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Abstract

In this paper, we suggest a message-based communication profocol and a dynamic role assignment mechanism for efficient
cooperation and teamwork of agents in computer game environments.  This role assignment mechanism is a new one different
from both existing static and dynomic mechanisms, in which all decisions relafed with role assignment are made at once in
design phase or execution phase. According fo our mechanism, all possible role sefs are determined in design phase. Detail
decisions regarding which agent takes what role, however, are made in execution phase. This mechanism for role assignment
can minimize the negotiation effort in execution phase. Therefore, this mechanism is quite effective especially in real-time
muffiagent environments. Through experiments, we show the superiority of the new dynamic role assignment mechanism.

= Keyword : Agent Cooperation, Computer Games, Role Assignment, Negotiation
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( performative
:sender s-agent
‘receiver {r-agent}
:content content-str
:reply-with id-1 :in-reply-to id-2
:reply-by timelimit )

a8)3 WA Aol ARg-5 = PerformativeE 9] ¥
F9 9= oS3 2o

Query : X 8%

Inform : AR A)Z

Cfp : ool A AIjME &34 :
Propose : 5% 3¢ =& A4S FRES A%

Accept-proposal : Ao+ w8 4=2}
Reject-proposal : A|<H ¥k A& AF
Request : 573 J 9} ¢S FYES 23

Agree : 8 W2 vk v S ¢
Cancel : & dl|o|HE| A s steta 24
A AU TE ALk 83

Query$} Inform wAjz]e] FAHQ] o= o}
3 2tk

(query :sender agent-1 :receiver {agent-2 }
:content{(fact map $map) }:reply-with
id-1)

(inform :sender agent-2 :receiver {agent-1 }
:content {(fact map mapstr) } :in-reply-
to id-1)

SHH, Cfp, Propose, Accept-proposal, Reject-
proposal 52| A A o &2 v 2t}
(propose :sender agent-1 :receiver {agent-2}

: content {(do (agent agent-2) (achieve
domi nate dom point-1) (achieve domi
nate dompoint-2)) }:reply-with id-1 :re
ply-by time-1)

(accept-proposal : sender agent-2 : receiver {agent-1}
:content {(do (agent-2) (achieve domi
nate dompoint-1) ) } : in-reply-to id-1)

(inform : sender agent-2 : receiver {agent-1}
: content {(done (do (agent agent-2)(ach-
ieve dominate dompoint-1) (achieve domi

MESSAGE {String "(inform :sender KGBot-1 receiver {KGBot-2 KGBot-3}
:content (DOM {id dom-1} {Location loc-vector}
{Reachable True} {Controller 255}))"}

Global false})

VMT {String "(inform :sender KGBot-1 receiver {KGBot-2 KGBot-3}
:content (DOM {id dom=-1} {Location loc-vector}

{Reachable True} {Controller 265}))"}H

VMT {String "(inform :sender KGBot-1 ‘receiver {KGBot~2 KGBot-3}
:content (DOM {id dom-1} {Location loc-vector}
{Reachable True} {Controller 255} H

(18 5) 84
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nate dompoint-2)))} : in-reply-to id-1)

(cfp : sender agent-1 : receiver {agent-2} : con
tent{(do (agentagent-1)(achieve domi
nate $dompoint)) } with-reply:id-1:reply-by
time-1)

(propose :sender agent-2 :receiver {agent-1 }
:content {(do (agent agent-1) (achieve
dominate dompoint-1) (achieve dominate

dompoint-2)) } :in-reply-to id-1)

Request, Agree, Cancel 5] FAZQ] o &
o33 2t

(request :sender agent-1 :receiver {agent-2 }
:content {(do (agent agent-2)(achieve ex-
plore)) } :in-reply-to id-1 :reply-by time-1)

(agree :sender agent-2 :receiver {agent-1 }
:content {(do (agent agent-2)(achieve ex-
plore)) } :in-reply-to id-1)

(cancel :sender agent-1 :receiver {agent-2 }
:content {(do (agent agent-2)(achieve ex-
plore)) } :in-reply-to id-1 :reply-by time-2)

a8 WA
ofgo} Z& 3

ZAHE FE9 FE(syntax)>
o
=

ge.

*{ (fact map $map) }

*{(goal *) }

*{(achieve dominate pt-1)(achieve dominate
pt-2) }

*{(do (agent agent-1)(achieve dominate pt-1)(a-
chieve dominate pt-2)) }

*{(done (do ...)) }

*{(cancelled (do...))}

*{(failed (do ...)) }

$98, A Gamebots A|2Eo)x Lk
NPCE Zte] | wiAA] @4 ofefe} 2o

& wA1A] A

(MESSAGE {String "xyz"} {Global False})
o AR 5

(VMT {String “xyz"})

e} o] 8 Gamebots A|2EQ] HAR E
of R GAM ALY B ZTREFS HEd)
W, 29 59 22 © ALY wAx HE
o] 7}&38ch

(a2l 6) Team Domination Al
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dE AR AYSINE BAUHH Ol
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QA A WHe S oSl wk
W], oJolAEEY 4% A% B B

$h= QIR YEES| (7 23)

143



HFE ALY &2F

23<

AAZE

A AAA BRPAGT} o] HET

AL B35 AR £53 SHuA

WA A48 2 5 Aok AW, o Pus
APAHE A ololVERY BE Baow

A AAAZE djFo HAATE FAe) Ao

3’]%3}7 | oJed& Aol Aok mEA B AF
qre 71& FH I wijF FHQ HrT
’3%‘34—} %"—‘1 A% wige A4S dYs A
2 4 9% 63 S Atk B AT
¥t E38) 18 63} Z& Team Domination A
A Z+ &8 F44 Co|AEE zhe] AR
Wao] 23S T3 ok AL ol 54
Al AL AR g 29 UHY
HE AFH ALSd= H&E & d& Aotk

Team Domination A|-& 2% o]Ate] sig]H
E2 749 2-3/19 80 ME s &
g wRY 33 F3 el AR HFY EBF
Zl(domination point)Eg ZFopln IAEL
I AFFoZN ¥ HFE 5o sgsie
ojty. (1¥ 6)& Team Domination #$<]
g 239 Y= ¥R Esie Aot
gollA 9o FAE 2t ==& AYH o)A
EEY F o5 %7] sl = gl whEE
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AN AZHTel ARHAE HAL Yehim, of
4% HRL ARDANN oolHES el ¥
Aol ofsl Aol W H4L Uiz 9
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B ATolA Adkse dgug BaL 3
Hoz Aesid oldlsh 2ok

o3

—_

= {a1, &, .., s} 1 nFY HO|HEEZ FAHE |
R= {1, 13, ..., 1} : KN M2 T2 oJ3HE
ti i (Ria, s) = Ri : G WHolgr(role-set
transition function)
Ri : o] A 9 3,
s: S74H,
Ri: A2¢ 98 A%
mi: A= Ri: 9% oA 3<4(role assignment
function)
Fi= <A, R;, m;> : § X o] H(team formation)
(A dlo]HE [’ Ri: 98 F3h mi:
oA wA )

ojmf HEFF} Holg t= Al 2H AR} 9
3 v)E] A=, 98 W8 T m dojHE
Zhel AAIZE el o8] 2"k

A 8ol o2 G Hols 1Y 8
I e 9873 #olE(Role-set Transition

The 2nd Dom Point Found&
(our score >> oppaonent score)

MNone of Dom The Ist Dom

Points Found Explorer i, Point Found Dominator,
Explorer2, Explorer?,
Explorer3} Explorer2}

The 2nd Dom Point Found &
{our scare <<opponent score)&
(opponent {= winning scare)

Diagram)2 EHE + ot & 7 WHel=

AN 2+ k=e g 9T IAFS veh
a, 7+ Fae 98 JFe] wgE o
29 8¢9 98 3 WHol=E Domination 7
dE A% AZFHYA & /1A o Yelx

l

Atk

of 4% 3 HWolmw AY ¥ HH &
Z](domination pomt)%-% St ASHR] 231
o= 2.2 Explorer 98&59-& Q7sh} A
¥ ERAES dHF et 2xS HAHIT
A el

F
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Wolg HolFa gtk
ol¢} o] HE Fge A IF Wolxo
et AHEH e AR, 4AHQ JgujAe
AoJHEE 7] HAA B 5T FA25]
o o 2t & Aelre AHHEE 7
FEH ALY HARE AgE 1Y dojHE
g 7l B "HAlA] mEe Q3= 7 JA
W diAl wE 2R8E =28 4 e AW
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HNEZ} GHAR AAHE ¥ 44014[19] 24
TAME 48 JPAAN 873 5 A%
T do]HEE AR Y ol¢t e F

Dominatorl,
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Explorer?,
Explorer2}

(33 8) Hg &g dolz

2= QlE{U FEEks| (7 23)
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HFE AY FHolM ololNESS FEXIHY

Y8t S Z2ERI A3 HE

o

g A& 98 wiZS A A 9N
I G tig 7+ do]HEY B8 (cost
function)$} YT(revenue function)E 39
dtojo} gt} Yubd oz A vj&34 Ce o
23 Zo] g 4 Qigk. C: R —» R o)
R; £ 9% A%, R'e ¥ A:4%e 44
Uepdcl B dFdlA+= Team Domination A
9S 9% 7453 9IS Explorers} Domina-
tor 7+ 1739tk Dominator S uidt
2} do]HES] n&IrEe PN FH HX
Z|(domination point)7}X]2] T=@AHIZ AME3}
A3, Explorer Hdtel] tigh HI&HFEE @A)
A A9 9= W ZA M(frontier)71A]e] =
gAZE AT 9, YT R
7 o] A 4 itk R: Ry = R oy 4
Al R & 98 AFS, R's ¢ AeAde
Z4zy Jepdich £ d7olA < Dominator D&
o g z dojHEY FYFFEE BRA
¥ 58 A 2 HS 93 Ho(score)E At
4391, Explorer Q&) g FAgdezs
AZ BT =9 o9 £F AME3HH T
A rofl Wit & do]HES oA o9 1
Ags FPFeIAN dA 2 FY(revenue) T}
29838 88 (cost)?] zHdifference)z A AV =
Ak o)FA A rof tigk o o]o] AtE
4, 7t do|HEE R4l o4 outEe UF
72 AAE gt 2FFHoE ST AES
FRFoIZN 71E 2 o]dE 4 F Ux
OJFMEZ}I 1 94EE Y3 FAAE wiAgd o
o} 22 ZAujkalg B3 I x¥E I
ZES AR FFg do|FE A gIch
A, AE AY3r] AsiME e <(auctio-
neer) oo]HEZ} glojob shew], B ATelNE
dxe] Aujel JojHEE X g1 o 744
AqolAE F9 dpfe] Auidl A4S HEE
Stk ¥ 74 coJAEST Al o)A
EE Alol9] FH(announce)®} ¢z (bid), 1E]

o

T F(clearing) WA mBE A AR
JolHE T4 TBEZH we} oRo)ck

(E 1) 85 1002 o, 4 92 o™ Eot glef
Hg uiy Entef SHE Hin

L Map 1 Map 2 Map 3

A (# of Nodes=30}|(# of Nodes=90) {(# of Nodes=120)
13) 100: 58 100:24 100:18
23] 100:46 100:34 100:22
33) 100:48 100:30 100:12
43} 100: 65 100:38 100:30
53] 100: 57 100:35 100: 28

(E 2) F8$ 2002 o, S5 g sy 2ot o
g vy Eotel 3 Bl

o Map 1 Map 2 Map 3
X2\ | (# of Nodes=30) | (# of Nodes=90)|(# of Nodes=120)
13) 200:109 200:55 200:23
23} 200:113 200:47 200:29
33 200:99 200:51 200: 41
43] 200:130 200: 62 200:41
53} 200: 101 200:58 200:62
6.4 ¥

@A ARG AT ulA WA ] ETE Golr Y|
Adl, Gl oal T2 R J v o] o] FA=
oo]AE €3} 182 k2 § 7o) Team Domin-
ation AlYE FR3te AFES FHsAt 74 ©
& 399 54 49 (homogeneous member) &2
o) 01A15, 2t T4 o) HEE B 972 944}
AL A5 HHE ddo]WEQ CAA UTBotE
o] &3 Ath T4 98 wiR €& 7Y ojHE
£ 7] BAl HAIR 2 B3l 7} o] HE A
Dominator?] 93} Explorer®] 98 A A%
o W&t FHoE WA eI EE TR, B
Aol o) 9% ujA €L © FAAUE el 9%
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HFE A Y EHHoM oo|MESe] FEXAYY

L]

Y3t S0 ZREET oY W

o

RS 9% 53 FAAPE FA LLo2H
TRL Z4xe] wdke] w2 d8E doj= AR}
TE 78t bk 53 8wy gL 74
A5 Aol i @ ¥ 2F(coordination)
o] AIY 5ol o]FojA & ¥Hy, Yo 9F ujy
25 oj3 ¥ 299 270) A3 ke Re) 2
o]Fo|t}. 3HH, A A% WA WAL © A5l
V& ol B A7) A XFA7)A Esit) 3
A A ujg o] 53] Feo] ¥ o=
Team Domination AlY £/3¢ 5% Domin-
atore] 92 Fojuke. o o] A EE -2 Explorer 9
O AEF| AH ZRAES HANd wrAE of
74 285 FA £ A 712 ookt 317

otk A4¥E A3l ;== 57t 42 3071, 9070,
1207] 5 BEZ%7 e 3709 WHES 043191,
Z+ ) 3 534 F | 74 5271 232 w7iA Al
A& NP3l HFAHoZ 7} Ho] 53} AFE
& nuEY ¥ 13 ¥ 2= 47 Juyso)
100,200 & o, 7 & 7t HF A5 P& vln
gAY A9E Jepdc

13 ¥ 28 AFEH, o9 glo] BE 739
T3 A4 uiA "ol oo I wjA Hel dis) &
A4 Abol2 FEE AFUTE AL ¢ F Utk
T 37 FEE HL ALY RS, & 3
A7 1009 & 1] A F 7 vis) HuH47}
20091 ¥ 29 APARNA T4 9T ujH 2] &
FAol B A Yeldths Holt}h o] AL AlYo]
o 2 ALE5E 98 iAo © Hgol vAE
ol o ARY= AL vt} =L 174 &
28 58 35402 4Ag 5 e AL Al
AHE-E Wio] AX 1 BZE,E T d 7he] H4 A
ol © doltke Ao|th. wetM AlY 7o) B
Fsta FQsldrE 9 wjgo] do|dE ° A
ol o & JFE At 2S¢ F Aok AY
MM HAE & o Zr2 L 4 F9 = A
B ERA 5 Ui do] wa) o]FALE F
2 g% wgel a7t o ZA YEa, AW ER

2 do] AdE4E A7t HA Yepdo= A
ot} MEka B 7e] Agu)’34) Team Domina-
tion Al A& Explorer §&& Z-2 7} oo]HE
Y 37 BN T 9% uiA Y 7139 30
2 9EE v AL & A8

7.4 &

ExdMe EEH dojdE AY RN
3 NEYH do]HEEY ALAY I
g A wWAA 7 Y ZREEH

& ug HES AAEITh =2l
AN TN ZREZS Y&AF FRHE Ut
AAAE, JAHHEE HFE AY &4 AA
7t Ae HEY F glen, dolWES 1
Y RS A9 e ALY F I=S
AU 3 B dFdA ANG T 9T
g A2 AAYA Ze APDA NN 9
Aol Bad 2E AR A 71EY A
A 9% Wy WAy 34 AT wig s
T Oe A2 93 uiA WHelt. o] 9
g e mad, dAgACNNe "daE
A8 "eg AFRAREL vl ZAstx, A
@A 7HA o) G BAE A4 98
= ol do|HET} Lo} #HT AWE EH
gt o] M2 A3l Bad dygAg
JolHE b L AT F e WeR
A, AAZF FGE do]HE AY A HEH
ot B ERME 8L B3 NEE F
A 98 w3 HHe +r4ES 2o Agsin
Ve FF AT7EE, 9 uiRq »eF BE
Ay Ale ABEARA vFE &5 T4 9
& upg ATty Bla A9E 3 B A7Y
o] AZHAHQ "HalAM o= Hx FEAOl ¥
SAE EMste d7s AEE 8 9oz
o] 9 g HdE FFsh= A7t Ao

Ir rie

A

ot ot
Ho o

£

Z

ml

o}

5= QIE|U FRES| (7R 23)
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