
Advances in Applied Mathematics A^êÆ?Ð, 2024, 13(3), 912-927

Published Online March 2024 in Hans. https://www.hanspub.org/journal/aam

https://doi.org/10.12677/aam.2024.133086

dÄµee�x�.�StackelbergÆ�¯K

������&&&

à�ó��ÆnÆ�§U9

ÂvFÏµ2024c2�13F¶¹^FÏµ2024c3�8F¶uÙFÏµ2024c3�14F

Á �

�ÄdÄµeÚþ�-��OKe� StackelbergÆ�2�x¯K"dÄµe¿�X§	ï�x�

ÄÅØ
éÀãLºx§�k�Uò	ï�x��w���ºxÝ]"Ïd§¦^�g�^¼ê

5Ýþ�xÀÂÃ�ÛÜ���^§=§dÄµe"3 Stackelberg Æ�¥§2�xúiÄk�

�xúiJøÜn���5��·���¤",�§�xúi�âù��¤�KÀJ�`���"

Äk§b�2�xúiÀ½Ï"��¤�K§�xúiÏLÀJ�`��üÑ5��zªàãL

�þ�-��¼êÚ�xÀÂÃ��g¼ê",��½ù��`��§2�xúiÏLÀJ�`�

¤ëê��zªàãL�þ�-��¼ê"d	§�Ä,	�� Stackelberg Æ��¯K"éu�

xúi5`§�Ä�cö�Ó�8I¼ê§�½ Π(I) = E(PI) �¤�K§��
�`�x���

L�ª"��§�½ù��`��x��§��z2�xúiªàãL�Ï"�^OK§O��

�
�¤��`d�rÝ"?�Ú§ÏL Taylor Ðm§��
ùé�`)�CqL�ª"

'�c

StackelbergÆ�§þ�-��OK§dÄµe§2�x§Ï"�^OK

A Stackelberg Game Problem in
Insurance Models with Narrow Framing

Shaodi Sun

School of Science, Hebei University of Technology, Tianjin

©ÙÚ^: ��&. dÄµee�x�.�StackelbergÆ�¯K[J]. A^êÆ?Ð, 2024, 13(3): 912-927.
DOI: 10.12677/aam.2024.133086

https://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2024.133086
https://www.hanspub.org
https://doi.org/10.12677/aam.2024.133086


��&

Received: Feb. 13th, 2024; accepted: Mar. 8th, 2024; published: Mar. 14th, 2024

Abstract

In this paper, we consider the Stackelberg game reinsurance problem under mean-

variance criterion with narrow framing. The motivation for purchasing insurance

might not only be hedging wealth risk, but also to consider the purchase of insurance

itself as a risky investment, which is called narrow framing. Inspired by this, we use

a quadratic utility function to measure the local gain-loss utility of the net benefits of

insurance, namely, narrow framing. As the Stackelberg game in insurance models, the

reinsurer first offers the insurer a reasonable indemnity in exchange for the appropri-

ate premium. Then, the insurer selects an indemnity based on the premium principle.

In this paper, suppose that the reinsurer chooses the expected value premium prin-

ciple, we compute the optimal insurance indemnity to maximize the mean-variance

functional of the insurer’s terminal wealth and the quadratic function of net insurance

returns. Then, given the optimal indemnity of the insurer, we compute the parameter

of the expected value premium principle to maximize the mean-variance function of

the reinsurer’s terminal wealth. In addition, we consider another Stackelberg game.

For the insurer, by considering the same objective function as the former and giving

the premium principle Π(I) = E(PI), we obtain an expression of the optimal indem-

nity. Afterwards, given the optimal indemnity, we maximize the expected utility for

the terminal wealth of the reinsurer and compute the optimal price intensity of the

premium. Furthermore, by applying Taylor expansion, we find the approximation

expression of the optimal solution.
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xI¦"<�k��¬	ïLõ��x§BehaghelÚ Blau [22]@�dÄµeÚ�����±)º

<�3 65 ���¬�æ�-O. 3ïÄ¥§Chi� [23]¦^ S /dÄµe§L²
ù��.�±�

�x	ïL�±9�x	ïLõùü��xJK��N"

3±þïÄ�Ä:þ§�©�Ä
üÏ� Stackelberg Æ�§=+�ö-��öÆ�"2�xú

iÄk1Ä§�xúi��1Ä§±¢y�`�2�xüÑ"3 Stackelberg Æ�¥§ÏL)ûü

�f¯K5)ûù��`2�x¯K"3± ©z¥§�vkÆöòdÄµenØÚ Stackelberg

Æ��(Ü"Ïd§�©3�xúi�8I¯KþÚ\dÄµe�K�"äN/`§3�©�1

��ïÄSN¥§1��f¯K´�½Ï"��¤�K§��z�xúiªàãL�þ�-��O

K±9�xÀÂÃ��g�^¼ê§¦��`��x��. 1��f¯K´��z2�xúiªà

ãL�þ�-��OK§O��¤�K��`ëê. 31��ïÄSN¥§�1��SNØÓ�´§

ò�¤/ªO�� Π(I) = E(PI)§��z2�xúiªàãL�Ï"�^OK"����
�x

��Ú�¤d�rÝ��`)"

�©{eSNSüXe"1 2!�Ñ�.�b�"1 3!�ÄÏ"��¤�K§3þ�-��

OKeé Stackelberg¯K?1¦)§O�
�xúi¼���`��§¿�y²
�`)´��

�"1 4!���¤�/ª±92�xúi�8IOK§���xúi��`��±9�¤d�

rÝ��`)"|^ Taylor Ðmª§��ùé�`)�Cq�"��§1 5!é�©?1o("

2. �.�b�

b�½|þkü��� t = 0, 1§t = 0 L«Ð©��"�xúi3 t = 1�¡é���� X§

r�� X ��3«m [0, wi]þ§Ù¥ wi ´�xúi�Ð©ãL"b�^ SX(x) L« X �)�¼

ê§^ FX(x)L« X �©Ù¼ê"�°2�xÜÓ (I,Π(I))�)ü�Ü©§Ù¥ I ´2�x�

�§é¤k� x ≥ 0§k 0 ≤ I(x) ≤ x§Π(I)´2�x�¤"b� R´�xúi	ï2�x�«

ú���§k R = X − I"

IS	Æö3ïÄ�`2�x�¯Kþ§�õæ^ýÏ�^��zÚþ�-��OK��{?

n�n<�ªàãL"Äu StackelbergÆ�µe§�©�O�2�xÜÓÌ�'5�xúiÚ2

�xúi�m��pK�§3dÄ:þÚ\dÄµe�Vg§=§b�2�xÜÓ��xúiw

�´�2�xúi�ÙÆ§ù¿�X��xúiû½�ÉÙÆ�§¦¦^���ûuÙÆ(J�

�^¼ê"3�YïÄ¥§·�¦^�g�^¼ê5©ÛT¯K"

�©ïÄ
ü� StackelbergÆ�¯K§31��ïÄSN¥§�Xeb�µ

(1) b��xúiÚ2�xúi�Ð©ãL©O� wiÚ wr§ªàãL©O�WiÚWr§§�

÷vXe'Xªµ

Wi = wi −X + I −Π(I), (1)

Wr = wr − I + Π(I). (2)

3	ï�x�§�xúi¼���xÀÂÃ� I −Π(I)"b��xúi^�g¼êµ��xÀÂÃ
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��	�^§�g¼ê g(·)�L�ªXeµ

g(x) = x− cx2, (3)

Ù¥§ëê c÷v 0 < c < 1
2wi
"1

(2) b�2�xúi¦^Ï"��¤�K?1O�§�¤ Π(I)÷vXe'Xªµ

Π(I) = (1 + θ)EI,

Ù¥§θ > 0"

(3) �½ θ§�xúi�8I´ÀJ�`��x�� I∗��zªàãLÚ�xÀÂÃ�¼ê

max
I

EWi −
γ1

2
V ar(Wi) + kE (g (I −Π(I))) , (4)

Ù¥ γ1 > 0´�xúi�����Xê"k ≥ 0´dÄµeÝ§^5ïþ�xúi	ï�x�ÀÂ

Ã3�^þ¤Ó��­"� k = 0�§�xúi�'5ªàãL�þ�-��OK"� k → +∞�§
	ï�x�±=w�´�2�xúi�ÙÆ"

�½¦���`) I∗§2�xúiÀJ�`��¤ëê��zÙªàãL�þ�-��¼ê

max
θ

EWr −
γ2

2
V ar(Wr), (5)

Ù¥ γ2 > 0´2�xúi�����Xê"

3�©�1��ïÄSN¥§�±eb�µ

(1) 3T�ïÄSN¥§·����¤�K5¦) StackelbergÆ���`)§b��¤/ª

�

Π(I) = E(PI),

Ù¥Cþ P L«d�rÝ§÷v P > 0� EP = 1"

(2) �½�¤�d�rÝ P§�xúi�8I´ÀJ�`��x�� I∗ 5��zªàãLÚ

�xÀÂÃ�¼ê

max
I

EWi −
γ1

2
V ar(Wi) + kE (g (I −Π(I))) ,

��§�½¦���`) I∗§2�xúiÏL��zÙªàãL�Ï"�^¦)�`�2�

xd�rÝ

max
P

EWr. (6)

1 �y� x = I − Π(I)�§¼ê g ´î�4O�"
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3. 1���.¦)

�!O�üÏ StackelbergÆ���`)§¦)L§©�ü�Ú½"

1�Ú§�½Ï"�¤�K§��z�xúiªàãL�þ�-��¼ê±9�xÀÂÃ��

g¼ê§O����`�x���wªL�ª"

1�Ú§�½ù��`��§��z2�xúi�þ�-��¼ê§¦)2�xúi��`�

¤�ëê"e¡òÄuùü�Ú½?1¦)"

3.1. �xúi¯K9Ù¦)

½n1. �½ θ§��z�xúi�8I¼ê§í�Ñ�`���¼ê I∗ = I∗(·; θ)÷vXeªf

I∗(x; θ) =
(γ1x− λ∗)+

γ1 + 2ck
∧ x, (7)

Ù¥ λ∗ > 0´e¡�§ (8)���)

θ(1 + k) = λ− γ1

∫ λ
γ1

0

SX(x)dx− 2ckγ1θ
2

γ1 + 2ck

∫ ∞
λ
γ1

SX(x)dx. (8)

y² Äk§Ðm�xúi¦)�8I¼êúª EWi− γ1
2
V ar(Wi) + kE (g (I −Π(I)))§Ù¥Wi d

�§ (1)�Ñ¶g (I −Π(I))d�§ (3)�Ñ"8I¼ê�±z{�

max
I

wi − EX − γ1

2
E(X2) +

γ1

2
(EX)2 − θ(1 + k)EI −

(γ1

2
+ ck

)
E(I2)

+
(γ1

2
+ ck(1− θ2)

)
(EI)2 + γ1E(XI)− γ1EXEI.

(9)

��§ò�§ (9)�d f(I)§ÙL�ª�

f(I) = −[θ(1 + k) + γ1EX]EI −
(γ1

2
+ ck

)
E(I2) + [

γ1

2
+ ck(1− θ2)](EI)2 + γ1E(XI). (10)

�
��z f§b� EI = m ∈ [0, µ]§Ù¥ µ = EX"?�Ú§�� f(I) = −(γ1
2

+ ck)E(I2) +

γ1E(XI)"ù�§Òò�¯K=z�¦) f(I)��`)�`z¯K§¦^.�KF{éù�#�

`z�§?1¦)"

Ú\.�KF¦f λ ∈ R§����#¼ê L(I)§ÙL�ª�

L(I) =

∫ ∞
0

(
−
(γ1

2
+ ck

)
I2(x) + γ1xI(x)− λI(x)

)
dFX(x) + λm.

é I(x)¦����`�� I∗§ÙL�ª�

I∗(x;λ) =
(γ1x− λ)+

γ1 + 2ck
∧ x.
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m = E
(

(γ1X − λ)+

γ1 + 2ck
∧X

)
. (11)

�e5y²�½m ∈ [0, µ]§�3��� λ ∈ R¦��§ (11)¤á"

�
�YO��B§ò�§ (11)�¤XeÈ©/ª

m =


∫ − λ

2ck

0
SX(x)dx+ γ1

γ1+2ck

∫∞
− λ

2ck
SX(x)dx, λ ≤ 0,

γ1
γ1+2ck

∫∞
λ
γ1

SX(x)dx, λ > 0.

þªé λ¦�§��

m′ =

{
− 1
γ1+2ck

SX(− λ
2ck

), λ ≤ 0,

− 1
γ1+2ck

SX( λ
γ1

), λ > 0.
(12)

l�§ (12)��§� λl −∞O\�∞�§ml µ ~�� 0"ù`²méAX���) λ"

Ïd§ò��z�§ (4)5Ïé I(x)�¯K=z�Ïém����§�Ò´`§Ïé�`�

λ5��z�§ (10)¥� f"@o§ÏL^ λ5O� I(x)§ò f �¤'u λ�úª

f(λ) = −
(
θ(1 + k) + γ1EX

)
g1(λ)−

(γ1

2
+ ck

)
g2(λ) +

(γ1

2
+ ck(1− θ2)

)
(g1(λ))2 + γ1g3(λ),

Ù¥

g1(λ) = EI = m,

g2(λ) = E(I2) =

 2
∫ − λ

2ck

0
xSX(x)dx+ 2γ1

(γ1+2ck)2

∫∞
− λ

2ck
(γ1x− λ)SX(x)dx, λ ≤ 0,

2γ1
(γ1+2ck)2

∫∞
λ
γ1

(γ1x− λ)SX(x)dx, λ > 0,

g3(λ) = E(XI) =

 2
∫ − λ

2ck

0
xSX(x)dx+ 1

γ1+2ck

∫∞
− λ

2ck
(2γ1x− λ)SX(x)dx, λ ≤ 0,

1
γ1+2ck

∫∞
λ
γ1

(2γ1x− λ)SX(x)dx, λ > 0.

©Oé g1§g2Ú g3¦�§��

g′1(λ) = m′ =

{
− 1
γ1+2ck

SX(− λ
2ck

), λ ≤ 0,

− 1
γ1+2ck

SX( λ
γ1

), λ > 0,

g′2(λ) =


λ

ck(γ1+2ck)
SX(− λ

2ck
)− 2γ1

(γ1+2ck)2

∫∞
− λ

2ck
SX(x)dx, λ ≤ 0,

− 2γ1
(γ1+2ck)2

∫∞
λ
γ1

SX(x)dx, λ > 0,

g′3(λ) =


λ

2ck(γ1+2ck)
SX(− λ

2ck
)− 1

γ1+2ck

∫∞
− λ

2ck
SX(x)dx, λ ≤ 0,

− λ
γ1(γ1+2ck)

SX( λ
γ1

)− 1
γ1+2ck

∫∞
λ
γ1

SX(x)dx, λ > 0.
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� λ ≤ 0�§é λ¦�§k

f ′(λ) = −
(
θ(1 + k) + γ1EX

)
g′1(λ)− (

γ1

2
+ ck)g′2(λ) + [γ1 + 2ck(1− θ2)]g1(λ)g′1(λ) + γ1g

′
3(λ)

=
SX(− λ

2ck
)

γ1 + 2ck

(
θ(1 + k)− λ− 2ck(1− θ2)

∫ − λ
2ck

0

SX(x)dx+
2ckγ1θ

2

γ1 + 2ck

∫ ∞
− λ

2ck

SX(x)dx

)
.

� λl −∞O\� 0�§þª)ÒS��l θ(1 + k) + 2ckγ1θ
2

γ1+2ck
µO\�∞"Ïd§é λ ≤ 0§o

kf ′(λ) > 0"

� λ > 0�

f ′(λ) = −
(
θ(1 + k) + γ1EX

)
g′1(λ)−

(γ1

2
+ ck

)
g′2(λ) +

(
γ1 + 2ck(1− θ2)

)
g1(λ)g′1(λ) + γ1g

′
3(λ)

=
SX( λ

γ1
)

γ1 + 2ck

(
θ(1 + k)− λ+ γ1

∫ λ
γ1

0

SX(x)dx+
2ckγ1θ

2

γ1 + 2ck

∫ ∞
λ
γ1

SX(x)dx

)
.

lþã�§�L�ª�±w�§� λl 0O\�∞�§þª)ÒS��kO\�����§�~
�� −∞"@o§�3��� λ∗ ¦� f(λ)���`"λ∗÷v±e�§

θ(1 + k) = λ∗ − γ1

∫ λ∗
γ1

0

SX(x)dx− 2ckγ1θ
2

γ1 + 2ck

∫ ∞
λ∗
γ1

SX(x)dx.

½n2. �½ θ§�`��¼ê I∗ = I∗(·; d)�L�ª�

I∗(x; d) = α(x− d)+, (13)

Ù¥ d = λ∗

γ1
> 0´e¡�§���)

θ(1 + k) = γ1

∫ d

0

FX(x)dx− 2αckθ2

∫ ∞
d

SX(x)dx, (14)

�k

α =
γ1

γ1 + 2ck
. (15)

y² �â�§ (7)¥ I∗(x; d)�L�ª§òÙz{��§ (13)�/ª"Ó�§O����§ (15)

¥� α±9 d = λ∗

γ1
"

51 µl�§ (13)�`)�L�/ªwÑù´������2�x§�)��� dÚ��'

~2�x α. ��xúi�ºx��XêO\�§��� d¬ü$§
2�x�'~¬O\"

52 µdÄµeXêé2�x'~�K�é²w"�dÄ§ÝO\�§�xúi�Ý�'~¬

~�§� kªCu∞§�x��éÀãL��^����Ñ§	ï�x�w�´�2�xúi�
ÙÆ§ù��xúiØ¬2	ï�x"ù�)º
�x½|þÝ�'~$��Ï"
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3.2. 2�xúi¯K9Ù¦)

�
)û StackelbergÆ��,��f¯K§�Ò´2�xúi�¯K§ò�§ (5)¥�8I

¼ê EWr − γ2
2
V ar(Wr)Ðm§Ù¥Wr d�§ (2)�Ñ

EWr −
γ2

2
V ar(Wr) = wr + αθE(X − d)+ −

γ2

2
α2V ar(X − d)+. (16)

Ïd§��z�§ (16)�du��z g(θ, d)

g(θ, d) = θE(X − d)+ −
γ2

2
αV ar(X − d)+. (17)

�â�§ (14)¥ θ�L�ªO�

θ∗ =

√
(1 + k)2 + 8cαγ1kE(X − d)+(d− E(X ∧ d))− (1 + k)

4cαkE(X − d)+

.

Ïd§ò�§ (17)­#��

g(d) =

√
(1 + k)2 + 8cαγ1kE(X − d)+(d− E(X ∧ d))− (1 + k)

4cαk
− γ2

2
αV ar(X − d)+.

é g(d)¦���

g′(d) =
γ1 [(E(X ∧ d)− d)SX(d) + E(X − d)+(1− SX(d)]√

(1 + k)2 + 8cαγ1kE(X − d)+(d− E(X ∧ d))

+ αγ2E(X − d)+(1− SX(d)).

(18)

d�§�`��� d∗´¦�§ (18)�"�)"

��!lnØþ©Û
�¤�`ëê��¹§e¡ò^ü�ê�~fé�`��� d∗ ?1©

Û"

3.3 ê�O� �
éþ¡�nØí�?1��\�©Û§��!òïÄü�ëY.ê��~"

3�!§Ä�ëê�ÀJµwi = 10, c = 0.01, γ1 = 0.25, γ2 = 0.2, k = 3.4, α = γ1
γ1+2ck

= 0.786.

(1) b���Cþ X Ñl���ä��ê©Ù§K)�¼êL«�

Sx(x) =

{
e−x, x ∈ (0, 10],

1− e−10, x = 0.

�â)�¼ê�L�ª§O�e¡ü�úª

E(X ∧ d)− d =

∫ d

0

SX(x)dx− d = 1− e−d − d,

E(X − d)+ =

∫ 10

d

SX(x)dx = e−d − e−10.
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Ïd§òþãúª�\�§ (18)

g′(d) =
γ1

[
(1− e−d − d)e−d + (e−d − e−10)(1− e−d)

]√
(1 + k)2 + 8cαγ1k(e−d − e−10)(d+ e−d − 1)

+ αγ2

(
e−d − e−10

) (
1− e−d

)
.

d∗´e¡�§�)

0.25
[
(1− e−d − d)e−d + (e−d − e−10)(1− e−d)

]√
19.36 + 0.0534(e−d − e−10)(1− e−d)

+ 0.1572
(
e−d − e−10

) (
1− e−d

)
= 0. (19)

¦)�§ (19)�� d∗ = 4.70.

(2) b���Cþ X Ñl���ä�£ � Pareto©Ù§)�¼ê�

SX(x) =

{
121

120

1

(x+ 1)2
− 1

120

}
Ix∈[0,10].

ÄkO�

E(X ∧ d)− d =

∫ d

0

SX(x)dx− d =
121

120

d

d+ 1
− 121

120
d,

E(X − d)+ =

∫ 10

d

SX(x)dx =
121

120

1

d+ 1
+

d

120
− 21

120
.

�âþãO�(J§��

g′(d) =
0.25

[
( d
d+1
− d)( 121

120
1

(d+1)2
− 1

120
) + ( 121

120
1
d+1

+ d
120
− 21

120
)(1− 1

(d+1)2
)
]

√
19.36 + 0.0534( 121

120
1
d+1

+ d
120
− 21

120
)( 121

120
d− 121

120
d
d+1

)

+ 0.1572

(
121

120

1

d+ 1
+

d

120
− 21

120

)(
1− 1

(d+ 1)2

)
.

- g′(d) = 0§O��� d∗ = 6.31"

4. 1���.¦)

�!O�1��ïÄSN� StackelbergÆ��`)"

1�Ú¦)¥§�½�¤�K¥�d�rÝCþ P§�xúi�8I¼ê�1��SN�8

I�Ó§=§��zÙªàãL�þ�-��¼ê±9�xÀÂÃ��g¼ê§O����`�x

��"

1�Ú§�½ù�¦���`��§��z2�xúi�Ï"�^¼ê§¦)2�xúi�

`�¤�d�rÝ"e¡Äuùü�Ú½?1¦)"

½n3. 3þ�-���Ke�Ä�xúi¡é�¯K§�½�¤�d�rÝCþ P§��z�xú
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i�8I¼ê§���xúi�x����`)

I∗ = q1X + q2P + n

=
γ1

2(γ1 + 2ck)
X +

γ1

2(γ1 + 2ck)
µ− ckq2

1σ
2
X

q3 − (1 + k)
+ n.

(20)

3Ï"�^��zOKe�Ä2�xúi�8I§O����¤d�rÝ��`)

P ∗ =
σP
σX

(X − µ) + 1 =
q3 − (1 + k)

2ckq1σ2
X

(X − µ) + 1, (21)

Ù¥§q1, q2 Ú q3 �L�ª©Od�§ (23)§(24)Ú (27)�Ñ"µÚ σX ©O�L�� X �þ�

ÚIO�"

y² �xúi�8I¼ê´��zÙªàãL�þ�-��¼êÚ�xÀÂÃ��g�^¼ê§Ï

LÐm EWi− γ1
2
V ar(Wi) +kE (g (I −Π(I)))§Ù¥WiÚ g (I −Π(I))d�§ (1)Ú�§ (3)�Ñ"

�xúi�8Iûü�d�

max
I

(1 + k)EI − (1 + k)E(PI)− (
γ1

2
+ ck)E(I2) +

γ1

2
(EI)2 + γ1E(XI)− γ1EXEI

− ck[E(PI)]2 + 2ckEIE(PI).

b� I ��zþã8I¼ê§Ú\�ÅCþ Q"� It = I + tQ§Ù¥ tL«���¢ê§ò

���¼ê½Â� g(t)

g(t) =(1 + k)E(It)− (1 + k)E(PIt)− (
γ1

2
+ ck)E(I2

t ) +
γ1

2
[E(It)]

2 + γ1E(XIt)− γ1EXE(It)

− ck[E(PIt)]
2 + 2ckE(It)E(PIt).

(22)

g(t)3 t = 0������§= g′(0) = 0"é�§ (22)'u t¦�§�����ê�§ g′(t)

g′(t) =(1 + k)EQ− (1 + k)E(PQ)− (γ1 + 2ck)E(QIt) + γ1E(It)EQ+ γ1E(XQ)− γ1EXEQ

− 2ckE(PIt)E(PQ) + 2ckEQE(PIt) + 2ckE(It)E(PQ).

�â'Xª g′(0) = 0§��eã^�

E {Q [(1 + k)− (1 + k)P − (γ1 + 2ck)I + γ1EI + γ1X − γ1EX

−2ckPE(PI) + 2ckE(PI) + 2ckPEI]} = 0.

du Q´?¿��ÅCþ§¥)ÒS��� 0§z{��

I∗ = q1X + q2P + n,
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Ù¥§n�?¿~ê"q1Ú q2�L�ª�

q1 =
γ1

γ1 + 2ck
, (23)

q2 =
2ckq1µ− (1 + k)− 2ckq1E(PX)

γ1 + 2ckE(P 2)
. (24)

�e5?Ø2�xúi¡é�¯K"

ò2�xúiªàãL�Ï"�^¼êz{§�§ (6)�d�max
P

[−EI −Π(I)]§ò I∗�L�

ª�\T8I¼ê¥§2�xúi�8I¼ê�d���z

max
P
−q1EX + q1E(PX) + q2E(P 2)− q2. (25)

�â (24)¥ q2�L�ª§��eã'Xª

q1EX − q1E(PX) =
(γ1 + 2ckE(P 2))q2 + k + 1

2ck
.

�\��§ (25)§8I¼ê�d�

max
P
−(1 +

γ1

2ck
)q2 −

1 + k

2ck
.

Ïd§2�xúi�8I¼ê�d���z q2

min
ρ,σP

q2 = min
ρ,σP

− 2ckq1ρσXσP − (1 + k)

2ckσ2
P + 2ck + γ1

,

Ù¥§ρ´Cþ X Ú P ��'Xê§σX Ú σP ©O´ X Ú P �IO�"

e���zT8I¼ê§w,k ρ = 1. d�§8I¼ê�d�

max
σP

2ckq1σXσP + k + 1

2ckσ2
P + 2ck + γ1

.

é8I¼ê¦�§O� σP ��`�

σP =

√
(1 + k)2 + 2ckq2

1(2ck + γi)σ2
X − (1 + k)

2ckq1σX
. (26)

du�'Xê ρ = 1§b� P Ú X ÷v'Xª P = aX + b"(Üe¡ü��§E(P ) = 1,

V ar(P ) = σ2
P .
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O�Xê a, b�� 
a =

σP
σX

,

b = 1− σP
σX

µ.

@o§�� P ��`)

P =
σP
σX

(X − µ) + 1 = 1 +
q3 − (1 + k)

2ckq1σ2
X

(X − µ),

Ù¥§q3�L�ª�

q3 =
√

(1 + k)2 + 2ckq2
1(2ck + γ1)σ2

X . (27)

d�§z{�§ (24)§ò q2�L�ª­#��

q2 = −2ckq1σXσP + k + 1

2ckσ2
P + γ1 + 2ck

.

�â�§ (26)¥ σP �L�ª§ò q2��

q2 = − ckq2
1σ

2
X

q3 − (1 + k)
.

d�§�xúi��`�� I∗�L�ª

I∗ =
γ1

2(γ1 + 2ck)
X +

γ1

2(γ1 + 2ck)
µ− ckq2

1σ
2
X

q3 − (1 + k)
+ n.

½n4. 3Cþ X �IO� σX v
���¹e§¦^ TaylorÐmª§©O���`�x��Ú�

¤d�rÝ�Cq)

I∗ ≈ γ1

2(γ1 + 2ck)
X +

γ1

2(γ1 + 2ck)
µ− 1 + k

γ1 + 2ck
+ n,

P ∗ ≈ γ1

2(1 + k)
(X − µ) + 1.

y² b� σX ´��v
��ê§�â TaylorÐmò σP Cq�

σP ≈
γ1σX

2(1 + k)
,

���`d�rÝ P ∗�Cq�

P ∗ ≈ 1 +
γ1

2(1 + k)
(X − µ).
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d�§q2Cq�

q2 ≈ −
1 + k

γ1 + 2ck
,

�`�� I∗�Cq�

I∗ ≈ γ1

2(γ1 + 2ck)
X +

γ1

2(γ1 + 2ck)
µ− 1 + k

γ1 + 2ck
+ n.

½n5. �½�`��Ú�`d�rÝ�L�ª§2�xúi��`�¼ê

E(W ∗r ) = wr +

(
q3 − (1 + k)

4ck
− 2ckq2

1

q3 − (1 + k)

)
σ2
X .

Ó�§�xúi��^c÷L«�

(E(W ∗i ), V ar(W ∗i ))

=

(
wi − µ+

( 2ckq2
1

q3 − (1 + k)
− q3 − (1 + k)

4ck

)
σ2
X ,
( 2ck

γ1 + 2ck
+

γ2
1

4(γ1 + 2ck)2

)
σ2
X

)
,

Ù¥ q3 d�§ (27)�Ñ.

y² �â�§ (20)¥ I∗ �L�ªÚ�§ (21)¥ P ∗ �L�ª§O���2�xúi��`�¼

ê

E(W ∗r ) = wr − EI∗ + Π(I∗)

= wr +

(
q3 − (1 + k)

4ck
− 2ckq2

1

q3 − (1 + k)

)
σ2
X .

Ó�§O��§ E(W ∗i )§Ù¥Wid�§ (1)�Ñ§���xúiªàãL��AÏ"

E(W ∗i ) = wi − µ+

(
2ckq2

1

q3 − (1 + k)
− q3 − (1 + k)

4ck

)
σ2
X .

ÏLÐm V ar(W ∗i )§ò�§z{� σ2
X + E(I∗)2 − (EI∗)2 − 2E(XI∗) + 2µEI∗§O���

E(I∗)2 − (EI∗)2 =
γ2

1σ
2
X

4(γ1 + 2ck)2
,

���xúiªàãL��A��

V ar(W ∗i ) =

(
2ck

γ1 + 2ck
+

γ2
1

4(γ1 + 2ck)2

)
σ2
X .
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5. (Ø

�©3�xúiÚ2�xúiV���Ýþ�Ä�`2�x�¯K§ÄudÄµenØ§�

�
 StackelbergÆ��.��é�`)"31��ïÄSN¥§Äk��z�xúiªàãL�

þ�-��¼ê±9�xÀÂÃ��g¼ê§��
�xúi�`���wªL�ª§¿y²
)

���5"lL�ªwÑ§�`�x��´d���Ú���x'~�¤�",���z2�x

úiªàãL�þ�-��OK§��
�`���¤÷v��§"31��ïÄSN¥§æ^

Π(I) = E(PI)��¤/ª§O���
�`��Ú2�¤d�rÝ�)"?�Ú§ÏL TaylorÐ

mª���`��Ú2�¤d�rÝ�Cq)"
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