
1 29ò1 3Ï
2014c 6�

X Ú ó § Æ �

JOURNAL OF SYSTEMS ENGINEERING
Vol.29 No.3

Jun. 2014

ü?¥���e�øAóÄ�½dÚ¾	üÑ

_dD1,2, � L1

(1.ÜS>f�E�Æ²L�+nÆ�,ñÜÜS 710071;

2.ÜS>f�E�ÆÅ>ó§Æ�,ñÜÜS 710071)

Á�:ïÄøAó¥¾	!½dÚÑÖ$E�ûü9Ùéü?¥��Ä���¯K,é¹kü)�ûÚüºx5;

."Èû�øAóïáõ±Ï��5�å`z�..3�Å½|I¦e,)�û�½æ	üÑ¢yÏ"|d��;

"Èû�½¾	!½dÚÑÖüÑ¢y�^��.y²ü?øAó¤
þ�¼�Ä�ûü�`);)�û�`üÑ

É�eiûü9Cz�K�;"Èû3¼�éÜ�`¾	Ú½düÑ�Ä:þ�(½ÑÖY²�`ûü. 3�~

©Û¥,�ÑøAó¤
ûüm�[K�'XÚü?¤
ÏLéÜûü�Ó�¢yü?¥��Ä����(Ø.

'�c:øAó;Ä�ûü;½dÚ¾	;ü?¥���

¥ã©aÒ: F252 ©zI£è: A ©Ù?Ò: 1000−5781(2014)03−0403−11

Supply chain dynamic pricing and ordering strategies

under two-echelon inventory control

Jia Junxiu1,2, Yuan Ze1

(1. School of Economics and Management, Xidian University,Xi’an 710071, China;

2. School of Electro-Mechanic Engineering, Xidian University, Xi’an 710071, China )

Abstract: The paper focuses on how to control two-echelon inventoriessimultaneously during firms’ opera-

tional management in a supply chain with a manufacturer and arisk-averse retailer. We propose a multi-period

non-linear constrained optimization model. The manufacturer makes procurement strategies in order to opti-

mize her total expected profit. The retailer determines ordering, pricing and service level strategies in order to

optimize his total utility with stochastic demand. We show that supply chain firms can obtain optimal strategies.

The manufacturer’s optimal strategies are affected by decision of her downstream firm and market demand. The

retailer can achieve the optimal service level strategy after he obtains the optimal combined ordering and pricing

strategy. The optimal service level is determined by the optimal price. A numerical example gives detailed rela-

tionship between different strategies and shows that supply chain members can control two-echelon inventories

dynamically by joint and combined strategies.

Key words: supply chain; dynamic strategy; pricing and ordering; two-echelon inventory control

1 ÚÚÚ óóó

øAóõ?¤
3¾	!½dÚÑÖ�$Eûü�Ó�,XÛÄ���ü?¥�´IS	Æâ.Ú�

ÂvFÏ: 2013−05−26;?¾FÏ: 2014−01−23.

Ä7�8:I[g,�ÆÄ7]Ï�8(71101113);I[3ÆÄ7�]Ï�8(201208610158);ñÜ�g,�ÆÄ7]Ï�8

(2014JQ9375);ñÜ��¬�ÆÄ7]Ï(11Q050);¥IÆ¬��ÆÄ7]Ï�8(2012M511980);ÜS½^�Æ

ïÄ]Ï�8(SF1308(4));¥
p�Ä��ï�Ö;�]7]Ï�8(K5051306002).



404 X Ú ó § Æ � 1 29ò

�.�Ó'5�9:ÚJ:¯K.�©Ò)�ûÚ"Èû�?øAóè�3¼��`$Eûü�Ó�Ä�

���g¥��¯K?1­:©Û.Xel��©���'��?øAóûüÚõ±ÏÄ�ûüü��¡

�Ñ©zVã.

éu)�û–"Èû|¤�ü?øAóûü¯K, Reyes[1]òü?�Ö¯K*Ð�¹k��)�û

Ú��"Èû�øAó¥,�.^u�Ï)�ûk�|^"Èû�½|&E5JpøAó±���

Ç. Webstera�[2]ïÄ
d��)�ûÚ��"Èû|¤�á)·±Ï�¬øAó�½dÚ¾	ûü,¿©

O±)�û�Ì�Ú±"Èû�Ì���Ý?1
Æ�©Û.©z[3]ïÄ
ü?)�û�)�Ú¾	û

ü,ÏLï�©Ûy²
8¥ûü�øAó'©Ñûü�øAó¼��õ�|d.þãïÄ­:'5I¦�

Ø(½5,�þ�Ñ
øAó¤
I¦Ø(½5ºx�ÝéøAóûü�K�,¿�vk�ÄÑÖÏ�.©

z[4]©Û
Ø(½I¦eºx5;."Èû�d�¿�¯K.�©�Ä
"Èû?�ºx�Ý.��¡´

Ï�"Èû��¡é½|I¦,Ùºx�Ýéûü�)­�K�.��ºx5;.�"Èû¬±�^��

�8I,
Ø´±Ï"|d���8I[5] .�Äºx5;�~^�^¼êæ^²þ�–IO��^�.[6] .,

��¡,l�¤ö1��Ý,ÑÖ�´K���	ïûü�­�Ï�,¿3pà�¤ö�¥Ny���²

w[5].ÑÖ�Jp¬�)¤�, Tsay�[7]�Ñ
ÑÖ¤��¼ê/ª.þã©zþ��Äûü�õ±Ï5Ú

�?¥��Ä���.

øAó$E¢��õI�õ±Ïûü,Ïd�A�ïÄ�©7�.Ø(½I¦e,©z[8]�Ñ
"Èû

Ì��ü?øAóü±Ï½dÚ¾	üÑ;©z[9]ïÄ
¹k��)�ûÚ��"Èû�øAóü±Ï¾

	üÑ.�kÜ©Æö$^Ä�5y!°�`zÚéuª�{��{éõ±ÏøAóûü?1
ïÄ.X,©

z[10]$^Wagner-WhitinÄ�5y48�{ïá
õ±Ï¥�Ú½dûü�.,^u´@¬ÚF^¬�

|d��zûü.©z[11]Ò�ÅI¦e)�û�½d!)�Ú¥��õ±ÏéÜ�`ûüüÑ?1
ï

Ä,¿��Ä
)�Uå�å.©z[12]K$^éuª�{¦)
)�û�õ±Ï½dÚ)�ûü�.,Ù

¥I¦´��ÏÚþÏ�½dûü�'�.þã©zþI?�Ú�Äþei¥��Ó�Ä���¯K.

�kÜ©©zéõ±Ïõ?øAóûüÚõ±ÏøAó�äûü?1
ïÄ. Aharon�[13]3©

z[14]�Ä:þ,q$^°�`z�*Ð�{——�Û°�C��{(globalized robust counterpart)éõ?G

1øAó�õ±Ï¥�ûü?1
©Û,±¤���z�8I,3�.¥�Ä
JcÏéG�=£�K

�,�TïÄòd�À�	)Cþ,vk�Ä�?¤
�½dûü�Ï�. Hamdouch[15]ïÄ
Uå�åÚæ

	üÑ�õ±ÏøAó�ä�.. Liu�[16]éõ±ÏøAó�ä¿�¯K?1
�\�ïÄ,ïá
õ±Ï

øAó�?�äþï�.,�Ä
õ?¥����¯K.�þãk'éøAó�äþïûü�ïÄ�õò)

�û�1ud�Ú"Èû�"Èd���S)Cþ,
vk��ûüCþ?1¦)©Û.

dþã©Û�±wÑ,yk©zÿ"yéøAóè��½d!¾	�ûü9�?¥��Ä���,¿Ó

��ÄøAóè� Ð��[ïÄ.X,©z[5]�,�ïÄ
�ÅI¦edºx¥5�¬øA�Úºx5

;"Èû|¤�øAóûü¯K,���©'5�Ì�¯K´ØÓ�.©z[5]Òü^øAó¥þiè��

½dûüÚeiè�ûü¯K?1
ïÄ,��Ä�?¥��Ó�Ä���,��'5þiè��æ	þû

ü¯K.�©K­:©Û�^øAó¥þiè��æ	ûüÚeiè�ûü9Ùé�?¥��Ä���.©

z[16]�Ä
õ?¥����,�vk�Ä½d!¾	ÚÑÖY²�éÜÄ�ûü.�©­:�	)�û�

�`æ	üÑ,"Èû��`¾	!½dÚÑÖüÑ,¿&¢�?¥��Ä���ÚøAó¤
�`ûüm

�'X�¯K.

2 øøøAAAóóóÄÄÄ���ûûûüüü���...

2.1 ¯̄̄KKK£££ããã

�©ïÄã 1¤«�G1ó,Ù¥kõ�øAû!ü)�û!ü"ÈûÚõ��¤ö;¢��ÞL«Ô

6,J��ÞL«&E6.)�ûÚ"Èûþk¥��).�
8¥°å©Ûõ±Ï¾	Ú½d�ûü,¿Ó



1 3Ï _dD�:ü?¥���e�øAóÄ�½dÚ¾	üÑ 405

���ü?¥�ù�J:¯K,�©Ì�ïÄ��)�û���"Èû��/.�Ò´`,3¤k�øAó

¤
¥,­:�Ä)�ûÚ"Èû�ûü¯K.ûü^S´,�m©,)�û�â±c�I¦Úg�¥�?1

æ	ûü.øAó�õ±Ï$Eûüm©�,z�±Ïp,)�û¬�â"Èû�cÏ¾	þÚg���c

¥�Y²?1æ	ûü;"Èû3éÜ¾	Ú"ÈdûüÄ:þ2?1ÑÖY²��`ûü.

ã 1 G1øAóXÚ«¿ã

Fig. 1 Diagram of a serial supply chain
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2))�û

b�)�ûü æ	¤�éAü �¤¬¤�5O�,¿�3����±ÏÏ",)�û?�{��á

��Uì�A�ê��¤¬5ò�í�.3)�û?Ø�3�¤¬¥�,��U�3�á�¥�.ü ¥�

¤�éA���¬5O�.XJ"Èû�¾	þpu)�ûo¥�,K�)"À��.)�û�I�Äæ	

¤�!)�¤�!�"Èû��´¤�(X$Ñ¤�)Ú�á�¥�¤�.

3z�$E±ÏÐ,)�û�â®k�á�¥�Úée�?"Èû�I¦ýÿ5�½æ	�á�O

y.Ù)�Uå�3þ�.Ï�.¾Ø´Uì"Èû�¢S¾	þ5?1ûü,¤±)�û?Ï"¥�¬Ú

±¢S¾	�ÄOæ	��¥�k �.ù� �äkØ(½5.�©^�ÅCþ εT (T = 1, 2, ...,K)L«

ù�Ø(½� �.

3)"Èû

"Èû��¡éØ(½5���½|I¦,Ïdb�Ù´ºx5;.�,�"Èû�ºx¯aÝ�U�

�±Ï�$E�¹
u)Cz. z�±ÏÐ,"Èû�â1ud�!þÏÏ"¥�Úé�¤I¦�ýÿ, Ä
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DT = dT (pT , sT ) + εT = α− β1pT + β2sT + εT ,

Ù¥α��¤ö�½|I¦Äê,3�±ÏS�ð½�~ê; β1, β2©O´"Èû�"Èd�ÚÑÖ

Y²é½|I¦ýÿ�¯aÝ.�ÅCþ εT (T = 1, 2, ...,K)ÕáÓ©Ù,�©Ù¼êÚ©Ù�Ý©O

�F (·)Úf(·).
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cS, cM, hMO�)�û?ü �¬�æ	¤�!)�¤�Ú�á�¥�¤�;

bMT �)�û3±Ï T ,�ü �¬"À��(T = 1, 2, . . . ,K);b� bMT > cS,l
r¦)�ûÈ4�

À,¦þü$"À��U5;

uM��"Èû�ü �¬�´¤�(X$Ñ¤��);

wT �)�û�½�ü �¬1ud�,ùpò1ud�À�	)Cþ;

rM�)�û3����±Ï"�ü �¬¤Iá�í�,� rM < cS;

u�)�û�)�Uåþ�,ÏdkQM
T−1 + yT−LS

6 u ;

)�û�ûüCþ��á��æ	þ yT ,´�)�û3±ÏT��øAûæ	�(¤@)�á�êþ.)

�ûA3¢SI¦u)�cJc¾	�á�.=,XJ)�û3±Ï T �¾	�á�,3T + LS�âU��

)�û?^u|�)�.)�ûl��"Èû�¾ü�r�¤¬�x�"ÈûI��m LM.

QM
T �)�û?±Ï T Ï"¥�þ,=)�û3±Ï T "?\±Ï T + 1Ð�¥�þ.b�T = 0��

¥�þþ� 0;z�±ÏUìÏÐ¥�O�¥�¤�.

)�û�|d¼ê�

ΠM =

K
∑

T=1

wTxT −

(

K
∑

T=1

cSyT−LS
+

K
∑

T=1

bMT (xT −QM
T−1 − yT−LS

)+

)

−

K
∑

T=1

cMxT −

K
∑

T=1

uMxT−1 −

K
∑

T=1

hM(QM
T−1 + yT−LS

− xT )+ + rM(QM
T−1 + yT−LS

− xT−1)
+, (1)

Ù¥xT−1´"Èû3±ÏT − 1�¾	þ.þªmà1���)�û�ÈoÂ\,1���´¤k�¾	

¤�Ú"À��,1n!o�©O´o�)�¤�Ú�"Èû��´¤�,��ü�©O´o�¥�±k¤

�Ú����±Ï�{�¬í�.

¥�G�=£�§�

QM
T = QM

T−1 + yT−LS
− xT−1 + εT , (2)

Ù¥ εT (T = 1, 2, ...,K)´du"Èû¢S¾	þ�)�ûýÿ� �
��)�ûÏ"¥�� �.b

�Ù� εÑlÓ��©Ù.)�û�)û�¯K�Lã�Xe`z�.,=
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




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Max
yT−LS

E

[ K
∑

T=2

((wT − cM − uM)xT−1 − cSyT−LS
− max(−bMT Q

M
T , 0)−

max(hMQM
T , 0)) + max(rMQM

T , 0)

]

s.t.

QM
T−1 + yT−LS

+ εT = xT−1 +QM
T

QM
T−1 + yT−LS

6 u, yT−LS
> 0,

(3)

Ù¥QM
0 = 0.

2)ºx5;."Èûûü�.

"Èû�8I´3¥�Nþ���e¢yo�^ UR(ΠR)��z.^ΠRL«"Èû�o|d.©¥^

��Ù§PÒ`²Xe:

cR, hR©O�"Èû�ü �¬$E¤�Ú¥�¤�;

bRT �"Èû3±Ï T �ü �¬"À��;

rR�"Èû3����±ÏÏ"�ü �¬í�;
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λT �"Èû3±Ï T �ºx¯aÝXê, λT > 0;

v�"Èû�¥�Nþþ�,ÏdkQR
T−1 + xT−LM

6 v;

"Èû�ûüCþØ
¾	þ xT ,�k"Èd� pT ÚÑÖY² sT .QR
T ´"Èû3±Ï T Ï"¥�

þ.=,"Èû3±ÏT "?\±ÏT + 1Ð�¥�þ.b�1��±Ï�ÏÐ¥�þ� 0,¿�T¥�þÉ

�ó¥Nþ���,z�±ÏUìÏ"¥�þO�¥�¤�.�Ä�)�û�JcÏ,"ÈûA3¢SI¦

u)�cJc¾	û¬.=,XJ"Èû3±Ï T �¾	�¬,�¬3T + LM�âU��"Èû�ó¥.

"Èû�Ï"|d¼ê�

E[ΠR] = E

[ K
∑

T=1

pT min(DT , (Q
R
T−1 + xT−LM

)) −

K
∑

T=1

1

2
ηT s

2
T −

K
∑

T=1

cR min(DT , (Q
R
T−1 + xT−LM

)) −

K
∑

T=1

wTxT −

K
∑

T=1

hR(QR
T−1 + xT−LM

−DT )+ −

K
∑

T=1

bRT (DT −QR
T−1 − xT−LM

)+ + rR(QR
T−1 + xT−LM

−DT )+
]

, (4)

Ù¥þªmà�)Ò¥1���"Èû�ÈoÂ\,1���ÑÖY²Jp�)�o¤�[6] ,Xê ηT >

0´"Èû3±Ï T ��ÑÖÝ]�JXê,Xê��,Ý]�J(1/ηT )�Ð;1n!o�©O´o�$E¤

�Ú�)�û�=£|G;1Ê!8©O´o�¥�±k¤�Ú"À¤�;���������±Ï¥�{

�¬í�.

¥�G�=£�§�

QR
T = QR

T−1 + xT−LM
−DT , (5)

"ÈûÏ"|d¼ê��n�

E[ΠR] =

K
∑

T=1

E

[

(pT − cR)min(DT , (Q
R
T−1 + xT−LM

)) −
1

2
ηTs

2
T − max(−bRTQ

R
T , 0) − max(hRQR

T , 0)

]

+

max(rRQR
T , 0) −

K
∑

T=1

wTxT−LM
. (6)

éuºx Ð�"Èû5`,Ù�^¼ê�L«�UR(ΠR) = E(ΠR)− λT Var[ΠR],Ïd"Èû�)û

�¯K´





















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





















Max
xT−LM

,pT ,sT

UR(ΠR)

s.t.

QR
T−1 + xT−LM

= DT +QR
T

QR
T−1 + xT−LM

6 v

xT > 0, pT > 0, sT > 0,

(7)

Ù¥QR
0 = 0.

3 øøøAAAóóóÄÄÄ���üüüÑÑÑ©©©ÛÛÛ

3.1 )))���ûûûæææ			üüüÑÑÑ

½½½nnn 1 �½z±Ï�1ud�w = (w1, w2, . . . , wT )�,)�û�±é��`æ	üÑ y∗ =

(y∗2−LS
, y∗3−LS

, . . . , y∗T−LS
).z�±Ï T ��`æ	ûü y∗T−LS

, T = 1, 2, . . . ,KdF (QM
T−1 + yT−LS

−
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xT−1) = (−cS + bMT )/(hM + bMT )(½.=,)�û��`æ	ûüØ
�g��cÏ¥�!æ	¤�!

¥�¤�Ú"À¤�k',�¬Éei"Èû¾	ûü��¤½|I¦©Ù�­�K�.

y² Äk,dmax(a, b) = a+ (b− a)+,ª(3)��n�

Max
yT−LS

E

[

K
∑

T=2

(

(wT − cM − uM)xT−1 − cSyT−LS
+ bMT Q

M
T − (hM + bMT )E[QM

T ]+
)

+ rME[QM
T ]+

]

. (8)

ò)�û��å`z¯K=z�IO.






















































Min f1(y) = −Max

( K
∑

T=2

(

(wT − cM − uM)xT−1 − cSyT−LS
+ bMT Q

M
T −

(hM + bMT )E[QM
T ]+

)

+ rME[QM
T ]+

)

s.t.

g1T (y) = QM
T−1 + yT−LS

− u 6 0, T = 1, 2, ...,K

ξ1T (y) = QM
T−1 + yT−LS

− xT−1 −QM
T = 0, T = 1, 2, ...,K,

(9)

Ïd,þã�å`z¯K�.�KF¼ê�±L«�

L1(y,λ,µ) = f1(y) +

K
∑

T=2

λ1T g1T (y) +

K
∑

T=2

µ1T ξ1T (y);

Ùg,�â¯K(9)�Karush-Kuhn-Tucker�`5���7�^�,��)�û��`üÑA÷v






























∇yL1(y
∗,λ∗,µ∗) = 0,λ∗ > 0

λ∗

1T g1T (y∗) = 0

µ1T ξ1T (y∗) = 0

y∗
∈ S1, T = 1, 2, ...,K,

(10)

Ù¥S1´T5y��1�.

�±wÑ, g1T (y) = QM
T−1 + yT − u, T = 1, 2, ...,K´ëY���à¼ê, ξ1T (y) = QM

T−1 + yT−LS
−

xT−1 −QM
T , T = 1, 2, ...,K´�5¼ê.

)�û31 T ±Ï�|d¼ê�©l�üÜ©,=

PM
T (yT−LS

, wT , xT−1, Q
M
T ) = (wT − cM − uM)xT−1 −

[

cSyT−LS
− bMT Q

M
T + (hM + bMT )E[QM

T ]+]

=PM1
T (wT , xT−1) − PM2

T (yT−LS
, QM

T ),

Ù¥PM1
T (wT , xT−1) = (wT − cM − uM)xT−1, PM2

T (yT−LS
, QM

T ) = cSyT−LS
− bMT Q

M
T + (hM + bMT )E[QM

T ]+.

K)�ûo|d¼ê���/ª�L«�

ΠM =
K
∑

T=2

PM
T (yT−LS

, wT , xT−1, Q
M
T ) + rME[QM

T ]+. (11)

∂PM
T (yT−LS

, wT , xT−1, Q
M
T )

∂yT−LS

=−
∂PM2

T (yT−LS
, QM

T )

∂yT−LS

=−cS + bMT − (hM + bMT )F (QM
T−1 + yT−LS

− xT−1) = 0,

∂2PM
T (yT−LS

, wT , xT−1, Q
M
T )

∂y2
T−LS

=−(hM + bMT )f(QM
T−1 + yT−LS

− xT−1) < 0.
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du
∂2PM

T (yT−LS
, wT , xT−1, Q

M
T )

∂y2
T−LS

< 0,�±y²PM
T (yT−LS

, wT , xT−1, Q
M
T )´]¼ê,@o)�û�

8I¼ê�´]¼ê.�� f1(y)�à¼ê,l
�±y²)�û��å`z¯K�3�Û�`) y∗.d�
�^���)�û31T�±Ï��`æ	þA÷v

F (QM
T−1 + yT−LS

− xT−1) =
−cS + bMT
hM + bMT

. (12)

y..

½n 1`²)�û�`ûü�eiøAóè�m�'XÚûü�{é¥�Y²�K�. 1)"Èû
þ�Ï�¾	þ&E��K�)�û�Ï��`æ	ûü.Ï�lª(12)�±wÑ,��"Èû�½�
�x∗

T−1,)�ûo´�±¼���Äuc�Ï¥���`æ	þ y∗T−LS
= y(x∗

T−1).Ïd,)�û�¼��
N|d��,�Ð3z�±Ï�ûü¥Ñë�"Èûþ�Ï�¾	þ?1ûü. 2))�û?�¥�´Ä�
Cz�,Éz�±Ï¥)�û�`æ	ûüÚ"Èû¾	ûü��ÓK�.
�,du)�ûÅÏ�â"È
û�CÏ¾	þ&E?1æ	ûü,ù��±�yÏ"¥�Y²Ø¬�p,�;��þ"Ü��ÈØ.ù�
:ò3ê�©Û¥�Ñ��*�`².

3.2 ºººxxx555;;;..."""ÈÈÈûûûüüüÑÑÑ©©©ÛÛÛ

­#�nª(6)��

E[ΠR] =

K
∑

T=1

[

(pT − cR)E(DT ) + (pT + bRT − cR)E[QR
T ] − (pT + hR + bRT − cR)E[QR

T ]+ −

1

2
ηTs

2
T − wTxT−LM

]

+ rRE[QR
T ]+. (13)

-φ1(pT , sT )=E[DT ] = dT (pT , sT ), φ2(pT , sT , xT−LM
)= E[QR

T ]+, ϕ1 =Var[DT ], ϕ2(pT , sT , xT−LM
)=

Var[QR
T ]+,Ù¥

E[QR
T ]+ = E[QR

T−1 + xT−LM
−DT ]+

=
w QR

T−1
+xT−LM

−dT (pT ,sT )

−∞

(QR
T−1 + xT−LM

− dT (pT , sT ) − θT )dF (θT ),

Var[QR
T ]+ = Var[QR

T−1 + xT−LM
−DT ]+

= E[
(

(QR
T−1 + xT−LM

−DT )+
)2

] −
(

E[QR
T−1 + xT−LM

−DT ]+
)2
,

=
w QR

T−1
+xT−LM

−dT (pT ,sT )

−∞

(QR
T−1 + xT−LM

− dT (pT , sT ) − θT )2dF (θT ) −

(φ2(pT , sT , xT−LM
))2, T = 1, 2, . . . ,K − 1,

qE[QR
T ] = QR

T−1+xT−LM
−E[DT ],KVar[QR

T ] = Var[QR
T−1+xT−LM

−DT ] = (−1)2Var[DT ] = Var[DT ] =

ϕ1.Ïdk

E[ΠR] =

K
∑

T=1

(

(pT + bRT − cR)(QR
T−1 + xT−LM

) − bRTφ1(pT , sT ) −

(pT + hR + bRT − cR)φ2(pT , sT ) −
1

2
ηTs

2
T − wTxT

)

+ rRφ2(pT , sT ), (14)

Var[ΠR] =

K
∑

T=1

(

((pT − cR)2 + (pT + bRT − cR)2)ϕ1 + (pT + hR + bRT − cR)2ϕ2(pT , sT , xT−LM
)

)

+

(rR)2ϕ2(pT , sT , xT−LM
), (15)
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K��

UR(ΠR) = E[ΠR] − λT Var[ΠR] =

K
∑

T=1

(

(pT + bRT − cR)(QR
T−1 + xT−LM

) − bRTφ1(pT , sT )−

(pT + hR + bRT − cR)φ2(pT , sT , xT−LM
) − wTxT−LM

−
1

2
ηT s

2
T −

λT

(

((pT − cR)2 + (pT + bRT − cR)2)ϕ1 + (pT + hR + bRT − cR)2ϕ2(pT , sT , xT−LM
)
))

+

rRφ2(pT , sT ) − λT (rR)2ϕ2(pT , sT , xT−LM
). (16)

½½½nnn 2 ºx5;.�"Èû3�±ÏS¼�)�û�1ud�&E,¿(½¾	JcÏLM�,"È
û�¼��`ÑÖY²�`üÑ s∗,s∗T d�`"Èd p∗T K�;3þ!©Ùe,�÷v

(NT − 2wT − hR
−AT /(2B)(NT + hR))(2 + F (AT ) + 2(β1 − β2

2/ηT )) > 0

�,"Èû�¼�éÜ�`�¾	þüÑ x∗Ú"Èd½düÑ p∗,�`¾	Ú½dûü (x∗

T−LM
, p∗T )�Ï

L¦)�§|(20)Ú(21)(½.

y² d¯K�±=z�y²"Èû�o�^¼ê�]¼ê."Èû3±Ï T ��^¼ê�L«�

PR
T (xT−LM

, pT , sT , wT , Q
R
T ) = (pT + bRT − cR)(QR

T−1 + xT−LM
) − bRTφ1(pT , sT ) −

(pT + hR + bRT − cR)φ2(pT , sT , xT−LM
) − λT

((

(pT − cR)2 + (pT + bRT − cR)2
)

ϕ1+

(pT + hR + bRT − cR)2ϕ2(pT , sT , xT−LM
)
)

− wTxT−LM
−

1

2
ηTs

2
T , T = 1, 2, ...,K − 1, (17)

K"Èûo�^¼ê���/ª�L«�

UR =

K
∑

T=1

PR
T (xT−LM

, pT , sT , wT , Q
R
T ) + rRφ2(pT , sT , xT−LM

) − λT (rR)2ϕ2(pT , sT , xT−LM
). (18)

∂PR
T

∂sT

= −β2b
R
T − ηTsT + β2(NT − wT ) = 0, (19)

∂PR
T

∂xT−LM

= NT − wT − (NT + hR)F (AT ) − 2λT (NT + hR)2φ2(1 − F (AT ) = 0, (20)

∂PR
T

∂pT

= β1b
R
T +QR

T−1 + xT−LM
− β1(NT − wT ) − φ2 − λT

(

ϕ1(4NT − 2bRT ) + 2ϕ2(NT + hR)2
)

= 0.

(21)

Ù¥NT = pT + bRT − cR, PR
T = PR

T (xT , pT , sT , wT , Q
R
T ), φ2 = φ2(pT , sT , xT−LM

),ϕ2 = ϕ2(pT , sT , xT−LM
),

AT = QR
T−1 + xT−LM

− dT (pT , sT ), dª(19)��, s∗T dûüCþ p∗T û½.�Ò´`,XJ"ÈûU¼�
"Èd�Ú¾	þ�éÜ�`ûü,��Ò�(½�`ÑÖY²ûü.=,ÑÖY²´üÕûü�.O�

�
∂2PR

T

∂s2
T

= −ηT < 0,Ïd"Èû�3 sT þ¼��`ÑÖY²ûü,��`ÑÖY²ûüd�`"Èd�

û½.

XJ"Èû3±Ï T ��^¼ê�°mÝ
HxT ,pT
??�K½,¦)dª(20)Úª(21)|¤��§|

����`�üÑ (x∗

t−LM
, p∗T ).O���,

∂2PR
T

∂x2
T−LM

=−(NT + hR)f(AT ) − 2λT (NT + hR)2 (−φ2f(AT ) + F (AT )(1 − F (AT ))

=−
f(AT )

1 − F (AT )

(

w + hR
)

− 2λT (NT + hR)2F (AT ) (1 − F (AT )) 6 0.

XJ�ÅCþ εT Ñl [−B,B]�m�þ!©Ù,Kk

∂2PR
T

∂p2
T

= −β1(1 + F (AT )) − 4F (AT )ψ1 − 4β1λTφ2(NT + hR)2(1 − F (AT )) − 4λT (NT + hR)ψ2 6 0.
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� (NT − 2wT − hR
−AT/(2B)(NT + hR))(2 + F (AT ) + 2(β1 − β2

2/ηT )) > 0�,��
∣

∣

∣

∣

∣

∣

∣

∣

∣

∂2PR
T

∂x2
T−LM

∂2PR
T

∂xT−LM
∂pT

∂2PR
T

∂pT∂xT−LM

∂2PR
T

∂p2
T

∣

∣

∣

∣

∣

∣

∣

∣

∣

> 0,

Ïd,"Èû�¼�éÜ�`üÑ. y..

½n29Ùy²L§�Ñ
�`ÑÖY²Ú�`�¬½dm�­�'X!�`éÜ½dÚ¾	üÑ
�3�^�Ú"Èû�ûü^S. 1)"Èû�é��`ÑÖY²üÑ¦��N�^��.Ó�,ª(19)�d
� s∗T = β2(p

∗

T − wT − cR)/ηT .�±wÑ, s∗T Ú p∗T �'X� ηT ������'."Èû¬�âÝ]�J�
Ñz�±Ï ηT ��.Ïd,�ö�'Xdu ηT �ØÓ
ØÓ."ÈûÏLù�'X5N�I¦þ,l
m�
�?1¥�Y²���.ù�:ò3ê�©Û¥?�Ú�Ñ�*�©Û. 2)éÜ½dÚ¾	�`üÑ��
3Ú¦)�éE,,Ø=É��ÅI¦©Ù�­�K�,��"Èûg�Ý]�J�ëêÚþiè�1�k
'.I�"ÈûÒd?1�NâU¼�. 3)"Èû�â)�û�½�1ud�Úg�cÏ¥�,ÄkÏé�
`�éÜ¾	Ú½dûü,��3d��Ä:þ?1�`ÑÖY²�(½.)�ûK3"ÈûcÏ¾	þÚ
g�cÏÏ"¥��Ä:þ(½�`�æ	þ.

4 ���~~~©©©ÛÛÛ

4.1 ëëëêêê������

�)�û3c 5�±Ï�1ud��w = (50, 46, 42, 38, 34),Ð©¥�QM
0 = QR

0 = 0,)�ûÙ§ë
ê��XL 1¤«;"Èûëê��XL 2¤«.

L 1 )�ûëêL

Table 1 The parameters used for the manufacturer

ëê cS bM
T

cM uM hM rM u

�� 20 25 10 2 15 10 1 000

L 2 "ÈûëêL

Table 2 The parameters used for the retailer

ëê cR bR
T

η1 hR λT rR v

�� 5 8 1 30 0.01 20 1 000

b�"Èû�â²EG¹kXe��: ηT = 3(T = 2, 4, 5), η3 = 5.½|I¦¼ê¥� α = 600, β1 =

5, β2 = 1.XJ�ÅCþ εT Ú εþÑl [−B,B]�m�þ!©Ù,Kk

ϕ2(pT , sT , xT−LM
) =























0, QR
T−1 + xT−LM

− dT (pT , sT ) < B

1

2(B2 −B1)
(QR

T−1 + xT−LM
− dT (pT , sT ) +B)2, −B 6 QR

T−1 + xT−LM
− dT (pT , sT ) 6 B

QR
T−1 + xT−LM

− dT (pT , sT ), QR
T−1 + xT−LM

− dT (pT , sT ) > −B.

e¡é−B 6 QR
T−1 + xT−LM

− dT (pT , sT ) 6 Bù«�����/?1?Ø,Kk

ϕ2(pT , sT , xT−LM
) =

w QR

T−1
+xT−LM

−dT (pT ,sT )

B1

(QR
T−1 + xT−LM

− dT (pT , sT ) − θT )2

4B
dθT −

(φ2(pT , sT ))2

=
(QR

T−1 + xT−LM
− dT (pT , sT , xT−LM

) +B)3

6B
− (φ2(pT , sT , xT−LM

))2,

T = 1, 2, . . . ,K. (22)

XJB = 20,K�¦�φ1(pT , sT ) = 0, φ2(pT , sT , xT−LM
) = (QR

T−1 + xT−LM
− dT (pT , sT ) + 20)2/80,
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ϕ1 = 1600/12Úϕ2(pT , sT , xT−LM
) = (QR

T−1 + xT−LM
− dT (pT , sT ) + 20)3/120 − (φ2(pT , sT , xT−LM

))2.

4.2 øøøAAAóóóèèè���ûûûüüü999¥¥¥���������©©©ÛÛÛ

O���
)�ûÚ"Èû3 5�±Ï¥��aûü!ÏÐÚÏ"¥���¹,XL 3¤«.�±w
Ñ,øAó¤
Ñk"À��U.�¥�þ�K��¢S¥�þ� 0.

1))�ûÚ"Èû�¥�CÄ�¹

ã2�Ñ
3 5�±Ï¥ü?¥��Ä�Cz­�(�z�±Ï����ü��).w,,ü?¥�Y²
�CÄª³Ä���.øAóü?¤
3���g8I�Ó�k�/Aé
Ø(½�½|I¦,¿vkÑy
I¦L©��½ÏLþ¾À����þ¥�ÈØ��¹,�½|I¦­½3�½�ê���S.
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Fig. 2 Change schematic of two-echelon inventory in the supply chain

þãy�)ºXe:��¡,)�û�â"Èûc�Ï¾üþÚgC�c¥�?1æ	ûü.¼�"È
û¾	&E9½|I¦&E�Ï)�û�Ñ
�n5��á�æ	ûü,Ïd�Ï�Ï"¥�Ä��­½
3�$�Y²þ,k�/��
¥�¤�.,��¡,ºx5;.�"Èû3¼�)�û�1ud��,�±
é�¬?1Ün½d,3��ÑÖ¤��cJe(½�`�ÑÖY²,l
éØ(½�½|I¦�Ñ�\O
(�ýÿ,k�/5;ºx.X,3±Ï 2m©,"ÈûécÏd���
�N(55.8 − 55.6 = 0.2�),^±�
yI¦Øu)��Cz;Ó�Jp�¬�¾	þ,l303�Jp� 370�,±�Öþ±Ï�"ÀÚ�±Ï�
½|Ø(½5.

L 3 )�ûÚ"Èû3K = 5��ûü(J

Table 3 Decision value for supply chain members whenK = 5

T = 1 T = 2 T = 3 T = 4 T = 5

T = 0
ÏÐ Ï" ÏÐ Ï" ÏÐ Ï" ÏÐ Ï" ÏÐ Ï"

yT (�) — 320 — 271 — 437 — 332 — 309 —

)�û¥�(�) 0 320 17 288 −82 355 4 336 6 315 −4

xT (�) — 303 — 370 — 351 — 330 — 319 —

dT (�) — 322 — 324 — 345 — 350 — 357 —

"Èû¥�(�) 0 303 −19 351 28 379 34 364 14 333 −24

pT (�) — 55.8 — 55.6 — 51.2 — 50.6 — 49.3 —

sR

T
— 0.68 — 1.52 — 0.84 — 2.92 — 3.42 —

)�û=31 2Ï"�)
�éî­�"À,ù��¡´du"Èû¾	þk�pÌÝ�O\.3
ù5�±Ï¥,ùg�ÌÝ´���.,��¡,)�ûþ�Ïæ	þ 320�pu5g"Èû�I¦
�)
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Ü©"Ü�¥��{,l
ü$
æ	þ.o�5`,)�ûl½|I¦��,ýÿ�é(J�
.ØLùg
"À313±Ï¥��
éÐ�N�.

2)ü?øAó¤
ûüCþ�m�'X

dL3êâ�±wÑ,�,"ÈûÑÖY²É�¬"ÈdK�,��ÑÖ¤��p
ÑÖÝ]�JØZ
�,�éÑÖY²?1N�.X,1�±Ï¥,ÑÖY² 1.52,�1�±Ïké�Jp.ÑÖ¤�O\,�¥�È
Ø��u1�Ï"Àêþ,ù´Ý]ØZ��«Ly.313±Ï¥"Èû�æ�; ¾	ûü,O\ η�

�?1·�N�.Ïd,ùp�ÑÖY²Ì�´"Èû^5N�I¦Ú¤��,ØéøAûûüÚ|d�)
äNK�.3�Ó�Ý]�JXêe,X±Ï 2!4!5¥,"Èû|d�ÑÖY²�O\
O\.

d½n 1�,)�û�æ	ûüÉ"Èûþ�Ï¾	þK�.¢Sþ,du"Èû��üÏ¾	þûü
��pK�,l
¦�Ó�±Ï¥)�ûæ	þ�"Èû¾	þÄ�¥y��''X.

"Èû½dûü�I¦¥y�«K�''X,ù�¢S$E�¹´�Î�.
"Èd�ÑÖY²�'
XduÝ]�JXê�Cz
¥yÑØ5K�Cz�/.�3�Ó�Ý]�JXêe,�ö´K�'�'
X.ù´Ï�"ÈûI�ÏL�¬d�ÚÑÖY²5�y�½�½|I¦þ."ÈûI�3ÑÖ�þÚÑÖ
¤��m�Ð�ï.

5 (((ååå���

�©édü)�ûÚü"Èû|¤�øAó�Ä�¾	Ú½düÑ�¯K,ïá
ü?¤
�`zû
ü�.,¿?1
¦)©Û,­:�Ñ
è�Ä�ûüéü?¤
¥�Ä���ÚØÓûüm�'X.3�
ÅI¦b�e�Ä
õ±Ïü?øAóéÜûü¯K,ïá
��5!k�å�õ8I`z�.,éü?ø
Aóõ±ÏÄ�ûü?1
ê��[.y²
ü?øAó¤
�g�õ±ÏÄ�ûü�.�`)��3
5,¿�Ñ
¦)�`)��{.)�û�`æ	þÉg�þÏÏ"¥�!"ÈûcÏ¾	þÚI¦©Ù�
��K�;"ÈûÄk(½éÜ�`�½dÚ¾	üÑ,�`ÑÖY²ûüÌ�É�`½d�K�.ê�©
ÛL²,ü?¤
Ó�¢y8I�L§¥¢y
ü?¥��Ó���;¿�ü?¥�Y²�CÄª³Ä��
�;"ÈûÑÖY²É�¬"ÈdK�,��ÏLÝ]�JXê?1N�¤�ÚI¦,l
¦e�ÏÑÖY
²�)K�;d	,é"À��Ï,�`ûüm��'5±9ÑÖY²�|d�'X��Ñ
©Û�`²©
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