ;
}
// append childSeqg onto the front of seq
if (!agent.segStack.isEmpty())
// 1f (agent.seqgStack.size()>1)
this.appendChildSegOntoSeq(agent.segStack.pop (),
agent.segStack
.peek());

*

methodos i opoia ilopoiei ton MAXQ-PHC algorithmo gia Multi
Agent (iterative)

@param maxNode
@param s
@param episode
@return

b S R S D D S

~

public void maxQ Q(MA State Variables s, int episode,
int delivery, int num) {

int passengerDelivered = 0;

MaxQ Controller control = new MaxQ Controller();

ArrayList<Integer> passDelivered = new
ArrayList<Integer>();

int index = 0;
double 1r = 0;

int action = 0;

int childAction = 0;

int next index = 0;

for (int 1 = 0; 1 < agents.size(); i++) {

ArrayList<MA State Variables> seq = new
ArrayList<MA State Variables>();
agents.get (i) .segStack.push (seq) ;
}

do {
for (int 1 = 0; i < agents.size(); i++) {
agents.get (i) .maxNode =
agents.get (i) .stack.peek();
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agents.get (i) .maxNode =
checkInstanceOf (agents.get (i), agents
.get (i) .maxNode, s);
// 1 periptosi opou o maxNode den einai
primitive
while (! ((MaxNode) agents.get(i).g.graph

.get (agents.get (i) .maxNode) ) .isPrimitive()) {
ArrayList<MA State Variables> seq = new
ArrayList<MA State Variables>();
agents.get (i) .segStack.push (seq) ;
if (! (this.isTerminal (agents.get (i),
agents.get (i) .maxNode,
s))) |
index = this.findIndex(s);
// choose action

childAction =
this.chooseAction (agents.get (i), agents.get (i) .maxNode, index) ;
action = ((MaxNode)

agents.get (i) .g.graph.get (agents
.get (i) .maxNode) ) .children.get (childAction) ;

agents.get (i) .stack.push (action);
} else {

agents.get (i) .stack.pop();

if (agents.get (i) .stack.isEmpty())

break;
}
agents.get (i) .maxNode =
agents.get (i) .stack.peek () ;

// elegxos an imaste se Max node

agents.get (i) .maxNode =
checkInstanceOf (agents.get (1),

agents.get (1) .maxNode,

s);

// observe next state

next index =
this.findIndex (this.next state);

lr = ((MaxNode)
agents.get (i) .g.graph.get (agents

.get (1) .maxNode) ) .getLearningRate () ;
agents.get (i) .setGreedyAction (
( (MaxNode)
agents.get (i) .g.graph.get (agents
.get (1) .maxNode) ) .children.get (this

.findGreedyAction (agents.get (i), agents

.get (i) .maxNode, next index)));

changeCompletionValue (agents.get (i), index, next index,
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action,
agents.get (i) .maxNode, 1r);
S = new
MA State Variables(this.next state);
index = next index;

}

agents.get (i) .maxNode =
agents.get (i) .stack.peek () ;

// elegxos an imaste se Max node

agents.get (i) .maxNode =

checkInstanceOf (agents.get (i),
agents.get (i) .maxNode, s);

}

agents.get (i) .setPrevAction (agents.get (i) .getAction());
agents.get (i) .setAction (
( (MaxNode) agents.get (i) .g.graph

.get (agents.get (i) .maxNode) ) .getAction());
}

index = this.findIndex(s);

control
.agentController (s, next state, agents,
passDelivered,
index) ;

// topothetounte neoi passenger stin thesi aftwn pou
metaferthikan

// ston proorismo tous

next index = this.findIndex (next state);

for (int i = 0; i < passDelivered.size(); i++) {

next state.passenger.set (passDelivered.get (i),

r

.nextInt (MA Gridworld.numOfStartPosition));
next state.destination.set (passDelivered.get(i), r

.nextInt (MA Gridworld.numOfGoals)) ;
}

for (int 1 = 0; i < agents.size(); i++) {
lr = ((MaxNode) agents.get(i).g.graph

.get (agents.get (i) .maxNode) ) .getLearningRate () ;
( (MaxNode)

agents.get (i) .g.graph.get (agents.get (1) .maxNode) )
.setValueFunctForPrimitive (index,

(1 - 1r)
* ( (MaxNode)
agents.get (i) .g.graph
.get (agents.get (1) .maxNode) )

.getValueFunctForPrimitive (index)
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+ (1lr *

agents.get (i) .getReward()));

MA State Variables tmp = new

MA State Variables(s);
agents.get (i) .segStack.peek () .add (0, tmp);

agents.get (i) .stack.pop () ;

agents.get (i) .maxNode =

agents.get (i) .stack.peek () ;
// elegxos an imaste se Max node

agents.get (i) .maxNode =

checkInstanceOf (agents.get (i), agents
.get (1) .maxNode, s);

// observe next state
next index = this.findIndex (this.next state);

lr = ((MaxNode) agents.get (i) .g.graph

.get (agents.get (i) .maxNode) ) .getLearningRate () ;
agents.get (i) .setGreedyAction (
( (MaxNode) agents.get (i) .g.graph

.get (agents.get (i) .maxNode) ) .children.get (this

.findGreedyAction (agents.get (i),
agents.get (i) .maxNode, next index)));

changeCompletionValue (agents.get (i), index,

next index, action,
agents.get (i) .maxNode, 1r);

}

s = new MA State Variables (next state);
passengerDelivered += passDelivered.size();
if (num != 1) {
if (episode == 0)
this.addEpisodeSteps (0) ;
else if ((count % num == 0)) {
this.addEpisodeSteps ((episode + 1) /

num) ;
}
} else {
this.addEpisodeSteps (episode) ;

}
// this.addEpisodeSteps (episode) ;

index = next index;
passDelivered.clear();

} while (passengerDelivered < delivery);
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*

methodos 1 opoia epistrefi to pseudo-reward gia ena maxnode
otan vriskete se kapia katastasi

@param maxnode
@param s
@return

S . S S S

~

public int getPseudoreward(MaxQ Agent agent, int maxnode,
MA State Variables s) {
if (this.isTerminal (agent, maxnode, s))
return 0O;
else
return -100;

}
/‘k‘k

* methodos i opoia vazi to childSeqg stin arxi tou seq
*
* @param childSeq
* @param seq
*/
public void appendChildSegOntoSeq (ArrayList<MA State Variables>
childSeq,
ArrayList<MA State Variables> seq) {
for (int i = childSeqg.size() - 1; i >= 0; i--) {
seg.add (0, childSeqg.get(i));
}

// for (int i = 0; i1 < childSeqg.size(); i++)
// seq.add (0, childSeq.get (i));
}

/**
* @param args
*/
public static void main(String[] args) {
// TODO Auto-generated method stub
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MA_Phc.java

import java.util.ArrayList;

/**

* klasi i opoia ilopoiei ton algorithmo PHC gia to Taxi Problem
*

* @author Giannis
*
*/
public class MA Phc {

protected ArrayList<PHC Agent> agents = new
ArrayList<PHC Agent>();

private double delta; // learning rate (to delta)

// Taxi Problem tp = new Taxi Problem();

int count = 0;

protected int max episodes;

int countStep;

/**************** methodoi get,Set,add *******************/

/**

* methodos i opoia arxikopoiei to delta
*

* @param delta
*/
public void setDelta (double delta) {
this.delta = delta;
}

/**
* methodos i opoia epistrefi to delta
*

* @return
*/
public double getDelta () {
return delta;

}

/**

* methodos i opoia kani update tin timi tis pithanotitas gia ti
* sigkekrimeni katastasi (simfona me to megalo to arthro)

*

* @param index

* @param action

*

~

public void updatePolicyValue2 (PHC Agent agent, int index,
MA Taxi Problem tp) {
if (agent.getAction() != tp.findMaxQ (index, agent.getQ()))

{

agent.addPolicyValue (index, agent.getAction(),
Math.min (agent

.getPolicyValue (index,

agent.getAction()),
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(this.getDelta() / (MA Gridworld.actions

- 1))));
} else {
double sum = 0;
for (int i = 0; 1 < MA Gridworld.actions; i++) {
if (i == agent.getAction())
continue;
sum += Math.min(agent.getPolicyValue (index,
i), (this

.getDelta() /
(MA Gridworld.actions - 1)));
}

agent.addPolicyValue (index, agent.getAction (), sum);

*

methodos i opoia kani update tin timi tis pithanotitas gia ti
sigkekrimeni katastasi

@param index
@param action

* ok ok K ok % o

~

public void updatePolicyValue (PHC Agent agent, int index,
MA Taxi Problem tp) {
if (agent.getAction() == tp.findMaxQ (index, agent.getQ()))
agent.addPolicyValue (index, agent.getAction(),
this.getDelta());
else
agent.addPolicyValue (index, agent.getAction(),
((-this.getDelta()) /
(MA Gridworld.actions - 1)));
}

/**
* methodos i opoia kanonikopoiei tis pithanottites tou
* policyValue meta to update
*
* @param index
*/
public void normalizePolicyValue (PHC Agent agent, int index) {
double minNegative = this.findMinNegativePolicyValue (agent
.getPolicyValue (), index);
double temp = Math.abs(2 * minNegative);
double sum = 0;
for (int 1 0; 1 < MA Gridworld.actions; i++)
agent.addPolicyValue (index, i, temp);
for (int i = 0; i < MA Gridworld.actions; i++)
sum += agent.getPolicyValue (index, 1);
for (int 1 0; 1 < MA Gridworld.actions; i++)
agent.setPolicyValue (index, i,
(agent.getPolicyValue (index, 1) / sum));
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*

methodos 1 opoia vriski tin thesi tis megaliteris
pithanotitas se ena state tou policy value

@param index
@return
/
public int findMaxValue (double[][] policyValue, int index) {
double temp = policyValue[index][0];
int pos = 0;
for (int i = 1; i1 < MA Gridworld.actions; i++) {
if (policyValuel[index][i] > temp) {
temp = policyValue[index][i];
pos = 1i;

b S T . S

}
}

return pos;

*

methodos i opoia vriski tin thesi tis mikroteris pithanotitas
se ena state tou policyValue

@param index
@return
/
public int findMinValue (double[][] policyValue, int index) {
double temp = policyValue[index][0];
int pos = 0;
for (int i = 1; i < MA Gridworld.actions; i++) {
if (policyValue[index][i] < temp) {
temp = policyValuel[index][1i];
pos = 1i;

A A

}
}
return pos;
}
Jxx
methodos i1 opoia vriski tin mikroteri arnitiki pithanotita se
ena state tou policyValue

@param index
@return
/

public double findMinNegativePolicyValue (double[][] policyValue,
int index) {
double temp = 0;
for (int i = 0; i < MA Gridworld.actions; i++) {

if (policyValuel[index][i] < temp) {

temp = policyValuel[index][i];

b S T .

}
}

return temp;
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/‘k‘k
* methodos i opia ekpedevi ton agent
*/
public void calculate(int max episode, MA Taxi Problem tp, int
num,
int length, boolean changeEpsilon, boolean changelr,
double epsilon, double lr, double df, double delta,
String filename, int delivery) ({
this.max episodes = max episode;
MA Gridworld.makeGridworld(filename) ;
tp.setRanges () ;
tp.initOffsetTable();

for (int i = 0; i < MA Gridworld.numOfAgents; i++) {
PHC Agent tmp = new PHC Agent(i, -1, 1, 1lr);
agents.add (tmp) ;
}
double timer;
if (!changeEpsilon)
tp.setEpsilon (epsilon) ;
// tp.setLearningRate (0.3);
tp.setDiscountFactor (df) ;
this.setDelta (delta);
MA State Variables s;
tp.makeNewEpisodeSteps (length) ;
tp.makeNewTimePerEpisode (length) ;
count = 0;
for (int i = 0; 1 < max episode; i++) {
if (changeEpsilon)
tp.changeEpsilon0O (i, max episode);

if ((count % num == 0))

System.out.println ("episode=" + count);
count++;
timer = (double) System.currentTimeMillis() / 1000;

// System.out.println ("episode=" + 1i);
s = new MA State Variables(MA Gridworld.size x,
MA Gridworld.size y,
MA Gridworld.numOfStartPosition,
MA Gridworld.numOfGoals) ;
for (int j = 0; 7 < s.taxi.size(); Jj++) {
agents.get (j) .setAgentPos (s.taxi.get (3));
}
this.phc(s, i, tp, num, changeEpsilon, changelr,
delivery) ;
if (num != 1) {
if (1 == 0)
tp.setTimePerEpisode (i, ((double) System
.currentTimeMillis() / 1000
- timer));
else if ((count % num == 0))
tp.setTimePerEpisode ((i + 1) / num,
((double) System
.currentTimeMillis() / 1000
- timer));
} else {
tp.setTimePerEpisode (i,
( (double)
System.currentTimeMillis() / 1000 - timer));

A-231



}
// tp.setTimePerEpisode (i,
// ((double) System.currentTimeMillis() / 1000 -

timer)) ;
for (int j = 0; j < s.taxi.size(); j++) {
agents.get (j) .setAgentPreviousPos (-1);
agents.get (j) .setPassenger (-1);
agents.get (j) .setTransfer (false) ;
agents.get (j) .setTransferPrevious (false) ;
agents.get (j) .setCollision (false);
agents.get (j) .setAction(-1);
agents.get (j) .setPrevAction (-1);
agents.get (j) .setReward(-1) ;
agents.get (j) .initLr (1lr);
}
}
/*
* PrintInFile p = new PrintInFile(); p.printResults ("PHC

Results.txt",
* tp.getEpisodeSteps (), max episode);
* p.printResults ("PHC clock time.txt",
tp.getTimePerEpisode (),
* max_episode);
*/
}

/**
* methodos i opoia ilopoiei to taxi problem simfona me ton
* algorithmo PHC
* @param s
* @param episode
*/
public void phc (MA State Variables s, int episode,
MA Taxi Problem tp,
int num, boolean changeEpsilon, boolean changelr,
int delivery) {

int passengerDelivered 0;

PHC Controller control = new PHC Controller();

ArrayList<Integer> passDelivered = new
ArrayList<Integer>();

int index = tp.findIndex(s);

int next index;

MA State Variables tempState;// to next state
countStep = 0;

do {
tempState = new MA State Variables (s);
control.agentController (tp, s, tempState, agents,
passDelivered,
index, countStep, changeEpsilon);
// topothetounte neoi passenger stin thesi aftwn pou
metaferthikan

// ston proorismo tous
next index = tp.findIndex(tempState);

for (int 1 = 0; 1 < passDelivered.size(); i++) {
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tempState.passenger.set (passDelivered.get (i),
MA Taxi Problem.r

.nextInt (MA Gridworld.numOfStartPosition));
tempState.destination.set (passDelivered.get (i),

MA Taxi Problem.r.nextInt (MA Gridworld.numOfGoals)) ;
}

for (int 1 = 0; i1 < s.taxi.size(); i++) {
agents
.get (1)
.setQValue (
index,

agents.get (i) .getAction(),
(((double) 1 -
agents.get (i) .getLr (index,
agents.get (i) .getAction()))
agents.get (i) .getQValue (index,
agents.get (i) .getAction()) + agents
.get (i) .getLr (index,
agents.get (i) .getAction())
((double) agents.get (i) .getReward() + (double) tp
.getDiscountFactor ()
* agents
.get (1)
.getQValue (
next index,
tp
. findMaxQ (

next index,

agents

.get (

.getQ())))));
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if (changelr)
agents.get (i) .changelr (index,

agents.get (i) .getAction(),
max episodes);

// update policyValue (s, a)
this.updatePolicyValue (agents.get (i), index,

tp);
this.normalizePolicyValue (agents.get (i),
index) ;

}
s = new MA State Variables (tempState);

passengerDelivered += passDelivered.size();

if (num != 1) {
if (episode == 0)
tp.addEpisodeSteps (0) ;
else if ((count % num == 0)) {

// System.out.println ("count="+count) ;
// if (count==1)
// tp.addEpisodeSteps (0);
// else
tp.addEpisodeSteps ((episode + 1) / num);
}
} else {
tp.addEpisodeSteps (episode) ;
}
countStep++;
index = next index;
passDelivered.clear () ;

} while (passengerDelivered < delivery);

}
/‘k‘k

* @param args
*/
public static void main (String[] args) {
// TODO Auto-generated method stub
MA Phc phc = new MA Phc();
// phc.calculate (20000) ;
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MA_Wolf.java

import java.util.ArrayList;

/**
* klasi i opoia ilopoiei ton algorithmo WoLF-PHC gia to Taxi Problem
*

* @author Giannis
*

*/
public class MA Wolf extends MA Phc ({

double t = 0;

private double deltaW; // learning rate for winning

private double deltal; // learning rate for losing

// private int max episodes;

protected ArrayList<WP Agent> agents = new
ArrayList<WP_ Agent>();

/*************** methodoi get,Set,add ************/

/**
* methodos i opoia arxikopoiei to deltaW
*
* @param deltaW
*/
public void setDeltaW (double deltaW) {
this.deltaW = deltaW;

}
/‘k‘k

* methodos i opoia epistrefi to deltaW
*

* @return
*/
public double getDeltaW () {
return deltaW;

}
/‘k‘k

* methodos i opoia arxikopoiei to deltal
*

* @param deltal
*/
public void setDeltal (double deltal) {
this.deltal. = deltal;

}
/‘k‘k

* methodos i opoia epistrefi to deltal
*

* @return
*/
public double getDeltal () {
return deltal;

}
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/‘k‘k
* update estimate of average policy p
*
* @param index
* @param action
*/
public void updateAvgPolicyValue (WP_Agent agent, int index) {
agent.addOneToC (index) ;
for (int i = 0; i < MA Gridworld.actions; i++)
agent.addAvgPolicyValue (index, i,
(((double) 1 / agent.getC(index)) *
(agent.getPolicyValue (
index, i) -
agent.getAvgPolicyValue (index, 1i))));
}

/**
* methodos i opoia vriski tin mikroteri arnitiki pithanotita se
* ena state tou avgPolicyValue
*
* @param index
* @return
*/
public double findMinNegativeAvgPolicyValue (WP_Agent agent, int
index) {
double temp = 0;
for (int i = 0; i < MA Gridworld.actions; i++) {
if (agent.getAvgPolicyValue (index, i) < temp) {
temp = agent.getAvgPolicyValue (index, 1i);
}
}
return temp;
}
/**

* methodos i opoia kanonikopoiei tis pithanottites tou

* avgPolicyValue meta to update

*

* @param index

*/

public void normalizeAvgPolicyValue (WP_Agent agent, int index) {
double minNegative =
this.findMinNegativeAvgPolicyValue (agent, index);

double temp = Math.abs(2 * minNegative);
double sum = O0;

for (int i = 0; i < MA Gridworld.actions; i++)
agent.addAvgPolicyValue (index, i, temp);

for (int i = 0; i < MA Gridworld.actions; i++)
sum += agent.getAvgPolicyValue (index, 1);

for (int i = 0; i < MA Gridworld.actions; i++)

agent.setAvgPolicyValue (index, i, (agent
.getAvgPolicyValue (index, i) / sum));
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/‘k‘k
* methodos i opoia vriski pio delta (winning or losing) tha
* xrisimopoihthei gia na ginoun update oi times tou policyValue
*
* @param index
* @return
*/
public double chooseDeltaForUpdate (WP_Agent agent, int index) ({
double sumPolicy = 0;
double sumAvgPolicy = 0;
for (int i = 0; i < MA Gridworld.actions; i++) {
sumPolicy += (agent.getPolicyValue (index, i) *
agent.getQValue (
index, 1i));
sumAvgPolicy += (agent.getAvgPolicyValue (index, i) *

agent
.getQvValue (index, 1))
}
if (sumPolicy > sumAvgPolicy)
return this.getDeltaW()
else
return this.getDeltal ()’
}
/**

* methodos i opoia kani update tin timi tis pithanotitas gia ti
* sigkekrimeni katastasi (simfona me to megalo to arthro)
*
* @param index
* @param action
*/
public void updatePolicyValue2 (WP _Agent agent, int index,
MA Taxi Problem tp) {
double delta = this.chooseDeltaForUpdate (agent, index);
if (agent.getAction() != tp.findMaxQ (index, agent.getQ()))
{
agent.addPolicyValue (index, agent.getAction(),
Math.min (agent
.getPolicyValue (index,
agent.getAction()),
(delta / (MA Gridworld.actions - 1))));
} else {
double sum 0;
for (int i = 0; i < MA Gridworld.actions; i++) {

if (i == agent.getAction())
continue;
sum += Math.min(agent.getPolicyValue (index,
i),
(delta / (MA Gridworld.actions -
1))

}

agent.addPolicyValue (index, agent.getAction(), sum);
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*

methodos i1 opoia kani update tin timi tis pithanotitas gia ti
sigkekrimeni katastasi

@param index
@param action

b S T . S

~

public void updatePolicyValue (WP_Agent agent, int index,
MA Taxi Problem tp) {

double delta = this.chooseDeltaForUpdate (agent, index);
if (agent.getAction() == tp.findMaxQ (index, agent.getQ()))
agent.addPolicyValue (index, agent.getAction(),

delta) ;
else
agent.addPolicyValue (index, agent.getAction(),
((-delta) / (MA Gridworld.actions -

1))

}

/**

* methodos i1 opia ekpedevi ton agent

*/
public void calculate (int max episode, MA Taxi Problem tp, int
num,
int length,double epsilon, boolean changeEpsilon,
boolean changelr, double 1r,
double df, double deltaW, double deltal,, String
filename, int delivery) {
this.max episodes = max episode;
MA Gridworld.makeGridworld(filename) ;
tp.setRanges() ;
tp.initOffsetTable () ;

for (int i = 0; i < MA Gridworld.numOfAgents; i++) {

WP _Agent tmp = new WP Agent (i, -1, 1, 1lr);

agents.add (tmp) ;
}
double timer;
if (!changeEpsilon)

tp.setEpsilon (epsilon);
// tp.setLearningRate (0.9);
tp.setDiscountFactor (df) ;
this.setDeltal (deltal) ;
this.setDeltaW (deltaW) ;
//this.setDeltal (0.2);
//this.setDeltaW(0.05) ;
// this.setDeltal (0.4);
// this.setDeltaW(0.1)
MA State Variables s;
tp.makeNewEpisodeSteps (length) ;
tp.makeNewTimePerEpisode (length) ;
count = 0;
for (int i = 0; 1 < max episode; i++) {

if (changeEpsilon)

tp.changeEpsilon0O (i, max episode);
if ((count % num == 0))
System.out.println ("episode=" + count);

’
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count++;
timer = (double) System.currentTimeMillis() / 1000;
// System.out.println ("episode=" + 1i);
s = new MA State Variables (MA Gridworld.size x,
MA Gridworld.size y,
MA Gridworld.numOfStartPosition,
MA Gridworld.numOfGoals) ;
for (int j = 0; J < s.taxi.size(); Jj++) {
agents.get (j) .setAgentPos (s.taxi.get (3));
}
this.wolf (s, i, tp, num, changeEpsilon,
changelr,delivery);
if (num != 1) {
if (i == 0)
tp.setTimePerEpisode (i, ((double) System
.currentTimeMillis() / 1000
- timer));
else if ((count % num == 0))
tp.setTimePerEpisode ((i + 1) / num,
( (double) System
.currentTimeMillis() / 1000
- timer));
} else {
tp.setTimePerEpisode (i,
( (double)
System.currentTimeMillis() / 1000 - timer));
}
// tp.setTimePerEpisode (i,
// ((double) System.currentTimeMillis() / 1000 -

timer));
for (int j = 0; j < s.taxi.size(); j++) {
agents.get .setAgentPreviousPos (-1);
agents.get .setPassenger (-1);
agents.get .setTransfer (false) ;
agents.get .setTransferPrevious (false) ;

agents.get .setAction (-1);
agents.get .setPrevAction (-1);
agents.get .setReward(-1)
.initLr (1r);

’

(3)
(3)
(3)
(3)
agents.get (j) .setCollision (false);
(3)
(3)
(3)
(3)

agents.get
}
/*

* PrintInFile p = new PrintInFile();

* p.printResults ("WoLF-PHC Results.txt",
tp.getEpisodeSteps(),

* max_episode); p.printResults ("WoLF-PHC clock time.txt",

* tp.getTimePerEpisode (), max episode);
*/ B
}
/**
* methodos i opoia ilopoiei to taxi problem simfona me ton
* algorithmo WoLF-PHC
*
* @param s
*

@param episode
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*/
public void wolf (MA State Variables s, int episode,
MA Taxi Problem tp,
int num, boolean changeEpsilon, boolean changelr,int
delivery) {

int passengerDelivered = 0;

WP Controller control = new WP Controller();

ArraylList<Integer> passDelivered = new
ArrayList<Integer>();

int index = tp.findIndex(s);
int next index;
MA State Variables tempState;// to next state

countStep = 0;

do {
// t=(double) System.currentTimeMillis() / 3600000;
// t=t-RunTrials.time;

// System.out.println ("t="+t);
// 1if (t>=1)
// System.out.println ("t="+t);
tempState = new MA State Variables(s);
control.agentController (tp, s, tempState, agents,
passDelivered,
index, countStep, changeEpsilon);

// topothetounte neoi passenger stin thesi aftwn pou
metaferthikan

// ston proorismo tous

next index = tp.findIndex (tempState);

for (int i = 0; i < passDelivered.size(); i++) {
tempState.passenger.set (passDelivered.get (i),
MA Taxi Problem.r
.nextInt (MA Gridworld.numOfStartPosition));

tempState.destination.set (passDelivered.get (i),

MA Taxi Problem.r.nextInt (MA Gridworld.numOfGoals)) ;
}

for (int 1 = 0; 1 < s.taxi.size(); 1i++) {
agents
.get (i)
.setQValue (
index,

agents.get (i) .getAction(),
(((double) 1 -
agents.get (i) .getlr (index,

agents.get (i) .getAction()))
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agents.get (i) .getQValue (index,
agents.get (i) .getAction()) + agents
.get (i) .getlr (index,
agents.get (i) .getAction())

((double) agents.get (i) .getReward() + (double) tp

.getDiscountFactor ()

* agents
.get (1)
.getQvalue (
next index,
tp
. findMaxQ (
next index,
agents
.get (
i)
.getQ()))))):

// System.out.println ("prin
lr="+agents.get (i) .getLr (index,

// agents.get (i) .getAction()));

if (changelr)

agents.get (i) .changelr (index,
agents.get (i) .getAction(),
max_episodes) ;

// System.out.println ("meta
lr="+agents.get (i) .getLr (index,

// agents.get (i) .getAction()));

// update avgPolicyValue (s, a)

this.updateAvgPolicyValue (agents.get (i),

index) ;

this.normalizeAvgPolicyValue (agents.get (i),
index) ;

// update policyValue (s, a)

this.updatePolicyValue (agents.get (i), index,
tp);
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index) ;

this.normalizePolicyValue (agents.get (i),

}
s = new MA State Variables (tempState);

passengerDelivered += passDelivered.size();

if (num != 1) {
if (episode == 0)
tp.addEpisodeSteps (0) ;
else if ((count % num == 0)) {
// System.out.println ("count="+count) ;
// 1f (count==1)
// tp.addEpisodeSteps (0);
// else
tp.addEpisodeSteps ((episode + 1) / num);
}
} else ({
tp.addEpisodeSteps (episode) ;
}
countStep++;
// tp.addEpisodeSteps (episode) ;
index = next index;
passDelivered.clear () ;

} while (passengerDelivered < delivery);

* @param args

public static void main (String[] args) {

// TODO Auto-generated method stub

MA Wolf wolf = new MA Wolf();

MA Taxi Problem tp = new MA Taxi Problem();
int length = 2;

// wolf.calculate(l, tp, 1, length);

MA_MaxQ PHC.java

import java.util.ArrayList;
import java.util.Stack;

/**

* klasi i opoia ilopoiei ton algorithmo MAXQ-PHC

*

* @author Giannis

*

*/

public class MA MaxQ PHC extends MA MaxQ {

protected int count;
protected int n;
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protected MA State Variables next state;
// protected int greedyAction;

private double delta; // learning rate (to delta)
ArrayList<MaxQ Agent> agents = new ArrayList<MaxQ Agent>();

/****************** methOdOl Set,get,add ********************/
/**

* methodos i opoia arxikopoiei to delta
*

* @param delta
*/
public void setDelta (double delta) {
this.delta = delta;
}

/**

* methodos i opoia epistrefi to delta
*

* @return
*/
public double getDelta() {
return delta;

}
/**

* methodos i opoia anatheti timi sto count
*

* @param count

* the count to set
*/
public void setCount (int count) {
this.count = count;
}
/**

* methodos i opoia epistrefi to count
*

* @return the count
*/
public int getCount () {
return count;

}
/‘k‘k

* methodos i opoia anatheti timi sto n
*

* @param n
*/
public void setN(int n) {
this.n = n;

}

/**

* methodos i opoia epistrefi to n
*

* @return
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*/
public int getN() {
return n;

}
/**

* methodos i opoia prostheti 1 sto n
*

* @Qreturn

*/
public void addOneToN () {
this.n++;
}
/**

* methodos i opoia kathorizi to next state

*

* @param next state

* the next state to set

*/

public void setNext state(MA State Variables next state) {

this.next state.destination = next state.destination;
this.next state.passenger = next state.passenger;
this.next state.taxi = next state.taxi;

}
/**

* methodos i opoia epistrefi to next state
*
* @return the next state
*/
public MA State Variables getNext state() {
return next state;

}

/********************** PHC ****************************/

/**
* methodos i opoia epilegi tin epomeni kinisi (action) apo tin
sigkekrimeni
* katastasi (state) me pithanotita p(s,a) kai me kapia
anixnefsi
*
* @param index
* @return
*/
public int chooseAction (int index, double[][] policyValue) {
if (r.nextDouble () < this.getEpsilon())
return (r.nextInt (policyValue[index].length));
return this.chooseProbAction (index, policyValue);
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/‘k‘k

* methodos i opoia epilegi mia kinisi (action) wvasi tis
* pithanotitas p(s,a)

* @param index

* @return

*/
public int chooseProbAction (int index, double[][] policyValue) {
double offset = 0;
double rand = r.nextDouble();
for (int i = 0; i < policyValue[index].length; i++) {
offset += policyValue[index][i];
if (offset >= rand)
return i;
}
System.out.println ("rand=" + rand);
System.out.println ("offset=" + offset);
return 5; // en tha erti pote dame
}
/**
* methodos i opoia kani update tin timi tis pithanotitas gia ti
* sigkekrimeni katastasi
*
* @param index
* @param action
*/

public void updatePolicyValue2 (MaxQ Agent agent, int index, int
action,
int maxNode) {

int length = ((MaxNodePHC) agent.g.graph.get (maxNode))
.getPolicyValueLength () ;
if (action != this.findGreedyAction (agent, maxNode,
index))
( (MaxNodePHC)

agent.g.graph.get (maxNode) ) .addPolicyValue (index,
action, Math.min (((MaxNodePHC)
agent.g.graph.get (maxNode) )
.getPolicyValue (index,
action),
(this.getDelta() / (length -
1))
else {
double sum = 0;
for (int 1 0; i < length; i++) {
if (1 == action)
continue;
sum += Math.min(((MaxNodePHC)
agent.g.graph.get (maxNode) )

.getPolicyValue (index, 1),
(this.getDelta() / (length - 1)));
}
( (MaxNodePHC)
agent.g.graph.get (maxNode) ) .addPolicyValue (index,
action, sum);

}
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/**
* methodos i opoia kani update tin timi tis pithanotitas gia ti
* sigkekrimeni katastasi
*
* (@param index
* @param action
*/
public void updatePolicyValue (MaxQ Agent agent, int index, int
action,
int maxNode) {
// System.out.println ("index="+index) ;
// System.out.println ("action="+action);

//
System.out.println ("this.findMaxQ (index)="+this.findMaxQ (index));
if (action == this.findGreedyAction (agent, maxNode,

index))
( (MaxNodePHC)
agent.g.graph.get (maxNode) ) .addPolicyValue (index,
action, this.getDeltal());
else
( (MaxNodePHC)
agent.g.graph.get (maxNode) ) .addPolicyValue (index,
action, ((-this.getDeltal()) /
(( (MaxNodePHC) agent.g.graph

.get (maxNode) ) .getPolicyValuelLength() - 1)));

// System.out.println("this.getDelta ()="+this.getDelta()):;

// System.out.println("-this.getDelta () / (this.actions -
1)="+(-this.getDelta ()

// / (this.actions - 1)));

}
/‘k‘k

* methodos i opoia kanonikopoiei tis pithanottites tou
policyValue meta to
* update
*
* @param index
*/
public void normalizePolicyValue (MaxQ Agent agent, int index,
int maxNode) {
int length = ((MaxNodePHC) agent.g.graph.get (maxNode))
.getPolicyValueLength () ;
double minNegative =
this.findMinNegativePolicyValue (agent, index,
maxNode) ;
double temp = Math.abs(2 * minNegative);
double sum = O0;
for (int 1 = 0; 1 < length; i++)

( (MaxNodePHC)
agent.g.graph.get (maxNode) ) .addPolicyValue (index, 1,
temp) ;
for (int 1 = 0; 1 < length; i++)
sum += ((MaxNodePHC)

agent.g.graph.get (maxNode) ) .getPolicyValue (
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index, 1i);
for (int 1 = 0; 1 < length; i++)
( (MaxNodePHC)
agent.g.graph.get (maxNode) ) .setPolicyValue (index, i,
( ( (MaxNodePHC)
agent.g.graph.get (maxNode) ) .getPolicyValue (
index, 1) / sum));

*

methodos i opoia vriski tin mikroteri arnitiki pithanotita se
ena state tou policyValue

@param index
@return

/
public double findMinNegativePolicyValue (MaxQ Agent agent, int
index,

% ok ok ok % o

int maxNode) {
double temp = 0;

int length = ((MaxNodePHC) agent.g.graph.get (maxNode))
.getPolicyValueLength () ;
for (int i = 0; i < length; i++) {
if (((MaxNodePHC)

agent.g.graph.get (maxNode) ) .getPolicyValue (index,
i) < temp) {
temp = ((MaxNodePHC)
agent.g.graph.get (maxNode) )
.getPolicyValue (index, 1i);
}
}

return temp;

}
/‘k‘k

* methodos i opoia dimiourgei k arxikopoiei tous pinakes
* policyValues se olous tous komvous tou grafou enos agent
*/
public void makePolicyValues (MaxQ Agent agent) {
for (int 1 = 0; i1 < this.numMaxNodes; i++) {
( (MaxNodePHC)
agent.g.graph.get (i)) .makeNewPolicyValue (
MA Gridworld.states,
agent.g.graph.get (i) .children.size());
( (MaxNodePHC) agent.g.graph.get(i)).initPolicyValue (
MA Gridworld.states,
agent.g.graph.get (i) .children.size());
}
}
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*

methodos 1 opoia vriski ta Q values gia kathe children enos
MaxNode xrisimopoiontas to Cinside

@param node
@param index
@Qreturn

b S S S

~

public double[] findQvaluesWithCinside (MaxQ Agent agent, int
maxNode,
int index) {
double[] table = new
double[agent.g.graph.get (maxNode) .children.size () ];
NodeValue nValue;
for (int 1 = 0; i <
agent.g.graph.get (maxNode) .children.size (); i++) {
nValue = this.evaluateMaxNode (agent, agent.g.graph

.get (agent.g.graph.get (maxNode) .children.get (i) ) .children
.get (0), index);
table[i] = nValue.value;

}

for (int i =

0; 1 < table.length; i++)
table[i] += (

(Onode) agent.g.graph

.get (agent.g.graph.get (maxNode) .children.get (i)))
.getCinsideValue (index) ;

return table;

}
/‘k‘k

* methodos i opoia vriski ta Q values gia kathe children enos
MaxNode
xrisimopoiontas to C

@param node
@param index
@return
/
public double[] findQvaluesWithC (MaxQ Agent agent, int maxNode,

int index) {

double|[] table = new
double[this.graph.get (maxNode) .children.size () ];

NodeValue nValue;

for (int 1 = 0; 1 <
this.graph.get (maxNode) .children.size(); i++) {

nValue = this.evaluateMaxNode (agent,

this.graph.get (this.graph

b S R .

.get (maxNode) .children.get (i)) .children.get (0), index);
table[i] = nValue.value;

}

for (int i =

i < table.length; i++)
table| =

0;
i] ((Qnode) this.graph

+
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.get (this.graph.get (maxNode) .children.get (i)))
.getCvalue (index) ;

return table;

/**

* methodos i opoia vriski to greedy action gia ena Max node
* xrisimopoiontas to Cinside

*

* @param node

* (@param index

* @return

*

~

public int findGreedyAction (MaxQ Agent agent, int maxNode, int
index) {
double|[] table = new
double[agent.g.graph.get (maxNode) .children.size () ];
table = this.findQvaluesWithCinside (agent, maxNode,

index) ;
return this.findMax(table);
}
/**
* methodos i opoia vriski to greedy action gia ena Max node
* xrisimopoiontas to C
*
* @param node
* @param index
* @return
*/

public int findGreedyActionWithC (MaxQ Agent agent, int maxNode,
int index) {
double|[] table = new
double[agent.g.graph.get (maxNode) .children.size () ];
table = this.findQvaluesWithC (agent, maxNode, index);
return this.findMax (table);

}
/‘k‘k

* methodos i opoia kani copy ta nodes tou seq sto childSeg
*/
public void setChildSeqg(ArrayList<MA State Variables> seq,
ArrayList<MA State Variables> childSeq) {
childSeqg.clear();
for (int 1 = 0; 1 < seqg.size(); i++)
childSeqg.add (seqg.get (1))
}

/**
* methodos i opia ekpedevi ton agent
*/
public void calculate (int max episode, int num, int length,
double epsilon,
double df, double delta, String filename, int
delivery,double 1lr) {
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MA Gridworld.makeGridworld(filename) ;
this.setRanges /() ;
this.initOffsetTable();

for (int i = 0; i1 < MA Gridworld.numOfAgents; i++) {
MaxQ Agent tmp = new MaxQ Agent(i, -1, 1);//
1=MaxNodePHC
this.makePolicyValues (tmp) ;
agents.add (tmp) ;
}
double timer;
this.setEpsilon(epsilon);
this.setDiscountFactor (df) ;
this.setDelta(delta);
MA State Variables s;
this.initLearningRate (agents, lr);
this.makeNewEpisodeSteps (length);
this.makeNewTimePerEpisode (length) ;

count=0;
for (int i = 0; 1 < max episode; i++) {
if ((count % num == 0))
System.out.println ("episode=" + count);
count++;
timer = (double) System.currentTimeMillis() / 1000;

// System.out.println ("episode=" + 1i);
s = new MA State Variables(MA Gridworld.size x,
MA Gridworld.size y,
MA Gridworld.numOfStartPosition,
MA Gridworld.numOfGoals) ;
for (int j = 0; j < s.taxi.size(); Jj++) |
agents.get (j) .setAgentPos (s.taxi.get (3));
}
this.next state = new MA State Variables(s);
// this.maxQ PHC (this.MaxRoot, s, 1);
this.maxQ PHC(s, i, delivery, num);
if (num != 1) {
if (1 == 0)
this.setTimePerEpisode (i, ((double)
System
.currentTimeMillis() / 1000
- timer));
else if ((count % num == 0))
this.setTimePerEpisode ((i + 1) / num,
((double) System
.currentTimeMillis() / 1000

- timer));
} else {
this.setTimePerEpisode (i,
( (double)
System.currentTimeMillis() / 1000 - timer));
}
// this.setTimePerEpisode (i,
// ((double) System.currentTimeMillis() / 1000 -
timer)) ;
for (int j = 0; j < s.taxi.size(); j++) {
agents.get .setAgentPreviousPos (-1);

(3)
agents.get (j) .setPassenger (-1);
agents.get (j) .setTransfer (false) ;
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agents.get (j) .setTransferPrevious (false) ;
agents.get (j) .setCollision (false);
agents.get (j) .setAction(-1);
agents.get (j) .setPrevAction (-1);
agents.get (j) .setReward (-1) ;
agents.get (j) .segStack.clear();
agents.get (j) .stack.clear();
agents.get (j) .stack.push (this.MaxRoot) ;

}

// PrintInFile p = new PrintInFile();

// p.printResults ("MaxQ PHC-results.txt",
this.getEpisodeSteps(),

// length) ;

// p.printResults ("MaxQ PHC-clock time.txt",
this.getTimePerEpisode (),

// length) ;

}
/‘k*

* methodos i1 opoia elegxei an o node pou imaste einai Max node
i Qnode an
* einai Qnode tote pernoume to child tou (ton maxnode pou
exteli to action)
*
* (@param maxNode
* @param s
*/
public int checkInstanceOf (MaxQ Agent agent, int maxNode,
MA State Variables s) {
if (agent.g.graph.get (maxNode) instanceof Qnode) {
// kathorizoume tin parametro t gia to
MaxNavigate (t)

if (maxNode == this.QNavigateForGet) {
maxNode = ((Qnode)
agent.g.graph.get (maxNode) ) .children.get (0) ;
( (MaxNodePHC)

agent.g.graph.get (maxNode) ) .setDest (MA Gridworld
.getPasLoc (s.passenger.get (r

.nextInt (MA Gridworld.numOfPassengers))));
} else if (maxNode == this.QNavigateForPut) {
maxNode = ( (Qnode)
agent.g.graph.get (maxNode) ) .children.get (0) ;
( (MaxNodePHC)
agent.g.graph.get (maxNode) ) .setDest (MA Gridworld

.getDestLoc(s.destination.get (agent.getPassenger())));
} else {
maxNode = ((Qnode)
agent.g.graph.get (maxNode) ) .children.get (0) ;
}
}

return maxNode;
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*

methodos 1 opoia allazi tin timi tou Completion function
kai Cinside)

@param segStack

@param index

@param next index

@param action

@param maxNode

@param 1lr

b S S S I S S

~

(C

public void changeCompletionValue (MaxQ Agent agent, int index,
int next index, int action, int maxNode, double 1r)

this.setN (1) ;
int tmp_ index = 0;

for (int i = 0; i < agent.segStack.peek().size(); i++)
tmp index =
this.findIndex (agent.seqgStack.peek () .get (1))

// set Cinside
( (Qnode)
agent.g.graph.get (action)) .setCinsideValue (tmp index,
((1 - 1r)
* ((Qnode)
agent.g.graph.get (action))

.getCinsideValue (tmp_index) + (lr
*
Math.pow(this.getDiscountFactor (), n) * (this
.getPseudoreward (agent,
maxNode, this.next state)
+ ((Qnode)
agent.g.graph.get (agent

.getGreedyAction()))
.getCinsideValue (next index) + this

.findValue (agent,
agent.getGreedyAction (),

{

tmp index)))));

// set C value
((Qnode) agent.g.graph.get (action))

.setCvalue (
tmp index,
((1 - 1r)
* ((Qnode)
agent.g.graph.get (action))
.getCvalue (tmp index) + (lr
*
Math.pow(this.getDiscountFactor (), n) * (((Qnode) agent.g.graph

.get (agent.getGreedyAction()))

.getCvalue (next index) + this.findValue (
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agent,
agent.getGreedyAction (), next index)))));

this.addOneToN () ;
}
// append childSeqg onto the front of seq
if (!agent.segStack.isEmpty())

// if (agent.segStack.size()>1)

this.appendChildSegOntoSeqg(agent.segStack.pop (),

agent.segStack
.peek ()

}
/**

* methodos i opoia ilopoiei ton MAXQ-PHC algorithmo gia Multi

Agent
(iterative)

@param maxNode

@param s

@param episode

@return

/

public void maxQ PHC(MA State Variables s, int episode,
int delivery, int num) {

P T T T

int passengerDelivered = 0;

MaxQ Controller control = new MaxQ Controller();

ArrayList<Integer> passDelivered = new
ArrayList<Integer>();

int index = 0;

double 1r = 0;

int action = 0;

int childAction = 0;

int next index = 0;

for (int 1 = 0; i < agents.size(); i++) {

ArrayList<MA State Variables> seq = new
ArrayList<MA State Variables>();
agents.get (i) .segStack.push (seq) ;
}

do {
for (int 1 = 0; 1 < agents.size(); i++) {
agents.get (i) .maxNode =
agents.get (i) .stack.peek();
agents.get (i) .maxNode =
checkInstanceOf (agents.get (i), agents
.get (i) .maxNode, s);

// 1 periptosi opou o maxNode den einai

primitive

while (! ((MaxNodePHC) agents.get(i).g.graph

.get (agents.get (i) .maxNode) ) .isPrimitive()) {

ArrayList<MA State Variables> seq = new

ArrayList<MA State Variables>();
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agents.get (i) .segStack.push (seq) ;

if (! (this.isTerminal (agents.get (i),
agents.get (i) .maxNode,
s))) |

index = this.findIndex(s):;

// choose action

childAction =
this.chooseAction (index,

( (MaxNodePHC)

agents.get (i) .g.graph.get (agents

.get (1) .maxNode) ) .getPolicyValue());
action = ((MaxNodePHC)
agents.get (i) .g.graph.get (agents

.get (i) .maxNode) ) .children.get (childAction) ;

this.updatePolicyValue (agents.get (i), index,
childAction,
agents.get (i) .maxNode) ;

this.normalizePolicyValue (agents.get (i), index, agents
.get (i) .maxNode) ;
agents.get (i) .stack.push (action);
} else {
agents.get (i) .stack.pop();
if (agents.get (i) .stack.isEmpty())

break;
}
agents.get (i) .maxNode =
agents.get (i) .stack.peek () ;

// elegxos an imaste se Max node

agents.get (i) .maxNode =
checkInstanceOf (agents.get (i),

agents.get (1) .maxNode,

s);

// observe next state

next index =
this.findIndex (this.next state);

lr = ((MaxNodePHC)
agents.get (i) .g.graph.get (agents

.get (1) .maxNode) ) .getLearningRate () ;
agents.get (i) .setGreedyAction (
( (MaxNodePHC)
agents.get (i) .g.graph.get (agents
.get (1) .maxNode) ) .children.get (this

.findGreedyAction (agents.get (i), agents

.get (i) .maxNode, next index)));
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changeCompletionValue (agents.get (i), index, next index,
action,
agents.get (i) .maxNode, 1r);
S = new
MA State Variables (this.next state);
index = next index;

}

agents.get (i) .maxNode =

agents.get (i) .stack.peek () ;
// elegxos an imaste se Max node

agents.get (i) .maxNode =

checkInstanceOf (agents.get (i),
agents.get (i) .maxNode, s);

}

agents.get (i) .setPrevAction (agents.get (i) .getAction());
agents.get (i) .setAction (
( (MaxNodePHC)

agents.get (i) .g.graph

.get (agents.get (i) .maxNode) ) .getAction());

}
index = this.findIndex(s);

control
.agentController (s, next state, agents,
passDelivered,
index) ;

// topothetounte neoi passenger stin thesi aftwn pou
metaferthikan

// ston proorismo tous

next index = this.findIndex (next state);

for (int i = 0; i < passDelivered.size(); i++) {

next state.passenger.set (passDelivered.get (i),

r

.nextInt (MA Gridworld.numOfStartPosition));
next state.destination.set (passDelivered.get(i), r

.nextInt (MA Gridworld.numOfGoals)) ;
}

for (int 1 = 0; 1 < agents.size(); i++) {
lr = ((MaxNodePHC) agents.get(i).g.graph

.get (agents.get (i) .maxNode) ) .getLearningRate () ;
( (MaxNodePHC)
agents.get (i) .g.graph.get (agents.get (1) .maxNode) )
.setValueFunctForPrimitive (index,

(1 - 1r)
* ((MaxNodePHC)
agents.get (i) .g.graph

.get (agents.get (i) .maxNode) )
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.getValueFunctForPrimitive (index)
+ (lr *

agents.get (i) .getReward()));

MA State Variables tmp = new

MA State Variables(s);
agents.get (i) .segStack.peek () .add (0, tmp);

agents.get (i) .stack.pop () ;

agents.get (i) .maxNode =

agents.get (i) .stack.peek () ;
// elegxos an imaste se Max node

agents.get (i) .maxNode =

checkInstanceOf (agents.get (i), agents
.get (1) .maxNode, s);

// observe next state
next index = this.findIndex (this.next state);

lr = ((MaxNodePHC) agents.get (i) .g.graph

.get (agents.get (i) .maxNode) ) .getLearningRate () ;
agents.get (i) .setGreedyAction (
( (MaxNodePHC)

agents.get (i) .g.graph

.get (agents.get (i) .maxNode) ) .children.get (this

.findGreedyAction (agents.get (i),
agents.get (i) .maxNode, next index)));

changeCompletionValue (agents.get (i), index,

next index, action,
agents.get (i) .maxNode, 1r);

}

s = new MA State Variables (next state);
passengerDelivered += passDelivered.size();

if (num != 1) {
if (episode == 0)
this.addEpisodeSteps (0) ;
else if ((count % num == 0)) {

this.addEpisodeSteps ((episode + 1) /

num) ;
}
} else {
this.addEpisodeSteps (episode) ;

}
// this.addEpisodeSteps (episode) ;

index = next index;
passDelivered.clear();

} while (passengerDelivered < delivery);
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*

methodos 1 opoia epistrefi to pseudo-reward gia ena maxnode
otan vriskete se kapia katastasi

@param maxnode
@param s
@return

S . S S S

~

public int getPseudoreward(MaxQ Agent agent, int maxnode,
MA State Variables s) {
if (this.isTerminal (agent, maxnode, s))
return 0O;
else
return -100;

}
/‘k‘k

* methodos i opoia vazi to childSeqg stin arxi tou seq

*

* @param childSeg

* @param seg

*/

public void appendChildSegOntoSeq (ArrayList<MA State Variables>
childSeq,
ArrayList<MA State Variables> seq) {

for (int i = childSeqg.size() - 1; i >= 0; i--) {
seg.add (0, childSeqg.get(i));
if (1 > 0)
System.out.println ("apoel i=" + 1i);
}
// for (int i = 0; i1 < childSeqg.size(); i++)

// seq.add (0, childSeq.get (i));
}

/**
* @param args
*/
public static void main (String[] args) {
// TODO Auto-generated method stub
MA MaxQ PHC maxq = new MA MaxQ PHC();
// maxqg.calculate (500) ;
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MA_MaxQ_ WoLF _PHC.java

import java.util.ArrayList;
import java.util.Stack;

/**
* klasi i opoia ilopoiei ton algorithmo MAXQ-WoLF-PHC

*

* @author giannis
*

*/
public class MA MaxQ WoLF PHC extends MA Max(Q PHC {

private double deltaW; // learning rate for winning
private double deltal; // learning rate for losing

/***************** methOdOl set get ***********************/

/**

* methodos i opoia arxikopoiei to deltaW
*

* (@param deltaW
*/
public void setDeltaW (double deltaW) {
this.deltaW = deltaW;
}

/**

* methodos i opoia epistrefi to deltaW
*

* @return
*/
public double getDeltaW () {
return deltaW;

}
/‘k‘k

* methodos i opoia arxikopoiei to deltal
*

* @param deltal
*/
public void setDeltal (double deltal) {
this.deltal. = deltal;
}

/**

* methodos i opoia epistrefi to deltal
*

* @return
*/
public double getDeltal () {
return deltal;

}
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/‘k‘k
* update estimate of average policy p
*
* @param index
* @param action
*/
public void updateAvgPolicyValue (MaxQ Agent agent, int index,
int action,
int maxNode) {

int length = ((MaxNodeWoLFPHC) agent.g.graph.get (maxNode))
.getAvgPolicyValueLength () ;
( (MaxNodeWoLFPHC)

agent.g.graph.get (maxNode) ) .addOneToC (index) ;
for (int i = 0; i < length; i++)
( (MaxNodeWoLFPHC) agent.g.graph.get (maxNode))
.addAvgPolicyValue (

index,
i,
(((double) 1 /

( (MaxNodeWoLFPHC) agent.g.graph

.get (maxNode) ) .getC(index)) * (((MaxNodeWoLFPHC) agent.g.graph

.get (maxNode) ) .getPolicyValue (index, i) - ((MaxNodeWoLFPHC)
agent.g.graph

.get (maxNode) ) .getAvgPolicyValue (index, 1i))));
}

/**
* methodos i opoia vriski tin mikroteri arnitiki pithanotita se
ena state
* tou avgPolicyValue
*
* @param index
* @return
*/
public double findMinNegativeAvgPolicyValue (MaxQ Agent agent,
int index,
int maxNode) {
int length = ((MaxNodeWoLFPHC) agent.g.graph.get (maxNode))
.getAvgPolicyValuelLength () ;
double temp = O0;
for (int 1 = 0; 1 < length; i++) {

if (((MaxNodeWoLFPHC) agent.g.graph.get (maxNode))
.getAvgPolicyValue (index, 1) < temp) {
temp = ((MaxNodeWoLFPHC)

agent.g.graph.get (maxNode) )
.getAvgPolicyValue (index, 1);
}
}

return temp;
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/‘k‘k
* methodos i opoia kanonikopoiei tis pithanottites tou
* avgPolicyValue meta to update
*
* @param index
*/
public void normalizeAvgPolicyValue (MaxQ Agent agent, int index,
int maxNode) {
int length = ((MaxNodeWoLFPHC) agent.g.graph.get (maxNode))
.getAvgPolicyValueLength () ;
double minNegative =
this.findMinNegativeAvgPolicyValue (agent, index,
maxNode) ;
double temp = Math.abs(2 * minNegative);
double sum = O0;
for (int i = 0; i < length; i++)
( (MaxNodeWoLFPHC)
agent.g.graph.get (maxNode) ) .addAvgPolicyValue (
index, 1, temp);
for (int i = 0; i < length; i++)
sum += ( (MaxNodeWoLFPHC) agent.g.graph.get (maxNode))
.getAvgPolicyValue (index, 1);
for (int i = 0; i < length; i++)

( (MaxNodeWoLFPHC)
agent.g.graph.get (maxNode) ) .setAvgPolicyValue (
index, i, (((MaxNodeWoLFPHC)

agent.g.graph.get (maxNode) )
.getAvgPolicyValue (index, 1)

/ sum));
}
/**
* methodos i opoia vriski pio delta (winning or losing) tha
* xrisimopoihthei gia na ginoun update oi times tou policyValue
*
* @param index
* @return
*/

public double chooseDeltaForUpdate (MaxQ Agent agent, int index,
int maxNode) {
int length = ((MaxNodeWoLFPHC) agent.g.graph.get (maxNode))
.getPolicyValueLength () ;
double sumPolicy = 0;
double sumAvgPolicy = 0;
for (int 1 = 0; 1 < length; i++) {
sumPolicy += (((MaxNodeWoLFPHC)
agent.g.graph.get (maxNode) )
.getPolicyValue (index, i) *
this.findValue (agent, maxNode,
index)) ;
sumAvgPolicy += (((MaxNodeWoLFPHC)
agent.g.graph.get (maxNode) )
.getAvgPolicyValue (index, i) *
this.findValue (agent,
maxNode, index));
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if (sumPolicy > sumAvgPolicy)
return this.getDeltaW() ;
else
return this.getDeltal();

/‘k‘k

* methodos i opoia kani update tin timi tis pithanotitas gia ti
* sigkekrimeni katastasi (simfona me to megalo to arthro)

*

* @param index

* @param action

*

~

public void updatePolicyValue2 (MaxQ Agent agent, int index, int
action,
int maxNode) {

int length = ((MaxNodeWoLFPHC) agent.g.graph.get (maxNode))
.getPolicyValueLength () ;
double delta = this.chooseDeltaForUpdate (agent, index,
maxNode) ;
if (action != this.findGreedyAction (agent, maxNode,
index)) {
( (MaxNodeWoLFPHC)

agent.g.graph.get (maxNode) ) .addPolicyValue (index,
action, Math.min (((MaxNodeWoLFPHC)
agent.g.graph

.get (maxNode) ) .getPolicyValue (index, action),
(delta / (length - 1))));
} else {
double sum = 0;
for (int i = 0; i < length; i++) {
if (i == action)
continue;
sum += Math.min (((MaxNodeWoLFPHC)
agent.g.graph.get (maxNode) )
.getPolicyValue (index, 1), (delta
/ (length - 1)));
}
( (MaxNodeWoLFPHC)
agent.g.graph.get (maxNode) ) .addPolicyValue (index,
action, sum);

}

*

methodos i opoia kani update tin timi tis pithanotitas gia ti
sigkekrimeni katastasi

@param index
@param action

b S S R .

~

public void updatePolicyValue (MaxQ Agent agent, int index, int
action,
int maxNode) {
double delta = this.chooseDeltaForUpdate (agent, index,
maxNode) ;
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if (action == this.findGreedyAction (agent, maxNode,
index))
( (MaxNodeWoLFPHC)
agent.g.graph.get (maxNode) ) .addPolicyValue (index,
action, delta);

else
( (MaxNodeWoLFPHC)
agent.g.graph.get (maxNode) ) .addPolicyValue (index,
action, ((-delta) / (((MaxNodeWoLFPHC)
agent.g.graph
.get (maxNode) ) .getPolicyValueLength() - 1)));

}
/**

* methodos i opoia dimiourgei k arxikopoiei tous pinakes
avgPolicyValues se
* olous tous komvous tou grafou
*/
public void makeAvgPolicyValues (MaxQ Agent agent) {
for (int i = 0; i < this.numMaxNodes; i++) {
( (MaxNodeWoLFPHC)
agent.g.graph.get (i) ) .makeNewAvgPolicyValue (
MA Gridworld.states,
agent.g.graph.get (i) .children.size());
( (MaxNodeWoLFPHC)
agent.g.graph.get (i) ) .initAvgPolicyValue (
MA Gridworld.states,
agent.g.graph.get (i) .children.size());
}
}

/**
* methodos i opoia dimiourgei k arxikopoiei tous pinakes C
* olous tous komvous tou grafou
*/
public void makeC (MaxQ Agent agent, int num) {
for (int 1 = 0; i1 < this.numMaxNodes; i++) {
( (MaxNodeWoLFPHC) agent.g.graph.get (i))
.makeNewC (MA Gridworld.states);
( (MaxNodeWoLFPHC) agent.g.graph.get(i)).initC (num);

}

/*k*k
* methodos i opia ekpedevi ton agent
*/
public void calculate (int max episode, int num, int length,
double epsilon,
double df, double deltaW, double deltal, String
filename,
int delivery,double 1lr) {

MA Gridworld.makeGridworld(filename) ;
this.setRanges /() ;
this.initOffsetTable();

for (int i = 0; i < MA Gridworld.numOfAgents; i++) {
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MaxQ Agent tmp = new MaxQ Agent (i, -1, 2);//

2=MaxNodeWoLFPHC

this.makePolicyValues (tmp) ;
this.makeAvgPolicyValues (tmp) ;
this.makeC (tmp, 0);
agents.add (tmp) ;
}
double timer;
this.setEpsilon(epsilon);
this.setDiscountFactor (df) ;
this.setDeltal (deltal);
this.setDeltaW (deltaW) ;
MA State Variables s;
this.initLearningRate (agents, lr);
this.makeNewEpisodeSteps (length);
this.makeNewTimePerEpisode (length) ;

count=0;
for (int i = 0; 1 < max episode; i++) {
if ((count % num == 0))
System.out.println ("episode=" + count);
count++;
timer = (double) System.currentTimeMillis() / 1000;

// System.out.println ("episode=" + 1i);

s = new MA State Variables(MA Gridworld.size x,

MA Gridworld.size y,

MA Gridworld.numOfStartPosition,

System

- timer));
( (double)
- timer));

MA Gridworld.numOfGoals) ;
for (int j = 0; j < s.taxi.size(); Jj++) {

agents.get (j) .setAgentPos (s.taxi.get (3));

}

this.next state = new MA State Variables(s);
// this.maxQ PHC (this.MaxRoot, s, 1);
this.maxQ WoLF PHC(s, i, delivery, num);
if (num != 1) {

if (1 == 0)

this.setTimePerEpisode (i, ((double)

.currentTimeMillis ()

o)

else if ((count % num == 0))

/ 1000

this.setTimePerEpisode ((i + 1) / num,

System

.currentTimeMillis ()

} else {
this.setTimePerEpisode (i,
( (double)

System.currentTimeMillis() / 1000 - timer));

timer)) ;

}
// this.setTimePerEpisode (i,

/ 1000

// ((double) System.currentTimeMillis() / 1000 -

for (int j = 0; j < s.taxi.size(); j++) {
agents.get (j) .setAgentPreviousPos (-1);
agents.get (j) .setPassenger (-1);
agents.get (j) .setTransfer (false) ;
agents.get (j) .setTransferPrevious (false) ;
agents.get (j) .setCollision (false);

A-263



agents.get (j) .setAction(-1);
agents.get (j) .setPrevAction (-1);
agents.get (j) .setReward(-1);
agents.get (j) .segStack.clear();
agents.get (j) .stack.clear();
agents.get (j) .stack.push (this.MaxRoot) ;

}

// PrintInFile p =

this.getEpisodeSteps (),

B T T
%

~

// length) ;

// p.printResults ("MaxQ WoLF PHC-clock time.txt",
// this.getTimePerEpisode (),

(iterative)

@param maxNode
@param s
@param episode
@return

new PrintInFile();
// p.printResults ("MaxQ WoLF PHC-results.txt",

length) ;

methodos 1 opoia ilopoiei ton MAXQ-WoLF-PHC algorithmo
Multi Agent

gia

public void maxQ WoLF PHC (MA State Variables s, int episode,

checkInstanceOf (agents.get (1),

primitive

int delivery,

int num) {

int passengerDelivered = 0;

MaxQ Controller control =

ArrayList<Integer> passDelivered = new
ArrayList<Integer>();

int index = 0;
double 1r = 0;
int action = 0;
int childAction = 0;
int next index = 0;
for (int 1 = 0; i <

ArrayList<MA State Variables> seq = new
ArrayList<MA State Variables>();
)

agents.get (i

}

do {
for

(int 1 = O;

agents.size(); i++)

segStack.push (seq) ;

i < agents.size();

agents.get (i) .maxNode =
agents.get (i) .stack.peek();
agents.get (i) .maxNode =

// 1 periptosi opou o maxNode den einai

while (!

agents

.get (i) .maxNode,

( (MaxNodePHC)
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s);

new MaxQ Controller();

{

agents.get (i) .g.graph



.get (agents.get (i) .maxNode) ) .isPrimitive()) {
ArrayList<MA State Variables> seq = new
ArrayList<MA State Variables>();
agents.get (i) .segStack.push (seq) ;

if (! (this.isTerminal (agents.get (i),
agents.get (i) .maxNode,

s))) |

index = this.findIndex (s);
// choose action

childAction =
this.chooseAction (index,
( (MaxNodePHC)
agents.get (i) .g.graph.get (agents
.get (i) .maxNode) ) .getPolicyValue());
action = ((MaxNodePHC)
agents.get (i) .g.graph.get (agents
.get (i) .maxNode) ) .children.get (childAction) ;
this.updatePolicyValue (agents.get (i), index,
childAction,
agents.get (i) .maxNode) ;
this.normalizePolicyValue (agents.get (i), index, agents

.get (i) .maxNode) ;

this.updateAvgPolicyValue (agents.get (i), index,
childAction,
agents.get (i) .maxNode) ;

this.normalizeAvgPolicyValue (agents.get (i), index,

agents.get (i) .maxNode) ;
agents.get (i) .stack.push (action);
} else {
agents.get (i) .stack.pop () ;
if (agents.get (i) .stack.isEmpty())

break;
}
agents.get (i) .maxNode =
agents.get (i) .stack.peek();

// elegxos an imaste se Max node

agents.get (i) .maxNode =
checkInstanceOf (agents.get (i),

agents.get (1) .maxNode,

s);

// observe next state

next index =
this.findIndex (this.next state);

1lr = ((MaxNodePHC)
agents.get (i) .g.graph.get (agents
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.get (1) .maxNode) ) .getLearningRate () ;

agents.get (i) .setGreedyAction (

( (MaxNodePHC)
agents.get (i) .g.graph.get (agents
.get (1) .maxNode) ) .children.get (this
.findGreedyAction (agents.get (i), agents
.get (i) .maxNode, next index)));
changeCompletionValue (agents.get (i), index, next index,
action,
agents.get (i) .maxNode, 1r);
S = new
MA State Variables (this.next state);
index = next index;

}

agents.get (i) .maxNode =
agents.get (i) .stack.peek () ;

agents.get (i) .maxNode
checkInstanceOf (agents.get (i),
agents.get (i) .maxNode, s);

}

agents.get (i) .setPrevAction (agents.get (i) .getAction());
agents.get (i) .setAction (
( (MaxNodePHC)
agents.get (i) .g.graph

.get (agents.get (i) .maxNode) ) .getAction());
}
index = this.findIndex(s);
control
.agentController (s, next state, agents,
passDelivered,
index) ;

// topothetounte neoi passenger stin thesi aftwn pou
metaferthikan

// ston proorismo tous

next index = this.findIndex (next state);

for (int 1 = 0; 1 < passDelivered.size(); i++) {
next state.passenger.set (passDelivered.get (i),

.nextInt (MA Gridworld.numOfStartPosition));
next state.destination.set (passDelivered.get(i), r

.nextInt (MA Gridworld.numOfGoals)) ;
}
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for (int 1 = 0; 1 < agents.size(); i++) {

lr = ((MaxNodePHC) agents.get(i).g.graph
.get (agents.get (i) .maxNode) ) .getLearningRate () ;
( (MaxNodePHC)

agents.get (i) .g.graph.get (agents.get (i) .maxNode) )
.setValueFunctForPrimitive (index,
(1 - 1r)
* ((MaxNodePHC)
agents.get (i) .g.graph

.get (agents.get (i) .maxNode) )

.getValueFunctForPrimitive (index)
+ (lr *
agents.get (i) .getReward()));

MA State Variables tmp = new

MA State Variables(s);
agents.get (i) .segStack.peek () .add (0, tmp);
agents.get (i) .stack.pop () ;

agents.get (i) .maxNode =
agents.get (i) .stack.peek () ;
// elegxos an imaste se Max node
agents.get (i) .maxNode =
checkInstanceOf (agents.get (i), agents
.get (1) .maxNode, s);

// observe next state
next index = this.findIndex(this.next state);
lr = ((MaxNodePHC) agents.get (i) .g.graph

.get (agents.get (i) .maxNode) ) .getLearningRate () ;
agents.get (i) .setGreedyAction (
( (MaxNodePHC)
agents.get (i) .g.graph

.get (agents.get (i) .maxNode) ) .children.get (this
.findGreedyAction (agents.get (1),
agents.get (i) .maxNode, next index)));

changeCompletionValue (agents.get (i), index,
next index, action,
agents.get (i) .maxNode, 1r);

}

s = new MA State Variables (next state);
passengerDelivered += passDelivered.size();
if (num != 1) {
if (episode == 0)
this.addEpisodeSteps (0) ;
else if ((count % num == 0)) {
this.addEpisodeSteps ((episode + 1) /

num) ;

A-267



} else {
this.addEpisodeSteps (episode) ;

}

// this.addEpisodeSteps (episode) ;

index = next index;

passDelivered.clear () ;

} while (passengerDelivered < delivery);

}
/**

* (@param args
*/
public static void main(String[] args) {
// TODO Auto-generated method stub
MA MaxQ WoLF PHC m = new MA MaxQ WoLF PHC();

// m.calculate (500) ;

MA_State_Variables.java

import java.util.ArrayList;
import java.util.Random;

/**
* klasi i opoia antiprosopevi ta state variables tou episodiou
*/

public class MA State Variables {

// Constructor 1
MA State Variables() {
super () ;

}

// Constructor 2
MA State Variables (int size x, int size y, int
numOfStartPosition,
int numOfGoals) {
int tmp = size x * size y;
boolean flag = false;
for (int i = 0; i < MA Gridworld.numOfAgents; i++) {
taxi.add(r.nextInt (tmp)) ;
while (true) {
flag = false;
for (int j = 0; 7 < i; J++) {
if (taxi.get(j) == taxi.get(i)) {
flag = true;
break;
}
}
if (! (flag))
break;
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taxi.set (i, r.nextInt (tmp)):;

}

for (int i = 0; 1 < MA Gridworld.numOfAgents; i++)
for (int j = 0; J < MA Gridworld.numOfAgents; Jj++)
if (1 == ]

== 3)
continue;

if (taxi.get (i) == taxi.get(j))
while (true) {

taxi.set (i, (r.nextInt(tmp)));

}

for (int i = 0; i < MA Gridworld.numOfPassengers; i++) {
passenger.add (r.nextInt (numOfStartPosition));
destination.add(r.nextInt (numOfGoals)) ;

}

// Constructor 3
MA State Variables (MA State Variables s) {

for (int i = 0; i < s.taxi.size(); i++)
this.taxi.add(s.taxi.get (1))

for (int i = 0; i < s.passenger.size(); i++)
this.passenger.add(s.passenger.get (i));

for (int 1 = 0; i < s.destination.size(); i++)

this.destination.add(s.destination.get (1))

}

public Random r = new Random() ;

ArraylList<Integer> taxi = new ArrayList<Integer>();
ArraylList<Integer> passenger = new ArrayList<Integer>();
ArraylList<Integer> destination = new ArrayList<Integer>();

Node.java

import java.util.ArrayList;

/*k*k

* klasi 1 opoia antiprosopevi ena komvo tou grafou
*

* giannis

*

*/

public class Node {
ArrayList<Integer> children=new ArrayList<Integer>();

}
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Qnode.java

/**

* klasi 1 opoia antiprosopevi tous Q nodes tou grafou
*

* @author giannis
*

*/
public class Qnode extends Node ({
// Constructor
QOnode (int i) {
this.C = new double[i];
this.Cinside=new double [i]; //xrisimopoieite ston MAXQ Q
}

private double[] C;
private double[] Cinside;

*

/

methodos i opia dini timi stin sigkekrimeni thesi tou C

@param i
@param j
* @param value
*/
public void setCvalue (int i, double value) {
this.C[i] = value;

* ok ok F

}
/‘k‘k

* methodos i opoia epistrefi tin timi sti sigkekrimeni thesi
tou C

X % %

@param i
@param j

* @return

*/
public double getCvalue (int i) {

return this.C[1];

}
A

methodos i opoia prostheti stin sigkekrimeni timi tou C to
neo value

@param i

@param j

@param value
/
public void addCvalue (int i, double value) {
this.C[i] += wvalue;

b S SR .

}
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*

methodos 1 opia dini timi stin sigkekrimeni thesi tou C

@param i
@param j
@param value

b S R S

~

public void setCinsideValue (int i, double value) {
this.Cinside[i] = value;

}

*

/
methodos 1 opoia epistrefi tin timi sti sigkekrimeni thesi
tou C
@param i
@param j
@return

/

public double getCinsideValue(int i) {

return this.Cinside[i];

T

}

*

methodos i opoia prostheti stin sigkekrimeni timi tou C to
neo value

@param i

@param j

@param value

* ok kA *

*

*/
public void addCinsideValue (int i, double value) {
this.Cinside[1i] += value;

}

MaxNode.java

/**
* klasi 1 opoia antiprosopevi tous Max nodes tou grafou
*

* @author giannis
*
*/
public class MaxNode extends Node {
// Constructor
MaxNode (int i) {
this.ValueFunctForPrimitive = new double[i];
this.initValueFunctForPrimitive (i, 0);

}

private double[] ValueFunctForPrimitive; // gia primitive node
private int action;

private double 1r0; // to arxiko learning rate

private double learning rate;

A-271



private int dest;// i parametros t sto MaxNavigate (t)

private double temperature;// xrisimopoieite sto boltzmann
exploration
private double coolingRate; // xrisimopoieite gia na miwnete to

temperature
private double offset=1; //xrisimopieite gia tin allagi
thermokrasias
/**
* methodos i opia dini timi stin sigkekrimeni thesi tou
* ValueFunctForPrimitive
*
* @param i
* @param value
*/
public void setValueFunctForPrimitive (int i, double value) {
this.ValueFunctForPrimitive[i] = value;
}
/**

* methodos i1 opoia epistrefi tin timi sti sigkekrimeni thesi
* tou ValueFunct
* @param i
* @return
*/
public double getValueFunctForPrimitive (int i) {
return ValueFunctForPrimitive[i];

}

/**

* methodos i opoia prostheti stin sigkekrimeni timi tou
* ValueFunctForPrimitive to neo value

*

* @param i

* @param j

* @param value

*/

public void addValueFunctForPrimitive (int i, double value) {
this.ValueFunctForPrimitive[i] += value;

}

/**

* @param action

* the action to set
*/

public void setAction(int action) {
this.action = action;

}

/**
* @return the action
*/
public int getAction() {
return action;
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}
/**

* methodos i opoia kathorizei to learning rate
*

* @param num

*/
public void setlLearningRate (double num) {
this.learning_rate = num;
}
/**

* methodos i opoia epistrefi to learning rate
*
* @return
*/
public double getLearningRate () {
return this.learning rate;

}
/**

* methodos i opoia kathorizei to 1r0
*
* @param 1r0
*/
public void setLr( (double 1r0) {
this.1lr0 = 1r0;
}

/**
* methodos i opoia epistrefi to 1r0
*

* @return the 1r0
*/
public double getLr0() {
return this.1r0;

}
/‘k‘k

* methodos i opoia kathorizi to temperature
*

* (@param temperature
*/
public void setTemperature (double temperature)
this.temperature = temperature;

}
/‘k‘k

* methodos i opoia epistrefi to temperature
*

* @return
*/
public double getTemperature() {
return temperature;

}
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rate

*Math.

/**

* methodos i opoia kathorizi to coolingRate
*

* (@param coolingRate

* the coolingRate to set
*/
public void setCoolingRate (double coolingRate) {
this.coolingRate = coolingRate;
}
/**

* methodos i1 opoia epistrefi to coolingRate
*
* @return the coolingRate
*/
public double getCoolingRate () {
return coolingRate;

}
/‘k‘k

* methodos i opoia allazi to temperature vasi kapiou cooling

*/
public void changeTemperature (int numStep) {
this.setTemperature (this.offset+ (this.temperature
pow( this.coolingRate,numStep)));

}
/‘k‘k

* methodos i opoia allazi to learning rate tou Max node
*
* @param episode
* @param max episode
*/
public void changeLearningRate (int episode, int max episode) {
//this.learning rate = this.getLr0 ()
// * Math.exp (- ((double) episode / max episode));
this.learning rate = this.getLr0();
}
Jxx
methodos i1 opoia arxikopoi ton pinaka ValueFunctForPrimitive
me tin timi value

@param x
@param vy
* @param value
*/
public void initValueFunctForPrimitive (int x, double value) {
for (int 1 = 0; 1 < x; 1++)
this.ValueFunctForPrimitive[i] = wvalue;

b I R
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/**

* methodos i opoia elegxei an enas komvos tou grafou einai
* primitive action (otan einai filo)

*

* @param node

* @return

*/

public boolean isPrimitive() {
return this.children.isEmpty () ;
}
/**
* methodos i opoia dini timi sto dest
*
* @param dest
* the dest to set
*/
public void setDest (int dest) {
this.dest = dest;
}
/**
* methodos i opoia epistrefi tin timi dest
*
* @return the dest
*/
public int getDest () {
return dest;

}

MaxNodePHC.java
/**

* klasi 1 opoia antiprosopevi tous Max nodes tou grafou kai

* xrisimopoieitati gia ton algorithmo MAXQ-PHC kai klironomei apo tin
* klasi MaxNode

*

@author Giannis

*

*/
public class MaxNodePHC extends MaxNode {

MaxNodePHC (int 1) {

super (1) ;

// TODO Auto-generated constructor stub
}

private double[][] policyValue;

/************** methodoi get,Set,add phC *******************/
/**

methodos i opia dini timi stin sigkekrimeni thesi tou
policyValue

@param i

@param j

@param value

X ok X X o
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public void setPolicyValue(int i, int j, double value) {
this.policyValuel[i] [j] = value;
}

/**

* methodos i1 opoia epistrefi ton pinaka policyValue
*

* @Qreturn
*/
public double[][] getPolicyValue() {
return this.policyValue;

}

*

/

methodos 1 opoia epistrefi tin timi sti sigkekrimeni thesi
policyValue

@param i
@param j
@return

B

*

*/
public double getPolicyValue (int i, int j) {
return this.policyValuel[i][Jj];
}

/**
* methodos i opoia prostheti stin sigkekrimeni timi tou
policyValue to neo
* value
*
* @param i
* @param j
* @param value
*/
public void addPolicyValue (int i, int j, double value) {
this.policyValue[i] [j] += value;
}

/**
* methodos i opoia dimiourga ena pinaka policyValue
*/
public void makeNewPolicyValue (int states, int actions) {
policyValue = new double[states] [actions];

}
/‘k‘k

* methodos i opoia arxikopoiei to policyValue

*

* @param actions

*/

public void initPolicyValue (int states, int actions) {
for (int 1 = 0; 1 < states; i++) {
for (int j = 0; J < actions; Jj++) {
this.setPolicyValue (i, j, ((double) 1 /

actions));
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/**
* methodos i1 opoia epistrefi to mikos tou pinaka policyValue
*
* @return
*/
public int getPolicyValuelLength() {
return this.policyValue[0].length;

}

MaxNodeWoLFPHC.java

/**

* klasi 1 opoia antiprosopevi tous Max nodes tou grafou kai
xrisimopoieitati

* gia ton algorithmo MAXQ-WoLF-PHC kai klironomei apo tin klasi
MaxNodePHC

*
* @author Giannis
*
*/
public class MaxNodeWoLFPHC extends MaxNodePHC {

MaxNodeWoLFPHC (int i) {

super (1) ;

// TODO Auto-generated constructor stub
}

private double[][] avgPolicyValue; // average policy value
private int[] C;

/***************** WOLF_PHC **********************/
/**
* methodos i opia dini timi stin sigkekrimeni thesi tou
* avgPolicyValue
* @param i
* @param j
* @param value
*/
public void setAvgPolicyValue (int i, int j, double value) ({
this.avgPolicyValue[i] [j] = value;

}

*

/

methodos i opoia epistrefi tin timi sti sigkekrimeni thesi
tou avgPolicyValue

@param i
@param j
@return

b I R

*

*/
public double getAvgPolicyValue (int i, int j) {
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return this.avgPolicyValue[i] [j];

}
/**

* methodos i opoia epistrefi ton pinaka avgPolicyValue
*

* @return
*/
public double[][] getAvgPolicyValue () {
return this.avgPolicyValue;

}

*

/

methodos i1 opoia prostheti stin sigkekrimeni timi tou
avgPolicyValue to neo value

@param i
@param j
@param value

X% X % X %

*

*/
public void addAvgPolicyValue (int i, int j, double value) {
this.avgPolicyValue[i] [j] += value;
}

/**
* methodos i opoia dini timi se mia thesi tou pinaka C
*

* @param state
* @param num

*/
public void setC(int state, int num) {
C[state] = num;
}
/**

* methodos i1 opoia epistrefi mia timi tou pinaka C
*

* @return
*/
public int getC (int state) {
return C[state];

}
/‘k‘k

* methodos i opoia prostheti 1 se mia thesi tou pinaka C
*

* @param state
*/
public void addOneToC (int state) {
Clstatel++;
}

/**
* methodos i opoia dimiourga ena pinaka avgPolicyValue
*/
public void makeNewAvgPolicyValue (int states, int actions) {
avgPolicyValue = new double[states] [actions];

}
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/**
* methodos i1 opoia dimiourga ena pinaka C
*/
public void makeNewC (int states) {
C = new int[states];

}
/**

* methodos i opoia arxikopoiei to avgPolicyValue

*

* (@param actions

*/

public void initAvgPolicyValue (int states, int actions) {
for (int i1 = 0; i < states; i++) {
for (int j = 0; j < actions; j++) {
this.setAvgPolicyValue (i, j, ((double) 1 /

actions));

}
/**
* methodos i opoia epistrefi to mikos tou pinaka avgPolicyValue
*
* @return
*/
public int getAvgPolicyValuelLength() {
return this.avgPolicyValue[0].length;

}
/‘k‘k

* methodos i opoia arxikopoiei to C
*
* @param actions
*/
public void initC (int num) {
for (int 1 = 0; 1 < 500; 1i++) {
this.setC (i, num);

NodeValue.java
/ * %

* klasi i opoia xrisimopoieite stin greedy execution policy gia na
* apothikevontai to node k to value tou

*

* @author Giannis

*

*

/

public class NodeValue {

NodeValue (double value, int node) {
this.value = value;
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this.node = node;

}

double value;
int node;

Wall.java

/**
* klasi i opoia antiprosopevi tis sintetagmenes enos wall sto grid
*

* @author Giannis
*
*/
public class Wall {
//Constructor
Wall (int celll, int cell2) {
this.celll = celll;
this.cell2 = cell2;

}

int celll;
int cell?2;

PrintinFile.java

import java.io.FileOutputStream;
import java.io.IOException;
import java.io.PrintStream;

/**
* klasi 1 opoia einai ipefthini gie ektiposi apotelesmaton se arxio
*/

public class PrintInFile {

*

/

methodos i1 opoia tiponi se arxio ta steps per episode

@param filename
@param episodeSteps
@param max episode

b I R I S

~

public void printResults (String filename, int[] episodeSteps,
int max episode) {

FileOutputStream fout;

try {
// Anoigma arxeiou eksodou
fout = new FileOutputStream(filename) ;
PrintStream p = new PrintStream(fout);
for (int i = 0; 1 < max episode; i++) {
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p.println(i + "\t" + episodeSteps[il]);
}
fout.close();
}
// Emfanisi minimatos se periptwsi exception. (Catch
exception)
catch (IOException e) {
System.err.println ("Unable to write to file");
System.exit (-1);

*

methodos i1 opoia tiponi se arxio to clock time per episode

@param filename
@param timePerEpisode
@param max_episode

B T T

~

public void printResults (String filename, double]]
timePerEpisode,

int max episode) {

FileOutputStream fout;

try {
// Anoigma arxeiou eksodou
fout = new FileOutputStream(filename) ;
PrintStream p = new PrintStream(fout);
for (int i = 0; 1 < max episode; i++) {

p.println(i + "\t" + timePerEpisodel[i]);

}
fout.close();

}

// Emfanisi minimatos se periptwsi exception. (Catch

exception)
catch (IOException e) {
System.err.println ("Unable to write to file");
System.exit (-1);
}
}
/**

* methodos i opoia tiponi se arxio ta steps per episode gia
kathe trial

* @param filename
* (@param episodeSteps
* @param trials
* @param episodes
*/
public void printResults (String filename, int[][] episodeSteps,
int trials,
int episodes) {
FileOutputStream fout;
try {
// Anoigma arxeiou eksodou
fout = new FileOutputStream(filename) ;
PrintStream p = new PrintStream(fout);
for (int i = 0; i1 < trials; i++) {

A-281



}

for (int j = 0; J < episodes; j++) {
p.print ("\t" + episodeSteps[i][]]);
}
p.println();
}

fout.close();

// Emfanisi minimatos se periptwsi exception. (Catch

exception)
catch

*

methodos

* Ok ok ok % o X

/

(IOException e) {
System.err.println ("Unable to write to file");

System.exit (-1);

i opoia tiponi se arxio ta steps per episode

@param filename
@param episodeSteps
@param max episode

public void printAvgResults (String filename, double]]

averageSteps, int episodes) {
FileOutputStream fout;

try {
// Anoigma arxeiou eksodou
fout = new FileOutputStream(filename) ;
PrintStream p = new PrintStream(fout);
for (int 1 = 0; 1 < episodes; i++) {
p.println(i + "\t" + averageSteps[i]);
}
fout.close();
}
// Emfanisi minimatos se periptwsi exception. (Catch
exception)
catch (IOException e) {
System.err.println ("Unable to write to file");
System.exit (-1);
}
}
/**

* @param args

*/

public static void main(String[] args) {
// TODO Auto-generated method stub
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