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��J���℄Æ�y'8Jy��*e'$pÆ�&:q'8��s-J['$pY>&:q'8
q	
� (JM), Y>&L��F^���M:HD)
q2
��℄Æ��J%�yjJy��:H	�qY
�Jy�yB�℄Æjs= \j:Hj�.(�*,= �
M���= *H	�q	
�:HD)B�Æ�&"y38b:HjD)����h�Y>&L�j�F^��MB
== -�?	
MK,d'$j*H(�JM
== -�?j��= *H�(TuÆ�Y>4z*jd5B{df�(k?	*e'$�Æ�&5���8mBUQ�yB℄?gA0+�WDY>&4y�W
s-J['$�Y>&5���8mBUQ�(℄?gA0+�WDÆ�&j4y�W	��,U-Vv)j:3B{k?�r>�[� N ∈ Z+. '���[ n, �q n �k?*�:Hhd#Lr� πn,'8�:Hj�[�r� sn(πn), :H�'8Jy��MY>&\h sn(πn), Æ�&\h πn − sn(πn); Æ�&8m�y8:02�r�8m�[� v(x); \�F^�#L an &HY>&�H�FjC� (�02), Y>&�H&FWV68mi?�
MY>&8my8:\j�F^�02�rY>&8m�[� u(x, an).rÆ�&DY>&j℄���8m�'� Vn D Un. F-$x:�an 1 πn ∼ N(an, σ2), � {πn, n ∈ Z+, n ≤ N} 0N}E��* σ > 0 ��=4[	an 2 '8Jy3�.C�� sn(πn) = δnπn + Fn, �* δn, Fn �D[#L	S�.C��s\$|
�R%�.C'8L)D*B<mj�G�C-s-J['bpb�*e*1x5>�wB0�A (carry) j'8�G\jK{*e'*e*1x;8wh8�� (℄�*e/�) j�G
�N�.C'8�G|[�.6FC��
BM�.C'8�G|QNk?j�
>C�"u�B>[��	an 3 Æ�&yY>&�>C&�#s>C{��5�℄�#l���8m>DBUQ	�q n �*Æ�&r$�[� N
∑

k=n

Vn, Y>&r$�[� N
∑

k=n

Un.an 4 Æ�&��(*C�8m�[�� v(x) = x 
Y>&2u8���(8 �2u�F^�j!s8m���r}�8m�[�� u(x, an) = −e−ρ(x−ba2
n
), �*

ρ > 0, b > 0 ��=4[	Æ�&F�|8&js?.�j8�O�.\�B�3|8\�L�(�
M.\x:Æ�&��(*Cj	SYÆ
�Y>&Ju8�e9
��jsj8��8�Kv4Æ�&YU�B�3|8O���(jEZyF�9�
M.\x:Y>&��(8 j	x:Æ�&DY>&j[��T8m�'��=4[ M D A. �'Y�*H*�4y�W℄?-$x:�an 5 4y�W�(�4y�W�k℄�#l���8mj(�-7u����8mj(�	q n �*e'$Y>&j(�4y�W�
1

N − n + 1

N
∑

k=n

Uk ≥
1

n − 1

n−1
∑

k=1

Uk,

0
∑

k=1

Uk ≡ A;
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1

N − n + 1

N
∑

k=n

Vk ≥
1

n − 1

n−1
∑

k=1

Vk,

0
∑

k=1

Vk ≡ M.(�4y�W^�/O-$B���u`s'8:q��"yL�	S℄�!&Jyj4y&�V���6jQ`-mu>�jQ`��#sYxj)D^_�C-���xj�pR�*�}'v\	S
X�;�s-J[&v\	Sbpb�jQ`W$�ll	�h2^jL��4y&#s>C{�x:$�(�4y�W* “>� (ex

post)” jQ`������8m(��-L��8m(�	�7Vx:$�#k?�=#L� b, ρ, σ, N , M , A, w=#L� an, δn, Fn \j
Vn = E[v(πn − sn(πn))] = (1 − δn)an − Fn;

Un = E[u(sn(πn), an)] = − exp
[

− ρ
(

δnan + Fn − ba2
n −

1

2
ρσ2δ2

n

)]

. (1)K,d'j��k?r$��
7Vx:$j��Bo��	�(�4y�W$'Y�℄ÆjL�(W��Mjs�*H:=i1�
M��*H�F6*H��aY�Jy�y(���= {l:*H���k?:*H�IuC(L
(EVY"x:�Æ�&DY>&(�F6>Cj (W.\*D�?�>C&x:w). �MbI7��k?.\Fm}59u��
��'Y�k?*��#LN�<LJ>	
3 QjUo�iz*e'$pÆ�&:q#�'8Jy�\BUQ�>��8m�r$�yB℄?Y>&(�4y�W	SYÆ
��u�yj'8Jy�Y>&L�F�>��8mBUj�F^��Mu�?�gA0+�W	�_g����$jdf�(�r��b�'m[BoDNoJy	R%m[JM= �?j���1Y>&j�F^�.38�Æ�&.x>:qJyjD�u361'Y>&�F^��O������8mSbBo�0�-EVgA0+�W�MB�yjJy?�BoJy	r Gn−1 = 1

n−1

n−1
∑

l=1

Ul, G0 = A, q n �k?��
max

δn,Fn,an

N
∑

k=n

Vk,

s.t.
1

N − n + 1

N
∑

k=n

Uk ≥ Gn−1.Pf 1 *e'$jBoJy(L
��
δn = 0, Fn =

1

4b
−

1

ρ
ln(−A), an =

1

2b
;
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Un = A, Vn =
1

4b
+

1

ρ
ln(−A).� Fm^59u��g�F9ux:-$� ∀n, i ∈ Z+, i < n ≤ N , s�

δn = 0, Fn =
1

4b
−

1

ρ
ln(−Gn−1), an =

1

2b
;

Un = Gn−1, Vn =
1

4b
+

1

ρ
ln(−Gn−1).

(2)q i �k?��
max

δi,Fi,ai

N
∑

k=i

Vk,

s.t.
1

N − i + 1

N
∑

k=i

Uk ≥ Gi−1.

(3)p (2) ℄� Un = Gi, Vn = 1
4b

+ 1
ρ

ln(−Gi), � (3) �E5!7*ÆC(�_��|[qgEh (2) � n = i AE�℄T� (2) � n = N AE	
M (2) � ∀n ∈ Z+, n < NAE�pMh Gn = G0 = A. ��	� 1 MB(L7X��l7X�'8-A*"s1x'8��(�0pÆ�&EZ�Y>&\h�T8m�:Hj>v9Æ�&js	
�-Q�= -�?�Y>&jsB0�AWWEZ0gj�(�EVDH+=� Pareto Bo$�js�((p�(*CjÆ�&EZ	)�m[JM= -�?j���)D*Y>&j�F^�-.38�Æ�&"y38b:HjD)�	������8mSbBo�Æ�&EV:q'8Jy\gAY>&L��Æ�&&sBj�F^�	Jy�yB���= *H�(L"y�gA0+�W$Sb�MB�yjJy?�NoJy	r Gn−1 = 1
n−1

n−1
∑

l=1

Ul, G0 = A, q n �k?��
max
δn,Fn

N
∑

k=n

Vk,

s.t. an ∈ argmax
an

N
∑

k=n

Uk,

1

N − n + 1

N
∑

k=n

Uk ≥ Gn−1.Pf 2 *e'$jNoJy(L
��
δn =

1

1 + 2bρσ2
, Fn = −

1

ρ
ln(−A) −

1 − 2bρσ2

4b(1 + 2bρσ2)
, an =

1

2b(1 + 2bρσ2)
;

Un = A, Vn =
1

4b(1 + 2bρσ2)
+

1

ρ
ln(−A).



88 e k X M M � 41$� Fm^59u��g�F9ux:-$� ∀n, i ∈ Z+, i < n ≤ N s�
δn =

1

1 + 2bρσ2
, Fn = −

1

ρ
ln(−Gn−1) −

1 − 2bρσ2

4b(1 + 2bρσ2)
, an =

1

2b(1 + 2bρσ2)
;

Un = Gn−1, Vn =
1

4b(1 + 2bρσ2)
+

1

ρ
ln(−Gn−1). (4)p (4) ℄� Un = Gi, Vn = 1

4b(1+2bρσ2) + 1
ρ

ln(−Gi), $� (4) � n = i AE	q i �k?��
max
δi,Fi

N
∑

k=i

Vk,

s.t. ai ∈ argmax
ai

N
∑

k=i

Uk, (5)

1

N − i + 1

N
∑

k=i

Uk ≥ Gi−1.p ∀ ai,
∂2

∂a2
i

N
∑

k=i

Uk < 0 �'^j δi, Fi AE�\j ∂
∂ai

N
∑

k=i

Uk = 0 ⇒ ai = δi

2b
�� ai ∈

arg max
ai

N
∑

k=i

Uk ⇔ ai = δi

2b
, Y. (5) (-	5!7*�[ L =

N
∑

k=i

Vk + µi
1

N−i+1

(

N
∑

k=i

Uk −

Gi−1

)

, �'�_h�
δi =

1

1 + 2bρσ2
, Fi = −

1

ρ
ln(−Gi−1) −

1 − 2bρσ2

4b(1 + 2bρσ2)
;

ai =
1

2b(1 + 2bρσ2)
, µi = −

1

N

( 1

ρUi

+
N − i

iρGi

)

> 0;

Ui = Gi−1, Vi =
1

4b(1 + 2bρσ2)
+

1

ρ
ln(−Gi−1).
M� (4) � n = i AE�y�℄T� (4) � n = N, N − 1 AE	
M (4) �

∀n, n ∈ Z+ AE�pMh Gn = G0 = A. ��	� 2 MB(L7X��l7X�NoJy:=N�(j�Z���CyY>&jyFs2	�NoJy$�F^�muBoJy$j�F^��_g*e'$Q�df�(�r�k�JM= -�?\j℄ÆQ`�[-Y$_$℄ÆS-bBo8W	M�(�4y�W$j(L7Xyx�4y�W$j7X0y�_g(�4y�W(`s�Æ�&	Ai1�YxC�7_gN*e'gA-?j�r	
4 Qj�wY[�izs-J['$pY>&:q#�'8Jy�\BUQ�>��8m�r$�yB℄?Æ�&j4y�W	�u�yj'8Jy�Y>&WL��M'8$F�>��8mBUQj�F^��Mu�?�gA0+�W	s-J['$pu'8JyD�F^�
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%K� 89(�Y>&1'��r3#�Æ�&4y�Wjs8C�r	�_g����$jdf�(�r��b�'m[BoDNoJy	R%m[JM= �?j���MBY>&j�F^�.38�Æ�&yU.\x>JyjD�u361'�F^��O����4y�Ws8�0�-EVgA0+�W�MB�yjJy�BoJy	r Hn−1 = 1
n−1

n−1
∑

l=1

Vl, H0 = M , q n �k?��
max

δn,Fn,an

N
∑

k=n

Uk

s.t.
1

N − n + 1

N
∑

k=n

Vk ≥ Hn−1.Pf 3 s-J['$jBoJy(L
��
δn = 0, Fn =

1

2b
− M, an =

1

2b
;

Un = −e−ρ( 1
4b

−M), Vn = M.� Fm^59u��g�F9ux:-$� ∀n, i ∈ Z+, i < n ≤ N s�
δn = 0, Fn =

1

2b
− Hn−1, an =

1

2b
;

Un = −e−ρ( 1
4b

−Hn−1), Vn = Hn−1.

(6)q i �k?��
max

δi,Fi,ai

N
∑

k=i

Uk,

s.t.
1

N − i + 1

N
∑

k=i

Vk ≥ Hi−1.

(7)p (6)℄� Un = −e−ρ( 1
4b

−Hi), Vn = Hi, � (7)�E5!7*ÆC(�_��|[qgEh (6) � n = i AE�y�℄T� (6) � n = N AE	
M (6) � ∀n ∈ Z+, n < NAE�pMh Hn = H0 = M . ��	� 3 MB(L7X��l7X�'8-A*�"s1x'8��(�0pÆ�&EZ�Æ�&\h�T8m�:Hj>v9Y>&js	)�m[JM= -��j���)D*Æ�&"y38b:HjD)�������4y�Ws8�MBgA0+�W��NÆ�&4y�Wjs8C����= *H*�Æ�&j7X#�%"4y�W6L�	S℄�!&Y>&'xj'8Jy��u'^j'8Jy�Æ�&�dY>&�xL�BUQY>&>��8mj�F^��k℄?gA0+�W�
MÆ�&j7X�	S-$'8JyiJwj'8Jy�
Q =

{

sn

∣

∣

∣

1

N − n + 1

N
∑

k=n

Vk(sn, a∗) ≥ Hn−1, �* a∗ ∈ argmax
an

N
∑

k=n

Uk

}

.



90 e k X M M � 41$pu� Q ��j sn Æ�&(-	S�MBY>&j7X�L� (sn, an) ∈ Q × RBUQ N
∑

k=n

Uk, .\*HBU�s�"\� Q *�
MQ�(L
�MB�yjJy?�NoJy	r Hn−1 = 1
n−1

n−1
∑

l=1

Vl, H0 = M , q n �k?��
max
δn,Fn

N
∑

k=n

Uk

s.t. an ∈ arg max
an

N
∑

k=n

Uk

1

N − n + 1

N
∑

k=n

Vk ≥ Hn−1Pf 4 s-J['$jNoJy(L
��
Fn = (1 − δn)

1 −
√

2bρσ2δn(1 − δn)

2b
− M ;

an =
1 −

√

2bρσ2δn(1 − δn)

2b
;

Un = −e−ρ( 1
4b

− 1
2
ρσ2δn−M);

Vn = M.�* δN = 1
1+2bρσ2 , \j ∀n < N , δn p$O^5r~2"G	Y x�

n
(

√

2bρσ2δn

1 − δn

− 1
)

e
1
2
ρ2σ2δn =

N
∑

k=n+1

e
1
2
ρ2σ2δk . (8)� Fm^59u��g�F9ux:-$� ∀n, i ∈ Z+, i < n ≤ N s�

Fn = (1 − δn)
1 −

√

2bρσ2δn(1 − δn)

2b
− Hn−1;

an =
1 −

√

2bρσ2δn(1 − δn)

2b
;

Un = −e−ρ( 1
4b

− 1
2
ρσ2δn−Hn−1);

Vn = Hn−1.

(9)

�* δN = 1
1+2bρσ2 , \j ∀ i < n < N , δn p (8) 	Y x	$� (9)� n = i AE�\j δi p (8)	Y x	R%p (9)℄� ∀n ∈ Z+, i < n ≤

N, Un = −e−ρ( 1
4b

−Hi), Vn = Hi, 
q i �k?.|Q��
max
δi,Fi

N
∑

k=i

Uk,
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s.t. ai ∈ arg max
ai

N
∑

k=i

Uk, (10)

Vi ≥ Hi−1.r d(ai) = ∂
∂ai

N
∑

k=i

Uk, 
s
d(ai) = −ρ(δi − 2bai)Ui + ρ

1 − δi

i

N
∑

k=n+1

Uk,pu d(ai) = 0 �&G
�EV�g�
Q��	Y	℄� d(ai) HG.���s�
δi > 1 ⇒ d

( δi

2b

)

> 0, d(+∞) = +∞;

δi < 1 ⇒ d
( δi

2b

)

< 0, d(−∞) = +∞;

δi = 1 ⇒ d
( δi

2b

)

= 0.0 d(ai) = 0 j
Q����'^j δi, Fi D ai s�
∂2

∂a2
i

N
∑

k=i

Uk = 2bρUi + ρ2(δi − 2bai)
2Ui + ρ2

(1 − δi

i

)2 N
∑

k=n+1

Uk < 0.pM� d(ai) = 0 j
	Y�
Ms�
ai ∈ arg max

ai

N
∑

k=i

Uk ⇐⇒
∂

∂ai

N
∑

k=i

Uk = 0\j (10) j
℄?
(δi − 2bai)Ui =

1 − δi

i

N
∑

k=n+1

Uk. (11)MB (10) .#��
max

δi,Fi,ai

N
∑

k=i

Uk,

s.t.
∂

∂ai

N
∑

k=i

Uk = 0, (12)

Vi ≥ Hi−1.� (12) -	5!7*�[
Li =

N
∑

k=i

Uk + λi

∂

∂ai

N
∑

k=i

Uk + µi(Vi − Hi−1).
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∂Li

∂Fi

= 0 ⇒ µi = −ρUi + λiρ
2 i − 1

i
(δi − 2bai)Ui −

ρ

i

N
∑

k=i+1

Uk; (13)

∂Li

∂δi

= 0 ⇒ ρUi

(

ρσ2δi − λi − λiρ
2σ2δi(δi − 2bai)

)

=
λiρ

i

N
∑

k=i+1

Uk; (14)

∂Li

∂ai

= 0 ⇒ λi[2b + ρ(δi − 2bai)(1 − 2bai)] = 1 − 2bai. (15)��Y/�
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Abstract Based on game theory and Principal-agent theory, this article studies dynamic

moral hazard models between corporate system and limited partnership, and analyzes princi-

pal and agent’s optimal choice between mechanisms. The results indicate that moral hazard

occurs in both mechanisms while there are improvements in limited partnership. Comparing

the two mechanisms under certain conditions, the corporate system can be the best choice

to principal and agent. However, limited partnership can’t be principal and agent’s common

choice when they are of equal status.
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