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ABSTRACT

Usually, when we apply shortest path algorithms, we simply want to find the
shortest path from the position of an agent to the position of a target. But this
is not exactly the case in the real world. What if the person has never visited
the area before? What if the available paths are obscured by obstacles like
buildings or trees?

Therefore, when a person is trying to reach a target by passing through an
area they have never visited before, they cannot know in advance the shortest
path to follow. In order to successfully navigate the area, they will most likely
start moving in a straight line heading in the general direction of his target until
they find an obstacle and then will try to avoid it by looking for a new path
around it. The more they explore the area the better they learn to navigate it
and eventually will be able to come to a conclusion about which is the shortest
path and whether or not they can even reach their target. This is the behavior I
tried to simulate with the application I created.

The agent's primary goal is to reach his girlfriend who is waiting for him to
begin their date, and he is already late! To reach her he has to cross a maze,
which, in addition to being complicated with many possible routes, it even has
colored doors that need keys of the same color to open. If the agent has
encountered a door while exploring and has exhausted all possible routes, then
he will try to open one of the doors by first searching for the right key. So, the
agent will have to explore the area and make a plan to finally reach his goal.
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[IEPIAHYH

JuvnOwg, oTav epapuoloupe aAyopIBUOUC CUVTONOTEPNG O1adPOPNG, BEAOUNE
anAd va Bpoupe Tn ouvTouoTEPN dladpopn anod Tn 6€on evog npakTopa oTn 6&€on
EVOG 0TOXOU. AAAG auTO dev oupBaivel akpIBwG €Tl OTNV NPAYNATIKOTATA. TI
YIVETAl av To ATouOo OV EXEl ENIOKEPOEI NOTE TNV NEPIOXN OTO NAPEABOV; Ti
yiveTal av Ta diaBeoiya povonaTia eniokialovral and unodia onwg KTipia n
OEvVTpa;

Enopévwe, 6Tav eva atopo npoonabei va pTAcEl 0 evav oTOXO NEPVWVTAC
ano Pia neploxn nou dev €xel eNIOCKEPBEi NOTE npiv Ogv PNOPEi va EEPEI EK TWV
NPOTEPWYV TN CUVTOMOTEPN d1adpPOoN NoU Npenel va akoAouBbnaoel. MpokeIPEVOU
va nAonynOei pe enituxia oTnv nepioxn, niBavoTaTta 6a apxioel va KIveital o€ pia
guBeia ypappn Npog Tn YEVIKA KATEULBUVON TOU OTOXOU TOU HEXP! va BpeEl KAnolo
gUnodIo Kal oTn ouveExela Ba npoonabnoel va To ano@uyel avalnTwvTag £va VEO
HovondaTi yUupw ano auTto. ‘0co nNepioagdTeEPO Egpeuva TNV NEPIOXN TOOO
KaAuTepa pabaivel va Tnv diaoyilel kal TeEAIKG 6a pnop&oel va kaTtaAnéel og éva
CUMNEPACKA OXETIKA PE TO NOIO €ival TO NIO GUVTOMO POVONATI KAl av JAopEi N
OX! va (pTAcel 0TOV OTOXO TOU. AUTN €ival n cupnepipopd nou npoonabnaoa va
NPOCONOIWOW HE TNV €QaApuoyn nou dnuioupynod.

O NpwTaApXIKOC OTOXOC TOU NMPAKTOPA €ival va ¢pTacel oTn QiAn TOU Nou Tov
NEPIMNEVEI YIa va EEKIVIOOUV TO pavTeBoU Toug, kal exel Ndn apynoel! MNa va
(pTACElI 0O AUTN Npenel va diaocxioesl evav AaBupivbo, o onoiog ekTOC ToUu OTI €ival
NEPINAOKOC HE NOAAEC NIBaAvEG d1adPONEC, EXEI AKOUN KAl NOPTEC nou xpeialovTal
KA€101a Tou idIoU XpWHATOG Yia va avoiéouv. Eav o npadkTopacg £xel CUVAVTNOEI
Mia nopTa evw €Espeuva Kal Exel eEavTANOEl OAEC TIC NIBavec d1adpouEG, TOTE Ba
npoonabnoel va avoi&el Tnv nopTa avalnTwvTac NnpwTa To owoTo KA&Idi. 'ETol, 0
NpAakTopacg Ba npenel va eEepeuvnael TV NEPIOXN KAl va Kavel eva axedio yia va
ENITUXEI TEAIKA TOV OTOXO TOU.
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H EOAPMOTH

AvoiyovTag TNV e@appoyn o XpnoTng YNopei va B€0el KAMNOIEG NAPAPETPOUG
avalnTnong Tou npdakTopd. Kanoleg anod TIG eNIAOYEC €ival NdnN eVEPYONOINUEVEG.

ettings:

Doors & Keys
Fading Memory
|| Discovered Map

Start

MaTtwvTag To kKoupni Start xwpic va aAAa&el TIC eNIAOYEG 0 NPAKTOPAC
EeKIVAEI va KIVEITAI O Jia euBeia ypauun Npog To oTOX0 Tou. MOAIG avakaAUyel
TO NPWTO €UNOdI0 avaykaleTal va eEepeuvnoel To XWPO YUpw and auTo yia va
eAEYEel av unapxel Kanolio evaAAaKTIKO NEpaopua.
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'OTav gEgpeuvnoel OAO TO XWPO OTOV OMnoio €xel NnpooBacn va Kivnoei ToTe
hunaivel otn diadikaoia va avoi&el Tuxov NOPTEC NOU EXEl AVAKAAUWEI. Av EXEI
Bpel kAnola nopTa n enduevn Tou dpaon €ival va Bpel eva KAEIDi Mou EXEl
avTiOTOIXO XPWHA YE AUTO TNG NOPTAC PE OKOMO va TNV AVOI&el.

> AnevepyonoliwvTac TNV eniAoyn Doors & Keys apaipouvTal ol NOPTEG KAl Td
kA€101G ano To AaBupivBo kal o NpAakTopag anokTd npoocBaon o 6Aa Ta
hMovonaTia eEapxnc.

> AnevepyonoiwvTac TNV eniAoyn Fading Memory o npaktopac dev Eexvasl Ta
onMEia Tou XapTn ME TNV Napodo Tou XpOvou aAAd pnopei kal BupdaTal 6nolo
onMEio Tou XapTn avakaAunTel yia navra.

> EvepyonolwvTtag Tnv enihoyn Discovered Map o npaktopacg yvwpilel ano
npiv 0AN Tn d1aTa&n Tou XapTn Kabwc kai TIC NOPTEC Kal Ta KAEIOIA nou €ival
MEoa o€ auTov (av auTa €ival evepyonolinuéva). 'ETol gnopei va Bpel
KaTeuBegiav To OUVTONOTEPO PovonaTi Kail TiI¢ OpAdelc Nou anaiTouvTal yid va
(PTACElI OTO OTOXO TOU.

AokipalovTag d1aPopouc cuvduaouoUC AUTWV TWV TPIWV EMAOYWYV PNOPOUHE
va napatnpnooupe NoAU OIQpOPETIKEC CUMMEPIPOPES TOU NpaKTopd.
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'OTav Bpel To KAaTAAANAO KAEIBi TOTE TO CUAAEYEI KAl Jnopei NAEOV va avoi&el
TNV NOpTd. TOTE NNOPEI VA OUVEXIOEI va €EEPEUVA TOV UMOAOINO XWPO
enavaAapBavovrtac autn Tn diadikaoia PJEXP! va GTACEl TEAIKA OTO GTOXO TOU.

Restart | X

First Person [ Top Down
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'OJWC, HE TNV Napodo Tou XpOvou o npakTopac apxilel va Eexvasl TIG
NEPIOXEC TOU XAPTN NOU avakAAUWE apxika kal ovo OTav TIC ENICKENTETAI
NOAAEC POPEC MMOPEI va TIC BUPATAl YIa NEPICTOTEPO XPOvo. AlaBETel dnAadn
XWPIKA MVAHN N onoia eEacBevei 600 nepvasl n wpa.
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‘000 0 NPAKTOPAG KIVEITAl OTO XWPO 0 XPNOTNG £XEl TN duvaTtoTnNTa va aAAadel
TNV ONTIKN YwVia TnNG Npocopoiwang enIAEyovTag HETAEU TPIwV dIaPOPETIKWV
npoonTikwv. H npokaBopiopevn emAoyn Follow avTioToixei oTnv npoonTiknA
TPITOU NPOCWMNOU NMou akoAouBei Tov NpAkTopa ano YnAd.
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H deUTepn €niAoyn €ival N npoonTikn NpwTou npoownou, First Person, nou
O€ixvel ye akpifela To Nedio OpaocnG Tou NPAKTOPA KAl ENITPENEl OTOV XPNOTN Vda
BAENel and Ta PATIA TOU TN OTIYMN NOU €XEl EVvTONioel KATI, ONWC YIa napadeiyua
Eva KA&I0i.

pw [ First Pe

w [/ First Person [_J Top Down
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H TpiTn eniAoyn, Top Down, €ival n npoonTikn and navw npog Ta KATw Onou
MMopEi 0 XpNoTNG va napartnpnosl 0Aa Ta nibava pyovonaria nou JYNopEi va napel
0 NPAKTOPAC KAl €XEl JE AUTO TOV TPOMO TNV €MONTEIA OAOKANPOU TOU
AaBupivBou kal Tou unoAoinou xwpou £Ew and auTtov. MNaTtwvtac Restart n
npogopoiwaon &Ekivasl ano Tnv apxn.

SIET

ew: [ JFollow [JFirst Person (v Top Down

Evw n Unity, n gnxavn nou xpnoigonoinoa yia va dnuioupynow tnv
gpappoyn, d1a6&Tel NoAAG £€Toipya epyalegia nou BonBouUv oTnV nNAonynon €voc
npakTopa, eneAe€a va uhonoinow OIKA PoU Yia va egBaduvw TIGC YVWOEIC HOU
navw otnv diadikacia. ‘Ocov a@opd To OTNOINO TWV NPOONTIKWV KAl TIC
MeTapBaosic xpnolgonoinoa 1o Cinemachine, €éva package nou napexel JeyaAo
gUPOC dUVATOTNTWV Kal EAEYXOU TNG BACIKNG KAPEPAG. Ta 3D povTeAa TwV
XapakTApwyv napdnkav and To Mixamo, pia d1adikTuakn nAATeOpUa nou
O01a0£Tel dwpedv POVTEAA KAl animations xapakTipwv.
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UNITY

H Unity €ival pia gnxavn avanTtuéng naixvidiwv nou avantuxenke ano tnv
Unity Technologies kal KukAopOpnoE yia npwTn gopa Tov Iouvio Tou 2005.
>nuepa, n UNAT divel oToug XpnoTeg Tn duvatoTnTa va dnuioupyouv naixvidia,
animation, sikovikn npaypaTtikoTnTa (VR), enau&nuévn npayuatikotnta (AR),
APXITEKTOVIKEC AMEIKOVIOEIC, MPOOOUOIWOEIC, O1adpaOTIKEG EUNEIPIEC TOOO o€ 2D
000 kal o€ 3D kal unooTnpilel neplocoTeEPEC and 25 nAaTtpopuec. H kupla
YAWOOa npoypapuaTiogoU nou Xpnoidonolsital o autnyv ivalr n C# n onoia €ivai
10avikn yla naixvidla hye yvwpova Tnv andédoon xapn ornv autopartn diaxeipion
MVAMNG NOU NAPEXEI.

Kanola anoé Ta Bacika NAEOVEKTNUATA TNG O oUYKPIOoN UE AAAEG UNXAVEG €ival
n ypnyopn diadikacia avanTtuéng npwToTUNWY, N EVOWHATWHEVN
AEITOUPYIKOTNTA NOAAAnAwV xpnocwv (editor, scripting, graphics, physics kAn.)
KAl J1a ouveEXWG au&avopevn KolvoTnTa Nou NapexXEl TEKUNPIiwaon, unooTnpign,
forums kai tutorials nou BonBouUv oTNV ypryopn KAl anoTEAECHATIKN €MiAuon
npoBAnuaTwy. Akoua, d1abetel To Unity Asset Store pEow TOU OMoioOU Ol XPNOTEC
MnopoUv va avanTu&ouv Kal va NouAnoouv assets o€ AAAOUG XpPNOTeG. Ta assets
MropoUv va enitaxUuvouv kKatda noAU Tnv avanTtu&n €vog naixvidiou yIaTi
NApEXOUV ETOINEG AUCEIC TOOO OTOUG NPOYPANMATIOTEG AAAG KAl OTOUG
KAAAITEXVEG NOU TA XPNCILOMNOIoUV.

Q unity
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TEXNHTH NOHMOXYNH XTA

BINTEOITAIXNIAIA

>Ta Bivreonaixvidia, n TexvnTn vonuoouvn (A.I. - Al) xpnoidonoleiTal yia Tn
dnMIoUpYia anokpITIKWY, NPOCAPHOCTIKWY 1N EEUNVWYV CUUNEPIGOPWV MNOU
Molalouv pe TNV avBpwnivn vonuoouvn KUPiwg o€ XapakTnpeG nou dev
xelpiCovTal ol naikteg (NPC). H TexvnTn vonuoouvn anoTeAsi avandonaoTo
KOMMATI TwV BivTeonaixvidiwv ano Tnv evap&n Toug otn dekaeTia Tou 1950. To
Al ota Bivreonaixvidia gival eva EexwpioTo unonedio kal diapepel anod To
akadnuaikd Al. XpnolyeUel NEPIOCCOTEPO OTN BEATIWON TNG EMNEIPIAG TOU NAIKTN
napd oTn PNXavikn ekgadnon n otn Anwn anogdcewv. Katd tn d1apkKela TG
XpUONG enoxnc Twv Bivreonaixvidiwyv (arcade), n 10é€a Twv avTindAwy rnou
d1aBEToUV TEXVNTH vonuoouvn d1ad00nke o€ Yeyaho BaBPo He TN HopPN
KAIHaKWTWV €niNedwV OUOKOAIAg, dIaKpITWV POTIBWYV Kivnong Kal YEYOVOTWYV
EVTOG Tou naixvidioU nou eEapTwvTal ano Tnv aAAnAenidpacr) Tou PE TOV NAIKTN.

>fAMeEpa, avaueioBnTnTa n nio dnUOoQIANRG KaTnyopia pebodwv Al yia Tnv
avanTtuén naixvidiwv €ival n Ad-Hoc Behavior Authoring. Oi Finite state
machines, Behavior Trees kai Utility-Based cival Texvikég ad-hoc behavior
authoring nou napadociakd Kuplapxouoav yia va kaBodnyrnoouV TIC EVEPYEIEG
Twv NPCs. H kuplapyia Toug €ival eggpavng and 1o yeyovog OTI 0 0poc «game
AI» oTn oknvhn avantu&nc naixvidiwv €ival akoua onHPEPA OUVWVUNOC HE TN
XPAON AUTWV TV PNEBOdWV.
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FINITE STATE MACHINES

Oi Finite State Machines (FSM) napouaoialovTal w¢ ypapnuara.
SUYKEKPIMEVA, TO YpaPnua nepiexel KOPBouUG (states) nou evowpaTwvouv
kanola padnuatikn agaipeon (doun) kal akheg (transitions) nou
avTINPOoWNEUOUV Hia und 0pouc oxeon METAEU Twv KOUBwV. Mia FSM unopsi va
gival yovo o€ pia kataoraon kKabs gpopd. H TpExouoa kaTaoraon PNOpEi va
METABei o€ pia AAAN av nAnpeital n kKataAAnAn cuvenkn. O1 FSMs cival
anioTeuTa anA&g oto oxedlaopod, TNV uAonoinon, TNV ansikovion Kal Tov
EVTONIOMO OQaApaTwy. EninAgov, €xouv anodei&el 0TI doUuAeUouv KAAd PE Ta
naixvidla ge Ta Xpovia Tng ouvunapé&ng Touc. QoTdoo, PNOPEi va yivouv
€EAIPETIKA NEPINAOKEC Yia To oxedIAOPO O NEYAAN KAigaka kal neplopidovTal
UNOAOYIOTIKA OE OPICHEVEG EpYATieC evTOG Tou naixvidiou Al. 'Evag eninAgov
KPiOoIMOG NEPIOPIoPOC OAWV TwV ad-hoc HeBOdwWV €ival 0TI Oev €ival EUEAIKTEG Kal
OUVAUIKEC. MeTA TNV OAOKANpwON Tou oxediaopou, Tn OOKIKA Kal TNV
anooPaAPATwWOoN, UNAPXEl MEPIOPICUEVOC XWPOC VI NPOCAPHOCTIKOTNTA Kal
eEENEN. Q¢ anoTeAeopa, ol FSMs xpnaigonoloUvTal JOVO yia TNV uAonoinon
NOAU NPOBAEYIMWYV CUPNEPIPOPWY OTA naixvidia.
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BEHAVIOR TREES

'Eva Behavior Tree (BT), napopola pe pia FSM, povtelonolei HeTaBaceig
METAEU evOC NENEPACUEVOU OUVOAOU gpyaciwyV () ocupnepipopwyv). H 1oxUg Twv
BTs oc ouykpion Pe TIG FSMs cival n apBpwToTnTa Toug (Mmodularity): eav
Exouv oxedlaoTei KaAd, ynopouv va anodwaoouv NOAUNAOKEC GUUNEPIPOPEG NOU
anoTteAoUvTal ano anAeg epyaciec. H kupia diagpopd peta&u FSM kai BT cival oTi
anoTteAoUvTal and CUMNEPIPOPEG KAl OXI and KaTaoTaoelg. 'Onwc Kal JE TIG
FSMs, 1a BTs cival eUkKoAo va oxediaoTouv, va dokigaoTouv Kal va evronioTouv
TUXOV opaApaTa. To BT xpnoigonolei pia doun OEvVTpouU PE Evav apXiko KOUBO
Kal Evav apiOuod yovikwv Kdl avTioToIxwv KOPBwvV-naidid nou avTinpoowneuouv
oupnepipopec. Alaoyifoupe eva BT EekivwvTag ano Tn pida. XTn Cuvexelq,
EVEPYONOIOUME TNV eKTEAEON (eEUYWV YOovEA-NaAIdIioU Onwe dNAWVETAl 0TO JEVTPO.
'Eva naidi pnopei va enioTpeWel TIGC akOAOUBEG TIHEC OTOV YOVEQ OE
npokabopliopeva BAparta xpovou (ticks): run €av n ocupnepipopa givar akopa
EVEPYN, SUccess €av n ocupnepIPpopa exel oAokAnpwOei, failure eav n
OUMNEPIPOPA AnETUXE. Z€ oUykplon Ue To FSM, Ta BT €ival nio eueEAIKTa 0TO
oxedlaopo Kal nio eUkoAa otn dokKiun. QoTdc0o, NAoxouv anod nNapopold
MEIOVEKTANATA. ZUYKEKPIMEVA, N OUVAMIKOTNTA TOUC €ival JAAAov XaunAn
OeDOOMEVOU OTI QVTINPOCWNEUOUV OTATIKN yVWOon.
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UTILITY-BASED

Mia oAogva kal nio dnUoPIANG peBodog Ad-Hoc Behavior Authoring nou
eEaAeipel Toug neplopiopouc Twv FSMs kal Twv BTs diatnpwvTag To modularity,
gival n Utility-Based. AkoAouBwvTac auTn TNV NPOCEYYION, O KABE
OTIYMIOTUNO TOU naixvidioU avaTiOeTal Jia CUYKEKPIPMEVN HETPNON XPNOINOTNTAC
(utility) n onoia divel yia aia oTn onuacia Tou.

MNa napadeiypa, n onupacia Tou xOpou va BPioKETAlI O PIA CUYKEKPIHPEVN
anooTacn and Tov NaikTn yla va YNopECEl va Tou eniTedei. AedopEvVoU Tou
ouvoAou OAwvV Twv utilities nou diaTiBevTal o evav NpAkKTopa Kal OAWV TwV
eniAoywv nou d1aBetel, To Utility-Based Al anogacilel noia ival n nio
onuavTikn eNIAOYN NOU NPENEl va €EETACEl QUTH TN OTIYHA. AUTh N NPOCEYYIoN
oTnpieTal otn Bewpia Utility Twv oikovouikwy. ‘Eva utility pnopei va perpnosl
oTIONMNOTE, anod NapaTnPoIKa avTIKEIJeVIKA dedopeva (N.X. Uyeia Tou exBpou)
£WC UMOKEIYEVIKEG EVVOIEC ONWG ouvalodnuarta, d1dBson kal ansiAéc. Ta diagopa
utilities oxeTika pe NIBaveg evepyeleg N anopAaceiC hnopouUV vad CUYKEVTPWOOoUV
O£ YPAMHIKOUG N MN YPAUHMIKOUG TUNOUC KAl va kaBodnynoouv Tov npakTopa va
AapBavel ano@acslC He BAON TN CUYKEVTPWTIKA XpNoINoTNTa. OI TINEG
XPNOINOTNTAC UMOoPOoUV va eAEyxovTal o€ KGBe kape Tou naixvidiou. 'ETol, evw Ol
FSMs kal Ta BTs 6a €&€talav pia anogaon kabe @opd, ol ApXITEKTOVIKEG
Utility-Based Al 6a sEsTadoouv OAecC TIC d1aBECIPEG eNIAOYEG, Ba TOUG
avaBeoouv eva utility kal 8a emAg€ouv TNV Nio KAataAAnAn enidoyn (uWnAoTEPN

XpnoiyoTnTa).

To Utility-Based Al £x&l oplouEva NAEOVEKTANATA O oUYKpPION KE AAAeC Ad-

Hoc Behavior Authoring pebodoug :

> Eival apBpwTtd (modular), kaBwg n andpaon Tou NnpdkTopa Tou naixvidiou
geEapTartal and evav apiBuo dIa@OoPETIKWV NAPayovTwy (n EKTIUNCEWV).

> AuTn n AioTa napayovTwyv Pnopei va givar duvauikn.

> To Utility-Based Al cival eniong enekTaciyo, kKabwg JNopoUpe EUKOAA va
OUVTAEOUNE VEOUG TUNOUG NPoBANHATIONWY OTAV TOUC BEWPNOOULE
KaTaAAnAouc.

> TeAog, n peBodoOG pnopei va gnavaxpnaipgonoinbei kabwg Ta utilities pnopouv
va JetagepBbouv and Tn pia anogacn otnv aAAn kai and eva naixvidl o€ eva
aAAo naiyviol.

Q¢ anoTeAeopa autwVv TwV nAsovekTnuaTwy, To Utility-Based Al yiveral 0Ao
Kal nio dnMO@IAEG aTn Blodnxavia naixvidiwv.

Xwpikn MvAun kai GOAP : Mia peaAIoTIKn ANPOCEYYION OTNV NAORYNon NpakTopwv



MeTanTuyiakn AiaTtpipn AvdpEag Zgpoudakng

GOAP

'ExovTac dokiyaoel kanoleg and TIG npoavagpepbeioec pebddouc napaTrnpnoa
OTI YIQ NPAKTOPEC NOU EXOUV MOAAEC CUUNEPIPOPEG AUEAVETAl KATA NMOAU N
NOAUNAOKOTNTA TWV dIAPOPWV KATACTACEWY, WOMNOU TEAIKA (PTAVEI O £Vd
onueio ornou dev pnopei KAMoIog va NPooBETEl VEEC CUUNEPIPOPEG EMEION
npokaAoUv napa NoAAEC napevepyeleg otnv Al. AUon oTo napanavw npoBAnua
EPXETAl va dwoel n peEBodoc GOAP.

To Goal Oriented Action Planning (GOAP) cival pia peBodog TexvnNThGg
vonuoaouvng nou divel EUKOAA OTOUG NPAKTOPEC EMIAOYEG Kal EpyaAcgia yia Tn
ANWnN €Eunvwy ano@AcewVv Xwpic va Xpelaletal Yia JeyaAn kal noAunAokn FSM.
To GOAP €nITpENElI OTOUG NPAKTOPEG va oxedIalouv Wia akoAoubia evepyeimv
yla TNV 1IKAavornoinon €vo¢ OUYKEKPINEVOU OTOXOU. H ouykekpidévn ogipd
evepyelwv e€apTaTtal 0l HOVo and Tov oTOXO AAAd kal ano Tnv TpExouaa
KaTdoTaon Tou KOOWOU Kal Tou npdakTopd. AuTo onpaivel 0TI €V NAPEXETAI O
i010C 0TOXOC O€ DIAPOPETIKOUC NPAKTOPEC UMOPEi va napbei yia evTeAwC
d1aPOpPETIKN akoAouBia evepyeiwv NoU KAVEI TIC CUMNEPIPOPEG TOUG Vda
qaivovTal nio dUVAMIKEG Kal PEAMIOTIKEG.

AUTO enITUYXAVETAl anoouvdeovTac TIC OpAcelC HETAEU Touc. 'ETol pnopoupe
NAEOV va eNIKEVTPWOOUE o€ KABe dpaon EexwploTd. AuTO KaBIoTa Tov KwdIKa
apBpwTO Kal EUKOAO 0Tn JOKIKN KAl T guvTRpnaon Tou. Av BeANCOUWE va
NpooBO£ooupe Pia vea dpAaon To KOVO MOU EXOUNE va KAVOUNE €ival va Tn
BaAoupe otn AioTa dpdoswv kal To GOAP 6a ¢ppovTioel Ta unoAoina Xwpic va
xpelaleral va aAAa&oupe Tov KwdIKA 1 va KAVOUNE KAnola AaAAn evepyela.
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APAZXEIY (GOAP Actions)

Mia dpdaon €ival KaTl NoU YNopPEi va KAvel o NpAkTopac. XTnv £pappoyn nou
dnuIoUpyNnca o NpAKTopag KNopei va kavel Teagoepig dpaoceig: GoTo, OpenDoor,
GetKey, kal SearchForKey.

H dpaon GoTo €ival n onuavTikoTepn dpacn Nou €Xel 0 NPAKTOPAG KAl €ival
Kal 0 BAcikOC Tou 0TOXOC OTNV npooopoiwon. Na gTtdaocel dnAadn o€ £va
OUYKEKPIMEVO XWPIKO ONnMEiO oTOV KOGHO OMNoU eKEi BPIOKETAl 0 OTOXOG TOU. ZTNV
NEPINTWON PJag o oTOXOC €ival To Onueio oTo onoio BpiokeTal n (piAn Tou.

H dpadon OpenDoor niTpenel oTov NpakTopa va EeKAeIdwael Yia nopTa
EQPOOOV €XEl GUAAEEEI TO KATAAANAO KAEIOi yia QuTnhv.

H dpaon SearchForKey divel Tnv duvaTtoTnTa OTOV NPAKTOPA va WAgel yia
€va KAEIdi OTOV XWPO EQOTOV £XEl EVTONIOEl Pia nopTa Kal dev €l BPEl TO
KaTAaAAnAo KA&18i yia va Tnv avoigel.

H dpdon GetKey kavel Tov NnpakTopa va CUAAEEEI eva KAEIOi apoU TO EXEI
EvTONioEl.

MepiypagpovTac TIC napanavw dpAcelC NapaTnPoUE OTI N KGBe dpdaon EXEl
kanolec npoUnoB&oeic (preconditions) kal kanoia anoteAeopara (effects).
MpoUnoBeaon €ival n kaTtaoTaon Nou anaiTeitTal yia Tnv ekTéEAean TnNG dpAaong Kal
TO AMOTEAEOKA €ival N aAAayn oTnv KaTaoTtaon PETA Tnv ekTeAean TnG dpaonc.

MNa napadeiypa, n evepyeia OpenDoor anaitei and Tov NpakTopa va €xel €va
KA€IOi idI0U XpWHATOC PE TNV NOPTA YIA va eKTEAEOTEI. EQv 0 npakTopag dev exel
KA€10i, npenel va Bpel Jia aAAn dpdon NOU PNOPEi va EKNANPWOElI AUTAV TNV
npoUnoBeon via va enITpEWPel TNV eKTEAEON TNG dpaonc OpenDoor. EuTuxwc, N
evepyela GetKey €xel autod To anoTeAeopa.

H kabe dpdaon kAnpovopuei and Tnv kAaon GOAPAction n onoia €ivai
uneuBuvn via TNV anoBnkeuon Twv NPoUnobEoewy KAl TWV ANOTEAECUATWYV.
M'vwpilel eniong €av npenel va BpioKeTal evTOG EVOG OTOXOU KAl TOTE EVNHEPWVEI
Tnv FSM yia va evepyonoinosl Tnv kataotaocn MoveTo oTav xpeialeral. Eniong,
E€pel NOTE £xel OAOKANPwWOEI, To omnoio kaBopileTal and Tnv dpdaacn rnou TNV
KANPOVOUEI.
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TO SCRIPT APAXHY GOAPAction

View Project Build Debug Test Analyze Tools Extensions Window Help Thesis V0.1

. @ ;

o File  Edit

o - [N ] Debug - AnyCPU = b Attachto Unity -

GOAPAction.cs & X GOAPAgent.cs GOAPPlanner.cs IGOAP.cs PerformAction.cs GoTo.cs

7] Assembly-CSharp

Agent.cs
~ #3 GOAPAction

EntityClassifier.cs

System.Collections.Generic;
UnityEngine;

GOAPAction : MonoBehaviour {

>> preconditions;
>> effects;

inRange

cost = 1f;
GameObject target;

Vector3? targetFixedPosition;

GOAPAction()

preconditions = HashSet<KeyValuePair<
effects = HashSet<KeyValuePair<

@ No issues found | &~ 4

150% -
[7 Ready
58 | © Type here to search

View Project Build Debug Test Analyze Tools Extensions Window Help Thesis V0.1

.

o File it

o - Fi i< - Debug ~ AnyCPU = P Attach to Unity =

GOAPAction.cs & X GOAPAgent.cs GOAPPlanner.cs IGOAP.cs GoTo.cs

] Assembly-CSharp

Agent.cs PerformAction.cs
- *#3 GOAPAction

EntityClassifier.cs

GOAPAction()

preconditions = HashSet<KeyValuePair<
effects = HashSet<KeyValuePair< 5

RequiresInRange();

InRange()

return inRange;

SetInRange(

.inRange = _value;

IsDone();

150% =
[ Ready

8 | ° Type hereto search

@ Mo issues found
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Edit View Project Build Debug Test Analze Tools Extensions Window Help  Search (Ct Thesis V0.1 A =

L=l - B Debug - AnyCPU - P AttachtoUnity - M [& _ | Live Share
GOAPAction.cs & X GOAPAgent.cs GOAPPlanner.cs IGOAP.cs Agent.cs PerformAction.cs GoTo.cs EntityClassifier.cs GridCustom.cs Entity.cs StateMachine.cs SpatialMemory.cs =
7] Assembly-CSharp ~ #3 GOAPAction - @p

DoReset ()
inRange =
target = B

targetFixedPosition =
Reset();

CheckProceduralPrecondition(GameObject _agent);

AttemptToGetTarget(GameObject _agent);

Bl
» n:5  Ch:51 MIXED CRLF
20 #4 & Thesis Y maina B

1:17 AM
5/23/2021 E'

150% =~ @ No issues found
[7 Ready
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GOAPAction.cs & X GOAPAgent.cs GOAPPlanner.cs IGOAP.cs Agent.cs PerformAction.cs GoTo.cs EntityClassifier.cs GridCustom.cs Entity.cs StateMachine.cs SpatialMemory.cs

B Assembly-CSharp - #3 GOAPAction - @
L

=

Perform(GameObject _agent);

AddPrecondition( _key, _value)

preconditions.Add( KeyValuePair< >(_key, _value));

RemovePrecondition( _key)

KeyValuePair< o > remove = de ( <
foreach (KeyValuePair< s > kvp in preconditions)
{

if (kvp.Key.Equals(_key))

remove = kvp;

}
if (! (KeyValuePair< s >).Equals(remove))

preconditions.Remove(remove);

-
» L5 Ch:51  MIXED  CRLF

150% - @ Noissues found
[J Ready
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Edit View Project Build Debug Test Analze Tools Extensions Window Help  Search (Ct Thesis V0.1 A =
B ke Debug - AnyCPU - P AttachtoUnity - M [& _ (% LS

GOAPAction.cs & X GOAPAgent.cs GOAPPlanner.cs IGOAP.cs Agent.cs PerformAction.cs GoTo.cs EntityClassifier.cs GridCustom.cs Entity.cs StateMachine.cs SpatialMemory.cs =
7] Assembly-CSharp ~ #3 GOAPAction - @

{

effects.Add( KeyValuePair< >(_key, _value));

RemoveEffect( _key)

KeyValuePair< o > remove = de (
foreach (KeyValuePair< 5 > kvp in effects)

{
if (kvp.Key.Equals(_key))
remove = kvp;

if (! (KeyValuePair< >).Equals(remove))
effects.Remove(remove);

7Hash5et<KeyValueFair< >> Preconditions

return preconditions;

HashSet<KeyValuePair< >> Effects .

150% ~ @ Noissues found | &~ 4 » L5 Ch:51 MIXED CRLF

[7 Ready A0 &4 ©Thesis YV mana &

: = = = 16:17 AM
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D File Edit View Project Bulld Debug Test Analyze Tooks Extensions Window Help  Search (Cn Thesis V0.1
Q- g WM Debug ~ AnyCPU - b AttachtoUnity - | @ & _

GOAPAction.cs & X GOAPAgent.cs GOAPPlanner.cs IGOAP.cs Agent.cs PerformAction.cs GoTo.cs EntityClassifier.cs GridCustom.cs Entity.cs StateMachine.cs SpatialMemory.cs
B Assembly-CSharp - #3 GOAPAction - e

if (kvp.Key.Equals(_key))
remove = kvp;

X

if (! (KeyValuePair< >).Equals(remove))
effects.Remove(remove);

”HashSet<KeyValuePair< >> Preconditions

return preconditions;

HashSet<KeyValuePair< >> Effects

return effects;

150% = @ No issues found » n:5  Ch:s1 MIXED CRLF
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TO SCRIPT APAYXHYX GoTo

0 File Edit View Project Build Debug Test Anabze Tools Extensions Window Help  Search Q P Thesisvol
Qe - B Debug -~ AnyCPU - P AttachtoUnity - M & _ G E = -
GOAPACtion.cs GOAPAgent.cs GOAPPlanner.cs IGOAP.cs Agent.cs PerformAction.cs Golo.cs = X EntityClassifier.cs GridCustom.cs Entity.cs StateMachine.cs SpatialMemory.cs s

] Assembly-CSharp - *3GoTo L8
UnityEngine;

nity Script | 1 ref ce

GoTo : EOAFAction

arrivedAtGoToTarget =

EOTD()

AddPrecondition("pathIsClear”, )s
AddPrecondition("arrivedAtGoToTarget",
AddEffect("arrivedAtGoToTarget", D

RequiresInRange()

return

IsDone()

return arrivedAtGoToTarget;

3 Che31 SPC CRLF
D0 #4 @ Thesis Y omana B

10:46 AM

~oma g0 N B

D File Edit View Project Bulld Debug Test Anabze Tools Extensions Window Help  Search (Crl-C Thesis V0.1
o - LR =N - B Debug - AnyCPU - P AttachtoUnity - M & _

GOAPAction.cs GOAPAgent.cs GOAPPlanner.cs IGOAP.cs Agent.cs PerformAction.cs Golo.cs & X EntityClassifier.cs GridCustorn.cs Entity.cs StateMachine.cs SpatialMemory.cs
] Assembly-CSharp - #3GoTo G— N

= O

arrivedAtGoToTarget =

CheckProceduralPrecondition(GameObject
Agent agent = _agent.GetComponent<Agent>();

if (agent != )

{
if (agent.goToTarget ==
{

return

¥
if (agent.UsablePath(agent.goToTarget.transform.position) !=

target = agent.goToTarget.gameObject;
return H

return

)j

150% - @ Mo issues found L3 Ch:31  SPC CRIF
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o File Edit v Project  Build Debug
o - Ll - Debug

GOAPAgent.cs GOAPPlanner.cs IGOAP.cs Agent.cs PerformAction.cs

- *3GoTo

P Thesisvoa

GoTo.cs & X EntityClassifier.cs GridCustom.cs

EC

Entity.cs StateMachine.cs

AttemptToGetTarget(GameObject _agent) { }

Perform(GameObject _agent)
Agent agent = _agent.GetComponent<Agent>();

if (agent != )

if (agent.ArrivedAt(target.transform.position))

arrivedAtGoToTarget =

3
print("Arrived at go to target!");
return s

}

return

@ No issues found

O Type here to search
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TO SCRIPT APAXHX OpenDoor

B¢ File Edit View Project Bulld Debug Test Anabze Tools Extensions Window Help  Search (Cirl+C P Thesisvoa A = X

o - b = Y] Debug - AnyCPU ~ b AtachtolUnity - M [& _ ¥ IfE - |& Live Share

GOAPAction.cs GOAPAgent.cs GOAPPlanner.cs IGOAP.cs Agent.cs PerformAction.cs GoTo.cs OpenDoor.cs & X GetKey.cs SearchForKey.cs StateMachine.cs SpatialMemory.cs ¥
7] Assembly-CSharp - *#3 OpenDoor ~ @ isOpen
=] System.Collections;
System.Collections.Generic;
UnityEngine;

nity Script | 1 reference

OpenDoor : [GOAPAction

isOpen =
Vector3[] path;

prenDoor()
AddPrecondition("hasKey", NG

AddPrecondition("pathIsClear”,
AddEffect("pathIsClear"”, )s

RequiresInRange()

return

IsDone()

return isOpen;

13 5 Ch:35 SPC CRLF
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GOAPAction.cs GOAPAgent.cs GOAPPlanner.cs IGOAP.cs Agent.cs PerformAction.cs GoTo.cs OpenDoor.cs & X GetKey.cs SearchForKey.cs StateMachine.cs SpatialMemory.cs v

] Assembly-CSharp - *#3 OpenDoor - o

Bl IsDone()

return isOpen;

CheckProceduralPrecondition(GameObject

Agent agent = _agent.GetComponent<Agent>();
if (agent != )
if (agent.allDoorsToOpen.Count > @)
Vector3 agentPosition = agent.transform.position;

agentPosition.y = ©;
HashSet<Entity> unreachableDoors = HashSet<Entity>();

= foreach (Door door in agent.allDoorsToOpen)
150% - @ Mo issues found 4 » n:5  Ch:i3s SPC CRLF
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B File Edit View Project Bulld Debug Test Anabze Tools Extensions Window Help  Search (Cirl+C P Thesisvoa A =

e - 9o W Debug -~ AnyCPU - b AttachtoUnity - M & _ 5 E - 1& Live Share

GOAPAction.cs GOAPAgent.cs GOAPPlanner.cs IGOAP.cs Agent.cs PerformAction.cs GoTo.cs OpenDoor.cs & X GetKey.cs SearchForKey.cs StateMachine.cs SpatialMemory.cs
7] Assembly-CSharp ~ *3 OpenDoor ~ @ isOpen -
Vector3 agentPosition = agent.transform.position;
agentPosition.y = 8;
HashSet<Entity> unreachableDoors = HashSet<Entity>();

foreach (Dcor door in agent.allDoorsToOpen)

{

Node doorNode = GridCustom.Instance.GetNodeFromWorldPosition(GridCustom.Instance.GetGrid(), door.transform.f

List<Node> walkableNeighbourNodes = GridCustom.Instance.GetNeighboursForPathfinding(GridCustom.Instance.Get¢
Vector3? closestNodePosition = 8

shortestPathLength = .MaxValue;

foreach (Node node in walkableNeighbourNodes)

{
Vector3 nodePosition = node.worldPosition;
nodePosition.y = @;

path = PathRequestManager.RequestPathGOAP( PathRequestGOAP(GridCustom.Instance.GetGrid(), agentPositi

if (path != )
{
if (path.Length <= shortestPathLength)

{
shortestPathLength = path.Length;
closestNodePosition = node.worldPosition;

3 lm5 Ch:35 SPC  CRIF

20 #£4 @ Thesis Y maina B
10:57 AM
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D File Edit View Project Bulld Debug Test Analyze Tooks Extensions Window Help  Search (CirleC P ThesisVod

o - B W Debug ~ AnyCPU - P AftachtoUnity - M [& _

GOAPAction.cs GOAPAgent.cs GOAPPlanner.cs IGOAP.cs Agent.cs PerformAction.cs GoTo.cs OpenDoorcs & X Getkey.cs SearchForKey.cs StateMachine.cs SpatialMemory.cs
B Assembly-CSharp ~ #3 OpenDoor - @, isOpel

, , 0pe
¥

if (closestNodePosition ==

{
unreachableDoors.Add(door);
continue;

agent.doorsToOpen.Add(door, (Vector3)closestNodePosition);

break;

¥

foreach (Door door in unreachableDoors)

{
if (agent.allDoorsToOpen.Contains(door))
agent.allDoorsToOpen.Remove(door) ;

¥

foreach (Door door in agent.doorsToOpen.Keys)
{

agent.allDoorsToOpen.Remove(door);
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Project
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Build
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i

Thesis V0.1
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GOAPPlanner.cs IGOAP.cs Agent.cs

~ *3 OpenDoor

PerformAction.cs GoTo.cs OpenDoores & % GetKey.cs SearchForKey.cs

@, x0pen

AttemptToGetTarget(GameObject _agent)

Agent agent = _agent.GetComponent<Agent>();
if (agent !=
{
foreach (Door door in agent.doorsToOpen.Keys)
{
if (agent.inventory.ContainsKeyOfColor(door.doorColor))
{
target = door.gameObject;
targetFixedPosition = agent.doorsToOpen[door];

Perform(GameObject _agent)

Agent agent = _agent.GetComponent<Agent>();
Door targetDoor = target.GetComponent<Door>();

if (agent !=
{

v A

Debug Test Anshze Tools [Extensions Window Help

i

Thesis V0.1

Debu ~ AnyCPU - Attach to Unity ~
9 Y ity

GOAPPlanner.cs IGOAP.cs Agent.cs

~ #3 OpenDoor

PerformAction.cs GoTo.cs OpenDoorcs & X GetKey.cs SearchForKey.cs

i
target = door.gameObject;
targetFixedPosition = agent.doorsToOpen[door];

Perform(GameObject _agent)

Agent agent = _agent.GetComponent<Agent>();
Door targetDoor = target.GetComponent<Door>();

if (agent !=

{
agent.inventory.UseKey(targetDoor);
agent.doorsToOpen.Remove(targetDoor);
isOpen = 8
return

return
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TO SCRIPT APAXHY GetKey

D File Edit View Project Bulld Debug Test Amalyze Tools Extensions Window  Help Thesis V0.1
Q- g WM Debug ~ AnyCPU - b AttachtoUnity - | @ & _

GOAPAction.cs GOAPAgent.cs GOAPPlanner.cs IGOAP.cs

Agent.cs PerformAction.cs GoTo.cs OpenDoor.cs
[& Miscellaneous Files

GetKey.cs & X SearchForKey.cs StateMachine.cs SpatialMemory.cs
- *#3 Getkey

- @ CheckProceduralPrecondition{GameObject _agent)
UnityEngine;

GetKey : GOAPAction

hasKey =
Vector3[] path;

GetKey()
AddPrecondition("foundKey", s

AddPrecondition("hasKey", 53
AddEffect("hasKey", );

RequiresInRange()

return

IsDone()

return hasKey;

Reset()
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GOAPACtion.cs GOAPAgent.cs GOAPPlanner.cs IGOAP.cs

Agent.cs PerformAction.cs GoTo.cs OpenDoor.cs
[ Miscellaneous Files

GetKey.cs &1 X SearchForKey.cs StateMachine.cs SpatialMemory.cs
- #3 GetKey

- @ CheckProceduralPrecondition(GameObject _agent)

return hasKey;

Reset()

CheckProceduralPrecondition(GameObject

Agent agent = _agent.GetComponent<Agent>();

if (agent !=

{
if (agent.inventory.keys.Count > @)
{

return

return
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GOAPACtion.cs GOAPAgent.cs GOAPPlanner.cs IGOAP.cs Agent.cs PerformAction.cs GoTo.cs OpenDoor.cs
[£#] Miscellaneous Files - *3 GetKey

.

B AttemptToGetTarget(GameObject _agent)

Getkey.es & X SearchForKey.cs StateMachine.cs SpatialMemory.cs

- @ CheckProceduralPrecondition{GameObject _agent)

Agent agent = _agent.GetComponent<Agent>();

if (agent != )

Vector3 agentPosition = agent.transform.position;
agentPosition.y = 8;
Key closestKey = H

shortestPathLength = .MaxValue;

foreach (Key key in agent.spatialMemory.GetEntitiesOfClass("Key"))
{

Vector3 keyPosition = key.transform.position;
keyPosition.y = @;

path = PathRequestManager.RequestPathGOAP( PathRequestGOAP(GridCustom. Instance.GetGrid(), agentPosition, keyF

if (path != )
{
if (path.Length <= shortestPathLength)
{
shortestPathLength = path.Length;
closestKey = key;
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D File Edit View Project Bulld Debug Test Analyze Tooks Extensions Window Help  Search (CirleC P ThesisVod
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GOAPAction.cs GOAPAgent.cs GOAPPlanner.cs IGOAP.cs

Agent.cs PerformAction.cs GoTo.cs OpenDoor.cs
[ Miscellaneous Files

GetKey.cs & X SearchForKey.cs StateMachine.cs SpatialMemory.cs
- *3 Getkey

- @ CheckProceduralPrecondition{GameObject _agent)

¥

target = closestKey.gameObject;

Perform(GameObject _agent)

Agent agent = _agent.GetComponent<Agent>();
Key targetKey = target.GetComponent<Key>();

if (agent != )
{
if (agent.ArrivedAt(target.transform.position))
{
agent.inventory.AddKey(targetKey);
hasKey =
return

B

150% - @ Noissues found b lm36 Ch10 SPC CRIF
[J Ready 20 #£4 & Thesis Y mana- B
11:00 AM
2R P Type here to search

NTEma gD NG o, B

Xwpikn MvAun kai GOAP : Mia peaAIoTIKn ANPOCEYYION OTNV NAORYNon NpakTopwv




MeTanTuyiakn AiaTtpipn AvdpEag Zgpoudakng

TO SCRIPT APAZHZ SearchForKey

P Thesisvoi

‘Window

S @

Build Test Tools  Extensions Help

o Fie

e -

Edit

[N -

View  Project Debug Analyze

Debug - AnyCPU - P Attachto Unity ~ n

GOAPAction.cs GOAPPlanner.cs IGOAP.cs PerformAction.cs GoTo.cs OpenDoor.cs GetKey.cs. SpatialMemory.cs

Miscellaneous Files

Bl

GOAPAgent.cs Agent.cs

SearchForkey.cs & X StateMachine.cs
- #3 SearchForkey E

o'
=

System.Collections;

System.Collections.Generic;

UnityEngine;
SearchForKey : GOAPAction

foundKey;
Vector3[] path;

SearchForKey()

AddPrecondition("foundKey",
AddEffect("foundKey", )

RequiresInRange()

return

IsDone()

return foundKey;
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GOAPAction.cs IGOAP.cs PerformAction.cs GoTo.cs OpenDoor.cs Getkey.cs SpatialMemory.cs

[ Miscellaneous Files

GOAPAgent.cs GOAPPlanner.cs Agent.cs

SearchForKey.cs # X StateMachine.cs
- #3 SearchForkey n

=

Agent agent

if (agent !=

AttemptToGetTarget(GameObject _agent)

_agent.GetComponent<Agent>();

)

{

Vector3 agentPosition = agent.transform.position;

agentPosition.y = 8;
Node startNode = GridCustom.Instance.GetNodeFromWorldPosition(GridCustom.Instance.GetGrid(), agentPosition);

Node[,] gridCopy = (Node[,])GridCustom.Instance.GetGrid().Clone();
for ( y = ©; y < gridCopy.GetLength(1); y++)
{
for (
{

X = ©; x < gridCopy.GetLength(8); x++)

gridCopy[x, y] = Node(gridCopy[x, y].walkable, gridCopy[x, y].werldPosition, x, y);
}

}

HashSet<Node> nodesToMakeUnwalkable = HashSet<Node>();
gridCopy[startNode.gridX, startNode.gridY].walkable
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[£#] Miscellaneous Files - *3 SearchForkey P foundKe -
nodesToMakeUnwalkable.Add(startNode);
B while (nodesToMakeUnwalkable.Count > @)

{

HashSet<Node> nodesToRemove = HashSet<Node>() ;
HashSet<Node> nodesToAdd = HashSet<Node>();

foreach (Node node in nodesToMakeUnwalkable)

{

nodesToRemove . Add(node) ;

HashSet<Node> neighbourNodes = GetWalkableNeighbours(gridCopy, node);
foreach (Node neighbourNode in neighbourNodes)
{
if (lagent.spatialMemory.DiscoveredNode(neighbourNode.gridX, neighbourNode.gridY))
{
target = 5
targetFixedPosition = neighbourNode.worldPosition;

return;

}
nodesToAdd.Add(neighbourNode) ;
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GOAPACtion.cs GOAPAgent.cs GOAPPlanner.cs IGOAP.cs Agent.cs PerformAction.cs GoTo.cs OpenDoor.cs GetKey.cs SearchForKey.cs = X StateMachine.cs SpatialMemory.cs =
[ Miscellaneous Files - #3 SearchForkey - @ foundKe

Perform(GameObject _agent)

Agent agent = _agent.GetComponent<Agent>();

if (agent != )
{

foreach (KeyValuePair< > kVP in agent.GetWorldState())

if (kVP.Key == "foundKey" &% kVP.Value.Equals( ))
{

foundKey =

return

return
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GOAPAction.cs GOAPAgent.cs GOAPPlanner.cs IGOAP.cs Agent.cs PerformAction.cs GoTo.cs OpenDoor.cs SearchForKey.cs & X StateMachine.cs SpatialMemory.cs ¥

[£#] Miscellaneous Files - *3 SearchForkey P foundKe
= HashSet<Node> GetWalkableNeighbours(Node[,] _grid, Node _node)
{

gridSizeX = _grid.GetLength(@);

gridSizeY = _grid.GetLength(1);
HashSet<Node> neighbours = HashSet<Node>();

for ( -1; x <= 1; x++)
{
for (int y = -1; y <= 1; y++)
{
if (x == 9 8& y == @)
continue;

checkX = _node.gridX + x;
checkY = _node.gridY + y;

if (checkX >= @ && checkX < gridSizeX && checkY >= © && checkY < gridSizeY)
{
if (!_grid[checkX, checkY].walkable)
continue;
else
_grid[checkX, checkY].walkable =

neighbours.Add(_grid[checkX, checkY]);

3 lm5 Ch:39  SPC  CRIF
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D File Edit View Project Bulld Debug Test Analyze Tooks Extensions Window Help  Search (CirleC P ThesisVod
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GOAPAction.cs GOAPAgent.cs GOAPPlanner.cs IGOAP.cs Agent.cs PerformAction.cs GoTo.cs OpenDoor.cs GetKey.cs SearchForKey.cs - X StateMachine.cs SpatialMemory.cs
[ Miscellaneous Files - #3 SearchForkey -
= HashSet<Node> SetWalkableNeighbours(Node[,] _grid, Node _node)

gridSizeX = _grid.GetLength(@);

gridSizeY = _grid.GetLength(1);
HashSet<Node> neighbours = HashSet<Node>();

for ( ;X <= 1; x++)
{
for ( -1y <= 1; y++)
{
if (x == @ && y == @)
continue;

checkX = _node.gridX + x;
checkY = _node.gridY + y;

if (checkX >= © && checkX < gridSizeX &% checkY >= © && checkY < gridSizeY)
{
if (!_grid[checkX, checkY].walkable)
continue;
else
_grid[checkX, checkY].walkable =

neighbours.Add(_grid[checkX, checkY]);
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AHMIOYPI'TA ENOX £XEAIOY (GOAPPlanner)

To GOAPPIlanner cival €va script nou €€stalel TIG NnpoUnoBETEIC Kal TA
anoTeAEoNaTa Twv OpACewV Kal dnuioupyei oupeg (queues) dpdoswv nou Ba
eNITUXOUV €vav oToxo, dnNAadn &va oX&dlo. AUTOC 0 OTOXOC NAPEXETAl and Tov
npakTopa, padi Je pia KaTaoTaon Tou KOOPOU Kdl Jia AioTa 0pAacewy Nou PNopEi
va EKTEAECEI 0 NPAKTOPAGC. Mg auTeC TIC NAnpogopieg, To GOAPPlanner unopei
va €€eTaoel TIC OpAOCEIC, va JEl MOIEC HNOPOUV VA EKTEAECOTOUV Kal NOIEC OeV
hunopoUv, KAl 0TN OUVEXEID vad anogpaaciosl nold akoAoubia dpdcewyv €ival n
KaAUTEpPN.

D File Edit  View Project Bulld Debug e
B ?- Debug

GOAPAgent.cs GOAPPlanner.cs & X IGOAP.cs

System.Diagnostics;

System;
System.Collections.Generic;
UnityEngine;

GOAPPlanner

>> _worldState,
>> _goal)

foreach (GOAPAction action in _availableActions)
{
action.DoReset();

X

HashSet<GO. ion> usableActions = HashSet<GOAPAction>();
foreach n action in _availableActions)
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Debug Analyze Extensions  Window  Help

i

Thesis V0.1

Debug - AnyCPU - P Attachto Unity ~

GOAPACtion.cs
7] Assembly-CSharp

GOAPAgent.cs GOAPPlanner.cs & X IGOAP.cs Agent.cs PerformAction.cs GoTo.cs

~ *#3 GOAPPlanner

EntityClassifier.cs

HashSet<GOAPAction> usableActions = HashSet<GOAPAction>();
foreach (GOAPAction action in _availableActions)
{
if (action.CheckProceduralPrecondition(_agent))
usableActions.Add(action);

List<Node> leaves = List<Node>();

Node start = Node ( , 8, _goal, W
HashSet<KeyValuePair< N >> end = _worldState;
success = BuildGraph(end, start, leaves, usableActions, _goal);

if (!success)

{

Console.WriteLine("NO PLAN for ");
return ]
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GOAPAgent.cs GOAPPlanner.cs & X IGOAP.cs Agent.cs PerformAction.cs GoTo.cs

- #3 GOAPPlanner

EntityClassifier.cs

Node cheapest = 8
foreach (Node leaf in leaves)
{
if (cheapest == )
cheapest = leaf;
else
{
if (leaf.runningCost < cheapest.runningCost)
cheapest = leaf;

List<GOAPAction> result =
Node n = cheapest;

while (n != )

{

List<GOAPAction>();

if (n.action !=

result.Add(n.action);

¥
n

= n.parent;

Queue<GOAPAction> queue = Queue<GOAPAction>();
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GOAPAgent.cs
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Debug - AnyCPU - P Attachto Unity ~

GOAPPlanner.cs & X IGOAP.cs Agent.cs PerformAction.cs GoTo.cs GridCustom.cs

~ *#3 GOAPPlanner

EntityClassifier.cs Entity.cs StateMachine.cs

- @, Pop

BuildGraph(HashSet<KeyValuePair< ,
Node _parent, List<Node> leaves,
HashSet<GOAPAction> _usableActions,
HashSet<KeyValuePair< »

>> _end,

>> _goal)

foundOne =

foreach (GOAPAction action in _usableActions)

{

if (InState(action.Effects, _parent.state))

HashSet<KeyValuePair< >> currentState = PopulateState(_parent.state, action.

Node node = Node(_parent, _parent.runningCost + action.cost, currentState, action);

if (InState(currentState, _end))
{

leaves.Add(node) :

Debug Test Analyze Tools Extensions Window Help Search Q pel

A E ERiE s

Thesis V0.1

Debu ~ AnyCPU - Attach to Unity ~
9 Y ity

GOAPPlanner.cs & X |GOAP.cs Agent.cs PerformAction.cs GoTo.cs GridCustom.cs

- #3 GOAPPlanner
if (InState(action.Effects, _parent.state))

EntityClassifier.cs Entity.cs StateMachine.cs

- ®,Pop

HashSet<KeyValuePair<

Node node = Node(_parent, _parent.runningCost + action.cost, currentState, action);

if (InState(currentState, _end))
{

leaves.Add(node);
foundOne = 5

¥

else
{
HashSet<GOAPAction> subset = ActionSubset(_usableActions, action);
found = BuildGraph(_end, node, leaves, subset, _goal);
if (found)
foundOne =

}

return foundOne;

N NPaKTOpWV

40

AvdpEag Zepoudak

A - o
1€ Live Share

SpatialMemory.cs s

Effects, action.Preconc

3 Ln: 243

# 4 © Thesis

Ch:2  SPC  CRLF

T 0 Y main «
10:03 AM

~EEA DN

SpatialMemory.cs

>> currentState = PopulateState(_parent.state, action.Effects, action.Preconc

» Ln:243 Ch:2  SPC  CRIF

Y main «
10:04 AM
5/23/2021

£ 4§ Thesis

A O tm & Z ) ENG

£l

g

2

i




nTuxiakn AiatpiBn

B File Edit View Project Bulld Debug Test Extensions

AT Debug

Analyze  Tools Window  Help

Q- - ~ AnyCPU - b AtachtoUnity - M [&] _ LS E = ]

GOAPAction.cs PerformAction.cs GoTo.cs
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GOAPAgent.cs GOAPPlanner.cs & X IGOAP.cs Agent.cs

~ *#3 GOAPPlanner

HashSet<GOAPAction> ActionSubset{HashSet<GOAPAction> _actions,

HashSet<GOAPAction> subset =
foreach (GOAPAction action in _actions)

{

if (!action.Equals(_removeMe))
subset.Add(action);
}

return subset;

InState(HashSet<KeyValuePair<

allMatch = g
foreach (KeyValuePair<

{

> t in _test)

match = H
foreach (KeyValuePair<

{

> s in _state)

if (s.Equals(t))
{
match =
break;

D File Edit View Project Build Debug Test Extensions

Q- Ll I e Debug

Anahze  Tools Window  Help

- AnyCPU - P AftachtoUnity - M B _ fE =72 A

GOAPAction.cs GoTo.cs

B Assembly-CSharp

GOAPAgent.cs GOAPPlanner.cs & X IGOAP.cs Agent.cs PerformAction.cs

- #3 GOAPPlanner

InState(HashSet<KeyValuePair<

allMatch = H
foreach (KeyValuePair<

{

> t in _test)

match = 2
foreach (KeyValuePair<

{

> s in _state)

if (s.Equals(t))
{
match =
break;
¥
1
if (!match)
allMatch =

}
return allMatch;
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>> PopulateState(HashSet<KeyValuePair<
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GOAPACtion.cs
7] Assembly-CSharp

GOAPAgent.cs GOAPPlanner.cs & X IGOAP.cs Agent.cs

HashSet<KeyValuePair<

HashSet<KeyValuePair<

foreach (KeyValuePair< ,

{

state.Add( KeyValuePair<

}

foreach (KeyValuePair<

{

exists =

foreach (KeyValuePair<
{
if (s.Equals(change))
{
exists =
break;

¥

if (exists)
a4

o Fie

Q-

Edit  View Project  Build Test Tools  Extensions  Window

TR D

Debug Analyze

Debug ~ AnyCPU - P Attachto Unity ~
GOAPACtion.cs

B Assembly-CSharp
L

=) foreach (KeyValuePair< »

{

GOAPAgent.cs GOAPPlanner.cs & X IGOAP.cs Agent.cs

exists = 5

foreach (KeyValuePair<
{
if (s.Equals(change))
{
exists =
break;

¥

if (exists)

{

KeyValuePair< )
state.Add(updated);

¥

else
{
state.Add(
}
}

return state;
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}

return state;

Node {

Node parent;
runningCost;
HashSet<KeyValuePair<
ction action;

>> state;

ode _parent,

.parent = _parent;
.runningCost = _runningCost;
.state = _state;

.action = _action;
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AIETIA®H I'lA TO GOAP (IGOAP)

To IGOAP script €ival €va interface nou npénel va epappolel o kKabe npdakTopag
(Agent) woTe va xpnoigonoinoel To cuoTnua GOAP. Mapexel nAnpogopieg oTo
GOAPPIlanner script kal €ral Tou divel Tnv duvaTtoTnTa va dnMUIoUpPYNoEl Eva
oxedlo. Mapexel eniong pia dienagn yia To GOAPPlanner peow Tng onoiag divel
avagopad niTuxiag r anotuxiag orov npakropd.

AUO ano TIC onUavTIKOTEPEG HeBOdoUC nou napéxel To IGOAP script ival n
GetWorldState kal n CreateWorldState. Me Tnv GetWorldState napexei Tig
KATAOTACEIC MOU analiTouVTadl yia TNV €KTEAEDN evEPYEIWV. Evw pe TNV
CreateWorldState divel oTov planner evav véo oTOX0, WOTE va BpPEl TIG
EVEPYEIEG NOU anaiTouvTal yia TNV EKNANPWar Tou.

» Thesis V0.1

GOAPAgent.cs GOAP.cs erform. cs GoTo.cs EntityClassifier.cs

System.Collections.Generic;

IGOAP {

Lol

3 references
HashSet<KeyValuePair< . >> GetWorldState();

2 references
HashSet<KeyValuePair< » >> CreateGoalState();

) references
PlanFailed(HashSet<KeyValuePair< s >> failedGoal);
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Project  Build Debug Test Analyze ! i s Ctrl+C P Thesisvoa

Debug - - P AttachtoUnity - | _ i@ | | ] _

GOAPPlanner.cs IGOAP.cs & X Agentcs PerformAction.cs GoTo.cs EntityClassifier.cs G X Entity.cs StateMachine.cs SpatialMemory.cs

-~ *0IGOAP

PianFound(HashSe‘td{eyValuePairw >> goal, Queue<GOAPAction> actions);

AétionsFinished( )s

F16veAgentEnter (GOAPAction _currentAction);

MoveAgent (GOAPAction _currentAction);

MéveAgentExit(G f ion _currentAction);

- @ No issues found ¥ % Ch:25 MIXED CRLF
[7 Ready 20 #3 @ Thesis Y maina B

5 . - w3 46
HH £ Type here to search i ' W o Q fm a7 Q) ENG
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[TPAKTOPAXZ GOAP (GOAPAgent)

o File  Edit

© - il

View Project  Build

-

Debug Test Anahze Tools Extensions Window Help

Debug - AnyCPU = b Attachtolnity - M & _ &

GOAPAction.cs
7] Assembly-CSharp
=] System;
System.Collections.Generic;
UnityEngine;

GOAPAgent.cs & X GOAPPlanner.cs IGOAP.cs Agent.cs PerformAction.cs

- #3 GOAPAgent

nity Script | 16 references

GOAPAgent : MonoBehaviour

11 references

StateMachine<GOAPAgent> StateMachine {

HashSet<GOAPAction> availableActions;
Queue<GOAPAction> currentActions;
IGOAP dataProvider;

GOAPPlanner planner;

StateMachine = StateMachine<GOAPAgent>(
SetAvailableActions();

currentActions = Queue<GOAPAction>();
planner = GOAPPlanner();
FindDataProvider();

Fv 4

o File it

©-0 H-HMEH

View Project Build Debug Test Analyze Tools Extensions Window Help

Debug AL R

- AnyCPU - P Attachto Unity ~

GOAPAction.cs
] Assembly-CSharp

GOAPAgent.cs & X GOAPPlanner.cs IGOAP.cs Agent.cs PerformAction.cs

- *3 GOAPAgent

StateMachine = StateMachine<GOAPAgent>(
SetAvailableActions();

currentActions = Queue<GOAPAction>();
planner = GOAPPlanner();
FindDataProvider();

StateMachine.ChangeState(Idle.Instance);

AddAction(GOAPAction _action)

availableActions.Add(_action);

150% -

[ Ready

8 | P Type hereto search

@ Mo issues found
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P Thesisvoa

GoTo.cs EntityClassifier.cs

5

» Thesis V0.1

GoTo.cs EntityClassifier.cs

);

N NPaKTOpWV

AvdpEag Zepoudak

A
1&2 Live Share

GridCustom.cs Entity.cs
- /¥ StateMachine

StateMachine.cs SpatialMemory.cs =

» L5 Ch:39 CRLF
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o Fie

©-0|f-

Edit  View Project  Build Test Tools  Extensions  Window Thesis V0.1

<3 -

Help  Search (Ctrl-Q P
mE. BfE = =

Debug Analyze

Debug - AnyCPU - P Attachto Unity ~

GOAPACtion.cs
7] Assembly-CSharp

GOAPAgent.cs & X GOAPPlanner.cs IGOAP.cs Agent.cs PerformAction.cs GoTo.cs

- *3 GOAPAgent

EntityClassifier.cs

RemoveAction(GOAPAction _action)

availableActions.Remove(_action);

HasActionPlan()

return (currentActions.Count > 0);

SetAvailableActions()

availableActions = HashSet<GOAPAction>();
GOAPAction[] actions = gameObject.GetComponents<GOAPActions();
foreach (GOAPAction action in actions)
{
availableActions.Add(action);

}
Debug.Log("Found actions:

+ PrettyPrint(actions));

FindDataProvider()

o Fie

Q-

Edit  View Project  Build

LR

Debug Test Anshze Tools [Extensions Window Help  Search (Cirl-0 P ThesisVod

Debug ~ AnyCPU - P AftachtoUnity - M [& _ E -

GOAPACtion.cs
B Assembly-CSharp

GOAPAgent.cs & X GOAPPlanner.cs IGOAP.cs Agent.cs PerformAction.cs GoTo.cs

- #3 GOAPAgent

EntityClassifier.cs

B - FindDataProvider()

foreach (Component component in gameObject.GetComponents(
{
if (
{

(IGOAP) .IsAssignableFrom(component.GetType()))

dataProvider = (IGOAP)component;

return;

IdleStateUpdate()

HashSet<KeyValuePair<
HashSet<KeyValuePair<

Queue<GOAPAction> plan =

(plan != )
150% - ¥ 4
L] Ready

if
|

@ Mo issues found

S Type here to search
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GridCustom.cs Entity.cs StateMachine.cs SpatialMemory.cs =

< StateMachine -

» n: 5

# 4 © Thesis

Ch:39  MIXED  CRLF

T 0 Y main «
10:21 AM

~EEA DN

GridCustom.cs Entity.cs StateMachine.cs SpatialMemory.cs

- P StateMachine

(Component)))

>> worldState = dataProvider.GetWorldState();
>> goal = dataProvider.CreateGoalState();

planner.FormulatePlan(gameObject, availableActions, worldState, goal);
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nTuxiakn AiatpiBn AvdpEag Zepoudak

B File Edit View Project Bulld Debug Test Anabze Tools Extensions Window Help  Search (Cirl+C P Thesisvoa A =

e - 9o W Debug -~ AnyCPU - b AttachtoUnity - M & _ 5 E - 1& Live Share

GOAPAction.cs GOAPAgent.cs & % GOAPPlanner.cs IGOAP.cs Agent.cs PerformAction.cs GoTo.cs EntityClassifier.cs GridCustom.cs Entity.cs StateMachine.cs SpatialMemory.cs
7] Assembly-CSharp - *3 GOAPAgent ~ ¥ StateMachine

IdleStateUpdate()

HashSet<KeyValuePair< >> worldState = dataProvider.GetWorldState();
HashSet<KeyValuePair< >> goal = dataProvider.CreateGoalState();

Queue<GOAPAction> plan = planner.FormulatePlan(gameObject, availableActions, worldState, goal);

if (plan != )
{

currentActions = plan;

dataProvider.PlanFound(goal, plan);

StateMachine.ChangeState(PerformAction.Instance);
}

else

{

UnityEngine.Debug.Log("<color=orange>Failed Plan:</color>" + PrettyPrint(goal));
dataProvider.PlanFailed(goal);

StateMachine.ChangeState(Idle.Instance);

» L5 Ch:39 MDXED CRLF

20 #£4 @ Thesis Y maina B
10:21 AM

AT e g0 NG Ly B

D File Edit View Project Bulld Debug Test Analyze Tooks Extensions Window Help  Search (CirleC P ThesisVod

o - B W Debug ~ AnyCPU - P AftachtoUnity - M [& _

GOAPAction.cs GOAPAgent.cs & X GOAPPlanner.cs IGOAP.cs Agent.cs PerformAction.cs GoTo.cs EntityClassifier.cs GridCustom.cs Entity.cs StateMachine.cs SpatialMemory.cs
B Assembly-CSharp - #3 GOAPAgent ~ ¥ StateMachine

PerformActionStateUpdate()
if (!HasActionPlan())

Debug.Log("<color=red>Done actions</color>");
StateMachine.ChangeState(Idle.Instance);
dataProvider.ActionsFinished();

return;

¥

GOAPAction action = currentActions.Peek();
if (action.IsDone())
{

currentActions.Dequeue();

X

if (HasActionPlan())

action = currentActions.Peek();
inRange = action.RequiresInRange() ? action.InRange() :

=

150% = @ No issues found » ln:5 Ch:39  MIXED CRLF
[J Ready 20 #£4 & Thesis Y mana- B

7 a = 10:21 AM
= P Typeheretosearch i — et e CE s e O
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Edit  View Project  Build

i <N -
GOAPACtion.cs
7] Assembly-CSharp

Bl

150% -

[7 Ready

@ No issues found

88 O Type hereto search

Edit  View Project  Build

LR

o Fie
o -
GOAPACtion.cs

B Assembly-CSharp

=

X

@ Mo issues found

150% =
[ Ready

2R P Type here to search

GOAPAgent.cs & X GOAPPlanner.cs

GOAPAgent.cs & X GOAPPlanner.cs

Debug Test Anahze Tools Extensions Window Help Thesis V0.1

Debug - AnyCPU - P AttachtoUnity - M [& _

IGOAP.cs Agent.cs PerformAction.cs GoTo.cs

- *3 GOAPAgent

EntityClassifier.cs

if (HasActionPlan())

action = currentActions.Peek();
inRange = action.RequiresInRange() ? action.InRange() :

if (inRange)
{

success = action.Perform(gameObject);

if (!success)

{

StateMachine.ChangeState(Idle.Instance);
dataProvider.PlanAborted(action);

StateMachine.ChangeState(MoveTo.Instance);

Debug Test Analyze Tools Extensions Window Help Thesis V0.1

Debug ~ AnyCPU - P AftachtoUnity - M [& _

IGOAP.cs Agent.cs PerformAction.cs GoTo.cs

- #3 GOAPAgent

EntityClassifier.cs

else

{

StateMachine.ChangeState(Idle.Instance);
dataProvider.ActionsFinished();

MoveToStateEnter()

GOAPAction action = currentActions.Peek();

dataProvider.MoveAgentEnter(action);

AvdpEag Zepoudak

A =
1€ Live Share

GridCustom.cs Entity.cs StateMachine.cs SpatialMemory.cs =

< StateMachine -

» n: 5

# 4 © Thesis

Ch:39  MIXED

Y main « &y

10:21 AM
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GridCustom.cs

F

StateMachine.cs SpatialMemory.cs

Entity.cs
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B File Edit View Project Bulld Debug Test

PR Debug

Analyze Tools Extensions  Window  Help

Q- B - ~ AnyCPU - b AtachtoUnity - M [&] _ LS E = n

GOAPACtion.cs
7] Assembly-CSharp

GOAPAgent.cs & X GOAPPlanner.cs IGOAP.cs Agent.cs PerformAction.cs GoTo.cs

- *3 GOAPAgent

B I MoveToStateUpdate()

GOAPAction action = currentActions.Peek();

if (action.RequiresInRange() && (action.target ==
action.AttemptToGetTarget(gameObject);
if (action.target ==
{

StateMachine.ChangeState(Idle.Instance);
return;

if (dataProvider.MoveAgent(action))

{

D File Edit View Project Build Debug Test

Q- - Debug

Anabze Tools Extensions Window Help

~ AnyCPU ~ P AttachtoUnity - M [F] _

GOAPACtion.cs
B Assembly-CSharp

GOAPAgent.cs & X GOAPPlanner.cs IGOAP.cs Agent.cs PerformAction.cs GoTo.cs

- #3 GOAPAgent

B I MoveToStateExit()

GOAPAction action = currentActions.Peek();
dataProvider.MoveAgentExit(action);

PrettyPrint(HashSet<KeyValuePair<

s =
foreach (KeyValuePair<

{

wn,
>

> kvp in state)

s += kvp.Key + ":"

s += ", "

+ kvp.Value.ToString();

}

return s;

s =
foreach (GOAPAction a in actions)

{

wn,
>

s += a.GetType().Name;

g = =n 2

150% - @ Noissues found
[J Ready

2R P Type here to search
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Debug.Log("<color=red>Fatal error:</color> Action requires a target but has none.

StateMachine.ChangeState(PerformAction.Instance);

AvdpEag Zepoudak

» Thesis V0.1 A —
s | Live Share

EntityClassifier.cs GridCustom.cs Entity.cs StateMachine.cs SpatialMemory.cs =

< StateMachine -

&% action.targetFixedPosition ==

&& action.targetFixedPosition == )

Planning failed. You did not z , .

» 5 Ch:39  MIXED CRLF
0 #£4 @Thesis YV maina &
10:22 AM

N e g0 N oy B

» Thesis V0.1

EntityClassifier.cs GridCustom.cs Entity.cs StateMachine.cs SpatialMemory.cs

- P StateMachine

>> state)

PrettyPrint(Queue<GOAPAction> actions)
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MeTanTuyiakn AiaTtpipn

Project  Build Debug Test Analyze ! i s Ctrl+C P Thesisvoa

Debug - - P AttachtoUnity - | _ i@ | | ] _

GOAPAgent.cs & X GOAPPlanner.cs IGOAP.cs. Agent.cs PerformAction.cs GoTo.cs EntityClassifier.cs
~ *3 GOAPAgent
foreach (GOAPAction a in actions)

B
{
s += a.GetType().Name;
=

s 4= "> "
}

s += "GOAL";
return s;

PrettyPrint(GOAPAction[] actions)

=

foreach (G ction a in actions)

{

s += a.GetType().Name;

S

}

return s;

PrettyPrint(GOAPAction action)

H = + action.GetType().Name;
return s;

)j

- @ Noissues found
[T Ready

H L Type here to search
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MeTanTuyiakn AiaTtpipn AvdpEag Zgpoudakng

XQPIKH MNHMH (SPATIAL MEMORY)

Ma va NpocopoInCw TNV XWPIKN HVAMN TOU NPAKTOPd, N onoia Tou enITPENE!
va €Egpeuva kal va anopvnuovelel To AaBupivbo kabBwc kal Ta avTiKEiPeva nou
Bpiokel peoa o€ auTov, @Tiaga Tnv kAdon Spatial Memory. H Spatial
Memory dnuioupyei eva nAgypa (grid) To onoio Xwpilel Tov XWPo O TETpAywva
KeAIQ Ta onoia o NpAKTopaAc avakaAUNTEl XpNOIKJonolwvTag Tnv 0paacr Tou. Mg
auTo ToVv TPOMno yvwpilel nold TUNHATa Tou AaBupivBou Exel ENIOKEPTEI KAl OE
nola keAIG BpiokovTal Ta AVvTIKEIJEVA WE TA onoia pnopei va aAAnAenidpaoel
KaBwg kal Ta keAIG nou €xouv gunddia. Mia akoua duvatoéTnTa Tng Spatial
Memory cival n IkavoTnTa va &exva Pe Tnv napodo Tou Xpovou.

>Tnv NapakdaTtw screenshot BAENoUUE TIG HETABANTEG TNG KAAONG NOU EXEI
npoofacn o NpoypaupaTIoTAC HEOW Tou Inspector Tng Unity kal pnopei va BEoel
0 010G TNG TIMEG TOUG ekei. Eniong undpyouv Ta tooltips Ta onoia neplypagouv T
aAAalel Ye TNV KABe peTrapAnTn.

D File Edit View Project Build Debug Test

Q-

ystem;
System.Collections;
System.Collections.Generic;
System.Diagnostics;
System.Ling;

UnityEngine;

ialMemory : MonoBehaviour

[Tooltip("Total memory duration in seconds, @ equals no spatial memory.")]
duration;
[Tooltip(“"Seconds to remember walkable node per discovery.")]
walkableMultiplier;
[Tooltip(“"Seconds to remember unwalkable node per discovery.")]
unwalkableMultiplier;
[Tooltip("Seconds to remember entity per discovery.")]
entityMultiplier;
[Tooltip("Memory fades every second, the agent forgets.")]
fadingMemory;
[Tooltip("Recall nodes from experience. If untoggled, discovery count resets to zero when a node is not discovered.")]
recollection;
[Tooltip("The map is already discovered and discovery count is max for every node.")]
prediscoveredMap;

[HideInInspector] SpatialMemoryNode[] grid;
HashSet< > discoveradNodeTndexes -
nd ‘

| ¥

- @noissues fou

O Type here to search
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XpnoigonolwvTtag Tn HEBodo OnEnable Tng Unity nou kaAsitar éTav
gvepyonoleiTal eva game object n Spatial Memory kaAwvTtag Tn peBodo
CreateGrid dnuioupyei eva grid peyéboucg gridSizeX x gridSizeY.

Project Build Debug Tes ze Tools Extensions w Help  Sea Thesis V0.1
S WD - Q- Debug - Ay
PerformAction.cs SearchForKey.cs GetKey.cs Ope d EntityClassifier.cs GridCustom.cs Entity.cs e StateMachine.cs SpatialMemory.cs & X

HashSet< > discoveredNodeIndexes;
[HideInInspector] Dictionary<Entity, SpatialMemoryEntity> discoveredEntities;

drawGizmos;

gridSizeX;
gridSizeY;

duration = Mathf.Max(duration, @);
walkableMultiplier = Mathf.Clamp(Mathf.Max(walkableMultiplier, 1), 1, duration);
unwalkableMultiplier = Mathf.Clamp(Mathf.Max(unwalkableMultiplier, 1), 1, duration);

O

GridCustom.Instance.gridSizeX;
GridCustom.Instance.gridSizeY;

gridSizeX
gridSizeY

discoveredEntities = Dictionary<Entity, SpatialMemoryEntity>();
CreateGrid(gridSizeX, gridSizeY);

StartCoroutine(UpdateSpatialMemory());
}

@ Mo issues found

O Type here to search
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Av 0 MpoypaupaTioTAC £xel B€oel TNV PHeTABANTN prediscoveredMap o aAndn
TOTE OAA Ta KeAIG Tou grid kaBwc kal Ta avTiKEiyeva nou BpiokovTal o€ auTd
gival AON yvwoTa otov npdkTopa KaTta Tnv apxikonoinaon.

Project  Build Debug Tes e Tools Extensions w Help Se Thesis V0.1
S WD - Q- Debug - Ay

PerformAction.cs SearchForKey.cs Opel Gi EntityClassifier.cs GridCustom.cs Entity.cs el StateMachine.cs SpatialMemory.cs & X

CreateGrid( _gridSizeX, _gridSizeY)

grid = SpatialMemoryNode[_gridSizeX * _gridSizeY];
discoveredNodeIndexes = HashSet<int>();

count = @;

for ( y = ©; y < _gridSizeY; y++)
{
for ( X = @; x < _gridSizeX; x++)
{
grid[count] = SpatialMemoryNode(x, y,
if (prediscoveredMap)
{
grid[count].discoveryCount = duration;
SetDiscovered(x, v, );

¥

count++;

X

if (prediscoveredMap)

{

HashSet<Entity> entitiesCopy = HashSet<Entity>(EntityClassifier.Instance.GetEntitiesOfProperty(“visible"));

=] foreach (Fntitv entitv in entitiasConv)
@ No issues found | &~ 4

O Type here to search
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MeTd Eekivasl va kaAei Tnv peEBodo UpdateSpatialMemory Yeow piag
coroutine n onoia kKaGBe deuTEPOAENTO NMOU NEPVAEI AVAVEWVEI TV PVAHN AV O
NPOYPAPMATIOTNG EXEl ENIAEEEI va Eexvasl o NpakTopac. 'ETol kaAei Tic duo
neEBOdouc FadeMemoryNodes kal FadeMemoryEntities nou €ival uneUBUVEG yid
va &exvasl Ta KeAIA Kal Ta AVTIKEIJEVA avTioToixa.

Thesis V0.1

foreach (Entity entity in en

{
if (!discoveredEntities.ContainsKey(entity))
{

DiscoverEntity(entity);

¥
I
)j
}

1 reference
IEnumerator UpdateSpatialMemory()

while ( )
{

yield return WaitForSeconds(1);

if (fadingMemory)

FadeMemoryNodes() ;
FadeMemoryEntities();
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b File  Edit

©-0|f-

View  Project  Build Tools  Extensions

WP

Debug Test Analyze Window  Help

A

Thesis V0.1

Debug - AnyCPU - P Attachto Unity ~

GOAPACtion.cs
7] Assembly-CSharp

PerformAction.cs SearchForKey.cs GetKey.cs OpenDoor.cs GoTo.cs

- *3 SpatialMemory

EntityClassifier.cs GridCustom.cs

FédeMemoryNodes()

HashSet<int> IndexesToBeRemoved = HashSet<
foreach (

{

index in discoveredNodeIndexes)
grid[index].currentDuration -= 1;
if (grid[index].currentDuration <= @)

ForgetNode(index);
IndexesToBeRemoved.Add(index);

X

foreach (

{

index in IndexesToBeRemoved)

discoveredNodeIndexes.Remove(index);

FadeMemoryEntities()

| o~ 4

b File Edit

-0 B-LEE P

View Project Build Debug Test Analze Tooks Extensions Window  Help

A E T == A

Thesis V0.1

Debu ~ AnyCPU - Attach to Unity ~
9 Y ity

GOAPACtion.cs
B Assembly-CSharp

= FadeMemoryEntities()

PerformAction.cs SearchForKey.cs GetKey.cs OpenDoor.cs GoTo.cs

- *3 SpatialMemory

EntityClassifier.cs GridCustom.cs

HashSet<Entity> discoveredEntitiesKeysCopy =

foreach (Entity entity in discoveredEntitiesKeysCopy)

{

discoveredEntities.Remove(entity);

else if (discoveredEntities[entity].currentDuration > @)

{

discoveredEntities[entity] =

SetDiscovered( _gridX, _gridy, value)
index = _gridX + (gridSizeX * _gridY);

if (value)

{

if (grid[index].currentDuration <= @)

{

if (islinwalkahle)
150% - ‘4

[ Ready

2R P Type here to search

@ Mo issues found &~
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1 Live Share

Entity.cs
~ @ GetntitiesOfClass(string _class)

Agent.cs i =

HashSet<Entity>(discoveredEntities.Keys);

if (discoveredEntities[entity].currentDuration - 1 <= © && !recollection)

SpatialMemoryEntity(discoveredEntities[entity].lastKnownPosition, Mathf.Clamp(c

isUnwalkable = GridCustom.Instance.IsUnwalkable(grid[index].gridX, grid[index].gridY);
grid[index].discoveryCount = Mathf.Clamp(grid[index].discoveryCount + 1, 1, Mathf.CeilToInt(isUnwalkable ? durat

P Lm223 Chie4  SPC  CRIF
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'OTav 0 NpaKkTopac avakaAUunTel e TNV OpACN TOU €va VEO KEAi TOTE AUTO TO
KeAi NpooTiBeTal 0€ pia AioTa PE KEAIA NOU €XEl avakAAUWEl XpNOIKONoIwVTAg
TNV hMEBodO SetDiscovered.

B File Edit View Project Bulld Debug Test Anabze Tools Extensions Window Help  Sesich (Cirl-C Thesis V0.1
o - B-ga W 9 - - Debug - AnyCPU - P AttachtoUnity - M [& _

GOAPACtion.cs PerformAction.cs SearchForKey.cs GetKey.cs GpenDoor.cs GoTo.cs EntityClassifier.cs GridCustom.cs Entity.cs Agent.cs StateMachine.cs
) Assembly-CSharp - *3SpatialMemory - € GetEntitiesOfClass(string _class)

SetDiscovered( _gridX, _gridy, value)

index = _gridX + (gridSizeX * _gridY);
if (value)
{
if (grid[index].currentDuration <= @)
{
isUnwalkable = GridCustom.Instance.IsUnwalkable(grid[index].gridX, grid[index].gridY);
grid[index].discoveryCount = Mathf.Clamp(grid[index].discoveryCount + 1, 1, Mathf.CeilToInt(isUnwalkable ? durat
if (isUnwalkable)
grid[index].currentDuration = Mathf.Clamp(unwalkableMultiplier * grid[index].discoveryCount, unwalkableMultiI 5
else
grid[index].currentDuration = Mathf.Clamp(walkableMultiplier * grid[index].discoveryCount, walkableMultiplie
discoveredNodeIndexes.Add(index);
grid[index].discovered = 5

}

else

{
ForgetNode(index);
discoveredNodeIndexes.Remove(index);

= v FdﬁgetNode( _index) -
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FéﬁgetNode( _index)

grid[_index].currentDuration = @;

if (!recollection)
grid[_index].discoveryCount = 8;

grid[_index].discovered = B

DiscoveredNode( _gridX, _gridy)

index = _gridX + (gridSizeX * _gridY);
return grid[index].discovered;

DiscoveredPosition(Vector3 _position)

Node nodeInPosition = GridCustom.Instance.GetNodeFromWorldPosition(GridCustom.Instance.GetGrid(), _position);
return DiscoveredNode(nodeInPosition.gridX, nodeInPosition.gridY);

DiscoverEntity(Entity _entity)

if (discoveredEntities.ContainsKey(_entity))
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PerformAction.cs

PerformAction.cs

AvdpEag Zepoudak

Debug Test Anahze Tools Extensions Window Help Thesis V0.1 A =

- AnyCPU - P AttachtoUnity - M [& _ Yo I | Live Share

GoTo.cs GridCustom.cs Entity.cs StateMachine.cs

- @ GetEntitiesOfClass(string _class)

SearchForKey.cs GetKey.cs OpenDoor.cs EntityClassifier.cs Agent.cs SpatialMemory.cs & X

- *3 SpatialMemory

DiscoverEntity(Entity _entity)

if (discoveredEntities.ContainsKey(_entity))

{

if (discoveredEntities[_entity].currentDuration <= @)

discoveryCount = Mathf.Clamp(discoveredEntities[_entity].discoveryCount + 1, @8, Mathf.CeilToInt(duration / e

currentDuration = Mathf.Clamp(entityMultiplier * discoveryCount, entityMultiplier, duration);
discoveredEntities[_entity] = SpatialMemoryEntity(_entity.transform.position, currentDuration, discoveryCour
return;

else if ((discoveredEntities[_entity].lastKnownPosition).Round(1) != _entity.transform.position.Round(1))

{

discoveredEntities[_entity] = SpatialMemoryEntity(_entity.transform.position, discoveredEntities[_entity].ct

¥

else

{

discoveredEntities.Add(_entity, SpatialMemoryEntity(_entity.transform.position, entityMultiplier, 1));

HashSet<Entity> GetEntitiesOfClass( _class)

HashSet<Entity>(discoveredEntities.Keys); =
» n: 223 Ch:64  SPC CRLF
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HashSet<Entity> discoveredEntitiesKeysCopy =
4
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Debug Test Analyze Tools Extensions Window Help Thesis V0.1

= AnyCPU ~ P AttachtoUnity - M [F] _ EI=%= N

GoTo.cs GridCustom.cs Entity.cs

- @ GetEntitiesOfClass(string _class)

SearchForKey.cs GetKey.cs OpenDoor.cs EntityClassifier.cs Agent.cs

- *3 SpatialMemory

VHashSet<Entity> GetEntitiesOfClass( _class)

HashSet<Entity> discoveredEntitieskeysCopy = HashSet<Entity>(discoveredEntities.Keys);

HashSet<Entity> entities = HashSet<Entity>();

foreach (Entity entity in discoveredEntitiesKeysCopy)
{
if (entity != )
{
if (entity.GetType().ToString().Equals(_class))|

{
entities.Add(entity);

}
)

return entities;

DiscoveredEntity(Entity _entity)

return discoveredEntities.ContainsKey(_entity);
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Edit View Project Build Debug Test Anahze Tools Extensions Window Help  Search (Ct Thesis V0.1 A -
B -fa ¥ P - Debug - AnyCPU - P AttachtoUnity - M [&] _ 1 Live Share
GOAPACtion.cs PerformAction.cs SearchForKey.cs GetKey.cs OpenDoor.cs GoTo.cs EntityClassifier.cs GridCustom.cs Entity.cs

Agent.cs StateMachine.cs SpatialMemory.cs & X
7] Assembly-CSharp - *3 SpatialMemory

- @ GetEntitiesOfClass(string _class)

Bl N DiscoveredEntity0fClass( _class)

HashSet<Entity> discoveredEntitiesKeysCopy = HashSet<Entity>(discoveredEntities.Keys);

foreach (Entity entity in discoveredEntitiesKeysCopy)
{
if (entity !=
{
if (entity.GetType().ToString().Equals(_class))

return

return

B if (drawGizmos)

{
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GOAPACtion.cs PerformAction.cs SearchForKey.cs GetKey.cs OpenDoor.cs GoTo.cs EntityClassifier.cs GridCustom.cs Entity.cs

Agent.cs
B Assembly-CSharp - *3 SpatialMemory

- @ GetEntitiesOfClass(string _class)

SpatialMemoryNode

gridX;
gridy;

discovered;
currentDuration;
discoveryCount;

VSpa‘tialMemoryNode( _gridX, _gridy, _discovered, _currentDuration, _discoveryCount)

.gridX = _gridX;

.gridY = _gridy;

.discovered = _discovered;
.currentDuration = _currentDuration;
.discoveryCount = _discoveryCount;

SpatialMemoryEntity

Vector3 lastKnownPosition;

currentDuration;
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AvdpEag Zgpoudakng
B File Edit View Project Bulld Debug Test

s v Q Thesis V0.1
©-0 M-ga M- - Debug - A

PAction.cs PerformAction.cs SearchForKe GetKey.cs Openl s GoTo.cs

Custom. Entity.cs Agent.cs
- *3 SpatialMemory C

StateMachine.cs
.discovered = _discovered;

SpatialMemory.cs & X
- @ Getntit g _class)
.currentDuration = _currentDuration;

.discoveryCount = _discoveryCount;

SpatialMemoryEntity
Vector3 lastKnownPosition;

currentDuration;
discoveryCount;

SpatialMemoryEntity(Vector3 _lastKnownPosition,

_currentDuration, _discoveryCount)
.lastknownPositio _lastKnownPosition;
.currentDuration

_currentDuration;
.discoveryCount = _discoveryCount;

@ No issues found

g : S| CRLF
@ Thesis 'Y main « &
O Type here to search g —

Z AM
\ O vm @ 7 O) ENG 0 E

Xwpikn MvAun kai GOAP : Mia peaAIoTIKn ANPOCEYYION OTNV NAORYNon NpakTopwv



MeTanTuyiakn AiaTtpipn AvdpEag Zgpoudakng

LYMIIEPAXMATA

Me To GOAP, UnopoUpE va dNUIOUPYNOOUHE HIa HEYAAN O€Ipa OPACEWY XWPIG
TOV NOVOKEPAAO TwWV J1a0UVOEDEPEVWY KATACOTACEWY NOU ouXva cuvodeUETal
ano Jia gnxavn NeENEpacpPeEvwyY KataoTacewyv. O dpAaceig unopouv va
npooTeboUV Kal va agaipebolv ano Evav NpAakTopa yia TNV napaywyn
OUVAMIKWV anoTEAEONATWY, KABWC Kal va kavouv Tov Kwdika noAu nio
dlaxeIpioigo. ZupnepIAaPBAvVOVTAC Kal TNV XWPIKA MVAHUN KATAANYOUUE va
EXOUME Hia eUEAIKTN, €Eunvn, dUVAMIKA KAl N0 PEAAIOTIKN TEXVNTH vonuoaouvn.

KQAIKAX

» GOAPAction > Key

» GOAPAgent » Target

» GOAPPIlanner » UIManager

> IGOAP » Agent

» StateMachine » ExtensionMethods

> Idle » GridCustom

» MoveTo » Heap

» PerformAction > Node

» GoTo » Pathfinding

» SearchForKey » PathRequestManager
> GetKey » ShadowCastVisibility
» OpenDoor > Entity

» SpatialMemory > EntityClassifier

» AnimationManager > EntityClassifierEditor
> Controller > FieldOfView

> Door > FieldOfViewEditor

» Inventory
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[IH'EX

Artificial Intelligence and Games, Georgios N. Yannakakis and Julian Togelius
Unity

https://en.wikipedia.org/wiki/Unity (game engine)
https://docs.unity3d.com/Manual/index.html

Artificial Intelligence for video games
https://www.youtube.com/watch?v=gm7K68663rA&ab channel=GDC
https://en.wikipedia.org/wiki/Behavior tree (artificial intelligence, robotics an
d control

https://en.wikipedia.org/wiki/Utility system

Goal Oriented Action Planning
https://www.youtube.com/watch?v=jUSrVF8mve4&ab channel=Holistic3d
http://alumni.media.mit.edu/~jorkin/goap.html
https://www.youtube.com/watch?v=gm7K68663rA&ab channel=GDC
https://gamedevelopment.tutsplus.com/tutorials/goal-oriented-action-
planning-for-a-smarter-ai--cms-20793

Pathfinding

https://www.youtube.com/watch?v=-L-

WgKMFuhE&list=PLFt AvWsXI0cg5Umv3pMC9SPnKjfp9eGW®&ab channel=Seba
stianLague

Al State Machine

https://www.youtube.com/watch?v=PalD1t-

kiIwM&ab channel=TheNerdyCanuck

Vision Cone using Shadow Casting

http://www.adammil.net/blog/v125 Roguelike Vision Algorithms.html

Field of View:

https://www.youtube.com/watch?v=rQG9aUWarwE&ab channel=SebastianlLag
ue

Best ways to find objects in Unity
https://www.youtube.com/watch?v=Ci1R5A0]J7Hw&ab channel=JasonWeiman
n

Cinemachine
https://docs.unity3d.com/Packages/com.unity.cinemachine@2.2/manual/index.
html

Mixamo

https://www.mixamo.com/#/
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