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Abstract: It is obvious that the selling rate of off-price merchandisewill be affected when the stock is above

a certain level, and the backlogging rate closely relates tothe selling price and customer waiting time. In

this paper, a new backlogging rate has been constructed by considering waiting behaviors of customers, and

an EOQ model for off-price merchandise has been generated. The existence of the unique optimal solution,

key parameters’ sensitivity and the meanings of economic management are analyzed. It is shown that the

selling price and initial stock level of off-price merchandise have a reasonable interval, and distributors gain

the maximum average profit when the difference between the selling price and purchased price is greater than

the ratio of per holding cost and stock-dependent selling rate factor. The selling price and price sensitivity

factor have greater influence on distributors’ ordering strategy and average profit than that of other factors.
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.:,3"ÀÏm�¤ö¢�ø��Ý��ÈdÚ�����m�',�E
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þ; L���¿üþ; t0�S0éA���:; t1�kyÀ�m; t2�"À�m(ûüCþ); λ�ÑÖY²; pb�
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3 AAAdddûûû¬¬¬¥¥¥������...ÚÚÚ���`̀̀)))

3.1 ïïïáááêêêÆÆÆ���...

��±ÏS�¥�Y²CzXã 1¤«.

Q

t

S

B

L

T

2
t

1
t 0

t

0
S

 !I t

T

ã 1 ��±ÏS¥�Y²Cz�¹

Fig. 1 The inventory level in a cycle

��±ÏS t���¥�Y²I÷ve��§
dI1(t)

dt
= −D − βI1(t), t ∈ [0, t0), (1)

dI2(t)

dt
= −D , t ∈ [t0, t1), (2)

dI3(t)

dt
=

−k0e
−k1psD

1 + k2(T − t)
, t ∈ [t1, T ], (3)

ª(1),ª(2)Úª(3)I©O÷v I1(0) = S, I2(t1) = 0Ú I3(t1) = 0.

dd�¦�

I1(t) =

(

S+
D

β

)

e−βt −
D

β
, t ∈ [0, t0), (4)

I2(t) = D (t1 − t) , t ∈ [t0, t1), (5)

I3(t) =
k0e

−k1psD

k2

ln

(

1 + k2 (T − t)

1 + k2 (T − t1)

)

, t ∈ [t1, T ]. (6)

d I1(t0) = S0,��

t0 (S) =
1

β
ln

(

βS + D

βS0 + D

)

.

d I2(t0) = S0,��

t1 = t0 (S) +
S0

D
=

S0

D
+

1

β
ln

(

βS + D

βS0 + D

)

. (7)

��±Ï��Ý�

T = t1 + t2 = t2 +
S0

D
+

1

β
ln

(

βS + D

βS0 + D

)

.

��±ÏS��ÈÂ\Ú��¤�O�Xe.
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�ÈÂ\ R = ps (S + |I3 (T )|) = ps

(

S +
k0e

−k1psD

k2

ln (1 + k2t2)

)

,

æ	¤� Cb = pb (S + |I3 (T )|) = pb

(

S +
k0e

−k1psD

k2

ln (1 + k2t2)

)

,

�+¤� Ch = h
(

∫ t0

0
I1 (t) dt +

∫ t1

t0
I2 (t) dt

)

= h

(

1

β2

(

β (S − S0) − D ln

(

βS+D

βS0+D

))

+
S2

0

2D

)

,

¿ü¤� Cl = cl

∫ T

t1
(1 − ρ)Ddt = clD

(

t2 −
k0e

−k1ps

k2

ln (1 + k2t2)

)

,

¢�ø�¤� Cs = cs

∫ T

t2
|I3 (t)|dt =

csk0e
−k1psD

k2
2

(k2t2 − ln (1 + k2t2)) .

Ïd,¥�XÚ��±ÏS�²þ|d

π (S, t2) =
1

T
(R − Cb − Ch − Cl − Cs − C0)

=
1

T

(

k0e
−k1psD

k2

(

ps − pb + cl +
cs

k2

)

ln (1 + k2t2) +

(

ps − pb −
h

β

)

S−

(csM + cl) Dt2 +
hD

β
t0 (S) −

hS2
0

2D
+

hS0

β
− C0

)

, (8)

Ù¥C0�¾	¤�, M = k0e
−k1ps/k2.

3.2 ���...������`̀̀)))©©©ÛÛÛ999²²²LLL+++nnn¹¹¹ÂÂÂ

dª(8)��¥�XÚ`z�.�






























Max
S,t2

π (S, t2)

s.t.

S > S0,

t2 > 0.

�¦²þ|d�����,IÓ�÷v��^�
∂π (S, t2)

∂S
= 0Ú

∂π (S, t2)

∂t2
= 0,=

ps − pb −
h

β
+

hD

β (βS + D)
− π(S, t2)/(βS + D) = 0, (9)

(

ps − pb + cl +
cs

k2

)

DMX ′ (t2) − (csM + cl)D − π (S, t2) = 0, (10)

Ù¥X ′ (t2) =
k2

1 + k2t2
.

éáª(9)Úª(10)��ª(11),éáª(9)Úª(8)��ª(12),=
(

ps − pb −
h

β

)

(βS + D) =

(

ps − pb + cl +
cs

k2

)

DMX ′ (t2) −

(

cl+csM +
h

β

)

D, (11)

(

hD

β
+ (βS + D)

(

ps − pb −
h

β

))(

t2 +
S0

D
+

1

β
ln

(

βS + D

βS0 + D

))

=

(

ps − pb + cl +
cs

k2

)

DMX (t2) +

(

ps − pb −
h

β

)

S − (csM + cl)Dt2 +

hD

β
t0 (S) −

hS2
0

2D
+

hS0

β
− C0. (12)
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Ï�S ∈ [S0,+∞), t2 ∈ [0,+∞),¦4���

lim
S→S0,t2→0

π (S, t2) =

(

ps − pb −
h

β

)

D +
hD

β
−

hS0

2
−

C0D

S0

,

òd4�L�ª�dª(9)���

π(S, t2) =
hD

β
+

(

ps − pb −
h

β

)

(βS + D)

'���,d4���u?¿4�:e�²þ|d,=
(

ps − pb −
h

β

)

D +
hD

β
−

hS0

2
−

C0D

S0

<

(

ps − pb −
h

β

)

D +
hD

β
+

(

ps − pb −
h

β

)

βS

ð¤á.Ïd,�.>.:�²þ|d�u�.�`).

nþ¤ã,Ó�÷vª(11),(12)�SÚ t2=�`z�.��`).

,	,X ′ (t2) =
k2

1 + k2t2
,�\ª(11),- f (t2)�uª(11)m>,k

f (t2) =

(

ps − pb + cl +
cs

k2

)

k2DM

1 + k2t2
− D

(

cl+csM +
h

β

)

, (13)

Kª(11)�du
(

ps − pb −
h

β

)

(βS + D) = f (t2) . (14)

|^ª(14)¦)S,��

S (t2) =
f (t2)

β (ps − pb) − h
−

D

β
, (15)

éS (t2)¦'u t2��ê,��

dS(t2)

dt2
=

f ′ (t2)

β (ps − pb) − h
, (16)

òª(15)�\ª(12),��
(

hD

β
+ (βS (t2) + D)

(

ps − pb −
h

β

))(

t2 +
S0

D
+

1

β
ln

(

βS (t2) + D

βS0 + D

))

−

(

ps − pb −
h

β

)

S (t2) −

(

ps − pb + cl +
cs

k2

)

DMX (t2) +

(csM + cl)Dt2 −
hD

β
t0 (S) +

hS2
0

2D
−

hS0

β
+ C0 = 0. (17)

-¼êF (t2)�uª(17)�>,K�.�`)��35�ûu F (t2)�5�,k±e(Ø.

½½½nnn 1 � ps − pb −
h

β
> 0�,�3��� t∗2,¦�F (t∗2) = 0.

y² |^ª(15),(16),(17),éF (t2)¦'u t2��ê,��

dF (t2)

dt2
= −

(

t2 +
S0

D
+

1

β
ln

(

βS + D

βS0 + D

))

f ′ (t2) , (18)

Ù¥ f ′ (t2) = −

(

ps − pb + cl +
cs

k2

)

DMk2
2

(1 + k2t2)
2 .

du ps − pb + cl +
cs

k2

> 0,K f ′ (t2) < 0,Ïd
dF (t2)

dt2
> 0ð¤á, F (t2)�«�Sî�üNO¼ê.

,	,� t2 = 0�,��
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F (t2) |t2=0 =
1

β
[f (0) − ZD] − f (0)

(

S0

D
+

1

β
ln

(

f (0)

Z (βS0 + D)

))

−
hS2

0

2D
− C0, (19)

Ù¥Z = ps − pb −
h

β
> 0,f (0) = Z [βS (t2) |t2=0 + D] > 0.du ρ (τ) |τ=0 = k0e

−k1ps 6 1,Ïd f (0) −

ZD =
(

k0e
−k1ps − 1

)

(ps − pb + cl) D 6 0.=� ps − pb −
h

β
> 0�,F (t2) |t2=0 < 0ð¤á,Ïd�3��

� t∗2,¦�F (t∗2) = 0.

½½½nnn 2 � ps − pb −
h

β
> 0�,`z�.�3���`).

y² d½n1��,�3��� t∗2,¦�F (t∗2) = 0,=�3��� t∗2¦�ª(17)¤á;dª(15)�¦

ÑS∗ = S (t∗2),d�, t∗2ÚS∗Ó�÷vª(11)Úª(12),¤±,`z�.�3���`) S∗Ú t∗2.

½n1, 2L²,��Èd�æ	d���u�+¤�Ú�ÀK��ÈÏf�'�,�Èû¼���²þ

|d,dd��Adû¬�Èd�Ün«m� ps ∈ (pb+h/β, pmarketing price].��ÀK��ÈÏf β�½

�,h��,d���,ù��¦�ÈûJpd�±-��+¤�;��+¤� h�½�, β��,d���,ù

��¦�Èû*��È5�,±¼���|d.

½½½nnn 3 � ps − pb −
h

β
> 0�,ÏÐ¥�þS (t2)�î�üN~¼ê.

y² 3ª
dS(t2)

dt2
=

f ′ (t2)

β (ps − pb) − h
¥,du f ′ (t2) < 0,Ïd,� ps − pb −

h

β
> 0�,S (t2)3 t2 ∈

[0,+∞)�î�üN~¼ê,dd��

Max
t2∈[0,+∞)

S (t2) = S (t2) |t2=0 =
D

β

(

k2βM (ps − pb + cl) − βcl − h

β (ps − pb) − h
− 1

)

. (20)

ª(20)L²,ñ|Àeþ{��Adû¬êþ3�½^�eØU�LÃá"þ¢�ø���ÏÐ¥�

þ,¿��"À�mò�Åì~�,ÙÜn«m� [S0, S (0)].

4 êêê������~~~ÚÚÚÌÌÌ���ëëëêêê(((¯̄̄ÝÝÝ©©©ÛÛÛ

ë�Hsieh� [14]�êâ,b½¥�XÚÄ�ëê�D = 20,S0 = 100, ps = 16,pb = 10,C0 = 100, β =

0.25, h = 2, cs = 1, cl = 1,k0 = 5,k1 = 0.1,k2 = 0.1.$^Mathmatic5.0�êÆ^�?1�ýO�,(JX

e: S = 170, t2 = 3,Q = 223, T = 9.31, λ = 0.68, π = 32.75.±eé�ÀK��È�.:�ëê?1(¯

Ý©Û,L1�L 5�N
ù
ëêé�Èû¾ÀüÑÚ²þ|d�K�.

dL 1��,�X�ÀK��È�.:�O�,ÏÐ¥�þ,¾Àþ,"À�mÚ¾À±ÏþO�,ÑÖY

²ü$,²þ|deü.ù´Ï��X�ÀK��È�.:Jp,�ÈûI�{��õ�Adû¬±áÚ�

�,ÏÐ¥�þÚ¾Àþ��O\,¾À±Ïò�,�+¤�O\,²þ|dÅì~�.d�,�ÈûAJpÏ

Ð¥�þ,·�ò�"À�m,¦ÑÖY²Ä�ØC½Ñ�ü$,±¼���²þ|d.

dL 2��,�X�ÀK��ÈÏf�O�,ÏÐ¥�þÚ¾Àþ�ÌÝO\,"À�mÑ�~�,ÑÖ

Y²Jp,¾À±Ïò�,²þ|dO\.ù´Ï��ÀK��È�.:ØC�,�X�ÀK��ÈÏf�O

�,kyÀÏmJ\�I¦²wO\.d�,�Èû�±ÏLü«å»¼���²þ|d: 1)O\ÏÐ¥�þ

Ú¾Àþ,ò��ÀK��È�mã; 2)O\kyÀ�m, á"À�m,Jp��ÑÖY².

dL 3��,�Xû¬�Èd�Jp,ÏÐ¥�þÚ¾ÀþO\,"À�m á,ÑÖY²Jp,¾À±Ï

ò�,²þ|d�ÌÝO\.ù´Ï��XAdû¬�Èd�Jp,é���áÚå~�,á"þ¢�ø�©

êC�,¿ü¤�O\,d�XJ á"À�m,JpÑÖY²�±-�Ü©¿ü¤�.,	,Adû¬´�


áÚ��1�,O\o�ÈÂ\,Jd½"ÀÑ¬���þ��6�.Ïd,��ÈûJp�Èd�,A¦
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�UO\ÏÐ¥�þÚ¾Àþ, á"À�m,Jp��ÑÖY²,±�±|d��.

L 1 �ÀK��È�.: S0�(¯Ý©Û

Table 1 The sensitivity analysis ofS0

S0 S t2 Q T λ π

90 160 3.1 215 8.98 0.65 39.49

100 170 3.5 231 9.81 0.65 32.98

110 190 3.8 255 10.71 0.65 26.36

120 200 4.2 271 11.55 0.64 19.65

130 210 4.6 286 12.39 0.63 12.89

140 230 5.1 313 13.47 0.62 6.11

L 2 �ÀK��ÈÏf β�(¯Ý©Û

Table 2 The sensitivity analysis ofβ

β S t2 Q T λ π

0.20 110 3.6 172 8.84 0.59 30.00

0.22 130 3.6 192 9.26 0.61 30.70

0.24 160 3.5 221 9.68 0.64 32.03

0.26 200 3.4 259 10.12 0.66 34.17

0.28 260 3.2 316 10.55 0.70 37.55

0.30 380 3.0 433 11.29 0.73 43.09

L 3 �Èd ps�(¯Ý©Û

Table 3 The sensitivity analysis ofps

ps S t2 Q T λ π

15.0 110 3.9 183 9.12 0.57 14.48

15.4 130 3.7 197 9.32 0.60 21.50

15.8 160 3.6 223 9.75 0.63 28.98

16.2 190 3.3 246 9.92 0.67 37.20

16.6 240 3.0 290 10.30 0.71 46.58

17.0 330 2.6 372 10.89 0.76 57.82

dL4ÚL5��,�Xd�¯aÏfÚ���m¯aÏf�O�,ÏÐ¥�þO\,¾Àþ~�,"À

�mÚ¾À±Ï á,ÑÖY²Jp,²þ|d~�.ù´Ï��X k1Ú k2O�,á"þ¢�ø�©ê~

�,¿ü¤�O\,¾Àþ~�,¾À±Ï á.d�,�ÈûAJpÏÐ¥�þ, á"À�m,JpÑÖY

²,���Ý/÷v��I¦,¦þ~�¿ü¤�,±¼���|d.

I�Ñ�´(L 4ÚL 5w«),d�¯aÏf k1éÏÐ¥�þ,¾Àþ,"À�mÚ¾À±Ï±9²þ|

d�K�²w'���m¯aÏf k2�,ù��©�E�á"þ¢�ø�©ê/ª�nØ)º���.

L 4 d�¯aÏf k1�(¯Ý©Û

Table 4 The sensitivity analysis ofk1

k1 S t2 Q T λ π

0.06 112 3.9 238 9.20 0.58 64.40

0.08 148 3.8 237 9.70 0.61 45.70

0.10 174 3.5 234 9.80 0.64 33.00

0.12 192 3.1 232 9.70 0.68 24.30

0.14 204 2.5 228 9.30 0.73 18.40

0.16 210 1.7 222 8.60 0.80 14.70

L 5 ���m¯aÏf k2�(¯Ý©Û

Table 5 The sensitivity analysis ofk2

k2 S t2 Q T λ π

0.06 170 3.7 237 10.00 0.63 34.70

0.08 172 3.6 235 9.90 0.64 33.80

0.10 174 3.5 234 9.80 0.64 32.90

0.12 176 3.4 233 9.70 0.65 32.20

0.14 176 3.3 231 9.70 0.66 31.50

0.16 178 3.2 230 9.60 0.67 30.80
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�,�Èû¼���²þ|d.ê�©Ûw«:û¬�ÈdÚd�¯aÏfé�Èû¾ÀüÑÚ|d�K�
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