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Coalition formation is an important capability of automated agents. Coalitional game theory provides various
solution concepts that describe how the gains from cooperation should be distributed to make the coalition stable.
Recent research has revealed that these traditional solution concepts are vulnerable to various manipulations

in open anonymous environments such as the Internet.

Therefore, we have developed a new solution concept

(i-e., anonymity-proof core), which is robust against such manipulations. Also, we have developed a compact
representation scheme of the outcome function to reduce the representation size of an outcome function.

In this paper, we evaluate the effect of this compact representation scheme using computer simulation. More
specifically, we evaluate the reduction of the representation size and computation time obtained by the compact
representation scheme. The evaluation result shows that a significant reduction can be obtained when the number

of coalitions that introduce synergy is relatively small.

1. OO0

o0ooO0o0oooooo0 (booooo)oooooo
pgboooooboboobobbooboboboobobooboon
gooobooooooooooooboooooooooooon
0000 [0 oljoOo00U0O0U0O00OOUOUOOUOOOOO
goooooobooooooooooooboooooobooon
jjoooooooooocooooooooooooooooo
pooooooboobobobobobobobobbobbbobobooobooo
000000000000000000D0 [Conitzer 03|00
goooooooooooooooooooboooooooon
goooooooobooooooobooocoooooooooon
gobooooboboooooboooboodoobooooooon
gooooooboooooooooooooooooooon
gooooobooobooooobooobooooobooobbooooo
oooooooooooobooooooooooooooon
goooooboooooooooooboooobooooooboooo
gooooooooooobOooobooooooooooooo
gooooobooooobooooooooooboboodn
pogbooboobooboboboobobbobobobboooo
goooooooooooooooooooooooooon
00 [Yokoo 05]0

oobooobooooooooobooobooooobobOOobooo
gobobooboodoooooooobocooooooobooboOoa
pgbooooboboobobboobobboobobooo
000000000000000000000 [Ohta 06]0

goooooooooooooooooooboobobooog
goooooooooooooobooooOoboooobooon
goooooooooooooboooooooooooooon
gobobooooooboooooooooooobooooooao

googbobobooboboobpbooboboobobo

000:0000000000000000000000D0812-
0395 DOO0OO0O0OO0OO0OO0O0O 744 00O 0O (092)802-35760
satoh@agent.is.kyushu-u.ac.jp

ooooooooooooooooboooooobooooooo
goooooooooocooooooocoooooooooon
oooooooooocoooooooooooooboooooo
gooooooooobooooooobooooooobooooo
ooooooooo

2. OgOoo0OO0O

2.1 00O

gooooooooboobbobooboooboooooooo
[Yokoo 04| 000000000 000OODOO0ODOODOOOOO
goooooooooocooooooooooooooooon
oooood

00 1 (000)0000o0o0ooooooooooooo
gooooboooboobooobocobooobooboob100boOoo
gobooooooooboocoboooobooobooooboooDbn
gobodoobooobooooobooooboooooOooono

00 2 (000000)0000o0oOooooooooooo
Oo0T0o0o00o0o sCcrooooooooooooo

00 3 (00000000)00000000v:27 =R (T
000000000)00000000000 S(CT)000
00SO000000000000000000 »(S)00000

goooooooooooboooooooooooooooon
gooooooooooooooooooobooooooooon
uoboodobooooooooobooooboooooooa

00 4 (000000000)SNS =9p00000000
5,8 00000v(S)+0(S) <v(SUS) 00000000
00O00D0000D00000000

goooboobooooooooboboooooooao
goobooooooooboobobooooooooooooo
goooboooooooooooooooooooooooo
goooooon



The 21st Annual Conference of the Japanese Society for Artificial Intelligence, 2007

22 [0QO000OOO0OOODOObDOOn

oboooooooooooooooooooboobobobooo
gooooooooooooooooooooobooooooo
gooooooooon

e J000D0DOOOODOOODOOOOUDDDODDDDDOO
goboooooooobooooboboooooobooooon
gbooooooooooboooboooboooooon
gbobooooboooobooooooobooooooboo

e JJ00OU0DODOOODOOODOODLODOOOOOODOOO
gobooooboooooooooooooooo

e JOOODOOOOOODOOOOOOLODOOOODOOO
gobooooooobooooooooooooo

goooooboooboooooboooboooooobboooo
goooooooooooooooooooooboooooon
gooooooooooobooooooooooooooon
gobooooooooooo
goboooooobooooobooooooobooooood
gooooooooooobooobooooooooooboooboooo
goooooooooooooooooooboooooooon
gboobooo«~0000O000O0O0O0DOO0O0O0O00O0O0
oTrToooo

00 5 (0000)0000 #(s,8)(s€8,5CT)0000
0000000000000 SO00000000s00000
00000000000000000

gooooooboooooooooooooboOooooon
oooooscrooooooooooooooooooo
gooooo

00 6 (00OOOQUOOUOD)LOUOLUOLDODLOOOODOO
gooobooboooooboobooboobooooooooooon
gboooooboooooooboooboooooooboooooo
VBCT,WSCB,VS cSOOOOO

Z’JT(S,B)

seS

> (s, B)

seB

2 (1)
(2)

(s, B)
se(B\(S\5))

Z (s, S)

ses’

(3)

0100 2000000000000 30OO0OoOOooOon
oooUoo0o0ooO (COoooooUoooOo)oooooo
goboooooooooooooooobooooooooDon
goooooooooooooooboboooboboooo

01 000000000007 ={abcde000000
00000000000000»00000000000

e v({a,b,c,d,e}) =2
o({a,bd,e}) = v({b,c,d,e}) =2
v({a,b,¢,d}) =v({a,b,c,e}) =v({a,c,d,e}) =1

v({a,b,¢}) v({a,b,d}) v({a,b,e})
v({a,d,e}) =v({b,c,d}) = v({b,c,e}) = v({d,d, e})
v({e,d,e}) =1

e v({a,b}) = v({b;c}) = v({d;e}) =1
e 0IOIDOODODO SCHa,b,ed e}, v(S)=0

goooooooooooooooboooooboobooooooo
goboooooboo

o w(b,{a,b,...}) =7(b,{bec...}) =1
o w(d,{d,e,...})=p, w(e,{d,e,...})=1—p
(0<p<1)

e J0OIDODODDODO SC{abcdel00DOD0O
s€eSO00000n(s,S)=0

000000000000 000o0o0ooOo {a,b,c,d, e}
oooooO0b=10d=ple=1—p0O000000O0O0O0OO
oooo

23 0O0OOOO

gobooboooboboobbobooboboobobooog
gboooboobooboobooboooboooboooogoo
goobobooboboboboboobobooboobo
O000000000000000000 (Synergy Coalition
Group, 00 SCG) J00O0OU0OOOOOUUOOUOOODOO
000000000000 (Generalized Synergy Coalition
Group, 00 GSCG) ODOOOOO

007 (00000000) 00O0O0D0O000 (SCG)
[Conitzer 03] 00 0000000000000 D00000O0
000000000000000000000000000
0oo

o J,Si = SVi,j, i # 48NS, =0000000
000000 8= {S,...,8,...; 00000v(S) >
dsesv(S) 000

00000000000000000SO sCcGcuouooong
gooooooooooooooboooobooboboooooo
oooo

v(S) = max{ Z v(S;)] U S; = S, all the S; are disjoint}

1<j<k 1<j<k

020 1000000000SCGO {{a,b},{b,c},{d e}}
oooo

gobooooobooooobooooooooobooo

00 8 (000000D000)0000000 (GSCG)OOO
000000D00000000000000000

e ScSCGUODOOIOODOOOO SeGsca

e S, € GSCG OO S, e GSCG OO S,S 00000
S1NS#A00000S;US: € GSCG

0301000000000GSCGO
{{a,b},{b,c},{a,b,c},{d,e}} DODD

oooGescGOoOoOoOoooOoOoooooooopoooooo
gooooooooooooooboooooooboooooo
gooooGescGoOooOoOoOoOooooooooooooog
gobooooooobooooboooooooooooonon



The 21st Annual Conference of the Japanese Society for Artificial Intelligence, 2007

00 9 (0000000 GscGUUODU)DUOoOODOO
SO GSCGUOOOO psO000000O0O0O0O0OOO

Ps = {C|C € GSCG,C C S,and V',
where C C C' C S,C" ¢ GSCG}

040 100000000000000000 {a,b,c,d,e}
0O GscGcooooO {{a,b,c},{d,e}}y0nooo

pooGescGUOoOoOoOoOoOoooOoOoOoOooooOoOoooon
gobooooooooobooooobooooooooo

00 10 (000000 0OO0)0000OD00U0O0 7000 20
OO0 SeGsScGuoooooooopooOo SooO 100
0seSOO0000000O0 sO000000000m(s,S5)
gooooooooocoOoOooooooo sooooooo
o0 sOO000obooooooo

os50 1 0000000D0DO00O00O0O0OO0DOGO
0O «(s,§) 0O0OD0OO0OD0OD 2 0000000000
{a,b},{b,c},{d,e},{a,b,c} OOOOO 1000 s € S
oooooooooo (So02000000000)000
gboboooodobdoboooooooooboooooooo
goooooo

goboooboooobooobboooboboooboboooo

00 11 (000000000 O0OD)000ooUoDoOoO so
O0seSOOOOOOOOODOOOOOODOOO OO0
goooooo r~.O0000O00O0COODOOOO0

{

gooooooooooooboooooooboooooooon
goooooooood

gooooooooooboooooooobooobooon
goooooooooooooooooooooooooon
gbooooobooooooocoboooooboooon 20
gobooooooooooo

7e(s, P)
0

(s, 5) (0ooo)

e JOUDOOODODOOODOOODOOODO
e SCGUUOODOODUIDDOODODODOOOOOD
goooooooooobooooobooooooooDon

0D 12 (00DO0000O00DO000000)000000
0000000000 7 0000000000000000
0000000D00000000000000 SO GSCGO
0000 Ps0000VB € GSOG,VS C B,VS' ¢ SO0
ooo

Z Z me(s, P) < Z (s, B)

PePp\(g\g/) sE(S'NP) se(BNS)

(4)

0000000000000000000000000000
0000000000000000000000000000
000000000000 -, 00000000000000
0-0000000000000000000000000
0 [Ohta 06]0
000SCGOOOO000000O00000000020
0000000000000000000000000000
000000000000000000000000

(se P, PePs000 POODOONO)

00 13 (SCcGUOoUOooOooooooooo)scGooo
goooooooobobooooobooooog 00O
VB e GSCGOO0O VS e SCG,sC BOOOOOOOOO
gobooooboooooooooo

Z?TC(S,B) > v(S)

ses

()

000SCGOOOO0O0DN00DNNO0ONN00NON0NNOn
000000000000 -, 000007 00000000
0 -0000000000000000000000000
000 [Ohta 06]0

Ue6010000000O000000O0DOCDOOOOOOn
gbooooooboooooooouob ~nO0O0OOOOOOO
goboood ~.000OO0O0O0OOODOOOD

me(a, {a,b,c}) = mc(c,{a,b,c}) = 0,m(b,{a,b,c}) =1

(
me(a,{a,b}) = 0,7c(b,{a,b}) =1
me(b, {b,c}) = 1,me(c,{b,c}) =0
(

me(d, {da 6}) =p, (e, {d?e}) =1-p (0 <p<1)

oo r.00100000000000O0CO00O00DO0CO0O =
00D00D000000000 n(b,{a,b,c,d,e}) 00000
00{a,b,c,d,e} 0 GSCGOOOOOO{{a,b,c},{de}} 00O
000000w(b,{a,b,c,d,e}) =me(b,{a,b,c})=10000

gooobooboooooooobooocooobobooooooon
ugoboooobooooboboo
ggooboooooooooobooooooobooobobod
gooooooooooooooboooooboobooooooo
00000 ~00000000000000000 [Ohta 06]0

gboooboooobobooon

ooooboooooooooooboooooooooboooa
gobooouobooooooooooobobocoooo
gooobooboooooooobooboooooooboooooono
oo00o0ooooOooooogovBCT,vVSCcBOOOOO

(6)

3.

minimize 1 €
02,3
ZTK‘(S,B) >wv(S)—e

seS

subject to

(7)

bbdbbe<oOo0OO0OOODOOOOOOOOOOOOOOOO
goooooboO ~0OD00OO
ggoboooobooooooooooooooboobobboo
0000000000000000000000000vB e
GSCG,vS e SCG,ScBOOOOO

(®)

minimize : €
O 4

E:m@JQEM$—e

seS

Z me(s, B) = v(B)

sEB

subject to



The 21st Annual Conference of the Japanese Society for Artificial Intelligence, 2007

gbb0O0e<LO0OObOODOOOODOOOOODODOOOD
goooooooooooooooboo 0000
goooo 7voo wobooooobooo oo soboooooon
goooooooooooooooooooooooooon
0O0oo [Yokoo 05| 000000DOOOODOOUODOO
gooooobooooooooooooobooobooon
googogoosccuoooooooooooooooooon
goooooooooooobooocoooooooooobooon
gboooooboobooooboooooooobooo

4. 00O

gboboooooooooboooooooobooobooon
gbobooooooooboooooooboOooobobooooaon

4.1 0000
udoooooooobosgoouoougooooooood
0000 28—-1=25500000000000000000
oooo0 kDO SCGOODOOOOOOOOOOoOoooOoODO
gboooooboooooooboooboooooOooobooOoooo
gooooooooboboooboooooocoooooooooon
00000o0o00ooo0o0ooooooooOoon SeG
00 (10285) 000000000000 100000000
gso00dooooooooboboooobboooooooon
gobooooboooooooooooooooboooooooo
gbobooooooooooooooonn

4.2 00O

ratio

number of PI ratio

% time ratio -------
0 | | | | |
0 50 100 150 200 250 300
number of SCG

O 1. SsccGOO0popopoooooooooooooooooo

0l100scGUOooOonDooooooooonooonooa
J00od00d0o0o0ooo0oooooooogoooog
O00000Onumber of Pl ratioO 0 O0O0O0OO0DOODO O time
ratio 000000000000 ODOODODO 100 SCGOO
0000ooooooooooooooo0oooooooon
0000o0oooooooooooodoooogoooooon
0000000002000 320000 (O 12%) O SCG
J00o00o0ooooo000oooooooooooooon
Jdo0o0o00ooooooooooooooooOoooooon
oscGUOoooooonooooooooooooooon
00000000 00Doo0o0ooooooooooscGo
gOoobo0oooobooooooooooobooouooooon
0000000000 000oooooooooooooon
Jdo0o0oooooo0ooooooooooooooooon

gbooobobooobooobboobooboobooboon
gobooooooooooobooooon

5. 00O

obooooboooooboobooobooooobooooona
gbooooobodobooooobooocoooobooboooo
oo0ooOoooooOooooooooooo (oooooo
ooo0o0)0o0o0o0oo0oo0oOoooooooDon
goooooooboooooooooooobooooooooon
goobooooooboooooooocoooooooooon
O000oO0ooOo0ooo scGooooooooooooo

gboobooboooooooooboooooobooa
gooooooobooooooooooooooobooon
goooooobooooooooobooboboooooooooon
0000000000ooooooooooooogg seGg
oooooooooocoooooooooooooboooooon
gooooooooooooooooooobooboobooooon
000 12%0000 sCGLOO0O00Dooooonoooo
gobooogos0ooobooooooogbooooooo
ooboooooooo

gooo

[Conitzer 03] Conitzer, V. and Sandholm, T.: Complex-
ity of determining nonemptiness of the core., Eighteenth
International Joint Conference on Artificial Interigence
(IJCAI), pp. 613-618 (2003)

[Conitzer 04] Conitzer, V. and Sandholm, T.: Computing
Shapley values, manipulating value division schemes,and
checking core membership in multi-issue domains., Nine-
teenth National Conference on Artificial Intelligence
(AAAI), pp. 219-225 (2004)

[Ohta 06] Ohta, N., Iwasaki, A., Yokoo, M., Maruono, K.,
Conitzer, V., and Sandholm, T.: A Compact Representa-
tion Scheme for Coalitional Games in Open Anonymous
Environments., Twenty-first National Conference on Ar-
tificial Intelligence (AAAI), pp. 509-514 (2006)

[Yokoo 04] Yokoo, M., Sakurai, Y., Matsubara, S.,
Ohta, N., and Iwasaki, A.: The effect of false-name bids
in combinatorial auction: New fraud in Internet auc-
tions., Games and Economic Behavior, Vol. 46, No. 1,
pp. 174-188 (2004)

[Yokoo 05] Yokoo, M., Conitzer, V., Sandholm, T.,
Ohta, N., and Iwasaki, A.: Coalitional games in open
anonymous environments., Twentieth National Confer-
ence on Artificial Intelligence (AAAI), pp. 509-515
(2005)

[00 01) 0DODOD0OO0OODOODODOOODODOOOODOODOO
000,0000 (2001), ISBN978-4-532-10829-8



