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Fresh produce retailer’s optimal options contracts procurement
decisions research with circulation wastage

WANG Jing, CHEN Xu

(School of Management and Economics, University of Electronic Science & Technology of China, Chengdu 610054, China)

Abstract This paper considers the fresh produce with two stage model, taking the huge circulation wastage

into account, and discusses the optimal procurement decisions for a stochastic demand environment from

retailer in one period. With the objective of maximizing the profit models both procuring from one

supplier’s and procuring from two suppliers’ options contracts, paper get each optimal ordering quantity

and the maximum profit is exist and only. The conclusions after models comparing are following, the

optimal total ordering quantity of the retailer who procuring from two suppliers’ options contracts is not

less than the optimal ordering quantity of procuring from one supplier’s, and the maximum profit of the

retailer who procuring from two suppliers’ options contracts is more than the profit of procuring from one

supplier’s. And the conclusions after numerical study are following, the maximum profit which procuring

from two suppliers is negative correlative to the circulation wastage rate, the price difference of options

cost and the price difference of options trading price.
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5��, �)456 [5], /6��1�� [6−8], *�)42+Æ,-07� [9], �387"4 [10] �81"

9 [11] &�; #� &�-9:2��, �-93;.</4 [12], GNBS �550�-9:2 [13], �116
:2 [14−15], ��263=78
�-�! [16] :.72, ���
����9��"#�>�7
&��4
?5
8, �&��9�> [17], :���;���6�
;: [18]; "#�<7#;<8
&� [19] :; *�
="&�>?=
9�"#�>>:���4?#5 [20]. @�, 
;<=A�>��
9�"#����
>�7��������, @<����
1��!>/6#(@�, A�����>�7��7#. A;
�������
;!��, >
��
9���, �'?B1
@B;���
��
<8�!��&�.

<<
CDBE�
: # 2 =��F��G;�>�; # 3 =A�F
��"CBDE���<8
<
8�!; # 4 =A�F
��72BHE���<8
<8�!; # 5 =;<8�!
;:��F"4; #
6 =��F�0"4; ����'F&�CCD# 7 =��FE�.

2 &'()*+,

&�DE�����

���HE
?����

H?���#(. ��, ��� i(I i = 1, 2) �
F����
�>, �G��>G�-9
�H��8H��I��1��
>J. �K@�����
�
�, )4/6����� β, L β ∈ (0, 1), DEIJ
��J���D><8��
KF2KL��L�

��
KE���, MM�6LG�ADML�BM�"H:$@!>�N�;:EN

��. ���


NC�O:

p: ��DIJ�-9; g: ��DIO8
@; h: ��DIO�
@;
wi, ai: "C���� i 
�>DI
@�DIG�-9; �� i = 1, 2, L a2 > a1, w2 < w1;
Q1i: 
��BDE���<D�>2, DI<8�� T C
�><8�, �� i = 1, 2;
Q2i: 
��72BHE���<D�>2, DI<8�� T C
�><8�, �� i = 1, 2;
Q: 
��72BHE���<D�>2
E�><8�, E Q = Q21 + Q22;
x: ��
�,�%
�; µ: 
� x 
�C0;
f(x): ��
�,�%
�
P�P�F�, >���K
��Q
;
F (x): ��
�,�%
�
RG"QF�, >���K
��Q
;
�Æ
>�?H�
:
1) >L (p + g − a2)w1 > (p + g − a1)w2 L (a2 − a1)(1 − β) + w2 − w1 > 0, ��P
��72DS�

�� 1 ���� 2 �>�7ALI8
T�;
2) 
��DDI<8��KF, 'R����><8, ALA��>��
M4, <8
�T��
, <

8
KF56��
;
3) �6�����
��, ��$UN8, LOQ��S0JP, K!$L.

3 -./0123456789:;<=>23?@A

MNTI��
56#( [21] U������
56#(: dI(t)/dt = −x− βI(t), 0 ≤ t ≤ T . UL
�
�D<8�� T C
�,56Q��:∫ T

0

I(t)dt =
(

1
β2

eβT − 1
β2

− T

β

)
x (1)

!�, 
��
8V�:

π1(Q1i) =

⎧⎨
⎩

px − aix − h

∫ T

0

I(t)dt − wiQ1i, x ≤ Q1i(1 − β)

pQ1i(1 − β) − g [x − Q1i(1 − β)] − aiQ1i(1 − β) − wiQ1i, x > Q1i(1 − β)
(2)

�5 (1) � (2), UL
��
�C8V�:

E[π1(Q1i)] = (p + g − ai)
∫ Q1i(1−β)

0

(x − Q1i(1 − β))f(x)dx − hk

∫ Q1i(1−β)

0

xf(x)dx

+ [(p + g − ai)(1 − β) − wi] Q1i − gµ (3)

��,
k = (eβT − 1 − Tβ)

/
β2 (4)
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BC 1 �����
��BDE���<D�>��2
�><8���!�C8V6DALU'.

DE !�

dE[π1(Q1i)]
dQ1i

= −(p + g − ai)(1 − β)F (Q1i(1 − β)) + (p + g − ai)(1 − β) − wi (5)

d2E[π1(Q1i)]
dQ2

1i

= −(p + g − ai)(1 − β)2f(Q1i(1 − β)) < 0,

E� E[π1(Q1i)] � Q1i 
W (concave) F�, E��><8���!�C8V6DALU'.

�/� 1 �S, 
��BDE���<D�>��2, 
���������
XEY�X0, TQ�
R�E;�
�!�C8V, >�78�>
<8�!.

FG 1 �����
��BDE���<D�>��
�><8� Q∗
1i �:

Q∗
1i =

1
1 − β

F−1

(
1 − wi

(p + g − ai)(1 − β)

)
(6)

DE I
dE[π1(Q1i)]

dQ1i
= 0, U�><8��5 (6) 
J�5. PZ.

FG 2 BDE���<D�>2
�><8�� (wi, ai) 
SF��(p, g) 
�F�.

DE I y = 1 − wi

(p+g−ai)(1−β) , U Q∗
1i = 1

1−β F−1(y) L β ∈ (0, 1), Q∗
1i � y 
�F�. � y �Æ6

(wi, ai) 
SF��(p, g) 
�F�, E��><8� Q∗
1i � (wi, ai) 
SF��(p, g) 
�F�.

��� 2 �S, [����>DI
@�DIG�-9TH2, <8��\���U; [��
DIJ
�-9�DIO8
@T�2, <8�V�\���U, �IX�!
�C8V.

4 -H/0123456789:;<=>23?@A


��72BHE���<D�>, �8V�:

π2(Q21, Q22) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

px − a1x − h

∫ T

0

I(t)dt − w1Q21 − w2Q22, x ≤ Q21(1 − β)

px − a1Q21(1 − β) − a2 [x − Q21(1 − β)]

−h

∫ T

0

I(t)dt − w1Q21 − w2Q22, Q21(1 − β) < x ≤ (Q21 + Q22)(1 − β)

p(Q21 + Q22)(1 − β) − g [x − (Q21 + Q22)(1 − β)]
−a1Q21(1 − β) − a2Q22(1 − β) − w1Q21 − w2Q22, x > (Q21 + Q22)(1 − β)

(7)

!� π2(Q21, Q22) :-6 π2(Q21, Q), E��5 (7) UL:

E[π2(Q21, Q)] = (a2 − a1)
∫ Q21(1−β)

0

(x − Q21(1 − β))f(x)dx − hk

∫ (Q21+Q22)(1−β)

0

xf(x)dx

+(p + g − a2)
∫ Q(1−β)

0

(x − Q(1 − β))f(x)dx

+(p + g − a2)Q(1 − β) − w2Q + (w2 − w1)Q21 + (a2 − a1)Q21(1 − β) − gµ (8)

BC 2 �����
��BHE���<D�>��2
�><8���!�C8V6DALU'.

DE !�

∂E[π2(Q21, Q)]
∂Q21

= −(a2 − a1)(1 − β)F (Q21(1 − β)) − (p + g − a2)(1 − β)F (Q(1 − β))

+(p + g)(1 − β) − w1 − a1(1 − β) (9)

∂E[π2(Q21, Q)]
∂Q

= −(p + g − a2)(1 − β)F (Q(1 − β)) + (p + g − a2)(1 − β) − w2 (10)

D�UL:

D1 =
∂2E[π2(Q21, Q)]

∂Q2
21

< 0, D2 =

∣∣∣∣∣∣∣∣

∂2E[π2(Q21, Q)]
∂Q2

21

∂2E[π2(Q21, Q)]
∂Q21∂Q

∂2E[π2(Q21, Q)]
∂Q∂Q21

∂2E[π2(Q21, Q)]
∂Q2

∣∣∣∣∣∣∣∣
> 0.

E� E[π2(Q21, Q)] F��]�
, �V!0, E��><8���!�C8V6DALU'.
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FG 3 72BHE���<D�>2, �����
��
�>E<8� Q∗ �:

Q∗ =
1

1 − β
F−1

(
1 − w2

(p + g − a2)(1 − β)

)
(11)

��, �����
��B��� 1 <D�>
�><8� Q∗
21 �:

Q∗
21 =

1
1 − β

F−1

(
1 +

w2 − w1

(a2 − a1)(1 − β)

)
(12)

DE �/� 2, I ∂E[π2(Q21,Q)]
∂Q = 0, ��UL�>E<8��5 (11) 
J�5; ��VUL, ���

��
��B��� 1 <D�>
�><8��5 (12) 
J�5. PZ.

FG 4 �����
��72BHE���<D�>2, ��>E<8�� (w2, a2) 
SF��(p, g)

�F�; ��, B��� 1 <D�>
�><8�� (w1, a2) 
SF��(w2 , a1) 
�F�.

DE ��� 2 PY V, UL Q∗ � (w2, a2) 
SF��(p, g) 
�F�; I z = 1 + w2−w1
(a2−a1)(1−β) , U

Q∗
21 = 1

1−β F−1(z) L β ∈ (0, 1), Q∗
21 � z 
�F�. U Q∗

21 � (w1, a2) 
SF��(w2 , a1) 
�F�.

��� 4 �S, [��� 2 �>DI
@�DIG�-9TH2, �>E<8��\���U; [��

DIJ�-9�DIO8
@T�2, �>E<8�V�\���U, �IX�!
�C8V.

[��� 1 
�>DI
@T���DIG�-9TH2, WY���
����T^, E�B���
1 <D
�>��\��SZ; [��� 2 
�>DI
@TH��DIG�-9T�2, WY���
�
���TW, E�X�_<D��� 2 
�>��, ��\SZB��� 1 <D
�>�.

5 3?@A7IJKL

5.1 MNOPQMNRSTUVW
FG 5 �����
��72BHE���<D�>��
�>E<8�:6D`B��� 2 <D

�>��
�><8� (E Q∗ = Q∗
12); �\�>E<8�!6D`B��� 1 <D�>��
�><8�

(E Q∗ > Q∗
11).

DE 5 (6) �X i = 2 UL: Q∗
12 = 1

1−β F−1
(
1 − w2

(p+g−a2)(1−β)

)
= Q∗, E Q∗ = Q∗

12.

[ Q∗
12 = Q∗

11 + ∆Q∗, U: ∆Q∗ = 1
1−β

[
F−1

(
1 − w2

(p+g−a2)(1−β)

)
− F−1

(
1 − w1

(p+g−a1)(1−β)

)]
.

�!�>L (1) D�UL ∆Q∗ > 0. U� Q∗ = Q∗
12; E: Q∗ > Q∗

11.

��� 5 �S, 72BHE���<D�>��
�>E<8�!6:6"CBDE���<82

�><8�.
5.2 MNOPQXYZ[\]^STUVW

�\�
��72BHE���<82
8V�
��"CB]'E���<82
8V''��7

T.

FG 6 72BHE���<8
�!�C8V!6�B��� 1 <8
�!�C8V.

DE 5 (3) � (6) �X i = 1 �U E[π1(Q∗
11)], W# E[π2(Q∗

21, Q
∗)] S^ E[π1(Q∗

11)], I� ∆E(Q∗
22),

UL:

∆E(Q∗
22) = (a2 − a1)

∫ Q∗
21(1−β)

0

(x − Q∗
21(1 − β))f(x)dx + (a2 − a1)Q∗

21(1 − β) + (w2 − w1)Q∗
21

+(p + g − a2)
∫ Q∗(1−β)

0

(x − Q∗(1 − β))f(x)dx + (p + g − a2)Q∗(1 − β) − w2Q
∗

−hk

∫ Q∗(1−β)

0

xf(x)dx + hk

∫ Q∗
11(1−β)

0

xf(x)dx

+(p + g − a1)
∫ Q∗

11(1−β)

0

(Q∗
11(1 − β) − x)f(x)dx − (p + g − a1)Q∗

11(1 − β) + w1Q
∗
11 (13)

[ Q∗
22 = 0 2, � ∆E(0) = 0.

��5 (13) U d∆E(Q∗
22)

dQ∗
22

∣∣
Q∗

22=0 = (p+g−a2)w1−(p+g−a1)w2
a2−a1

> 0. !�, ∆E(Q∗
22) > 0. E: E[π2(Q∗

21, Q
∗)]

> E[π1(Q∗
11)].

FG 7 72BHE���<8
�!�C8V!6�B��� 2 <8
�!�C8V.
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DE 5 (3) � (6) �X i = 2 �U E[π1(Q∗
12)], W# E[π2(Q∗

21, Q
∗)] S^ E[π1(Q∗

12)], I� ∆E(Q∗
21),

UL:

∆E(Q∗
21) = (a2 − a1)

∫ Q∗
21(1−β)

0

(x − Q∗
21(1 − β))f(x)dx + (a2 − a1)Q∗

21(1 − β) + (w2 − w1)Q∗
21

+(p + g − a2)
∫ Q∗(1−β)

0

(x − Q∗(1 − β))f(x)dx + (p + g − a2)Q∗(1 − β) − w2Q
∗

−hk

∫ Q∗(1−β)

0

xf(x)dx + hk

∫ Q∗
12(1−β)

0

xf(x)dx

+(p + g − a2)
∫ Q∗

12(1−β)

0

(Q∗
12(1 − β) − x)f(x)dx − (p + g − a2)Q∗

12(1 − β) + w2Q
∗
12 (14)

[ Q∗
21 = 0 2, � ∆E(0) = 0.

��5 (14) UL: d∆E(Q∗
21)

dQ∗
21

∣∣
Q∗

21=0 = (p+g−a2)[(a2−a1)(1−β)+w2−w1]
a2−a1

> 0. !�, ∆E(Q∗
21) > 0. E:

E[π2(Q∗
21, Q

∗)] > E[π1(Q∗
12)].

X��� 6 ��� 7 
���S, �����
��72BHE���<D�>2
�!�C8V!
6"CBDE���<82
�!�C8V.

6 _`KL

�FA�Aa�$X'b�, >L�%Y/
��>�Y"Q, EI f(x) = 1/(b − d).
6.1 abcdefXYZuÆ[\]^S�g

� f(x) = 1/(b − d) I65 (3)�(5), I65 (8)–(10), I p = 80, g = 60, a1 = 10, a2 = 12, w1 = 8,
w2 = 7, b − d = 100, µ = 1, cT β 0UL���Z 1(a) E[; �I p = 100, g = 40, a1 = 20, a2 = 25,
w1 = 4, w2 = 2, UL���Z 1(b) E[; YZ� β�[Z��!�C8V.

E11

E12
E2

E11

E12
E2

h 1

>Z 1(a) � 1(b) ��Z�, \@�!�C8VYXY�X0
$7�$7, dT:_]�7. �!�
C8VeY���
�U�SZ,ALBHE���<8
8V (Z�\^)�7BDE���<8 (Z��
^) 
8V��. V[�W, [�����]!, 
��IU
�C8V[]H; @�, $��������
T:, 
��72BHE���<8IU
�C8V7�B]E���<8IU
�C8V��. E
��
72BHE���<8U\]f'�
��.
6.2 [ijklmfXYZuÆ[\]^S�g

7^I p = 80, g = 30, a1 = 12, a2 = 18, w1 = w2 + ∆w, w2 = 3, β = 0.2, b− d = 100, µ = 1, cT�>

@^- ∆w 0, UL���Z 2(a) E[; �I p = 100, g = 60, a1 = 20, a2 = 25, w1 = w2 + ∆w, w2 = 5,
β = 0.4, UL���Z 2(b) E[; YZ� ∆w�[Z��!�C8V.

>Z 2(a) � 2(b) ��Z�, \@�!�C8VYXY�X0
$7�$7, dT:_]�7. [HE
���
�>
@^-]!, 
��IU
�C8V[]H; @�, $��>
@^-��T:, 
��72
BHE���<8IU
�C8V7�B]E���<8IU
�C8V��. E
���\72BHE
�>
@�^$!
���<8U\�Wg]f'�
��.
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E11

E12
E2

E11

E12
E2

h 2

6.3 [inomplmfXYZuÆ[\]^S�g
7^I p = 80, g = 30, w1 = 4, w2 = 3, a1 = 10, a2 = a1 + ∆a, β = 0.2, b − d = 100, µ = 1, cT�

>G�^- ∆a 0UL���Z 3(a) E[; �I p = 60, g = 40, a1 = 20, a2 = a1 + ∆a, w1 = 10, w2 = 8,
β = 0.4, UL���Z 3(b) E[; YZ� ∆a�[Z��!�C8V.

E11

E12
E2

E11

E12
E2

h 3

>Z 3(a) � 3(b) ��Z�, \@�!�C8VYXY�X0
$7�$7, dT:_]�7. [HE
���
�>G�-9�^]!, 
��IU
�C8V[]H; @�, $��>G�-9^-��T:, 

��72BHE���<8IU
�C8V7�B]E���<8IU
�C8V��. E
���\7
2BHE�>G�-9�^$!
���<8U\�Wg]f'�
��.

[�%
Y/
��>�_
"Q2, �\ULF V
��.

7 qr*stuvwxy

@<����
1��!>/6#(@�, A�����>�7��7#. A;�������
;!
��,>
��
9���,&���><8�!,ULF�
�_O
��: 1)�����
��BDE�
����72BHE���<D�>2, 
��
�><8���!�C8Ve6DAL�U'
; 2) 
�
�72BHE���<82
�>E<8�!6:6"CBDE���<82
�><8�; 3) 
��7
2BHE���<D�>
�!�C8V!6�BDE���<82
�!�C8V; 4) ���0"4�
 : 
��72BHE���<D�>
�!�C8V��������>
@^-��>G�-9^-

87.

@�, <`)4
�'ET�A:�T��`
^�_`, �;�>��/6����������&
�
����, ����'a1&�@B
Y). �'F&���)4_ah_?���+�>�7���
 8��b���:��, ����#(
�#�.

z{|}
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