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Q = b+ g. πg = (m− b− g)g.

g(b) = (m−b)/2.

p2 =

⎧
⎪⎪⎨

⎪⎪⎩

m+ s− b− g (b ≤ B),

m− b− g (b > B).

πb =

⎧
⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(m+ s− b− g)b (b < B),

(m+ s−B − g)B (b = B),

(m− b− g)b (b > B).

π(b, s, g) = (m+ s− b− g)b,

π(b, g) = (m− b− g)b.



b(g) = argmax{(m+ s− b− g)b}

b(g) = argmax{(m− b− g)b}.

π(b, s, g) π(b, g)

b̂(g)

π(b̂, s, g) = (m+ s− b̂− g)b̂ = π(b, g).

b̂(g) < b(g) < b(g).

b(g) =
m+ s− g

2

b(g) =
m− g

2

b̂(g) =
m+ s− g −

√
s(2m+ s− 2g)

2

π(b, s) π(b)

B ≤ b̂ b(g)

b̂(g) < B < b(g)



B ≤ b̂(g)

b(g)b(g)b̂(g)B b

π

b(g) ≥ B. b(g).

b(g) =

⎧
⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

m− g

2
g ≤ m− 2B − 2

√
sB,

B g ∈ (m− 2B − 2
√
sB,m− 2B + s),

m+ s− g

2
g ≥ m− 2B + s.



b̂(g) < B < b(g)

b(g)b(g)b̂(g)B b

π

b(g) ≥ B

b(g)b(g)b̂(g) B b

π



g

bB

b(g) =
m+ s− g

2

b(g) =
m− g

2

b = B

πb =

⎧
⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

m2

9
B ∈ (0, B̂2],

(m−B + 2s)B

2
B ∈ [B̂1,

m+ 2s

3
),

(m+ 2s)2

9
B ∈ [

m+ 2s

3
,∞),

B̂1 ≡ 3m+8s−4
√
4s2+3ms

9 B̂2 ≡ 2m+3s−
√
9s2+12ms
6 B̂1 < B̂2

B ∈ [B̂1, B̂2]



Π =

⎧
⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(m−B)B +
m2

9
B ∈ (0, B̂2],

(m−B)B +
(m−B + 2s)B

2
B ∈ [B̂1,

m+ 2s

3
),

(m−B)B +
(m+ 2s)2

9
B ∈ [

m+ 2s

3
,∞).

B ∈ (0, B̂2]

B B̂2

Π(B̂2)

B ∈ [B̂1,
m+ 2s

3
)

B2 =
3m+ 2s

6
B̂1

s > m/2 B2 < (m + 2s)/3 B2

Π( 3m+2s
6 ) s ≤ m/2 B2

B = (m + 2s)/3

B ∈ [
m+ 2s

3
,∞)

B3 =
m

2
B3

B3
m+ 2s

3
s ≤ m/4 B3 ≥

B ∈ [B̂1, B̂2]



(m+2s)/3 B3 Π(m/2)

s > m/4 B3 < (m + 2s)/3 B3

Π((m+ 2s)/3)

B ∈ (0, B̂2] Π(B̂2)

B ∈ [B̂1,
m+ 2s

3
) Π( 3m+2s

6 ) s > m/2

B ∈ [
m+ 2s

3
,∞) Π(m/2) s ≤ m/4

Π((m+ 2s)/3)

s ≤ m

4
Π(B̂2) Π(m/2)

Π(B̂2) Π(
m

2
) B =

m

2
b =

m+ 2s

3
Π(

m

2
)

s ∈ (
m

4
,
m

2
] Π(B̂2) Π((m+2s)/3)

Π(B̂2) Π(
m+ 2s

3
)

B =
m+ 2s

3
b =

m+ 2s

3
Π(

m+ 2s

3
)

s ∈ (
m

2
,m) Π(B̂2) Π( 3m+2s

6 ) Π((m+2s)/3)

Π(
3m+ 2s

6
)

B =
3m+ 2s

6
b =

3m+ 2s

6

Π(
3m+ 2s

6
)



B =

⎧
⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

m/2 s ∈ (0,m/4],

(m+ 2s)/3 s ∈ (m/4,m/2],

(3m+ 2s)/6 s ∈ (m/2,m).

s ∈ (0,m/4]

s ∈ (m/4,m)



a

p2 =

⎧
⎪⎪⎨

⎪⎪⎩

m+ s− b− a− g (b ≤ B),

m− b− a− g (b > B).

πb =

⎧
⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(m+ s− b− a− g)b (b < B),

(m+ s−B − a− g)B (b = B),

(m− b− a− g)b (b > B).

b(a, g) =

⎧
⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

m− a− g

2
a+ g ≤ m− 2B − 2

√
sB,

B a+ g ∈ (m− 2B − 2
√
sB,m− 2B + s),

m+ s− a− g

2
a+ g ≥ m− 2B + s.

p2 = m− b− a− g

πg = (m− b− a− g)g



g(b, a) =
m− b− a

2

p2 = m− b− a− g

πa = (m− b− a− g)a,

a(b, g) =
m− b− g

2

B

πb =

⎧
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⎪⎪⎪⎪⎪⎪⎩

m2

16 B ∈ (0, B̃2],

B(m−B+3s)
3 B ∈ [B̃1,

m+3s
4 ),

(m+3s)2

16 B ∈ [m+3s
4 ,∞).

1/8
(
2m+ 9s− 3

√
s(4m+ 9s)

)
≤ B ≤ 1/4

(
m+ 2s− 2

√
s(m+ s)

)
,

(B, 1/3(m − B), 1/3(m − B))

(m/4,m/4,m/4) B̃1 ≡ 1/8
(
2m+ 9s− 3

√
s(4m+ 9s)

)
B̃2 ≡ 1/4

(
m+ 2s− 2

√
s(m+ s)

)



πa =

⎧
⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

m2

16 B ∈ (0, B̃2],

(m−B)2

9 B ∈ [B̃1,
m+3s

4 ),

(m−s)2

16 B ∈ [m+3s
4 ,∞).

(m−B)B

ΠAG =

⎧
⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(m−B)B + m2

8 B ∈ (0, B̃2],

(m−B)B + B(m−B+3s)
3 + (m−B)2

9 B ∈ [B̃1,
m+3s

4 ),

(m−B)B + (m−s)2

16 + (m+3s)2

16 B ∈ [m+3s
4 ,∞).

ΠAG

B ∈ (0, B̃2]

B̃2 B̃2

ΠAG(B̃2)

B ∈ [B̃1,
m+3s

4 )

B2 =
10m+ 9s

22
>B̃1

s ≤ 3m

5
B2

B = (m + 3s)/4 s >
3m

5
B2 <

m+ 3s

4
B2 ΠAG(

10m+9s
22 )

B ∈ [m+3s
4 ,∞)

B =
m

2
m/2 ≥ (m +

3s)/4 s ≤ m/3 s ≤ m

3
ΠAG(

m
2 )



ΠAG(
m+3s

4 )

B ∈ (0, B̃2] ΠAG(B̃2)

B ∈ [B̃1,
m+ 3s

4
) ΠAG(

10m+ 9s

22
)

s > 3m/5

B ∈ [m+3s
4 ,∞) ΠAG(

m
2 ) s ≤ m

3
ΠAG(

m+3s
4 ) s ∈ (

m

3
,m]

s ≤ m

3
ΠAG(B̃2) ΠAG(

m
2 )

ΠAG(
m
2 ) > ΠAG(B̃2) B =

m

2

b =
m+ 3s

3
ΠAG(

m

2
)

s ∈ (
m

3
,
3m

5
] ΠAG(B̃2) ΠAG(

m+3s
4 )

ΠAG((m + 3s)/4) > ΠAG(B̃2)

B =
m+ 3s

4
b =

m+ 3s

4

ΠAG(
m+ 3s

4
)

s ∈ (
3m

5
,m] ΠAG(B̃2) ΠAG(

10m+ 9s

22
)

ΠAG(
m+3s

4 ) ΠAG(
10m+ 9s

22
)

B =
10m+ 9s

22

b =
10m+ 9s

22
ΠAG(

10m+ 9s

22
)



B =

⎧
⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

m/2 s ∈ (0,m/3],

(m+ 3s)/4 s ∈ (m/3, 3m/5],

(10m+ 9s)/22 s ∈ (3m/5,m).

s s ∈ (0,
m

4
] Π(

m

2
)

ΠAG(
m

2
) s ∈ (0, 0.077m)

Π(
m

2
) < ΠAG(

m

2
)

s ∈ [0.077m,
m

4
] Π(

m

2
) ≥ ΠAG(

m

2
)

s ∈ (
m

4
,
m

3
] Π(

m+ 2s

3
)

ΠAG(
m

2
) Π(

m+ 2s

3
)

s < 0.077m

s < 0.077m.











Yi i

(Yi = 1 | Xi, εi) = Φ(Xiβ + εi)

Xi

εi ε ∼ N(0, 1)

β

Φ

i
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