
1 2 2

1

2

θ ∈ Θ
A = {1, . . . , n} θ = (θ1, . . . , θi, . . . , θn)

θi ∈ Θi

i θi Fi

Oi ⊂ O

ci : Oi → R
−

Ii ⊂ Fi Gi ⊂ Fi

ri : Gi → R
+

I
I = i∈A Ii

π = 〈oi1
1 , . . . , oim

m 〉 oi
j ∈ Oi π

i πi = 〈oj | oi
j ∈ π〉

Π π
θ

Result (I, π)
I = i∈A Ii θ

π = 〈oi1
1 , . . . , oim

m 〉 θ
c (π, θ) = oi

j∈πi
ci oi

j

i
ci (π, θ) = oi

j∈π ci oi
j

π θ

r (π, θ) = i∈A g∈Gi

ri(g) g ∈ Result (I, π)
0

ci (π, θ) ri(π, θ)
i π

U(π, θ) = c(π, θ) + r(π, θ)
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π
Π

i
vi(π, θ) = ci(π, θ) + ri(π, θ)

i
θi = {Fi, Oi, ci, Ii, Gi, ri}

i Θi

ci ri

Gi

O′
i ⊂ Oi I ′

i ⊂ Ii

O′
i ⊃ Oi I ′

i ⊃ Ii

π ∈ Π
Π

v θ π

v (π, θ) =
i∈A

vi(π, θ) =
i∈A

ci (π, θ) + ri (π, θ)

vi(π, θ) i
v(π, θ)

π
π̂

π
i vi (π̂, θ)

i ∈ A f(θ)
f(θ) ∈ argmaxπ∈Π vi(π, θ) θ

pi : Θ1 × · · · × Θn → R

i i
(f, p1, . . . pn) f :

Θ1 × · · · × Θn → Π p1, . . . , pn

(f, p1, . . . pn) f(θ)

i π = f (θ)
ui(π, θ) = vi(π, θ) − pi (θ)

i θ
(θ′

i, θ−i)
i θ′

i

(f, p1, . . . pn)
i

θ1, . . . , θi, . . . , θn ∈ Θ1 × . . .×Θi × . . .×Θn

θ′
i ∈ Θi vi (f (θi, θ−i) , θ) − pi (θi, θ−i) ≥

vi (f (θ′
i, θ−i) , θ) − p (θ′

i, θ−i)

(f, p1, . . . , pn)

• f (θ) ∈ arg maxπ∈Π v (π, θ) f
• h1, . . . , hn : Θn−1 → R

θ = (θ1, . . . , θn) pi(θ) =
hi (θ1, . . . , θi−1, θi+1, . . . , θn) − j �=i vj (f (θ) , θ)

hi(θ−i) = 0

hi(θ−i)
i

f
pi i

p1, . . . , pn

f

3 hi(θ−i)
i
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ui(π, θ) = vi(π, θ) − pi(θi, θ−i) =

vi(π, θ) +
j �=i

vj(π, θ) + hi(θ−i) = v(π, θ),

π = f(θi, θ−i) i

i
i

U(π, θ) = i∈A ri(π, θ) + ci(π, θ) = v(π, θ) i

i

π π

i π
ui(π, θ) = v(π, θ) i

θ′
i O′

i ⊃ Oi

π′ i
π

j 	= i G′ G′ =
{g ∈ Gj | g ∈ Result (I, π′) \ Result (I, π)} i
π′ ui(π

′, θ) = vi(π̂
′, θ) − pi(θ

′
i, θ−i) = v(π′, θ) + vi(π̂

′, θ) −
vi(π

′, θ′
i, θ−i) vi(π̂

′, θ) i
π̂′ θi vi(π

′, θ′
i, θ−i)

θ′
i

i
π′ vi(π̂

′, θ) = ri(π̂
′, θ) + oi

j∈π̂i
ci(oj) =

vi(π
′, θ′

i, θ−i) ui(π
′, θ) = v(π′, θ).

G′ π′ π
v(π′, θ) > v(π, θ) π′ i

π ui(π
′, θ) > u(π, θ) i

π̂ = π

θi

r(G) = i∈A gi∈Gi
ri(gi)

π
f

i pi

hi(θ) = 0
π

i πi

i
i

i

π′ i
θ′

i i
π′ π′

ui(π
′, θ) = v(π′, θ)

r(G)
r(G) ≥ v(π′, θ)

ui(π̂
′, θ) ≤ 0 i

i

ui(π, θ) = r(G) − r(G) + v(π, θ) ≥ 0 i

r(G) hi (θ−i) = 0
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f

(f, p1, . . . , pn)
f

p(·)

f Π′

f Θ Π′ = {f(θ) | θ ∈ Θ} f
θ ∈ Θ f(θ)

i∈A vi (π, θ) π ∈ Π′

(f, p1, . . . , pn) f

f

fbw

θ = {F, O, c, I, G, r}
F O

c I
i

Gi

ri θ m
n

m
m n

fbw

n m

m fbw

i∈A vi (π, θ)
fbw

n+2m
fbw

(fbw, p1, . . . , pn)

fbw

K

fd :
Θ → Π d

K
fK

d

fK
d K

fK
d

K
i=0

|G|
i

≤ K · |G|K

K fK
d

fK
bw

K fbw

fK
bw

fK
bw

K

4
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