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In this paper, we consider coalition structure generation problem in cooperative graph games. The cooperative
graph game is known as one of typical concise representation for cooperative games by using weighted undirected
graph. We develop IP formalization and MaxSAT encoding to find the optimal coalition structure in cooperative
graph games. The feature of our formalization is to introduce the symmetry breaking constraints and sort the
agents into decreasing order of the sum of weights of the edges each agent belongs. Our experimental results show
that the commercial solver GUROBI for IP formalization outperforms MaxSAT solver.
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2.

G = (V,E,w)

V = {1, . . . , n}
E ⊆ V 2

e = (i, i′) wi,i′ ∈ R

S ⊆ V S

v(S) v(S) =
∑

(i,i′)∈S wi,i′ CS =

{S1, S2, . . .} ∀j, j′(j �= j′), Sj ∩ Sj′ = ∅,∪Sj∈CSSj = V

V (CS) V (CS) =∑
Sj∈CS v(Sj) V (CS)

∀CS, V (CS∗) ≥ V (CS)

CS∗

3.

2 xi,j ∈ {0, 1}
i j

yi,i′,j ∈ {0, 1} i i′ j
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max

n∑

i=1

n−1∑

i>i′

n∑

j=1

wi,i′yi,i′,j

s.t.

n∑

j=1

xi,j = 1 ∀i (1)

for each edge (i, i′(> i)),

yi,i′,j ≤ xi,j ∀j (2)

yi,i′,j ≤ xi′,j ∀j (3)

xi,j + xi′,j ≤ yi,i′,j + 1 ∀j (4)

for i = 1, xi,1 = 1 (5)

for i < n, xi,i′ = 0, ∀i < i′ (6)

for i ≥ 2, i′ ≥ 2, xi,i′ ≤
∑

1≤l≤i−1

xl,i′−1 (7)

(1) 1

(2) (4)

i i′ Sj

wi,i′ (5) (7)

Sj

Sj+1

1 S1

2 S1 S2

S2 1 S1

4. MaxSAT

xi,i′ yi,i′,j zi,i′ wi,i′ < 0

(i, i′) zi,i′ i i′

1 0 MaxSAT

max . . . s.t. . . .

(yi,i′,1 ∨ yi,i′,2 ∨ · · · ∨ yi,i′,i, wi,i′) (wi,i′ > 0)

(¬zi,i′ ,−wi,i′) (wi,i′ < 0)

¬zi,i′ ∨ yi,i′,1 ∨ yi,i′,2 ∨ · · · ∨ yi,i′,i (8)

¬yi,i′,j ∨ zi,i′ (1 ≤ j ≤ i) (9)

xi,1 ∨ xi,2 ∨ · · · ∨ xi,n (1 ≤ i ≤ n) (10)

¬xi,j ∨ ¬xi,j′ (1 ≤ i ≤ n, 1 ≤ j < j′ ≤ n) (11)

¬yi,i′,j ∨ xi,j (12)

¬yi,i′,j ∨ xi′,j (13)

¬xi,j ∨ ¬xi′,j ∨ yi,i′,j (14)

x1,1 (15)

¬xi,i′ (16)

¬xi,i′ ∨ x1,i′−1 ∨ x2,i′−1 ∨ · · · ∨ xi′−1,i′−1 (17)

(8),(9) zi,i′

(10) (17) i, i′, j
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1:

0.70 [1.0, 100.0]

100
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1 20 100

[s] 1

(random)

(sum)

(IP) MaxSAT

(MaxSAT)

sum random IP
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