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A Study for Robust Coalition Structure Generation Problem
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How to form an effective coalition is a major issue for many applications related to Al and multi-agent systems.
Coalition Structure Generation (CSG) involves partitioning a set of agents into coalitions so that social surplus, i.e.,
the sum of the value of all coalitions is maximized. Robustness (i.e., it does not require to recompute the coalitions
of a CSG even if some agents break down) is an expected property of CSG. In this paper, the focus is laid on the
Robust Coalition Structure Generation (RCSG) problem. A formal framework is defined and some decision and

optimization problems for RCSG are pointed out.

1. 0OOoOu

000000 (Coalition Structure Generation, CSG) O O
[1,6,7,900000000000000000000ODOO
gooooooooooooobooboouoooboooooooo
[D000000DO00O0OO0D QU000 0OUDOUOOOO
o0oo0o0ooUoUo0oUoOoUU0bD (Doboooouooo
ooo0o0)0oooooooooooououooooooo
0000000000000 oO0oOoooooUoooo 1o
ooooogoooooONP-hardODOOOOOOOOOOO

gboooooooobooooooobobooooooooo
goooooooooooooooooooooboooooon
gooooooboobooooooooooooobooobooooon
goooobobobooooooooooooooobooooon
pgbobouooobobobooobobuobobobobbooo
goooooooooooooooooobooooooon
goooooooooboooooboooooooboooooboooon

doooobooooooooobooboooboooooboobooobo
00000 (Robust Coalition Structure Generation, RCSG)
0000000000000 0000000000RCSG O
0000000000000 (20000000)00000
000000 csGoUDOO0OD kOODODOoOoOOO Cso
k-robust 000 O00O0CSOOO0O0O k000000000
goooobooboooooooooboooobooooboooooboo
k000000000 0O0O000oooooooOooboooo
goooooooooooooooboooobobooooo

2. JOoOobobOood

000000 (Coalition Structure Generation, CSG) [1,
6,7,9}DDADDDDDDDDDDDU:ZA%NDDDDD
000CSG=(A,»y0OoOoooOoooooooo«0000
000o0000ooooooooonAOOOOO SCAOOD
gooOosSoo00oooooooooooooogoooo
O00w(S)0O0OU00O00O0OUoUOoooooooUooU
00 A0O0O0O00O00O0 (Coalition Structure, CS) 0000

Vi,j (i#5),9n0S; =0, |J S=A

s, €CS

(1)

go0.:00b00ooOo,101-8430 000 ooboOoooO
2-1-2, {tenda, schwind, inoue}@nii.ac.jp

Ul 00000ooogoooooodg

ogooo oo oooo aad
v({a1}) 5 v({a1,a2}) 9
v({az}) 3 v({a1,as}) 6
o({as)) T | o({anas) | 6
v({a1},{az}, {as}) 12 v({a1,az2,as}) 15

ooooooooooooooooooooooooooo
ocoooooO0o0ooooOoo0o0oooOOoooooooo csag
goooooooooobooo Zsiecsv(Si)DDDDDDDD
vcs)oooooooo csooouooooooooooes
oOoooooooooes*oooooo

Y CS: V(CS) < V(CSY). (2)

01(000000). 300000000000000000
CSG = ({a1,a9,a3},0) 0000000000000000
000000000000000000 1000030000
000000022 =8000000000000000000
0000000000 CS* ={a1,as,a3} (00000 )00
000000000000000000 V(CS)=150000

00 1(000000o0o).
e Input: 000000 CSG=(A,v)y000

e Question: 00000000000 O0O00OOOOOCOO
oooooooo csoood

000000000 NP-hard DOOODOOODOO [8]O

gbbobooodgbobbod

O000000000000000 (Robust Coalition Struc-
ture Generation, RCSG) 00000000000 DOOOODO
gooogobooooooooobobooboo

00 2(0000000000). 000000 CSG = (A4,v)
0000000CSO0000000KO00000O000A
00000 A CADODDODOk<|A] (0<k<|A]—2)
000000000000000 A\A' 00000000 ¢S’
000000000CSO krobust 100000000000

V(CS\ A) <V(CS). (3)

3.



The 28th Annual Conference of the Japanese Society for Artificial Intelligence, 201/

02 00000000000000000

CS {{al,a2},{a3}} {a1,a2,a3}
V(CS) 13 15
k 1 0

000000000000000000 cS0000 CS
0 O-robust 00000000000 €SO (JA] — 1)-robust
00000000 2000k00000<k<|A|-20000

02(0000000000). 0000000000000
000 CS = {{a1,a2},{as}} 00000000000000

V(CS\ {ar}) = V({az}, {as}) = 7> 6 = V({az, as}),
V(CS\ {az}) = V({ar}, {as}) = 9> 6 = V({ar, as}),
V(CS\ {as}) = V({ar,a2}) = 9 > 8 = V({ar}, {az})

OoOoooocso l-rebust0O000O0DOOO00OO

goboooobdoboooooooboobooooboooa
goooobooooobooooooooboo

00 3(0ooOoUupUoooouoooooooo).

e Input: 00000 CSG=(A,»)0000000 CSO
oooo kb

e Question: CS O k-robust 000000 ?

gooboooooooooooobboobo0oooooobo
goo20000000000000O00O

00 4(00). 000000 CSG = (A,v) 000 k-robust
00000 CSO00K-rebust 00000 €S 00000
E>kK 00 V(CS)>V(Cs)0ooo k>k 00 V(CS) >
V(Cs)ODOOODOO0O0O0CsSO ¢S’ 000000000

00 5(0000000). 0OO000O0OooOoooUOooooo
000 CSO00ooooooooooo Ccs'onooon
goocsoooooooooooooooooooooooo

U0 6 (OO0OUDUOOODOOOODOOUOOO).
e Input: 100000 CSG=(A,»)0000000 kO

e Question: V(CS)U0O k0000000000000
csoooo

0000000000000 b0O0o0 BoooUoUoo
gobooooooooooboooooooobooooooooon
doO0000oUOooO0o0oUoOoU Yuoooooo
goooooboobooooobobooooooooooooon
gooooooooooobooooooooboboooooooon
gooooooboooboooooooon

03 (220000000). 01000000 UDOOUOOO
ooooo0o0o0ooooooOO0O000 kODOOO0OO0O0O000
goooooooooooobooooooobooboooooono 2
goooooooooobobooooooooooooon 20
00{{a1,az2},{as}} 0 l-robust 0000000 OOOOOO
00000 1000V ({{a1,a2},{a3}}) =130000000
{a1,a2,a3}DEII:IV({ahag,ag}\{az}) = V({a1,a3}) =
6 >9 =V({am}{e}) 0ODDODDODODODOOOOO 1-
robust000000000COCOCO0O0O0ODO 0-rebust 0000
V({a1,a2,a3}) =15 000000000000000000
gobooooooooooobooob 20000

4. 0000

00000o0o0oUoO0O B)ouoooooooUooooo
0000000000000 00O000O0 4o0o0o0oo
goooooooooooobobooboooooooboooo
oooooooooooobooooooooooooooon
gooooooooocoooooooooooobooooooo
gooooooooooboboooooooooboooooooo
gooooooooooooooooooocoooboooooo
goboooboooboooobooboooooobobooooboo

ooooooobooooooooboboOobO0O0obooboooo
goooooooooooooooooooboooooooon
OO0 p0000000000000booUoooooUooOoo
gobooobooooooobooboooobooooo

5. UooOD

goooooooooooooboboobobooboooboooad
goboooobooboooooooobbooooooobooooDo
gooooooooooobobooooooooboboooooooo
gooooboooooooooobooooooooooooo
O0oo0oOooooOo (RCSG)UUOoOoULooOoUoooOO
O0ooOoooorRCSGLOUOOOOOOODOOOO (200
oo0ooo)0o0o0ooooOoooUooooOoooooooo
goooooooooooooooooooooboooon
goboooooooooooobooooooobooooobooo

gooo

[1] Y. Bachrach, P. Kohli, V. Kolmogorov, and M. Zadi-
moghaddam. Optimal coalition structure generation in co-
operative graph games. In AAAI pages 81-87, 2013.

V. D. Dang, R. K. Dash, A. Rogers, and N. R. Jennings.
Overlapping coalition formation for efficient data fusion in
multi-sensor networks. In AAAI pages 635640, 2006.

F. D. Fave, R. Stranders, A. Rogers, and N. R. Jennings.
Bounded decentralised coordination over multiple objec-
tives. In AAMAS, pages 371-378, 2011.

P. Modi, W. Shen, M. Tambe, and M. Yokoo. Adopt: asyn-
chronous distributed constraint optimization with quality
guarantees. Artificial Intelligence, 161(1-2):149-180, 2005.

R. Nair and M. Tambe. Hybrid bdi-pomdp framework for
multiagent teaming. Journal of Artificial Intelligent Re-
search, 23:367-420, 2005.

(2]

(3]

(4]

(5]

[6] T. Rahwan and N. R. Jennings. Coalition structure gener-
ation: Dynamic programming meets anytime optimization.

In AAAI pages 156-161, 2008.

T. Sandholm, K. Larson, M. Andersson, O. Shehory, and
F. Tohmé. Coalition structure generation with worst case
guarantees. Artificial Intelligence, 111(1-2):209-238, 1999.

[7]

[8] T. Sandholm and V. R. Lesser. Coalitions among computa-
tionally bounded agents. Artificial Intelligence, 94(1-2):99—

137, 1997.

S. Ueda, A. Iwasaki, M. Yokoo, M. Silaghi, K. Hirayama,
and T. Matsui. Coalition structure generation based on
distributed constraint optimization. In AAAI pages 197—
203, 2010.

(9]

[10] D.Y. Yeh. A dynamic programming approach to the com-
plete set partitioning problem. BIT Computer Science and

Numerical Mathematics, 26(4):467-474, 1986.



