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Abstract: In order to minimize the total cost of the retailer, an
optimal replenishment cycle is studied by considering the
the limited
storage capacity of their own warehouse and credit-linked

deteriorating product, two-level trade credits,
order quantity simultaneously. A two-echelon supply chain
model, which consists of a supplier and a retailer, is
established. Then, the retailer’s optimal replenishment cycle
under all the cases are derived by using the optimization theory
and method. On the basis of these, the effects of system
parameters on the optimal replenishment cycle are examined
by using the numerical studies. The results show that, when
the retailer’s trade credit period is longer (shorter) than the
customer’s trade credit period, the optimal replenishment cycle
should be increased ( decreased) as the retailer’s trade credit
period increases; if the minimum order quantity is high
(low), the optimal replenishment cycle should be increased
(not changed) as the minimum order quantity increases.
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he retailer’s replenishment cycle influences the orde-
Tring cost, purchasing cost, and holding cost, etc.
How to create an optimal replenishment cycle to minimize
total cost is important for retailers. In real life, many
products will deteriorate during storage, such as fruit,
vegetables, and chemicals, etc. Therefore, in recent dec-
ades, this issue of deteriorating product has been widely
studied.

However, in practice, the retailer faces a more com-
plex decision-making environment. Many factors influ-
ence the replenishment cycle. For example, to increase
sales, the two-level trade credits are popularly used in the
supply chain system. Under this policy, the supplier (re-
tailer) will offer the retailer (customer) a trade credit pe-
riod. During the trade credit period, the retailer ( custom-
er) does not pay for the cost of the products to the suppli-
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er (retailer). This policy induces the retailer to further
consider the interest earned and interest charged when the
retailer makes the decision regarding a replenishment cy-
cle. Meanwhile, many suppliers set a minimum order
quantity. Only if the retailer’s order quantity is more than
the minimum order quantity, will the suppliers provide a
trade credit policy for the retailer. The minimum order
quantity also influences the retailer’s replenishment cycle
decision. In addition, the retailer’s storage capacity of
their own warehouse (OW) is limited in reality which al-
so influences the replenishment cycle decision.

However, to the best of our knowledge, almost all ex-
isting research only considers two or three factors in the
above-mentioned cases. Therefore, to better fit the actual
situation, instead of considering a two or three factors,
this paper will consider these four factors simultaneously.

1 Literature Review

In recent decades, inventory problems for deteriorating
products have been widely studied. In 1957, Whitin""
first studied the inventory problem of deteriorating prod-
uct. Then Ghare and Schrader™ proposed that the con-
sumption of the deteriorating product was closely related
to a negative exponential function of time. According to
this, they established the deteriorating product inventory
model below:

dI( 9 o
Cg o = —fn (1)

where 0 represents the deteriorating rate of the product;
I(t) represents the inventory level at time #; and f(¢) is
the demand rate at time 7.

In 2006, the inventory problem of non-instantaneous
deteriorating product was first studied by Wu et al"’.
Subsequently, Sarkar et al. "** started to study related is-
sues.

Nowadays, trade credit is more and more popular as a
crucial proportion of company finance in a supply chain
system. Ouyang et al. "' developed an appropriate inven-
tory model for non-instantaneous deteriorating product
with permissible delay payments. Soni and Shah' estab-
lished an inventory model with a stock-dependent demand
when the supplier offers two progressive credit periods to
the retailer.

Similarly, in turn, the retailer often offers a trade cred-
it period to the customer. Huang'' first considered this
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condition. Jaggi et al. """ developed a method to deter-
mine the optimal replenishment policy for the retailer un-
der considering a two-level trade credit. Mahata'""
tigated the optimal retailer’s replenishment decisions for
deteriorating product under two levels of trade credit policy.

However, in practice, the supplier usually offers the
retailer a period to delay payments only when the

inves-

retailer’s order quantity is greater than a minimum order
quantity. Huang'”' proposed an EOQ model in which the
supplier offers the retailer a fully permissible delay of M
periods if the retailer orders more than a minimum order
quantity. Chen et al. ""*' extended Huang’s model to com-
plement some shortcomings of the model and proposed an
arithmetic-geometric method to solve the inventory prob-
lem.

In all above articles, the authors are not concerned with
the limited capacity of the retailer’s own warehouse. Li-
ang and Zhou'*' considered a two-warehouse inventory
model for deteriorating product under constant demand
when considering permissible delay in payment. One is
an owned warehouse ( OW) and the other is a rented
warehouse (RW).

2 Model Description and Assumptions
2.1 Model description

In this paper, we propose a two-echelon supply chain
model which consists of a supplier and a retailer. The re-
tailer orders the product from the supplier, and needs to
pay purchasing cost ¢ per unit and ordering cost A per or-
der. The retailer’s unit holding cost in OW and RW are
h, and h,, respectively. The retailer faces a constant de-
mand rate D per year, and sells the product to customers
at selling price s per unit. Furthermore, in this model,
the deteriorating product, two-level trade credit, limited
storage capacity of a retailer’s own warehouse and credit-
linked order quantity are considered simultaneously.
First, the product will deteriorate during the storage at de-
teriorating rate . Secondly, the supplier provides the re-
tailer a permissible delay in payments, i.e., retailer’s
trade credit period M; and the retailer in turn provides
customers a permissible delay in payments, i.e.,
customer’s trade credit period N. Thirdly, the retailer’s
warehouse capacity W is limited. The retailer can rent the
warehouse if the retailer needs. Finally, only if the
retailer’s order quantity is more than a minimum order
quantity Q,, the retailer can enjoy the trade credit period
offered by the supplier.

2.2 Assumptions

1) Demand rate is known and constant.

2) Time horizon is infinite, and replenishments are in-
stantaneous.

3) Shortages are not allowed.

4) If the order quantity is greater than the retailer’s ca-

pacity, the retailer needs to rent an additional warehouse
to hold the inventory.

5) The retailer accumulates the sales revenue from the
last customer at time 7 + N, but he/she must pay the en-
tire purchasing cost to the supplier at time M. Conse-
quently, it M=T + N, the retailer can accumulate all rev-
enue and pays the entire purchasing cost to the supplier at
time M. There is no interest charge during the replenish-
ment cycle time. If M <T + N, the retailer pays the pur-
chasing cost of all the units sold to the supplier at time
M. Then the retailer keeps the profit for the use of other
activities and starts paying the interest charges on products
in stock with rate I, over an interval of [ M, T + N]. Since
the products have been deteriorating, some products are
not sold but lost. These products also require the retailer
to pay the interest charges. The interest charges of these
products will be paid at time 7 + N.

6) If M > N, the retailer can accumulate revenue and
earn interest during the time interval of [ N, M] with rate
I,. Conversely, if M<N, there is no interest earned for
the retailer.

7) The stocks of RW are transported to OW in a con-
tinuous release pattern and the transportation cost is ig-
nored.

8) For economic reasons, the products in RW are con-
sumed first and next the products in OW.

3 Model Formulations

Let I(t) be the inventory level at any time #(0<r<T).
During the time interval, the inventory level decreases
due to demand ad deterioration. Thus, the instantaneous
state of the inventory level can be described by the fol-
lowing differential equation:

iy -
TR D - 6I(1) (2)

We use Q to denote the retailer’s order quantity. By
solving the above differential equation with boundary con-
dition I(T) =0, we can obtain the number of units that
deteriorate during one cycle.

D(e” —9T-1)
0
When I(0) = W and I(T) =0, we can obtain the time
interval Ty, so that the maximum inventory in the retailer’s
own warehouse is depleted to zero.

Q-DT= (3)

(4)

Similarly, when I(0) = Q, and I(T) =0, we can obtain
the time interval T, so that the quantity Q, is depleted
to zero.

sz%m("%dn) (5)
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3.1 All kinds of relevant cost

1) Annual ordering cost:

A
OC = T (6)
2) Annual deteriorating cost:
oT
pc = ¢Ple” —0T-1) 7

oT

3) Annual stock holding cost needs to be divided into
two scenarios . One is that the order quantity is less than
the capacity in the retailer’s own warehouse. In this case,
the retailer does not need to rent a warehouse. The other
is that the order quantity is more than the capacity in own
warehouse. In this case, the retailer needs to rent some
warehouses, as shown in Fig. 1. Therefore, the annual
stock holding cost HC is

HC, Q<W, i.e, T<T,
HC = { . (8)
HC, o>W, i.e., T>T,
where
h, (T h,D(e" - 6T —1)
H = — I =
C, Tfo (n)dt e
T T-T,
hW(T -T,) +h1J’ 1(Hdt +h2j [I(1) — W]dt
HCZ _ T-T, 0

T

4) To calculate the interest earned and interest
charged, there are two possible cases which should be
considered.

I(t)
Q

0 T-Ty T t

Fig.1 The storage situation (Q > W)

Casel T=T,(i.e., 0=0Q,). Based on the values of
M, N and N + T, three subcases are given.

Sub-case 1 N <N + T<M. In this subcase, the re-
tailer does not only earn the interest in the time interval
[N,N+T], but also can earn the interest in the time in-
terval [N + T, M], as shown in Fig.2. Since M=N + T,
the retailer does not need to pay any interest. Therefore,
the retailer’s interest earned IE,, and interest charged
IC,, are

1sDT
IE, ==~ +LsD(M ~T-N) (9)

IC, =0 (10)

B oty

Y N T N+T M ¢
Fig.2 Interest earned (N <N + T<M)

Subcase 2 N <M<N +T. In this subcase, the retail-
er earns the interest only in the time interval[ N, M], as
shown in Fig. 3. Since M < N + T, the retailer needs to
pay interest when the time is greater than M, as shown in
Fig. 4. Therefore, the retailer’s interest earned IE,, and
interest charged IC,, are

sDT

sD(M-N)

0 N M T
Fig.3

N+T
Interest earned (N<M<N+T)

-~

cDT

eD(T+N-M)

¢(Q =DT)|-————mmmmm -
A

0 N M T N+T ¢
(b)
Fig.4 Interest charged (N <M <N + T). (a) For unsold prod-
ucts; (b) For deteriorated products

_IsD(M-N)*
Y (11)
_L1ceD(T+N-M)* +Icc(Q—DT)(T+N—M)

IC,, = 2T T

IE

(12)

Subcase 3 M <N <N+ T. In this subcase, since M
< N, the retailer does not earn any interest. Meanwhile,
the retailer needs to pay the interest when the time is grea-
ter than M, as shown in Fig. 5. Therefore, the retailer’s
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interest earned IE,; and interest charged IC,, are

IE,, =0 (13)
I.eD(T+2N-2M) I.c(Q-DT)(T+N-M)
IC, = 3 + T
(14)
cDTF-—---
0 M N T N+T ;
(a)

¢(Q -DT)F--—--
) I A

M N T N+T ¢t

(b)
Fig.5 Interest charged (M<N <N +T)). (a) For unsold prod-
ucts; (b) For deteriorated products

Case2 T<T,(i.e., Q<Q,). In this case, since O
< @Q,, the retailer does not obtain trade credit which is of-
fered by the supplier. Therefore, the retailer does not
earn any interest and needs to pay the interest in time in-
terval [0, N + T], as shown in Fig. 6. Therefore, the
retailer’s interest earned IE, and interest charged IC, are

IE, =0 (15)
1.cDT Ic¢(Q-DT)(T+
IC, =I,cDN + °2 + (2 T)( ol (16)
cDT
0 N T N+T ¢
(a)
c(Q -DT) /i
0 N T N+T ¢

(b)

Fig. 6 Interest charged (7 <7,) (a) For unsold products; (b) For

deteriorated products

3.2 Annual total relevant cost

From sub-section 3.1, we can obtain the total cost per

year, and the details are as follows:

Casel T=T,(i.e, 0=Q,).

In this case, the retailer can enjoy the trade credit peri-
od. Therefore, the total cost per year TC,(7T) is

TC,(T)  T<T,

TC(D _{TCIZ(D T>T, (17
where
TC,,,(T) =0C +DC + HC, +
IC,, -1IE, N<N+T<sM
TC,(T) = TC,,,(T) =0C +DC + HC, +
IC, -IE,, N<M<N+T
TC,,;(T) =0C +DC + HC, +
IC,, - 1E,, M<N<N+T
TC,,(T) =0C +DC + HC, +
IC,, -1E, N<N+T<sM
TC,(T) = TC,,,(T) =0C +DC + HC, +
IC, -IE, N<M<N+T
TC,,(T) =0C +DC + HC, +
IC,, -1E,, M<N<N+T

Case2 T<T,(i.e, 0<Q,).
In this case, the retailer cannot enjoy the trade credit
period. Therefore, the total cost per year TC,(7T) is

TC,,(T)
TC,,(T)

T<T,

18
T>Ty (18)

TC,(T) ={

where

TC,,(T) =0C +DC + HC, +IC, - IE,
TC,,(T) =0C +DC + HC, +1C, - IE,

4 Replenishment Cycle Decision

In this section, we mainly study the optimal replenish-
ment cycle to minimize the retailer’s total cost of the in-
ventory. To this end, we first need to analyze the model.

Lemma 1

D) If x>0, x’e" -2xe" +2e" -2 >0;

2) If x>0, e” —ox-1>0.

Lemma 2

1) TC|, (T), TC|,(T), TC}, (T), TCl, (T),
TC),(T) and TC,(T) increase on [0, + = );

2) TC,,,(T) and TC),,(T) increase on[ M - N,
+0).

4.1 Optimal replenishment cycle under the condition
of T=T,

In this sub-section, the retailer can enjoy the trade
credit period.

Casel M>N

In this case, since the trade credit period offered by the
supplier is longer than that offered by the retailer, the re-
tailer can earn interest.
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Subcase1 7, < Ty, <M - N. In this subcase, when
T,<T<T,, the retailer does not need to rent the addi-
tional warehouse and pay the interest charges; when T, <
T <M - N, the retailer needs to rent the additional ware-
house, but does not need to pay the interest charges.
When M - N<T, the retailer needs to rent the additional
warehouse and pay the interest charges. Therefore, in this
subcase, the total cost function is

TC,, T,<T<T,
TC(T) ={TC,,, Ty<T<M-N  (19)
TC,, M-N<T

Clearly, TC,,,(Ty,) =TC,,,(Ty,) and TC,,, (M - N)
=TC,,(M - N), so TC(T) is continuous on [T,
+ ). Meanwhile, it is easy to obtain TC|  (T,) =
TC!,,(Ty). Subsequently, according to Lemma 2, we
can obtain TC!  (T,) < TC},,(Ty) < TC},, (M - N).
According to 2) of Lemma 1, we also obtain TC}, (M -
N) <TC',,,(M - N). Based on the above, we then can
obtain TC',, (T,) < TC},, (Ty) < TC},, (M - N) <
TC!,,(M - N). According to Lemma 2, we can demon-
strate that TC'(T) increases on [ T,, + o ) in this sub-
case.

Proposition1 When 7=T7,, M>N and T, < T, <
M - N, the optimal replenishment cycle T~ is as follows:

1) If TC;, ,(T,) =0, then T" =T,.

2) If TC},,(T,) <0 and TC;,,(Ty) =0, there exists a
unique 7" which is given by TC',, ,(T) =0.

3) If TC},,(Ty) <0 and TC},,(M - N) =0, there ex-
ists a unique 7" which is given by TC/, (T) =0.

4) If TC,,,(M - N) <0 and TC},,(M - N) =0, then
T°=M-N.

5) If TC,,(M - N) <0, there exists a unique T"
which is given by TC/,,(T) =0.

Subcase2 T, <M - N<T,,. In this subcase, when
T,<T<M-N, the retailer does not need to rent the ad-
ditional warehouse and pay the interest charges; when M
-N<T<T,, the retailer needs to pay the interest char-
ges, but does not need to rent the additional warehouse.
When T,, < T, the retailer needs to rent the additional
warehouse and pay the interest charges. Therefore, in this
subcase, the total cost function is

TC,, T,<T<M-N
TC(T) =|TC,,, M-N<T<T,  (20)
TC,, Ty<T

Clearly, TC,, (M - N) = TC,, (M - N) and
TC, ,(Ty,) =TC,,(Ty), so TC(T) is continuous on
[T,, + »). Using the similar proof method of Proposi-
tion 1, we can obtain that TC'(7T) increases on [T,, +
o0 ) in this subcase.

Proposition 2 When 7=7,, M>Nand T, <M - N
<T,, the optimal replenishment cycle T is as follows:

1) If TC},,(T,) =0, then T" =T,.

2) If TC},,(T,) <0 and TC},,(M - N) =0, there ex-
ists a unique 7" which is given by TC}, ,(7) =0.

3) If TC|,,(M -N) <0 and TC],,(M - N) =0, then
T" =M -N.

4) If TC},,(M - N) <0 and TC},,(Ty,) =0, there ex-
ists a unique 7" which is given by TC),,(T) =0.

5) If TC;,,(Ty,) <0, there exists a unique 7" which is
given by TC',,(T) =0.

Subcase 3 Ty, <T,<M - N. In this subcase, when
T,<T <M - N, the retailer needs to rent the additional
warehouse, but does not need to pay the interest charges;
when M — N<T, the retailer needs to rent the additional
warehouse and pay the interest charges. Therefore, in this
subcase, the total cost function is

TCI2—I
TC12—2

Clearly, TC,,(M -N) =TC,,,(M -N), so TC(T) is
continuous on [7,, + o ). Using the similar proof meth-
od of Proposition 1, we can obtain that TC'(T) increases
on [T,, + ») in this subcase.

Proposition 3 When 7=7,, M>Nand Ty, < T,<M
— N, the optimal replenishment cycle 7~ is as follows:

1) If TC},,(T,) =0, then T =T,.

2) If TC,,(T,) <0 and TC;,,(M - N) =0, there ex-
ists a unique 7" which is given by TC/, (T) =0.

3) If TC!,, (M - N) <0 and TC!,,(M - N) =0, then
T =M - N.

4) If TC},,(M - N) <0, there exists a unique T~
which is given by TC/,,(7) =0.

Subcase4 T, <M -N<T,or M-N<T,<T, In
this subcase, the retailer needs to rent the additional ware-

T,<T<M-N

21
M-N<T 1)

TC(T)={

house and pay the interest charges. Therefore, the total
cost function is

TC(T) =TC,,, T,<T (22)

According to Lemma 2, we can obtain following prop-
osition.

Proposition4 When 7T=T,, M >N and T\, <M - N
<T,or M -N<T,<T, the optimal replenishment cy-
cle T" is as follows:

1) If TC,,,(T,) =0, then T" =T,.

2) If TC},,(T,) <0, there exists a unique 7" which is
given by TC',,(T) =0.

Subcase 5 M - N<T,<T,. In this subcase, when
T,<T < Ty, the retailer needs to pay the interest char-
ges, but does not need to rent the additional warehouse;
when T, < T, the retailer needs to rent the additional
warehouse and pay the interest charges. Therefore, in this
subcase, the total cost function is

TC]]—2
TC12-2

T,<T<T,

23
Ty<T (25)

TC<D={

Clearly, TC,,,(Ty,) =TC,,,(Ty), so TC(T) is con-
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tinuous on [ 7,, + o ). Using the similar proof method of
Proposition 1, we can demonstrate that TC'( 7T) increases
on [T,, + ) in this subcase.

Proposition 5 When 7=T7,, M>N and M -N< T,
<T,, the optimal replenishment cycle T" is as follows:

1) If TC;,,(T,) =0, then T* =T,.

2) If TC},,(T,) <0 and TC|,,(Ty) =0, there exists a
unique 7" which is given by TC',,,(T,) =0.

3) If TC},,(T,) <0, there exists a unique 7" which is
given by TC',,(T) =0.

Case2 M<N

In this case, because the trade credit period offered by
supplier is shorter than that offered by retailer, the retailer
cannot earn interest, meanwhile, they also need to pay
the interest charges.

Subcase 1 T, <T. In this subcase, when 7, <T <
T,,, the retailer does not need to rent the additional ware-
house; when Ty, <T, the retailer needs to rent the addi-

tional warehouse. Therefore, in this subcase, the total
cost function is
TC T,<T<T
TC(D :{ 113 d w (24)
TC,,, T,<T

Clearly, TC, ;(Ty) =TC,,(Ty), and hence TC(T)
is continuous on [ T,,
method of Proposition 1,
TC'(T) increases on [T,, + o) in this subcase. We then

+ o ). Using the similar proof
we can demonstrate that

can obtain following proposition.

Proposition 6 When T=T7,, M<N and T, <T,,, the
optimal replenishment cycle T~ is as follows:

1) If TC},,(T,) =0, then T" =T,.

2) If TC},,(T,) <0 and TC},,(Ty) =0, there exists a
unique 7 which is given by TC',,,(T,) =0.

3) I TC;},,(Ty) <0, there exists a unique 7" which is
given by TC,,(T) =0.

Subcase2 T, = T,,. In this subcase,
needs to rent the additional warehouse. Therefore, in this

the retailer

subcase, the total cost function is

TC(T) =TC,,, T,<T (25)

According to Lemma 2, we can obtain following prop-
osition.

Proposition 7 When T=T7T,, M<N and T,=T,,, the
optimal replenishment cycle T* is as follows:

1) If TC!|,,(T,) =0, then T" =T,.

2) If TC!,,(T,) <0, there exists a unique 7" which is
given by TC,,(T) =0.

4.2 Optimal replenishment cycle under the condition
of T<T,

In this sub-section, the retailer cannot enjoy the trade
credit period.

Casel T,<T,

In this case, the retailer does not need to rent the addi-

tional warehouse. Therefore, the total cost function is

TC(T) =TC,, 0<T<T, (26)

According to Lemma 2, we can obtain the following
proposition.

Proposition 8 When 7 < T, and T, <T,,, the optimal
replenishment cycle 7~ is as follows:

1) If TC), (T,) =0, there exists a unique 7" which is
given by TC, (T) =0.

2) If TC,,(T,) <0, then T* =T,.

Case2 T,<T,

In this case, when 0 < T<T,,, the retailer does not
need to rent the additional warehouse. When Ty, < T <
T,, the retailer needs to rent the additional warehouse.
Therefore, the total cost function is

TC,, 0<T=<T,
TC,, Ty, <T<T,

Clearly, TC, (T,,) =TC,(Ty,), and hence TC(T) is
continuous on (0, 7,). Using the similar proof method of
Proposition 1, we can demonstrate that TC'(7) increases
on [0, + o) in this subcase. We then can obtain the fol-
lowing proposition.

Proposition 9 When T< T, and T,,<T,, the optimal
replenishment cycle 7~ is as follows:

1) If TC, (T,) <0, then T" =T,.

2) If TC),(Ty,) =0, there exists a unique 7" which is
given by TC},(T) =0.

3) If TC,, (Ty) <0 and TC,,(7T,) =0, there exists a
unique T* which is given by TC.,(T) =0.

4) If TC,,(T,) <0, then T =T,.

TC(T) ={ (27)

5 Numerical Examples

We use the following numbers as the base values of the
parameters: A =500, D=2 500, s=80, ¢=50, k=5, h
=2,1=0.15, 1,=0.12, M=0.25, N=0.05, 6 =
0.05, W=400, Q,=300.

5.1 Impact of (W, Q,) on the total cost and replen-
ishment cycle

From Fig.7(a), we can see that the retailer will order
more goods than Q, to enjoy the trade credit period.
Therefore, we only need to analyze the results when Q=
Q,. Fig.7(b) shows the variation of T* when W and Q,
change under the condition of Q=0Q,.

Observation 1  If the values of O, and W are low, the
optimal replenishment cycle 7" increases when W increa-
ses; otherwise, the optimal replenishment cycle T~ does
not change as W changes.

From Fig. 7(b), we can find that when the values of
Q, and W are less than 400, the optimal replenishment
cycle T increases in W. When W is low, increasing W
means that the retailer can rent less space from the RW to
satisfy the demand of storage, which will reduce the aver-
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age unit holding cost for the retailer. Meanwhile, since
Q, is also low, increasing T" does not lead to any extra
interest charged. Therefore, under this condition, in-
creasing 7" can decrease the annual total cost, thus re-
ducing the annual ordering cost.

11

10k _Q<0dy M=0

9l 7
i
S 7t
X 6f 2
E, 5L “ Q=0Q,, enjoy M
5 “:‘::’:“ =Va, enjoy
B 4r SIS

3t SIS

2 S5

1

800

0.30

0.28

0.26 Q0=0Q,, enjoy M

0.24
& 0.2

0.20

0.18

0.16

(b)
Fig.7 Impact of W and Q, on TC and T". (a) TC; (b) T*

From Fig. 7(b), we can find that when W <400 and
Q, > 400, the optimal replenishment cycle T does not
change as W changes. Since Q, is high, increasing T”
will lead to a higher interest charged. Therefore, the re-
tailer does not increase the replenishment cycle 7" even if
W increases.

Observation 2 If the value of Q, is low, T" does not
change as Q, changes. If the value of Q, is high, T" in-
creases as Q, increases.

From Fig.7(b), we can find that when Q, <400, T"
does not change as W changes. Since T is longer than 7T,
when Q, is not too high, increasing Q, cannot affect the
optimal replenishment cycle. However, from Fig. 7(b),
we also find that when Q, >400, T" increases as fast as
Q, does. Under this condition, the influence of Q, be-
comes significant. To enjoy the trade credit period, the
retailer has to order more products, which leads to in-
creasing the replenishment cycle.

5.2 Impact of (M, N) on the total cost and replenish-
ment cycle

From Fig. 8(a), it is clear that under the same situa-
tion, ordering more goods than the minimum order quan-
tity O, can lead to a lower annual total cost. Therefore,
we only need to analyze the results when Q= (Q,. Fig. 8
(b) shows the variation of 7° when M and N change un-
der the condition of Q= Q,. Then we can have the fol-
lowing observations.

12

10

TC*(T)/10°

NG,
ANARRNN
SoRR \§§§"‘\

X
A

0 NALUIN LR AT
. AANNALLLANY

SATIRIRRRSR

T°/10 3

(b)
Fig.8 Impact of M and N on TC and T". (a) TC; (b) T~

Observation 3 If N=M, T increases as M increa-
ses. If N<M, T" increases as M decreases.

Under the condition of N=M, when M increases, the
retailer needs to lengthen the replenishment cycle to fully
enjoy the trade credit period, thus lowering the average
total cost.

Under the condition of N < M, since the retailer offers
the customers a short trade credit period, the retailer can
obtain the sales money relatively quickly. Therefore, the
retailer will shorten the replenishment cycle to enjoy more
trade credit periods when M increases.

Observation 4 If N=M, T does not change when N
changes.
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Under the condition of N = M, the influence of N is [6] Ghiami Y, Williams T. A two-echelon production-inven-
small, while the influence of M is significant. Therefore, tory model for deteriorating items with multiple buyers
the retailer will keep the replenishment cycle according to [J]. International Journal of Production Economics,

2015, 159: 233 — 240. DOL 10. 1016/j. ijpe. 2014.

the trade credit period offered by the supplier.
P Y “Pp 09.017.

Ouyang L Y, Wu K S, Yang C T. A study on an inven-
tory model for non-instantaneous deteriorating items with
permissible delay in payments [J]. Computers & Industri-

—

6 Conclusion [7

This paper mainly studies the optimal replenishment cy-

cle to minimize the retailer’s total cost under considering al Engineering, 2006, 51(4): 637 —651. DOI: 10. 1016/
the deteriorating product, two-level trade credits, limited j. cie. 2006.07.012.

storage capacity of their own warehouse and credit-linked [8] Soni H, Shah N H. Optimal ordering policy for stock-de-
order quantity simultaneously. Furthermore, our study al- pendent demand under progressive payment scheme [J].
so leads to a few more managerial insights. First, when flu)mp;m lfg(’;mal of Operational Research, 2008, 184

the minimum order quantity and the storage capacity of
OW are low, the retailer should increase the replenish-
ment cycle if the storage capacity of OW increases. Sec-

[9] Huang Y F. Optimal retailer’s ordering policies in the
EOQ model under trade credit financing [J]. Journal of
the Operational Research Society, 2003, 54(9): 1011 -

ondly, when the minimum order quantity is high, the re- 1015. DOI: 10. 1057/palgrave. jors. 2601588.

tailer should increase the replenishment cycle if the mini- ¢ Jaggi C K, Aggarwal K K, Goel S K. Retailer’s optimal

mum order quantity increases. ordering policy under two stage trade credit financing [J].
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