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yit ∈ Y = {0, 1} yit = 1

yit = 0 yt =
(
yit, y

j
t

)
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t yt = (1, 1)

it θit ∈ Θ = [0,∞)

F (θ) F (θ)



F (0) = 0 f (θ) > 0

δt ∈ ∆ = [0, 1] δt

Ps =

⎧
⎪⎨

⎪⎩

G (θm, θf ) iff y = (1, 1)

(1− δt)G (θm, θf ) iff y ̸= (1, 1)

⎫
⎪⎬

⎪⎭

θm θf

G

G1 (θm, θf ) θf G2 (θm, θf ) > 0 θm

δt

G (θi, ·) i

Ui =

⎧
⎪⎨

⎪⎩

θj iff y = (1, 1)

θi iff y ̸= (1, 1)

⎫
⎪⎬

⎪⎭

θj

θi i yi = 1 θj

θi i

E [θj | yj = 1] > θi



H (0) σi (θi, 0) = 0

σ (θj, 0) = 0

i j yj = 1 E (θj | yj = 1)

σ (θi) = 1 E (θj | yj = 1) ≥ θi

j yj = 1 i j

yj = 0

yi = 1 θi < θ̄

θ̄ ∈ Θ θ̄i = θ̄j = θ̄

θ̄
´ θ̄
0 xf(x)d(x)

F(θ̄)
= θ̄ θ̄e

θ̄e = 0 yt = (0, 0) 1

i j

i δi

1− δit+1 (yt) =

⎧
⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

1 if yt = (1, 1) and 1− δit + ϵ > 1

1− δit + ϵ if yt = (1, 1) and 1− δit + ϵ ≤ 1

1− δit − ϵ if yt ̸= (1, 1) and 1− δit − ϵ > 0

0 if yt ̸= (1, 1) and 1− δit − ϵ ≤ 0

⎫
⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎭

ϵ δit+1 δ

i t δi

δi



δi0 δ = 1

[1− ϵ, 1]

y = (0, 0) 1 − δt > 0 1 − δt+1 =⎧
⎪⎨

⎪⎩

1− δt − ϵ if 1− δt − ϵ > 0

0 if 1− δt − ϵ ≤ 0

⎫
⎪⎬

⎪⎭

δt

1 − λ ∈ [0, 1]

1
2

1
2

δ

t 1 − λt ∈ [0, 1]

U t
i =

⎧
⎪⎨

⎪⎩

θjt iff y = (1, 1)

(1− λt) θit iff y ̸= (1, 1)

⎫
⎪⎬

⎪⎭

H (λt) σ : Θ× Λ → Y σ (θit,λt) ∈

{0, 1}

σi (θi, δ) σj (θj, δ)

H (λ)

σi (θi,λ) = 1 ⇔ θi < θ̄e

σj (θj,λ) = 1 ⇔ θj < θ̄e



θ̄e

´ θ̄

0 xf (x) d(x)

F
(
θ̄
) = (1− λt) θ̄

yi = 1 θi < θ̄ (λt) θ̄ (λt) ∈ Θ

θ̄i = θ̄j = θ̄ θ̄e
´ θ̄
0 xf(x)d(x)

F(θ̄)
=

(1− λt) θ̄

θ̄e = 0 λt

λt

{
θ̄et
}

θht ≡ max
{
θ̄et
}

θ̄et λ



θh ≡ max
{
θ̄et
}

max
{
θ̄et
}

θ̄et

1− λt θht = 0

λ ∈ [0, 1]

λ′

λ λ′

λ λ′ ̸= λ

1− λt λt δt

Ui =

⎧
⎪⎨

⎪⎩

θj iff y = (1, 1)

(1− δ) θi iff y ̸= (1, 1)

⎫
⎪⎬

⎪⎭

λ δ

θh (δ)

i F (θh (δ)) θh (δ)



δ θi, θj

p (y = (1, 1) | δ) = [F (θh (δ))]
2

δt

1− δt+1 =

⎧
⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

1 if y = (1, 1) and 1− δt + ϵ > 1

1− δt + ϵ if y = (1, 1) and 1− δt + ϵ ≤ 1

1− δt − ϵ if y ̸= (1, 1) and 1− δt − ϵ > 0

0 if y ̸= (1, 1) and 1− δt − ϵ ≤ 0

⎫
⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎭

1− δ ∈
[
0, 1− δ

′]

1− δ p [(y = 1, 1) | 1− δ = 0] = 1 p
[
(y = 1, 1) | 1− δ > 1− δ

′] ≃ 0

1− δ ∈
(
0, 1− δ

′)
p (y = 1, 1) = 1

2

[
0, 1− δ

′]
1 1 − δ = 0 1 − δ > 1 − δ′

1− δ ∈
(
0, 1− δ

′) 1
2

θ∗h = F−1
(
1/
√
2
)

δ

ϵ

1
2 p (y = (1, 1) | δ) =

[F (θh (δ))]
2 1/2

[F (θ∗h (δ))]
2 = 1

2 θ∗h = F−1
(
1/
√
2
)
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p(y=1,1)=1/2
E (θj | θ) 

λa*θi

area = 2^(-0.5)

λa*

{δ0i }i 1− δ



1− δ∗a =

√
2
´ F−1(1/

√
2)

0 xdF (x)

F−1
(
1/
√
2
)

´ 1−δ∗h
0 xdF (x)

F(1−δ∗h)
= (1− δ∗) θ∗h θ∗h = F−1

(
1/
√
2
)

1− δ∗

1− δ∗a =
√
2
´ F−1(1/

√
2)

0 xdF (x)

F−1(1/
√
2)

δ∗

li ∈ [0,∞) i

c (l, θi) c (·) c1 (l, θi) > 0 c2 (l, θi) < 0

c (·)

Ui =

⎧
⎪⎨

⎪⎩

θj − c (lit, θ
i
t) iff y = (1, 1)

(1− δ) θi − c (lit, θ
i
t) iff y ̸= (1, 1)

⎫
⎪⎬

⎪⎭

θit

lit ∈ L c (lit, θ
i
t)

ljt

yit, y
j
t

yt = (1, 1)



p (y = (1, 1) | δ) =
ˆ [

F

(
θ

1− δ

)
− F ((1− δ) θ)

]
dF (θ)

θi θj > (1− δ) θi

y = (1, 1) θi
1−δ > θj > (1− δ) θi

θi

θi
1−δ (1− δ) θi p (y = (1, 1) | θi, 1− δt) = F

(
θi

1−δt

)
−F ((1− δ)t θi)

θi

∂p(y=(1,1)|δ)
∂(1−δ) =

´ θmax

0

[
−

f( θi
(1−δ))

(1−δ)2
− (1− δ) f ((1− δ) θi)

]
dF (θi) < 0

p (y = (1, 1) | (1− δ)) δ



maxli≥0E (yi [θj − δθi] | li)− c (l, θi)

maxyi∈{0,1}E (yi [θj − (1− δ) θ] | lj)

yi

yi

σ (θi, θj, δ) = 1 θj > (1− δ) θi

maxli≥0E (yi [θj − (1− δ) θi] | li)− c (l, θi)

l∗ (θ)

1− δt+1 =

⎧
⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

1 if y = (1, 1) and 1− δt + ϵ > 1

1− δt + ϵ if y = (1, 1) and 1− δt + ϵ ≤ 1

1− δt − ϵ if y ̸= (1, 1) and 1− δt − ϵ > 0

0 if y ̸= (1, 1) and 1− δt − ϵ ≤ 0

⎫
⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎭

δ δ̇ (t) = 0 δ∗s

ˆ θmax

0

[
F

(
θi

(1− δ)

)
− F ((1− δ) θi)

]
dF (θi) =

1

2

δ > δ∗ δ̇ (t) < 0 δ < δ∗ δ̇ (t) > 0 δt → δ∗

δ δ∗s



δ̇ (t) = −
{
2

[ˆ ∞

0

[
F

(
θi

1− δ

)
− F ((1− δ) θi)

]
dF (θi)

]
− 1

}

[
0, 1

a

]

δ∗, δ∗a δ
∗
s

δ

δ

δ∗a

δ∗s

1
a

1 = δ∗ > δ∗a > δ∗s > 0

0 = δ∗

1−δ∗a =
√
2
´ F−1(1/

√
2)

0 xdF (x)

F−1(1/
√
2)

1
a f (x) =

⎧
⎪⎨

⎪⎩

a for x ≤ 1
a

0 for x > 1
a

⎫
⎪⎬

⎪⎭
F (x) = max

{
ax, 1

}
1−δ∗a =

√
2
´ 1

a
√

2
0 xadx

1
a
√
2

1− δ∗a = 1
2´ θmax

0

[
F
(

θi
1−δ∗s

)
− F ((1− δ∗s) θi)

]
dF (θi) =

1
2

⇒ 1
2 =
´ 1

a
0

[
a
(

θi
1−δ∗s

− θi (1− δ∗s)
)]

ad (θi) 1− δ∗s =
√
5−1
2 ≃ 0.62

1 > 0.62 > 0.5 > 0 1 > δ∗a > δ∗s > 0

1 = δ∗ > δ∗a > δ∗s > 0

δ∗s δ∗a








