


‣
‣
‣
‣

‣
‣

‣
‣

‣

‣

2



‣ ↑ ⇒ ↑ ↑ ↑

‣
‣

‣
‣ ⇒

‣ ⇒

⇒
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‣ ↑ ⇒ ↑ ↑ ↑

‣

‣

‣

‣
‣
‣

‣
‣
‣
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‣
‣
‣

‣
‣
‣

‣
‣
‣

‣
‣
‣
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‣

‣
‣

‣ ⇒

‣

6



‣𝐼

‣ ҧ𝐼

‣𝜃𝑖 𝑖 𝑖

‣ 𝑖

𝜋𝑖 = 1 − 𝜏 𝑝𝑖 − 𝑐 𝑠𝑖 − 𝐾

‣𝑝𝑖 𝑖

‣𝑠𝑖 𝑖

‣𝜏

‣𝑐

‣𝐾

‣

7



‣ 𝑖 𝑥𝑖
‣ 𝑖 𝜇𝑖 = 𝐸 𝜃𝑖|𝑥𝑖
‣𝜇𝑖
‣
‣

8



‣ 𝑖

𝑠𝑖 =
exp

𝜇𝑖 − 𝑝𝑖
𝛽

1 + ∋𝑗׬ ҧ𝐼
exp

𝜇𝑗 − 𝑝𝑗
𝛽

𝑑𝑗
=
exp

𝜇𝑖 − 𝑝𝑖
𝛽

1 + 𝐴

‣𝑝𝑖 𝑖

‣𝛽

‣𝐴 = ׬
𝑗∈ ҧ𝐼

exp
𝜇𝑗−𝑝𝑗

𝛽
𝑑𝑗

‣ 𝐶𝑆 = 𝛽 ln 1 + 𝐴

‣𝐴

‣
‣

9



‣ 𝜎

‣

Π = 𝜏න
𝑗∈ ҧ𝐼

𝑝𝑗𝑠𝑗𝑑𝑗 − 𝑔 𝜎

‣𝑔 𝜎 𝜎

‣𝑔′ 𝜎 ≥ 0 𝑔′′ 𝜎 ≥ 0

10



𝜎
‣ ⇒ 𝝁𝒊 = 𝑬 𝜽𝒊 𝒙𝒊
‣ 𝜇𝑖 = 𝐸 𝜃𝑖 𝑥𝑖 = 𝐸 𝜃𝑖
‣ 𝜇𝑖 = 𝐸 𝜃𝑖 𝑥𝑖 = 𝜃𝑖
‣
‣

‣𝜎 𝜇

‣

0−1 1
𝜇𝑖

−0.6 0.60−1 1
𝜇𝑖

−𝜎 𝜎
11



‣

‣Pr 𝜃𝑖 = 1 𝑥𝑖 = 𝑔 =
0.5×𝑞

0.5×𝑞+0.5 (1−𝑞)
= 𝑞 =

1+𝜎

2

‣Pr 𝜃𝑖 = −1 𝑥𝑖 = 𝑔 =
0.5×(1−𝑞 )

0.5×𝑞+0.5 (1−𝑞)
= 1 − 𝑞 =

1−𝜎

2

‣𝐸 𝜃𝑖 𝑥𝑖 = 𝑔 = 𝑞 1 + 1 − 𝑞 −1 = 2𝑞 − 1 ≡ 𝜎 ≥ 0

‣𝐸 𝜃𝑖 𝑥𝑖 = 𝑏 = 𝑞 −1 + 1 − 𝑞 1 = − 2𝑞 − 1 = −𝜎 ≤ 0 0−1 1
𝜇𝑖

𝑥𝑖 = 𝑔 を観測

𝑥𝑖 = 𝑏 を観測

−𝜎 𝜎

𝑥𝑖 = 𝑔𝑥𝑖 = 𝑏

12



‣

‣Pr 𝜃𝑖 = 1 𝑥𝑖 = 𝑔 =
0.5×𝜎×0.8

0.5×𝜎×0.8+0.5×𝜎×0.8
= 0.8

‣𝐸 𝜃𝑖 𝑥𝑖 = 𝑔 = 0.8 1 + 0.2 −1 = 0.6

‣𝐸 𝜃𝑖 𝑥𝑖 = 𝑏 = 0.8 −1 + 0.2 1 = −0.6

‣𝐸 𝜃𝑖 𝑥𝑖 = 𝑛 = 0.5 −1 + 0.5 1 = 0
0−1 1

𝜇𝑖

𝑥𝑖 = 𝑔 を観測

𝑥𝑖 = 𝑏 を観測

𝑥𝑖 = 𝑛 を観測

−0.6 0.6
13



‣
‣

𝜃𝑖
𝑥𝑖

∼ 𝑁
0
𝛾
,
1 𝜎
𝜎 1

‣ 𝑖
𝜇𝑖 = 𝐸 𝜃𝑖 𝑥𝑖 = 𝜎 𝑥𝑖 − 𝛾

‣ 𝑉𝑎𝑟 𝜇𝑖 = 𝜎2

14



𝝈
‣ 𝑨

‣
‣

𝐴 = න
𝑗∈ ҧ𝐼

exp
𝜇𝑗 − 𝑝𝑗

𝛽
𝑑𝑗 =

1

2
exp

−𝜎 − 𝑝

𝛽
+
1

2
exp

𝜎 − 𝑝

𝛽

‣

‣

0−1 1
𝜇𝑖

−𝜎 𝜎

exp
𝜇𝑖 − 𝑝

𝛽
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𝜎

𝑥𝑖

‣

𝐾

16
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‣ 𝑖

𝜋𝑖 = 1 − 𝜏 𝑝𝑖 − 𝑐
exp

𝜇𝑖 − 𝑝𝑖
𝛽

1 + 𝐴
− 𝐾

‣ 𝑝𝑖

𝑑𝜋𝑖
𝑑𝑝𝑖

=
exp

𝜇𝑖 − 𝑝𝑖
𝛽

1 + 𝐴
1 − 𝜏 −

1

𝛽
( 1 − 𝜏 𝑝𝑖 − 𝑐) = 0

⇔ 𝑝𝑖 =
𝛽 1−𝜏 +𝑐

1−𝜏
≡ 𝑝∗

‣ 𝑖

𝑠𝑖
∗ =

exp
𝜇𝑖 − 𝑝∗

𝛽

1 + ∋𝑗׬ ҧ𝐼
exp

𝜇𝑗 − 𝑝∗

𝛽
𝑑𝑗

=
exp

𝜇𝑖 − 𝑝∗

𝛽

1 + 𝐴
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‣ 𝑖 𝜋𝑖 ≥ 0

‣ 𝜇𝑖 𝜋𝑖
‣ ҧ𝜇

‣ ҧ𝜇 𝐴

1 − 𝜏 𝑝∗ − 𝑐
exp

ҧ𝜇 − 𝑝∗

𝛽

1 + 𝐴
− 𝐾 = 0

‣
‣ 𝑚 ∈ 0,1

exp
−𝜎 − 𝑝∗

𝛽

1 +
1
2
𝑚 exp

−𝜎 − 𝑝∗

𝛽
+
1
2
exp

𝜎 − 𝑝∗

𝛽

=
𝐾

1 − 𝜏 𝑝∗ − 𝑐

0−1 1
𝜇𝑖

Enter the market

−𝜎 𝜎
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𝝈

‣

Π = 𝜏න
𝑗∈ ҧ𝐼

𝑝𝑗𝑠𝑗𝑑𝑗 − 𝑔 𝜎

= 𝜏𝑝∗
𝐴∗ 𝜎

1 + 𝐴∗ 𝜎
− 𝑔 𝜎

‣𝐴∗ 𝜎 = ∋𝑗׬ ҧ𝐼
exp

𝜇𝑗−𝑝
∗

𝛽
𝑑𝑗

‣

𝐶𝑆 =
1

𝛼
ln 1 + 𝐴∗ 𝜎

𝑇𝑜𝑡𝑎𝑙 𝑆𝑎𝑙𝑒𝑠 = න
𝑗∈ ҧ𝐼

𝑝𝑗𝑠𝑗𝑑𝑗 = 𝑝∗
𝐴∗ 𝜎

1 + 𝐴∗ 𝜎

‣ 𝐴∗

‣𝐴∗ 𝜎

20



‣𝒈′(𝝈) = 𝟎

‣ 𝐴

‣

‣
‣

‣ 𝒈′(𝝈) > 𝟎

‣
21



𝝈
‣ 𝑨∗

𝐴

‣
‣

𝐴

‣
‣𝐴

‣

‣ 𝐴∗

22



𝝈
‣ 𝑨∗

‣
‣ 𝑚 ∈ 0,1

exp
−𝜎 − 𝑝∗

𝛽

1 +
1
2
𝑚 exp

−𝜎 − 𝑝∗

𝛽
+
1
2
exp

𝜎 − 𝑝∗

𝛽

=
𝐾

1 − 𝜏 𝑝∗ − 𝑐

‣ 𝜎 ↑

‣
↓

‣ 𝑚 ↓

‣ 𝜎 ↑ 𝐴

‣ 𝐴 0−1 1
𝜇𝑖

Enter the market

−𝜎 𝜎
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0−1 1
𝜇𝑖

−0.6 0.6

𝝈
‣ 𝑨∗

‣
‣ 𝑚 ∈ 0,1

exp
−0.6 − 𝑝∗

𝛽

1 +𝑚
1
2
𝜎 exp

−0.6 − 𝑝∗

𝛽
+
1
2
𝜎 exp

0.6 − 𝑝∗

𝛽
+ (1 − 𝜎) exp

−𝑝∗

𝛽

=
𝐾

1 − 𝜏 𝑝∗ − 𝑐

‣ 𝜎 ↑

‣
𝑚 𝐴

‣ 𝑚 ↓

‣ 𝐴

‣ 𝜎 ↑ 𝐴

Enter the market
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𝝈
‣
‣
‣ 𝐴

‣
‣

exp
ҧ𝜇 − 𝑝∗

𝛽

1 + 𝐴
=

𝐾

1 − 𝜏 𝑝∗ − 𝑐

‣ 𝜎

‣ 𝜎 ҧ𝜇 𝐴

25



𝝈
‣
‣
‣ 𝐴

exp
ҧ𝜇 − 𝑝∗

𝛽

1 + 𝐴
>

𝐾

1 − 𝜏 𝑝∗ − 𝑐

‣
‣ ⇒

‣ 𝜎

‣ 𝐴 𝜎

‣
‣
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‣ 𝜎 𝐴

‣
‣

‣
‣ 𝜎 𝐴

‣
‣ 𝜎 ҧ𝜇

‣ 𝜎 𝐴
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‣ 𝑖 𝜋𝑖 ≥ 0

‣ 𝜇𝑖 𝜋𝑖
‣ ҧ𝜇

𝐴

‣ 𝐴∗

𝐴∗ = න
𝑗∈ ҧ𝐼

exp
𝜇𝑗 − 𝑝∗

𝛽
𝑑𝑗 = න

ഥ𝜇

∞

𝑓(𝜇; 𝜎) exp
𝜇 − 𝑝∗

𝛽
𝑑𝜇 ≡ 𝐴( ҧ𝜇, 𝜎)

‣𝑓(𝜇; 𝜎) 𝜇

‣ 𝑓 𝜇; 𝜎 = 𝜙
𝜇−𝐸[𝜇]

𝜎
𝜙
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‣ ҧ𝜇

1 − 𝜏 𝑝∗ − 𝑐
exp ҧ𝜇 − 𝛼𝑝∗

1 + 𝐴( ҧ𝜇, 𝜎)
− 𝐾 = 0

‣

𝑑 ҧ𝜇

𝑑𝜎
> 0 ⇔

𝑑𝐴 ҧ𝜇, 𝜎

𝑑𝜎
> 0 ⇔

𝜕𝐴

𝜕𝜎
> 0 ⇔

𝑑𝐶𝑆

𝑑𝜎
> 0 ⇔

𝑑(𝑇𝑜𝑡𝑎𝑙 𝑆𝑎𝑙𝑒𝑠)

𝑑𝜎
> 0

‣
‣
‣
‣ 𝐴 ↑

‣ ҧ𝜇 ↑
29



‣

1 − 𝜏 𝑝∗ − 𝑐
exp ҧ𝜇 − 𝛼𝑝∗

1 + 𝐴( ҧ𝜇, 𝜎)
− 𝐾 = 0

⇔ 𝑎 + 𝑏 × exp ҧ𝜇 − 𝛼𝑝∗ = 𝐴 ҧ𝜇, 𝜎

‣
‣ 𝐴 ҧ𝜇, 𝜎

‣
‣ 𝐴 ҧ𝜇, 𝜎 ҧ𝜇

‣𝜕𝐴/𝜕𝜎

‣𝑑𝐴/𝑑𝜎

‣
‣

‣𝑑 ҧ𝜇/𝑑𝜎

ҧ𝜇

𝐴 ҧ𝜇, 𝜎 𝑎 + 𝑏 × exp ҧ𝜇 − 𝛼𝑝∗

ҧ𝜇

𝐴

𝑑𝐴/𝑑𝜎
𝜕𝐴/𝜕𝜎

𝑑 ҧ𝜇/𝑑𝜎
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𝑨 𝝈
‣
‣

𝑓 𝜇; 𝜎 = 0.5 × 𝜙
𝜇 + 𝜎

෤𝜎
+ 0.5 × 𝜙

𝜇 − 𝜎

෤𝜎
‣𝜙 ෤𝜎
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Π = 𝜏𝑝∗
𝐴 ҧ𝜇, 𝜎

1 + 𝐴 ҧ𝜇, 𝜎
− 𝑔 𝜎

𝐶𝑆 =
1

𝛼
ln 1 + 𝐴 ҧ𝜇, 𝜎

𝑃𝑆 = 1 − 𝜏 𝑝∗ − 𝑐
𝐴 ҧ𝜇, 𝜎

1 + 𝐴 ҧ𝜇, 𝜎
− 𝐾 ⋅ 1 − 𝐹 ҧ𝜇; 𝜎

𝑇𝑆 =
1

𝛼
ln 1 + 𝐴 ҧ𝜇, 𝜎 + 𝑝∗ − 𝑐

𝐴 ҧ𝜇, 𝜎

1 + 𝐴 ҧ𝜇, 𝜎
− 𝐾 ⋅ 1 − 𝐹 ҧ𝜇; 𝜎

‣
𝐴

‣𝑃𝑆 𝑇𝑆 𝐹 ҧ𝜇; 𝜎

‣𝐹 ҧ𝜇; 𝜎

‣
32



‣数値計算: 𝜇𝑖 ∼ 𝑁 1, 𝜎2 , 𝑔 𝜎 = 0.03 × exp 𝜎

‣ ⇒
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‣
‣

‣ ↑ ⇒ ↑ ↑ ↑

‣

‣

‣

‣
‣

‣
‣
‣ 34


