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Architecture and Path-Finding Behavior of An Intelligent
Agent Deploying within 3D Virtual Environment

Incheol Kim'- Jaeho Lee™

ABSTRACT

In this paper, we introduce the Unreal Tourmnament (UT) game and the Gamehots system. The former is a well-known 3D first-person action
game and the latter is an intelligent agent research testbed based on UT. And then we explain the design and implementation of KGBot; which
is an intelligent non-player character deploying effectively within the 3D virtual environment provided by UT and the Gamebots system. KGBat
is a bot client within the Gamebots System. KGBot: accomplishes its own task to find out and dominate several domination points pre-located
on the complex surface map of 3D virtual environment. KGBot adopts UM-PRS as its contral engine, which is a general BDI agent architecture.
KGBot contains a hierarchical knowledge base representing its camplex behaviors in muiltiple layers. In this paper, we explain details of KGBot's
intelligent behaviors, such as locating the hidden domination points by exploring the unknown world effectively, constructing a path map by
collecting the waypoints and paths distributed over the world, and finding an optimal path to certain destination based on this path graph. Finally
we analyze the performance of KGBot's exploring strategy and‘oontml engine through some experiments on different 3D maps.

AYE : KW oi0|EE(intelligent agent), JHBZ (virtual environment), WOIME PX(agent architecture), B2 ®7| Y {path-
finding behavior}
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g2t 53 Henemy)o2M9 4%, FU Fgo]
]9 HEY(partnen) 249 9, AY VP& Adse &
$-n] 7}l (support character)®] J&, JJ{EBBo Lt A3,
$34, vAg o] AT &S e BSF ofo]
W(special item)e] ¥, 2FxAYo|Y AAAY FolA
ANFRE AAolz APHFE 842 commentator) EA
o A% Fol i 14l olHY AYAA tFd g
so3= A58 NPCY FaA4ol de Ay i 3
2 AY ALAE Atold] o]dd A% NPCES 7¥s
7 4% AFAF 2 A%Y ololHE Jjge] #F Aol
3% EohaltH, 21,221,

B =FoAE dEdel 289 339 ddA 44 A
91 Unreal Tournament #9135} o] Aol 728 A4 ool
AE Q7% H2AEWES Gamebots A29E 248
g3 o]Fo| AT 34Y MFRAAN AFHeE ¥
= 25% NPCY KGBote) AdAs 7dol diaf dd&
t}. KGBot¥ Gamebots Al2®old E3tsles sl BE
Ze}o A E(bot client)2A, 33 7HAE7 <t BRE =
% 9ol oI 5% E¥H(domination point)E& 2ot A
eXoz HHsE 2o} YR $9d0) KGBot: WE
9] BDI dle|ME F%<¢ UM-PRSHIE AojdAew A4
&3 glon, Bad PYES FAHez s1edtr] A8 A
2319 AAMo)2E AT Yt B =EGNE B3 A
Aol EolA Q& o] EWS(waypoints)ol HE AFAA A
Aot e&ate o] g d=o AxE A3
2, o]% 32g 2= KGBots] Al dis) A48 43¢
o, 233 8oz A2 UE 3449 AxA 4¥e B3
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2. Unreal Toumament A2 3 Gamebots Al&:H

EpicAt4] Unreal Tournament AY-S tHEHQ 3D 44l
A A4 AdelcHd] o] AgE & A& A Y (commer-
cial game)®|HAM T clREe] 227 FAHY it UT A
e A 3D ANEHA 44, g Ad F¥H A
Z(map)& AFstn glon, Ade F34E& A8 78 =
AYE A9 Unreal Script® AT sich dAH o
A Agdelaz UT A 4 F4 Edold& 334 7t
ABAANA AN A} FUH FHAM AlZpguel 3
ZARE AFEA Hozg Age 485 Y] 3
=t @9, Gamebots Al2R[161& AFY oo|AE o ¢}
Z oojHE ATE EHog USCY ISI a4 CMU4
g F5og AUd UT AY 7ty A5y elde A
& H2EdWE(testbed) o]t T1ERL AOJHE AT A
FHoZ ol 4H o) 24 M A EH A 87 Robo-
Cup{Robot World Cup} &3 Awol o]o], B} EFsii

A4HY BAYAC HgsE MY BUH Hold 29
8, 22 oYY AAEES 0F EAEC EAte A
BS ATPHoE 2219 Y AZAYS QHAYES
2 HA3, o FAM UT Aol olgf@ Exoz A
Aslo) s 9ITHIS, 19].

(218 1) Gamebots AlAH F=

Gamebots A|2€le] A4 Aol ZZuo] AUl
EA 8= W8 (built-in) NPCESE 22 (¥ DI 2ol
JEHAE 4A& 8 H&sE 939 NPC - Gamebots
A& RE Felo|ddE(bot client)Etn K& - Sl
A F9 Edolojel FIE HAMARE AT Joz 9
A NPCY ##% & wol FYHFE Gamebots MHEE]
t}. Gamebots AH7} 24 949 NPColA Agste dAlA
B2 AA &) WA A (initial message), 71 AR (syn-
chronous message), ¥l%7] A A& (asynchronous mes-
sage)2 TAHT 72t RE gdoldEY AF 7] @A
Ae 273 WAy 2@E B MuEdqME BE F
goldedA AY ©HAH A @Hzd F& &HF
H, BE g#o|AEE &Aile] Aosle MY °oF, &
& g 5& MuSoA deiFv 49 ddol Ha v,
Nl $7] dAA REs vg7] YAA REE 27 o
Unl AZE 9 A2tA B (sensory information)& 3 B
E ZEolAdEEAA BUYEd. Z WMAAE WAA 3
(message type)® T2 £4-3(attribute-value) BEE
TAED B2 dARAE o /102 Hos A 3
Z AYE dolHES FAVHE(E, H, )& B8 B0l
v NZREe Ade] 91X ¥ AMAR, 281 AYEH
HE(HEME S48 B AgstE Aotk F7] WA
A st BEG WAR ¢k shte] END WA A& ZAA=Z
Aol 4719l AREE B e HAR BEE wEo]
B ofe] wksl wlEr] WAA = #7 AHEEIT AY
F olW BEd# Ade] AUPE A7 HUAE RAOEA,
g BdsAY ojolde FAY #7218 wiRAY gAY
s ge Azg Agoz AYNE #H YuE AU
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v 8, 949 do]AEZRE Gamebots Muldl Hg
He 38 A A 8= RUNTO, TURNTO, JUMP,
SHOOT, STOP, CHANGEWEAPON 18]3 e HEZ o
B2 #1% MESSAGE ¢ ith 53 93¢ nE &80
AEEL MESSAGE WadAd © A8 Ad & 24
A& ARFe=A | FEEVT WAAE L@8sAY
HEAUY BE AYEEFHS WA age] hsdi
(1% 2% Gamebots A8} 2t RE FeloldEZ e u@
& A2 F8EE BT Aok UT AY# Gamebots
MU REe) AFeE olad &4 ddA 9434 NPC &l
DeathMatch, Domination, CaptureTheFlag #& AYE
& AEdog AYHU] A4 s EFetn g
& Axd P99 5HE BAHE § gojok ¥k Ay
AgHY NdAE2RE IS M e 33 d F
ol O AAANEE A4 ol§ R YIe &
AATA A& o BEARE AYIE FHAMNTH A
¢ uddle FREN EnEoz HzIFAY AHEH A
& +93E 59 7% 52 ¥ P9 (team behavior)7HA]
HolE F flojof @t

Initial Handshake Messages  Commands
+ Game Type/TeanvID : INI « Movement : SETWALK, STOP,
‘Smchroqws Messages JUMP, ROTATE, RUNTO,
* MSG Boundary : BEG, END STRAFE, TURNTO
* Game State : GAM » Sheot : SHOOT, STOPSHOOT
 Player State : SLF, PLR » Change ' Weapon :
« Perceivied Obkects : NAV, MOV, CHANGEWEAPON
DOG, PLG » Sending Message :
Asynchronous Messages MESSAGE
« Received Message : VMS, VMT * Check Reachability -
» Changéd Zone : ZCF, ZCH CHECKREACH
« Changed Weapon : CWP, AN * Get Path : GETPATH
« Collision/Pall : WAL, FAL, BMP
. See : SEE
* Damage : PRJ, KIL, DIE, DAM
«End Game : FIN

(13 2) Gamehots Muiet 2E FElO|HES] M HAX]
3. BDI 7letef Hojdz

B A7 A= Gamebots Aol AF& e 334 M
AN Fdste A5y NPCU KGBote] E&4<Q 74
< 98 ¥H3 BDI oleldE F21 UM-PRS[5]E Ao
dAoz Mgt UM-PRSE EE-XFHQ F=E(goal-
directed reasoning)® W83 #9)(reactive behavior)E ¥
g5 Wg-9] BDKBelief-Desire-Intention) dlo}AE FZo
c}. UM-PRSE AEH 28 A8 A2w(deliberative

planning system)E 3= 2, Wilde A @ AN
o W& nigoz ol A dHE HAEST 4F
A B¢ Fdsle] disME BRLE A9 BAE
vE 4 9tk UM-PRSE (29 3% Zo] AMA 2de
#Aste diol e ¥l o] A(database), Aol HEN FTEE B
HE(goals), BXEE 248 A€ AAH A4& BEE
Z 4% % (Knowledge ' Area, KA)E - A8(plan)o|et1E ¥
&t~ 123 o EZNE FYglol AEE JEEL(n-
tentions) A& UE ZelEl(interpreter) 82 7A€ 8§
vl 2 A9 gKA)e e Alz® EE(system goal)t
A (query)& 19Al BEY & AEAE {2 A
HEd Ao2A, Ad(plan)oltis BT

(2% 3) UM-PRSS| FE

4 AHgKA)L (28 49 Ze] 24 Name, Docu-
mentation, Purpose, Context, Body, Effect, Failure $##2
£ FA4¥r) Purpose FE2 KAY BAREE 4FHo2
FHRe b 24 & dE 5EE e, Context ¥
22 3 KA 448 5 e 444 488 g4
a3 KAZE 48sE §¢ ASHA o Context7t U5
HeA dhgesd KAZ 943 3§ 7lsdAE d¢
t} Body ##& KA¢ Purpose® B43 7] 98 "9ag
A3 SAEE achieve, execute, assert 9 4FE 718
4 (primitive function)& % ¥4 ¥ (sub-goal)E, 181
ZA% B7)(conditional branch) 22 HAlgE Aot
UM-PRSS ¢HiZgele B4 dA9 ExE 248
AE M AR KAE #ol 11 KAY 7|&d BAEE
AGis FPH7tAT duhel KA AgRE7] dolge
Context7}h HEHA %= BAWSIL BARA 34 #Y
KA 3¢ Fu3ty M2 43 g te KAE #
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of STk wetd UM-PRSE @73t @ w& 9
&/ (reactivity)® olv] 4¥¢ #FE3} JA4E #AY
T+ e EREY(context specificity)& 7HAn glan,
EEE A 25E Ee A5 0Y¢ d9E 498
T e FddHflexibility)Z 7HAZ vk UM-PRSE A
ojddes Algshe NPCY 7%, doAE #49 RE
AEASE CY Javadt & Tzaddolg Ay 74
sl dlal, B F23E 459 KASE NPCY ¥91& 44
71€d 4 Yol TEe] dvh. =% NPCo] #9¥3 & 98
e dF KATE d38AY F718esR 7Hest, A
24 NPCe| ALe HA8) KAY AAE=E Eolsike A
°] irh

* Name
* Documentation : commnet
« Purpose : goal
« Context : condition
* Body : procedure

Action - achieve, execute, query, test, assert, retract '
+ Effect : simulation mode

» Failure

(32 4) KAY 2 R4
4, KGBote| #=

KGBot® Gamebots Al2=d]A gite] ME FgoldEe
(bot client)Z F&3tHA A HPo] BA§ 324 /M8 <
ofq Hgof tigsf ol d¥sld 54 EX A3 (domi-
nation point¥g& ol HHs = AE¥ NPCelvh. KGBot
o YRFxE (29 59 #2e] A4 F(perception), &AM
A H.(decision-making), #F¥-(action) 5 ZA M FEo2
FAETE Q4B E GamebotsA W E2RE AMARE o
& AR E golEd ol oENE Ao A A AR
(SenseBody), AlY e} A H(GameState/Info), 771, ofol

(12 5) KGBotel PX

&, °] %3 (waypoint)3} #2 ZHE oA XM MAEY Ay
A B(UTOhject) & FZ# o} &JALAA R Mt
Qg P dAEARE olEF Y4ARE gz
Aol Egt A 4ol A P5HAHE AFAUY E
A AL ¥5¢ FASE A9E Y, e ogA
2YE %o digste 3% dAARE WHES Gamebots
Mujol Al Bule 988 S8,

KGBots 819 Java ¥4 ZEado A FALA: 2
ol F2 Gamebots A¥iste] AL waie] 714 A
8733e] Qe AR E s AR PYERE B
F JavaZ THE 99, AL At P45 AFHE F
HERd #gshs JAEARE $A Myt BDI 7t
UM-PRSZ FdHU}. AMPRe LA} ojAg v}
goz oAHdA4E 3= UM-PRSY F8F7], z28la o
v 29 BE S 98 AR E £A45E T4 2
Aolg FEF] A8 A4 R, A EAR, YL A7g
o] AYC(thread) & 7HA3 WY $FYEE 9l &
AARE AMARI B3 2 3409 Fqueve)d
obFATH7t YA ARl UM-PRSS Wjs o o] g o) 20
AHd(fact) el 23 YEsiFn, UM-PRSY UEI =
T ARl degFrlel g o g dojEmeAd Fx
o] & At vpErAE g EE s UM-PRSOIA
WiHez AAY #FEL Az AN Fo iy
wol W WAXE Wzt A

#H KGBot9] tdg @9 oy Ao} 41 UM-
PRSY KA, & AY(plan)E2 FFes EASY, o}
KGBot®) AAHlo]2& (118 6)94 B vieh o] wa
g A E veplle WA Al F(reactive layer), <
@99 tge AsPAE FHSE 71¢ A3 (advanced
skill layer)® ® ©91¢] HAed Heg JehlE ¥ 93 A4
% (teamwork layer) 22 A% 3 ®of gtk 2gn 7 AR
& &9 Aol BHdtn YdE AR d%¥E dH&AY
AEA adgozn 1 AZM Had dx9 JHE ¢
Eol e AYED o3¢ ARE uiEo® I AZd ¢
= PES AR AYEE FAEY) B3 veH AR
S F2 A% AF S22 W ¥ ireactive be-
havior) 't Bl A oJAlAA o] 71T 7E P el T
oo Ad 2% Ao FAE we AU FA FAE
= 39 5o] ol8g B9 8o £ olmt A9 A%
7€ A ¢A7 EXHES EfHes gM35: 3
9, BAAAA JAFZE oEdE #9, H& #USA
U A g9, A olF AR 9 wHEs: g9 §
el @9 vekg Ay BNEe] e A3 AF
ol "z A F2 HYEY A% AT 24 @
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& ZAol BEE. Y HYE Fo ¥7= 3dF &
A AEFY FRAEL AFIA 3, WoA FPE 89
7 A2 SRHEE BAEA T AAA @ Y F
of o] AZAM EHA

Decision Plans Goals/ﬁcﬁons ;

(2% 6) KGBote] A&SHE XiAlHlojx
5. KGBote| Z2 #7| ¥4l

UT AYe 718 W3S (built-in) NPCES AY MHS
of 2As1HA £ (cheating)E B3 Aol ¥ #H
AHHQ AR T, BFYE(domination points)®]
A, 29 HES ¥F UE AYe B dA A, 18
a Jele BEAR72] g olF Az F F9 Edolofd
Ae 47 g& FRE AY A¥2EH AH oj&stn
20l AT FUH EHolels}l npRAAR f7e &
ZelolA e A AojskE KGBote ol $ U448l A%

HQl AN AMARAT fEs 222 o FE &
B¢ JRE Yol Aol &3E ATH {7} &
TEct

AgHez 2 FAFH AYolX e Fo Edoloist 2
2 olu|A] 79 AlZ(vision) V4 TEE& NPCEAA 7
qg & flerz, add NPCrt 42 7)o 44 ol 8%
FodE e A AREM ALY BUEHY e o
& W (waypoint)& ol &gt & A7 H494¢U UT A
A Gamebots A AHAME KGBotll AEHE olFH2
g #¥d FARE 2R A Aol BHLE oJFHE
9 #Ax 9} | ZEo] BA AN AH =2 7HeH A
AAo] FF FRPolt}. (28 T 0| FFU KGBotd @
Ag3ast ou KGBotel de¥e AR WAAES 1
Bhljar gin. o AR WAl dA $Ao|H KGBot
9 Aot EloE ol FHES EWstL AUtk

KGBot7} Domination AY& ¥z ARt 4
3 7t oA g AF WYHELS @M 98
oz Aol FoD A9 329 B L AAHew ¥
Azte] EAY FRHEY AAE B AdEe YA F
RHEE X9Y 9= WA HE ad=E FYate B9,
a3 ol AR I TiRste] HAT2E 9]
A A BEE o}F e FHEIT. o|FdAM A
HA A5 B9 FRFEE Fot MY #HE AT
o2 gd3te B9e Ve e 2Pz @Y dudF
ATER 2 7HA AelPEol Utk AAE ofH olFHE
AH HES] dele 2 olFHH AT gE oFHE
9 443 & ¥ A2 IHZE A ¥ A K
e A EAE HE B ol%AHE BEHE o] olF
Mol d2d ZE dH JFHEE HobdtE 42 dojHE
o AR AL TeEve AR Ade Faz e
EEYEY AXNAEE A Rep7] WEd 4 FRHAA
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9 Al dg obFH A} F$2| 28 (heuristic) 3
27h gobe A, 23 Aoz o gAdAE Exd
9 $1A & sofsts Aol FE EHolnz Auy s B
BAAA wzA A 22 zad ger) ¢ivdeE A S
ojt}y. whebd B dFoME KGBoto E#Hel Y= g4
& A A AN AW v HE o]FHT PBH
A Mg 2UE oEFEL $HF¥oz BN dFY
A ZWol-$4 BA4(Real-time Depth-First Search,
RDFS}& H &85t AW orle Brxog nzso}
g A 389 EAE 7 oSN AF o)BdEe
Hotg 4 9l KGBotd] 1AEgle] @Al dA §
£5%& KGBot®] AlobdflE (28 N3 zo) Ay o 0=
ot} utgtd Y= G429 KGBotol Al o) Alopys) ¢t
o ¥4 Q= oFHET AWY == Ad4PoEN G
A rke W7 Fob dAE A vd SEAE N
AR AL} s vl 71 FANDE A28 FHEAol
i, ghHe] olFd WEoZ Ax AZAR S| S
H E4HoRE EEYEL FLUA 9= g4 B4
A HE A2 a8z 94 o)$ 23850 B9 5
giet.

o] A& A5y A8 B A7oAE €= g5
o gAuic} @ o]5HE HEF KGBot: #A Aol &
ooE JF ojEHEd e Ig FEHE Mdx
%3, A FEFQ o] 5NN U o]EHeR o Ed
Aol 2 A 222 2 05 A 3¢ 2 §
ol o SlE A FHENA BF Befd F o]E 5
of olx HEF Ho| Q& v HEYS g FEPo2 A
el 4L AaAct B wRoAE Hoa ﬂz}% Go
& Go 448, F218 Rotate & Go @y #Aolg} 32
(19 3@t (I¥ 8¥b)E ZH o] ¥ AZg dﬂﬂlﬁh
ek IPelA o]%A D B & 2y F9 shi
£ Jehla, #4 o33 AE PE3<Q KGBotd Aok
£ol2+ o]%H B, C Z9 BE ol HAe| BEF o
Qe 1EFEL, CE ofd FEF Ho| glE o]FHE e
dok. (29 8Xa)% 2ol Go & Go BHHE Hgsid
Notd] EojoE Awre] o] $HE FolA okF nl LF o
4 C7h ohg FE AHoz AdE: Wy (¥ b
s} o] Rotate & Go BAHTE Hgaw AALFos
AU F¥ol APF BE o]%A B, C D, E F G&
Follz o)FgA B v WE o]5H F¢ st B
A DE Ug WE ARor Hdgors AN ZEF
Ao shsaA "ok (2Y 9 B =24 Adshs
Rotate & Go AF& A@d Fol-$4 4= w4 gug
£2 728 BT Yok

KGBot® 0|9t e ez uxe 334 §4¢ Eof

g™ FolglE X Y (domination point)E& o} 1 ¢
Ag sobsie W, Aol BEHE o|FHENY dan
HE dgotste] o] el BHAAR] Al Az &
7o o] &% AZ aHZE APt ol FEHor T 3
2 Gamebots A|2¥el A KGBot7} 417 A2 o= =
AE A8 o] 8¥ F U FdE AMFEE AAY EA)
AAAA AT Z I FHESY AX ol HA 4
o 2 71edA & B9 FEE 24E 5 UE AR
#olr}, : V

(a) Go & Go (b) Rotate & Go
(OBl 8) SI= EME Fekg

EXPLORE(p)

/¥ V :a set of visible nodes
R : a set of reachable nodes
P a set of unit paths, ie, arcs
G : the directed ‘path graph */

IF the current position is not on the node p,
THEN move to the waypoint p

Ve{LR«<{LP<{}
6«0

WHILE (8 < 360), DO
V «- VISIBLE-NODES(p)
R « REACHABLE-NODES(p, V)
P—~PUllpnlreR)
IF there exists a domination node d in R,

THEN record. the location of d

Rotate right in- &8 degree c
g «—0 + a8

END

G« GUV, P
TF found all hidden domination nodes, THEN newm G
FOR each reachablé node ¢ in'R

IF ris an unvtsml mde‘ TWENI CM Exmmr)
END

(78 9 U= wA stﬁmﬁ

A 2049 BAANE 8 olM Ao‘llfﬂ % o5
A Bze W e A 1 o e Boﬁ»ﬂ Az9
H2E 7@ 97 diBeld Z Ah# 5 oBYS
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ol 24 (reachability) Bl A ™A A (symmetry) 7}
Ak, oldF WAL ol &3 oojHES} HAZ F ¢
FHE F i $EES % Y ASA4T §AF
F 5led F o|FHEN dWBeR FIvFeH A2 2
HEZE AAY 4 Avh WA dojHEE He FAu S
225 7t dAl edge)’t F == U HTHE AA
3 5% @ Z(undirected graph)& EdHoz A48T
4 Utk
st4 9k KGBot7t #%38= UT AYe &8¢ 344 343
& olE @ F o|FHELY F2 dAY & BEIA
2o}, oA (2 10Xa) A+HY 28 fAAd B2 o
4 AdA B2 A9 o] 5FH BRY o|Fe A% WY,
(228 10)(h)e BeHY 2 A48 BolA AR o]F &
B8 2497 vi$ &3k miks g€4%9 KGBote @
A RS Qe oJFHUL FAHoE MY JEHE 47
o729 A JHsAE 2AE OE T ARE JeE
AAES F7MgezA svte] §3 Z2 22 Z(directed
path graph)& @tk zels 72+ Az AW HI4E
ZAsEE 71HQ gae B3 FRY UEF ol5He
AA 2 GEHokt Fsdld gl 4= g4 $8) KGBot
7} #4313 91+ Rotate & Go @4defe] wEd, § olF
A AGA H2 7hd A ol5HEH B9 HEE FAA
g LR ez Mdd o5 BRe 99 BEE KGBot
7t Gge3t o5 BR o) A% oAl BE UH oIF
e A2 AsAE 2AEW 1 o W] R o
ZALE @A o Fold &+ qloh. 2% WolA Rotate & Go
gadge €A A2 oY FAgdx & k&) drh

© : Navijation Point © : Navigation':Poirt
A 4

() 2 7Hs b d< ¥7Hs
(2% 10) 05 Z2 HitiEY BH

(29 11)¢ KGBo7t AAste A2 a2d =8 H¥s=

F ARTZES Ve it A2 adZE 4 olF
A& vehlE =Z(node) AMER F o FHEULS @4
A28 Jehliie 7 2(path) JHEE TAHEH Z ==
' =5 Adz, of, #%, WEAL So] AdHZ, &
Az A2 AEA, A2 Fo|, 32 FUxE F|
AZgget A2 ANEL HT A2 A==} A=
Ane Rot ANFxE AN #4 Ra¥H 1a &
= #AAE q&=E ol FHEC] KGBotd Aol Eo1& o

A4, KGBot7t A A3k flE 22044 HE 7t
Favhe ¥do] o duiv P oH FZ A A
Agd.

Path Nocke
D
In] Name
Lengtha > Type
‘] Path | ON
Path 1 1 l Path 2 } Path 3 ‘{ Path 4 1
22
3 = ‘ ON
{ Noge 1 | Node 2 Node 3

(38 11) B2 I8 TN UEAIRTE

nA Y #Ao) thd FARAE FH Y w4 BEA
£3 1F Alol§ Ak RF A2 Id4ZE A4Sty v,
KGBot: #oldl ZEHYE Alel§ b BEHE Mo
ARSAY o] AWF TEPS BRHAY o] A
A AEE BEAES Aosvy AAYeRN A9
AY Hé(game score)® Eol2i xH@h of BAA
oln] ¥ e WA AHFE YT Y= EEAS
Yo o ZEHE $HHLE FAHAU A
Aolug AR A%H wud Aed #vo| $e9 v}
3 & Bl 9ok HAW o] GANNE SEYE THY
24 2AARA deht wEA H FE2 oY 4 =
g sk 42 27) gAE €48 F28 #4729k oA
% o @Al AR Aple BAAS AAREA Fol
Acke 3, WA AAG £HAR Y HE Az a9z
(partial path graph)& oln] 7AA 3 ?Jﬁ” A, :LEI-L g
HAAA e %g(shorteq;t path)2 Eg3o} are Al
A A A mAe] 45 g Aeohe e,

ovl Az DAZE Y3 AW FAAAA Jugze
e 2= B gnaFel de A7E d3As ool
A oA AFHol $hanl ofs) A'%h DA’ ¥ W &
£49 Feelay w4 gwﬁaq Aol gick. A
% olg# A" DA" @;u;aﬁ- T UFH L Zeheloff-
line) ¥4 FAAFERAN, oﬂolazﬂ ARY 29 A
A aAE 298] :ﬂoﬂ PEZE M sutel @Ad 3
28 AYste Byt o]s}c @2 RTA' (Real-—'r:me A"
9} LRTA'(Learning Real-Time A’) SmEES Be H A
7t &9 on-line) B YHIUFEL ERLE 9

tlo rir

}.
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WA w) dAnit o} Og xEg Meddtes o] FAY
3 AYE olFol di AA dge] wdol $HYHE B
o]tH17,23]. ol A7 gl ¢nUBFEL dAY A
o] 3] 7 Z(optimal solution path)& BA& ¥ YA,
AEHA el g4 dxe|EEd a8 A8 & Az
(sub-optimal solution path)& vj$¢ 2] & 4 givka
A ok & d7olA ERA7A sbed wy e
of 3= KGBot9] A$-olx A ol%o] Aa5E A7t
ozt o] FAGd 28HE AR AN AP e 7}
Ang, oxegle] g4 Wyl A9 IDA” ¢udE: fia
AAZE 22¢ g4 w9l LRTA" ¢85 8 343t

(78 13)2 4= 24¢ 58 AHE B8 42 ag=s
ol-g&3te] #Al YA woM el BEFLEe X@d
W7 WHEEE KGBotel 4413 e 4237 daE
2 LRTA" ¢u22&S s ¥@sta sld o ¢ndgs
AN Ag IR 7 we xo 27| FLelaw gk

(08 12) dAlZE 22 3712 of

FIND-PATH-LRTA(x, goal, G)

/* X the current node,
goal * the goal node
G : the directed path graph
kix, X’} : the edge cost from x to X' #/

IF the current node x is the goal node, THEN return with
success

/* Lookahead */
FOR each neighbor X’ of x

Calculate f(x) = k(x, X'} + hix)
END

/% Consistency maintenance */
Update the value of h(x) to the minimum f(x') value as follows
h(x) « min {f(x’)} for all neighbiors of x

/* Action sglection */
Move to neighbor x' that has the minimum f(x') value
X & X

Call FIND-PATH-LRTA (x, goal, G

(28 13) HAZH 22 37| gn2ls

h(x)& 2 oJ§HAN B AMANE ok
F&8= A {Euclidian distance)® 3t} 18] o] &4
# h(x)E BHA7AA A4 AR e o) go] Hu=
Z, o] daygEy A (completeness)E HFH 2827
& BEPY. wHA o] dnBol wel o ofoR
=4 -]

guglFol weg} KGBot7t F83e 4NN 42 27 4
AE dAET Sl afAN A oFH AR WEFY
KGBote H 7Fs@ <A <183 B CHell g o
+ HEARLE AEsto o] Fstofof Frh oy o] o] F
A B @ f(B)E A olFH AclAM BRe @9 A

(I8 14) KGBote| 9 24 &7




(a) Dom-Stalwart

(1 Dom-Condomned

(38 15) MEol ARRE X=8

29 Fold kA, B)% o4 BolA S8H G7HA A4
Ag hBIE tgezEs AgErt E G o% o¥A
Co #4# f(O= 22 WHoz ANEY, oFA AL
g {B) {(OF Axe 7HE o olFie=
KGBoti ©|&37A @t KGBote olst @& #H4& W&
Fozd HH Ao ZAY PYPeE B @] R
Gol =93t}

A B d7dMEe F35U KGBotel WA Azt
o2 #EHE e JAFR(HA g, A8 e F
o, AF), FAAL, 42 2d9= AR, ALYHIRAY
A Az " E A §E BAFEA, BA o E A
Ho} 712¥ KGBots] 4=84 9 o|FAHNE Azt
P (2¥ 148 22 39 24 =7E 34 g
7 ol g3tgch ofst # A Y =TE olfFo=EN
do]dE Az o] &AL KGBot7t F35 fle I%
7 el AR KGBotdl W5 Al HRE ®jwshd
A, KGBot7t @7 Exel e 398 Ao sH8
3 AEAE EMstn B & 5 A dEn

6. 4 H

B =8dAE KGBoto] 9= g4 A9l Rotate & Go
o Aold7 UM-PRSS L&4¢ AF3] 918 49e
AAsATh WA A= g4 AP 1&4 BHE deME
R =20 A AE Rotate & Go AFH @&# Go & Go
Agzte] W ARE AASYL, AlAY BEY BHE
a4 BDI Aojckd UM-PRSS &4 w23 (pure
reactive) Aol ARze] HE A¥L AASgG 223 o

Agede 2tz (29 15)@), (2 150, (28 15
Ueht §1E Dom-Stalwart, Dom-Condomned, Dom-Lead-
works ¥ B35l AR oE A Al 334 AEE] A
43U (2¥ 158 48 A8 A A9 A= 4
2E KGBot7l 948l E&4¢ 89 £4 7§ o83
of AAZeR HAFE Fo|t}, AHeld ALEE Al Al A
T # 53 (29 15@9 Dom-Stalwarts o]E3 9 #7}
A w7t w$ dedte ol {39 dejHER Egy
7 dd A2E vud 44 & £ Y Aol Y
(19 15Kb)9] Dom-Condomned$t (2% 15)c)9] Dem-
Leadworkst Ald #8} olefg 23029 B} T4
Zo| B& 59 olFHEe] BAHO i ERe FU4A
ol Ze 98 Agsol o dE BFT AxEo|

2 g4 A% vy d¥dAe 44 e gaRgs
459 g ool HEI} Foln (g dvh} E&¥oE
S EAE dolry] fd, Axddd solgle ZE &
¥ H(dornination pointYg# 15 @ BF2EY oy
=g A 288 3 ARE &4so Bgd
d deFg 7 AR 1034 ukE AYste] g HY
Hu Al7h Ax AL 282 B AzHE vaske] Hgkth
aga o A¥vid 9= g4 AE AE 60022 AA
sty e, 60027 AUE ERHES o} A BF 3
B AN 48 AYY 544 A ol 7 Bk
W e folyd BAE Adste Aol Fonsitin #
gEo] H¥E HEAh

4= B4 gty qn 49 438 <E >3 2k
Go&Go AL /M4 v&# AEQ Dom-Stalwart® Al
93tz Yrz] BE Ao g4 A NHE 23 gt
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A BEA &S FohllAl R ¥, Rotate & Go A 4
ol AHEE BE Axol gz g4 A A el ZE
ERYEE wAsed 43T £E Rotate &Go &
o] B, AxY BT FHETE @Yo 28€ A
e F7HE AT AR g E&HY o ¢
3 AEe] EF=d viE & gANTY Frhe disc
Dom-Stalwarts} Zo] Fej&o] fla ke FAjo] njf
NdE ol Go&Go HFo] 23] Rotate & Go A
ur} o] ERYES ¥4 ¢ UNAT, Dom-Condomned
9} Dom-LeadworksH 3 Ax7} ¥ 79 oz FAHA
U 429 FZo] A% 7-$olE Rotate &Go AFo| wi$
EFHYE & 7 Asich

(B 1> ASEY Yy

(ehel 1 &)
54 Aq | #A= | 27
A | g | BHEE O aa loap | A
Roatate & Go| 123 76 5
Dom-~Stalwart 30

Go & Go 75 22 46
Roatate & Go| 214 137 193
Go & Go >600 | >600 | >600
Roatate & Go| 443 318 387
Go & Go >600 | >600 | >600

Dom-Condommned 51

Dom-Leadworks 149

B, Aojdde LY £4& 9F YA BDI
ojqlziel UM-PRSSE &4 ¥H8-H(pure reactive) #|ojdl
Zte] H)E H¥E AAsdg. dEAHQ BDI AlojdA
¢l UM-PRSY £A%F9 sy &5 EA %4 (goal-oriented)
%8 589 ¥4 oF3(context-dependant) ¢ olch o}
g dutdog 7 Wt oie A A$rt oy
UM-PRS 7]%te] ojo]dEx: A4le] ERE 3 84 3
T #3998 HoF: £ Sl oo g &5 g Aold
AL FFeE FAAHY FH7 Y3, AALE E 7
Ao} viefdele] T dEFE glon o7 A dA 4
g wet #$52 AFGH3) gl oy P AojdAg
HEH o ey dolBEL FRMESIT Y AE Wy
e A B £ lo] ARl st dubo
2 &F 8y ooldEE: e BAWIE BER 37
g A% 484 e 9 E A& o, BA AHE
& J1YstA Rgozs B A 2 Aud o4}
AL 37] olgeE dHe] it

B dose 33% 334 7MEFelA e ddYd Dom-
ination A¥& 918 UM-PRS Ao|dAxn &4 de8 A
oldd F ok ZFo] o AHAAHIA Wlwsted HITh ol&
fs AdMAnzRE Ae=HE AL §7) 2 WE7] A
MAR we FZ43Hos PF& AAYSE &F 89 o

-

JAEE YEZ TS OE, IEPRS Acla g A4e
KGBotst 598 A=teld F4st™ ddY Domination
AdE =B Adsid Bt AYL ol #§F/o] AF
A4 1008 & 9A F53o ¢Sz ALEdz, o
A dxe AY AFNTE dAsA gl AojAR
o v AYoME GM d9E A S AEEL AHEE
Aon, 7t AxdE 10314 dgste] ZH ofoldEr} Y5
HQ A, 4 A, BF Y-EE vdY

Add o) vln A4 Ad: <¥ 2>9 gk %A
¢ F URe] & AFAM AgE 2E A AYN UM-
PRSE Aoldxoz &g KGBot7l A A M5 100
HE ASHoEN ¢ WgY JdojAEE ol =P
Axe) BFert Ades F AT A4 v |
oz A& ¢ & Utk B8 KGBotst &40 gy o)A
E7 358 AY Feug o9 vz F AoldAg
A&4& vaste AL 9 ¥ FARE Uxsin gl
Aol HAESHE Hi= Alojdide) o] ol9jox BT}
tFd aded o8 9RE e 4 1A dEEolnt &
2 2ol B38ta UiY¥ Domination A&7 chol A
F Aoz 2848 43X¥og vag & e 84
H Wye AR I AYER delA HH F oolHE
& MZ AANA BE AHolth wrghx ol ovjoj B
A7 AY A & 4y Aojddel v UM-
PRS Alojadlde] $44& BAFUT. sl o2 g Ay
¥ 8 9794 71A%E 4ddiY Domination AYere 9l
ENE 1 990] IE Aoz Budn Bk gL do]
HEF 435 ¥R+ ¥4 Domination AUy €y
CaptureTheFlag AYolXE € 479 49Y Domination
Adabe @8 AY AYPo] Brh WA o FolA 3 waty
e WaE A $HH BEAE st o)y @ tE oo
HAE @7} vs) YY Domination ¢ #73& w3
AY Aefe) ¥grt =GR ol e} o AE AAlo] o]
Adde HsE Fx8 4 gk WA ol F #FAHA
= ued §4uId st o4 Y AolAzld v
8 EX-AFHd P& d¥s= UM-PRS7E o &4
9 Re® wog

(B 2> HoldX a#ay

ol H A 3L HF
o A
NE g AT N gs e las
UM-PRS 100 100 100
Dom-Stalwart 39 -
Pure Reactive 51 19 26
: UM-PRS 100 100 100
Dom-Condomned 51 -
Pure Reactive 19 ki 12
UM-PRS 100 160 100
Dom-Leadworks 149 -
Pure Reactive 22 10 12
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B =RdME 3 94 94 AYE A%y delA
E 974 H2EWMER 839 Unreal T ~
% Gamebots Al&¥& &A% 2R

£ 33 AR G4 A3 I Dimisiptio
sBHos NYNHE 459 NPCY KGBord AAHD
F@HYT KGBote W49 BDI oo|dE T2 UM-
RSE Aojdzxez Ag3n 9o UM-PRSE EE-A%
43t dge] @Rustel gF ¥ WSAE Adn Qe
2e $2AA doldES HAB /e & 3o} Aol
£ Az £750] $olsthe FHo] Yk EF B =E
AME AE4d] FolA e JJERES ue Sohohy
solgle ERHEY AAE Hetate @9, ol e ¥y
}4L B4 AAo] goin Y=ol Az 2TE AR
o8 e P9, o oA FNY AT Yo
Azed ERAAAA HE Azg ANRHez Fohrbe
B9 5 KGBots Aol sl 2443 Adstsict 2
91 2oz NZ g 339 Ax4e 4¥e £ olelg
KGBote] Alolddz A2 27 #99 $54E J5ad
ugtt AYST YE FF ATEE AGNA 7Y Az
Mol A% %1% w9 9% Domination Ao} H
@ CTF AYs 2& 03 doldE BRGME ERFo
2 $33sE KGBot § olo|HEE MEste ol o&
ANHE BA YL dAA) THE AW BA T2E
23 8 us AeUE 7N AP TANA 23 =
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