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1 ~{jxal�F_Ch�Bp"-}05ob�jxa}�_�8L�Q$x�
��Q$℄/oO6Z;�'*���#|mj�}�B�Jv)N<tl��j De-

marzo, Fishman, He o Wang[1]. �	�p�B�=`m2JL�}x�P	��B~L/2�!x${�j 08 :Ch\
v�I��B//
�w'"}P	���Q$C6�����*qx�℄/u�A��CZ��h`�`mx�/;,�o"e2|1z}2j��B�)m<�Jv)Njxal��Q$#��O6Z;}L��jp�{jxam2j�}x�
L�:GY��2�jxah�}x�/;,7P	jpFR[jxal��E�L�O6Z;��hI
1�BTrf/��ap�l��jxa2d[<}�_Y��'}��� Demarzo o Fishman[2] �jxa2d[<}�_
,7Q$}C��<hwmun�'�p)NÆQ$}BT6��rl��
Demarzo o Sannikov[3] m���'�p<�Æt%}R�l��mjxaoO6|
'1�Æ2FÆ;BTrf� Sannikov[4] �jxa}�_
F2d[<};�L�L�Q$}}C��hwexÆjxa}N6o;�L�}Æ;${
L��Y2Æh~�j Bolton, Wang o Yang[5] JTjxaa�6�}2d�����jxa5z�RC�f�D-�-SF��e[�[^U4F7�qUzw}�R��h�)N}jxa2d[<}�_/
jxa};�L��℄
Jh~2J}
�82DL�Q$}x�
���ML�Q$"e2|!x}>��

He[6] mrfk%v)NÆjxal�℄Q$℄/
'}Ys�h� rQ$℄/8^�p3rjÆ�zSÆjxaBT}�{�R� Biais, et al.[7] m2J}�Jv)NÆt%}l��<h~ rjxa}�_s�"e	V!x�^�s�℄/!x${�℄<h~2J}
��h)N}
jxal�℄Q$#��O6Z;
'}Ys�
Demarzo o Fishman[8] m2FY�}un�'k%v�<�Æmjxal�}L�v�Q$O6�}C�8�jxa5z�R
'}Ys�W[/�
mY�}un�'�p1�}�F|7RrQ}'��̂ Bv�e℄�4\�JQsS2J��jxa5z}�RoQ$#�� Lorenzoni o walentin[9], Schmid[10] /
mun�'�p1�/��<�jxal�℄Q$O6
'}Ys�℄Z2J}
��h
R���'/�exjxa℄O6|
'}BT�{rf�



5C WJ~�v>-9*5�hv_k?mO"M3{K� 655�[bSjxx���hmQ$`mx�/;,�P	o!x"e	V1z}�Jv� rjxa};�L�L�>\x��o"e	V!x}>��m���'�p1�O6|℄jxa
'}BT�{rf/��)Nx�/;,��jxa�R}L��8�jxal��Q$#��O6Z;}L��h� rx�/;
�`��d3
L�F!x>�o"e	V!x>�\8^.&-3�~R/
h�x��zSmjxal�ox�/;,�L�vQ$#�g� ?}<[-'L��I
<'L�d[�BT}O6Z;ojxa}	�G}#��)<�x�/;,7Jv�jxa}�R8�Q$O6Z;}${Rl��h5`�}`mx�/;,�P	o!x"e	V1z}�B~L r�L�7r��Rl�m~2�J<�}x�/;,�P	℄jxal��Q$#�oO6Z;}�wYs�VYsK}�+jR}#���U��hm���'�p1/�<�jxal�ox�/;,7�Q$#�oO6}L��B�R ?=� �D-}[-'L�exBT�{rf/��M/��G9�
'}Ysd^'L��8zS�'"L�
#Y
��h}/�o<��[Q$6�\xVY2�}9`#���h)N!}� (1) jxa}G}#�℄Q$�A}����Y�-^x�/;,7P	℄jxanY�njxa}G}#���FL��~℄jxa5z�RI�℄;t}'}YY��2I�F7U�C(}L�~2WLd��G�qx�/;,j�Q$#�,x>y�jxa5zG}#�/
Q$#�}tD�tD
%
;^�MI
/���-p!}�Cx�/;$���:Hjxa}	�+R��jxaHwÆsj}�{FR� (2) Q$}O6Z;4q[Q$}
��qx�/;${��Q$O6�/�/
${��w�qx�/;j,��O6$zY~dP�Q$O6�/2Q$��}>B�t�
F\�qx�/;j,��W[jxaG}#�t��jxal�zw�>�VO6/$zL�Y~�O6�/�CZ�t��%
qx�/;�{��O6�/�I�*q
�U�Tx�/;ojxa	�+R}�{FR
U�Q$#�oO6Z;��wQ,1z}L��
2 hzR℄e/�
W1z��}O6|ojxa�J�jxaF_Y6�n!Y?T6Cj�Q$��3}Fa�2z2�U4O6|$S6C}�M�B��JÆO6|NYQ$�jxa\xQ$}R*�~/�
jxal�S}}J�aC�W[jxaY��U4�q�MFa�6�VY2d����58F'[G}� γ > r > 0, F� r > 0 
O6|}'[G}��Q$~R6�E�x��r#le6�}sÆx�
L At  ?/
[-'L

dAt = atµdt+ σdBt, t ≥ 0, (1)F� σ > 0 
 At }+Æ�� B = {Bt : 0 ≤ t <∞} 
V�>�f' (Ω,F , P ) p}3rjÆ�mx�
L��jxa:S};�L� at ∈ [0, 1] �8L�#le6�}>\x



656 G O �   � 40W���J�zw λ(1− at)µdt }!a���jxamNF�;�L�gB�� at �ge��>\x��QgB�njxa5z}!a��Qg�
%
;^�m��x���bpQ$�`mn�"e2|}1z�j!xe�	V��5O6}6�#�e4v4�� r#\	VHQ$go}2|℄Q$6�J����_KtC,F� C > 0 _C��W[<t	V}!x>�6���hR.&
L N = {Nt}t≥0 '�9�w�e t 	V!x}\�� {Tk}k≥1 '�� k \	V!x}�'� At '�	V!x}(��Vm [t, t+ dt) ��5�	V!x}>�_ Atdt.Y[N0	V}sL�-p�S	V!x}'-aC_�[\x (�, [11–13]). F:oWI�\
s�D�o�zQ$n�"e2|}J�aC/
1h}��o2?�CZ^("e	V}!x�-jxa};��_Æ![-p��hV At ∈ {α, α+ ∆α},F� α,∆α > 0. jajxaNGY� (at = 1) ,r	V!x}>�6��At = α, 2r�2|!x}>�6e� At = α+ ∆α. MmZ
L��jxadzw!a�� ∆αKtbdt.� K, I -(j'Q$}6�o=O6��JTI�}6�sÆ/�� Kt  ?'L
dKt = (It − δKt) dt, t ≥ 0, (2)F� δ ≥ 0 
6�yP��JTI�}O6x� [10], O6�^�go	�+R G(I,K),  ? G(0,K) = 0 ojv'L�

I +G(I,K) = c(i)K, (3)F� c(i) '�#le6�8 i = I
K
})�tD�5�-}=J��8
Y[ i }tg��W[Yh}-p)24q[ c(i) }VA���~y�
c(i) = i+

1

2
θi2, (4)F�9� θ Rot�	�+R��h r`m2F2�jxah�}x�/;,�P	 πnt , d82Fx>_2Fd[<w�L�x�
�}C8�2|2
��r πn ∈ {πh, πl} 
2F�`}��d3,�
L�F� 0 < πl < πh -(j'6�o6B}x�/;�� n = l �}Q$
��[ n = h �}Q$
���x�/;,7(�_ ξn, m [t, t + dt) ��5�^/; n,�w m }>�_ ξn dt, (n,m ∈ {h, l}). qx�/;${��/2Q$
�}${jxa5z}G}#�/Y5	��� Ψnm _qx�C8/;W n ,�_ m ��jxaG}#�}	����.&
L Mt '�9�w�e t x�C8${}=\��JTI�} AK /� [11], m t �eQ$�x}��℄6�J����_KtdAt. rQ$m t �e�x}}C�_�

dYt = Kt(π
ndAt − c(i) dt− C dNt). (5)O6|YX~/�Q,Q$�B�jxa�)zwQ,#� lKτ , F� l ∈ [0, 1] 
2FC��



5C WJ~�v>-9*5�hv_k?mO"M3{K� 657W[jxal�}`m�O6|JTQ$}���:jxa�R�qjxa;�L�sB��Q$�S6B}���rjxa4w}�:C�/6��nZ�jxazw}!Y��6q
%
-^jxa�w}�R6��n�zw6B}!Y���CZ��qp�;�L���[jxa
2F"-}Xt�[
jxa℄O6|
'`m2FBT}rf Φ = (I, U, τ). <rf��ÆQ$}O6Z; It, jxa}�R Ut orf}���' τ . <rf2'*�jxaHw�{FR�_�F�qr�};�L�8Be{FG}#�
�2'*Be{O6|}3%g���Q$#��rfG�5i\�[Q$}|����q�WQ$��℄jxa�R
'}Ys�rfG�5i�4q[jxa5z}�R�Wjxaa�6�}2d���� Ut 
)*}�JTrfjxa��q�q};�L� at ∈ [0, 1] (0 ≤ t ≤ τ), 8Be{F#�g� W (Φ),

W (Φ) = max
at

E
[

∫ τ

0

e−γt(dUt + λ(1 − at)µKt dt+ I{at<1}∆αKtb dt)
]

. (6)p��}���m�
qjxa�q at < 1 �zw}!a��� Ea(·) _>�<� Pv}D-DZ�_({�lZv\R E(·) '��W[jxaa�6�}2d����7zw}�:�^2�[U�}F7
�gH7}�� (�h2F(�_�), �
Wt ≥ 0, ∀ t ≥ 0.�JTBTrf Φ = (I, U, τ), O6|}3}
Be{Q$#� F (K,W, π),

F (K0,W0, π
n) = max

Φ
E

[

∫ τ

0

e−rt dYt + e−rτ lKτ −

∫ τ

0

e−rt dUt

]

. (7)_Æ��Æ-}`m��� ?D-
E

(

∫ τ

0

e−γs dUs

)2

<∞o
E

[

∫ T

0

(e−rtKt)
2 dt

]

<∞, ∀T > 0.

3 hzRj`JTBTrf� ?}	F-S�/�S>�mm4-��wexjxaG}g�}Æ;${
L�E�SSBTrf}�{D-�BvzSO6|}#�g� ?}[-'L�JTBTrf Φ 9�w�e t }|��q��=jxa
o5z�Rm t �e}G}#�g� Wt(Φ) _
Wt(Φ) = Et

[

∫ τ

t

e−γ(s−t) dUs

]

, (8)



658 G O �   � 40WH_jxa t �e}G}#�g��F� Wt− = lim
s↑t

Ws _ W (Φ) m t > 0 �e}C��� Wt _[d"e2|
2!x
vjxa}G}#�� Wt− 
[d
Jjxa}G}#��JTK'��xo Ito Q�dzw Wt }Æ;${
L ?jvFx��d 1 mb<�e t ≤ τ , jxa}G}#� Wt  ?/
[-'L
dWt = γWt− dt− dUt + βt(dAt − µdt)Kt +Ht(αdt− dNt) + Ψnm(W )(dMt − ξndt). (9)F� βt, Ht _BTrf}�{9��'�Æjxa}G}g�� Wt �F;�L�}+?��^p�d8^S�km t �e!x"e2|�jxa}G}#��*q Ht. Wjxaa�6�}2d���dz

Wt−(Φ) ≥ Ht. (10)JTFx 1, �� at = 1 o at < 1 �jxaG}#�}${Rl�dzwBTrf}�{D-��d 2 BTrf�M�{FR��_�jxa=
�q at = 1 }O-�-D-_�
at = 1 ⇐⇒ βt ≥ λ, h ≥ b, t ≥ 0. (11)~y h = H

K
.�h rQ$#�℄Q$6�J����

F (K,W, πn) = Kfn(ω), (12)F� fn(ω) '�m n /;v#le6�}Q$#�� ω = W
K
'�#le6�jxa}G}#��WZd28 K,Wt _/;$�}�_BTrfl��4`_8 ω = W

K
_℄2/;$�}2_g�l��8vo<� fn(ω) }����w�W (10) o (11) ��q ωt ∈ [0, b] �rf���O6a#le6�zwQ,#� l = L

K
, �

f(ω) = l, ω ∈ [0, b]. (13)F\� f 
�g��qjxa}leG}#� ω ��Q, ���Q$Q,}1zt��W[Q$Q,
�
}�Z�O6|�jxa}2�'}6_+?
q ω 
uQ, ���Q,>�4��O6|�jxa}2�'}%IN��~�I�}	%MÆ f }���Bv�O6|YX~�q2\��:Hjxa}C dU �+��:�q
fn(ω) ≥ fn(ω − dU) − dU,� f ′(ω) ≥ −1 ��jxa} ��:J�2G
2\�}C�:}J��Z�27R2\�}C�:��= ω1 _+��:}J�� ?

f ′
n(ω

1) = −1, f ′′
n (ω1) = 0. (14)
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dU = max(ω − ω1, 0), (15)�q ωt > ω1 ��jxazw}C�: ωt−ω1,M f(ωt) = f(ω1)−(ωt−ω1). q ωt ∈ [b, ω1]��jxa}�R+��:� dUt = 0.JT Itô Q��dzwq ωt ∈ [b, ω1] � f(ω)  ?jv HJB 'L��

rfn(ω) = max
i,h,β,ψ

{

µπn − αC − c(i) + fn(ω)(i− δ)

− ωf ′
n(ω)(i− δ) + f ′

n(ω)(γω + hα− ψnmξ
n) +

1

2
f ′′
n (ω)σ2β2

− α(fn(ω) − fn(ω − h)) + ξn(fm(ω + ψnm) − fn(ω))
}

, (16)F� (m,n) ∈ {(h, l), (l, h)}, ψnm = Ψnm

K
, i = I

K
. < HJB 'L ?rf�{D- (11), �D- (19), (20) o (21). W f(ω) }���p�Y[ β, h l	�*�Wrf}�{D-dz�

β = λ, (17)

h = b. (18)'LY[ i o ψnm Ss�dz#le6�Q$}BTO6��BTjxa	�+Rjv�
in(ω) =

fn(ω) − ωf ′
n(ω) − 1

θ
, (19)

f ′
n(ω) = f ′

m(ω + ψnm(ω)). (20)F� ω + ψnm(ω) ≥ b, 2r� ψnm(ω) = b− ω, ��rf�<p-p
L�<BTrfl�>�_8v�x�Td 1 mBT�{rf/���q ω ∈ [b, ω1] ��jxa#le6�}G}#�
ω  ?

dωt = (γ − i+ δ)ωtdt+ λσdBt − b(αdt− dNt) + ψnm(ω)(dMt − ξndt). (21)O6a#le6�#�g� ?
rfn(ω) = max

i,h,β,ψ

{

µπn − αC − c(i) + fn(ω)(i− δ)

− ωf ′
n(ω)(i− δ) + f ′

n(ω)(γω + hα− ψnmξ
n) +

1

2
f ′′
n (ω)σ2β2

− α(fn(ω) − fn(ω − h)) + ξn(fm(ω + ψnm) − fn(ω))
}

, (22)f�D-�














β = λ, h = b,

f ′
n(ω

1) = −1, f ′′
n (ω1) = 0,

f(b) = l.

(23)



660 G O �   � 40WF� (m,n) ∈ {(h, l), (l, h)}, ψnm = Ψnm

K
, i = I

K
. q ω ∈ [0, b] ��rf���O6azwQ,#��� f(ω) = l. q ω ≥ ω1 ��jxa�w}C�: ω1 − ω, O6a}le#�g� f(ωt) = f(ω1)− (ωt − ω1). JT/��Q$BT}le6�O6� i ojxa}le	�+R ψnm(ω)  ?

in(ω) =
fn(ω) − ωf ′(ω) − 1

θ
, (24)

f ′
n(ω) = f ′

m(ω + ψnm(ω)), (25)F� ω + ψnm(ω) ≥ b, 2r� ψnm(ω) = b− ω, ��rf�
4 m�hi�L^Ww�4-JTBTrf/�<�x�C8 πn }/;$��Q$}O6;��jxa}G}#��Q$}#�}L����/7�R}9��j' 1 5��M 1 �Æ,o4Q8�Æ.�8�Æ8� 6k �Æ 8� 6k �ÆN4`&ZF|� r 4.6% iw`&ZF|� γ 5%=[w?� µ 18% w?bK|*
� σ 20%��*Q8� θ 2 4�xO� δ 12.5%!d1{ w|'� α 2% "kd4�!d1{|I� C 35%℄w?bK�yu| `�?8� λ 20% V!d1{fn| `�?8� b 10%VA��|w?.:+6'� ξh 0.3 V��A|w?.:+6'� ξl 0.167A.:w?B7 πh 1.1 �.:w?B7 πl 0.9kd4�P#|P+"Æ l 70%

0.1 0.15 0.2 0.25 0.3
w

0.58

0.6

0.62

0.64

0.66

0.68

0.7

0.72

0.74

0.76

f

High
Low

t 1 ��w?.: πl = 0.6, πh = 1.2 u�P#"kd4�|"Æf� fn(ω)�w�<�x�C8 πn �#le6�O6|#�g� f(ω) ojxaG}#� ω}L��mWLd���jxa5z�R�I℄;t}'}YY��2I�F7U�C(}L����hI
/�}��-p�,�jxa}G}#�℄Q$�A}���



5C WJ~�v>-9*5�hv_k?mO"M3{K� 661Y�-^x�/;,7P	℄jxanY�njxa}G}#���FL��WP 1 d8�[�^S�qx�/;,j�Q$#�,x>y� fh(ω) ≥ fl(ω), �I��jxa5zG}#�//
>B�Y ψlh > 0; %
�qQ$x�/;�{��Q$#�/
4��jxa}G}#�//
4��V	�+R ψhl < 0. NFaCm[�qQ$
�t���O6|�^2rZQ$�Q,�58Æ;BTrf_�}F�{FR��>Bjxa}G}#��E�*�CjxaX��oJrf��Q$�Q,}>��
0.1 0.15 0.2 0.25 0.3

w

-0.16

-0.14

-0.12

-0.1

-0.08

-0.06

-0.04

-0.02

0

0.02

0.04

ih-il
ih(psilh)-ilt 2 p πl → πh ~�P#N4|#z� ih(ψlh(ω) + ω) − il(ω) n ih(ω) − il(ω).8vo<�x�C8 πn �Q$O6� i(ω) }L��P 2 exÆqx�/;j,

l → h ��mYnjxa0F�R	�RlvQ$O6}${���w�qYjxa0F�R��Q$O6�t��� ih(ψlh(ω) + ω)− il(ω) > 0, MO6t��e[n0F�R}R� ih(ψlh(ω) + ω) − il(ω) > ih(ω) − il(ω). ~2<aY���,Æjxa0F#�}FR�jxa0F�R}FE�zjxa}G}#� ω t���eÆ�jxa}�{FR�*qÆjxa05�*qÆO6J��Mx�/;j,��O6/$zLY~dP�F\�	U�'D/ ω }*q�%/t��~
C_q ω %/*q��jxa�Q,}1zt��58Z�jxa}0F�R}�{FR%/t���q ω se��jxal�zw�>�58<0F�R}�{
R*q�'D%/
|��z)<}
�q ω 8FQ, ��� ih(ω) − il(ω) < 0, �qx�/;j,��O6�%�*��~FYW}}	%MÆjxam*��Q,M!Y	�+R}�{��jxa�q*�O6��� Demarzo, Fishman, He o Wang[1] �JRlv}O6t�}<a�m$}<�sj}>
Æ"e	V1z�j/;vO6�}L�e[�|/;vO6�}L��~2<aII%MÆ�_I�#�}}	�m�B�&��B[Q,&�o�x�/;d6j,}IH�jxaYY��q/�2-�t�O6���mj/;v�jxa*�Q,ox�/;�{}^D�YY�qL��}�_�P 3 HSÆqx�/;WB,� h→ l��Q$O6�}�I${Rl�il(ψhl(ω)+

ω)− ih(ω) o il(ω)− ih(ω). t%[x�/;W�,B�}-p�L�O6${�}'-C(�
Q,1z�jxa	�+R ψnm }�{FR��x�/;},���
m2J}R�v��q ω U[2J}e�T'��u'sFR}C(2J�~y2k220��
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il-ih
il(psihl)-ih

t 3 p πh → πl ~�P#N4|#z� il(ψhl(ω) + ω) − ih(ω) n il(ω) − ih(ω).

5 _g�hJTjxax��/
h�x��m1z��}O6|℄jxa
'�1�Æ�[x�/;,7}BT�{rf/��)NÆmjxal�ox�/;,7P	v�Q$#�oQ$O6Z; ?}D-�zwÆQ$#� ?}=� �D-}<[-'L��<�Æx�/;,7�jxal�oO6Z;}L��J���h})N!}� (1) jxa}G}#�℄Q$�A}����Y�-^x�/;,7P	℄jxanY�njxa}G}#���FL��~℄jxa5z�RI�℄;t}'}YY��2I�F7U�C(}L�~2WLd��G�qx�/;,j�Q$#�,x>y�jxa5zG}#�/
Q$#�}tD�tD
%
$^� (2)W[Q$}O6Z;4q[Q$}
��qx�/;${��Q$O6�/2Q$
�}${�${�qx�/;j,��O6$zY~dP�Q$O6�/2Q$��}>B�t���U�qx�/;j,��W[jxaG}#�t��jxal�zw�>�VO6/$zL�Y~�O6�/CZ�t��%
qx�/;�{��O6�/�I�*q�TZ
U�O6��wQ,1z}L��^x�po���hm���'�p1/�~R[-'L�exBT�{rf/��'"L�(!Y
�^�+}5�^��w��h5`�}jxal���jxa};�L�2DL�>\x���ML�"e	V!x}>��L�7r���F\��h�`�Æ2�jxah�}x�/;,�P	��67rqJ}�B/l�M<�Æ<P	�jxal��Q$#�oO6Z;}L��VYsK}��jR}#���h}/�o<��[Q$6�\xVY2�}9`#��
6 Xf�� 1��� �w�JTjxa}G}#�g�Wt, R1/

L {Vt(At,K), t ≥

0} jv�
Vt =

∫ t

0

e−γs dUs + e−γtWt = Et

[

∫ τ

0

e−γs dUs

]

. (26)
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�[9�w t �e}|��q}12H�}/
$�}D-DZ�58 Vt 
K�JTK}����p�jR Itô Q�dz�
Et− [dWt] = γWt−dt− dUt−. (27)JTh� r��h`mx�
L}P	�"e2|}P	�ox�/;,�}P	�8$-(
~R3rjÆ Bt, .&
L Nt, Mt ex�58 Wt  ?}/
[-'Ld�_�

dWt = γWt−dt− dUt + βt(dAt − µdt)Kt +Ht(dNt − αdt) + Ψnm(W )(dMt − ξndt). (28)F�0F.&
L dNt − αdt, dMt − ξndt 
K�DZ�_��qBTrfVY�{���Y σdBt = dAt − µdt, W3rjÆ}K����<4-}DZ�/_������� 2 ��� �w�Wjxa ?}[-'L��qjxa�q at < 1 ��jxa}G}#�}*q�_
βt(1 − at)µKtdt+ ∆αHtdt, (29)�WZHFgo}!Y��_
λ(1 − at)µKtdt+Ktb. (30)_Æ_�jxa2�qZ��_���zWZ��_�FG}#�}2|e[<�_go}����

λ(1 − at)µKtdt+ ∆αKtbdt− βt(1 − at)µKtdt− ∆αHtdt ≤ 0. (31)W[x�
Lm�eE�2�jxam<
L�}�_�qoJ}L��̂ Q$}C�psiQ%MSo�℄x�
L����jxam"e2|}^(
L�}�_�q5go}L��r
29=X}�58�O6|�jxamx�
L�}�_�q�L�+?��O6|����jxamx�
L�=
�q at = 1, 58dz�
λ(1 − at)µKtdt− βt(1 − at)µKtdt ≤ 0.<rp�-pd��BTrf Φ �M�jxa}�{FR}D-_ βt ≥ λ, h ≥ b, �
at = 1 ⇔ βt ≥ λ, h ≥ b, t ≥ 0. (32)����� 1 ��� �4-�HS�x 1 }4-�,
L�F7�,
L�m�h�A}�W�x�/; n, zwO6|}#�g� ?} HJB 'Ljv�

rF (K,W, πn) = max
I,dU,H,β,Ψ

{

K(πlµ− c(i) − αC) − dU

+ FK(I − δK) +
1

2
FWWσ

2β2
tK

2
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+ FW (γW + αH − Ψnmξ

l)

+ α[F (K,W, πn) − F (K,W −H,πn)]

+ ξn[F (K,W + Ψnm, π
m) − F (K,W, πn)]

}

, (33)F��h�� (I, U,H, β,Ψ)  ?BTrf}�{D-� dU = max(ω−ω1, 0). mp��-(Y[ I, Ψnm Ss�dzwBT}Q$O6�ojxa	�+R ?v�'L�
F ′
n(W ) = F ′

m(W + Ψnm(ω)), (34)WQ$#�℄Q$6�J���
F (K,W, πn) = Kfn(ω). (35)~R Itô Q�dz fn(ω)  ?/
[-'L�

rfn(ω) = max
i,h,β,ψ

{

µπn − αC − c(i) + fn(ω)(i− δ)

− ωf ′
n(ω)(i− δ) + f ′

n(ω)(γω + hα− ψnmξ
n) +

1

2
f ′′
n (ω)σ2β2

− α(fn(ω) − fn(ω − h)) + ξn(fm(ω + ψnm) − fn(ω))
}

, (36)F� (m,n) ∈ {(h, l), (l, h)}. < HJB 'L ?rf�{D-o �D-�W f(ω) }���p�Y[ β, h l	�*�Wrf}�{D-dz�
β = λ, (37)

h = b. (38)'LY[ i o ψnm Ss�dz#le6�Q$}BTO6��BTjxa	�+Rjv�
in(ω) =

fn(ω) − ωf ′(ω) − 1

θ
, (39)

f ′
n(ω) = f ′

m(ω + ψnm(ω)), (40)F� ω + ψnm(ω) ≥ b, 2r� ψnm(ω) = b− ω, ��rf�N a u x
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Abstract This paper sets a more realistic marketing context which contains productivity

shocks and large losses shocks to explore the influences that the two shocks played on the

agency problem, the firm’s value and investment. By adopting the principal-agent theory

and stochastic control principle, we build an optimal dynamic contract model between the

investors and the agent which is depicted by an partial differential equation (PDE). The

contract is incentive-compatible to the agent and maximizes the investors’ value function.

Deferred compensation, possible termination, and adjustment of agent’s compensation are

also included. Lots interesting results are found. The influences that the large losses played

the investment in high production state are more serious than in low production state. This

finding is coincidence with the phenomenons in the behavioral economics that when the agent

faces inefficiency termination, he will work more aggressively in the sluggish market than in

the booming one. second, when the productivity shocks happen, the adjustment compensa-

tion imposes great incentive function on the agent. This conclusion breaks the traditional

opinion that the agent’s scaled compensation should only related to his own performance.

However the effects fade away as the agency’s compensation increasing. Lastly, firm’s in-

vestment decision has an positive correlation with firm’s profits, and it also influenced by

the productivity state shift and the termination risk indirectly. When the productivity state

turns better, investment becomes more profitable, and the agency problem relaxed for the

adjustment compensation, both of them make the investment increasing.

Key words agency problem; investment decision; productivity shocks; large losses
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