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Abstract

In this paper, we are concerned with the coordinating quantity decision problem in a supply chain contract. The supply
chain contract is composed of one manufacturer and one retailer to meet the random demand of a single product with a
short lifecycle. Our analysis show that the retailer expects to obtain higher profit under proper ordering policies, which can
also maximize the expected profit of the supply chain. The manufacturer may induce the retailer to order the coordinated
quantity by adjusting the unit return price. As a result, the supply chain is expected to achieve the optimal expected profit.
� 2006 Elsevier Inc. All rights reserved.
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1. Introduction

The coordinating order quantity problem is proposed to avoid reducing the expected profit of the entire
supply chain during the course of each member trying to get optimal profit. Some coordination strategies, such
as the quantity discount policy and the returns policy, are often used to regulate the relationship among par-
ties of the supply chain. The quantity discount policy has been studied by many authors [1–6], but most of
them studied the impact of the order quantity on the gains of two parties – one manufacturer and one buyer
with known demand. Pasternack [7] first studied the return policy in the supply chain. He paid his attention
mostly to the selling channel that is composed of one manufacturer, one retailer and a single product with a
short lifecycle. Since the trade price and the market price are supposed invariable, the order quantity is the
only variable which should be decided by the retailer. He pointed out that it was an effective coordinating pol-
icy to take back residual products from the retailer at the end of selling period and return part of his payment
for these products. Some recent progress in this topic can be found in Cachon [8,9] and Lariviere [10], etc.

In this paper, we also consider the coordinating order quantity decisions in the supply chain contract with
one manufacturer, one retailer and a single product with a short lifecycle. The manufacturer and the retailer
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may coordinate order quantity decisions to meet the random demand of the product in its selling period, and
to maximize the expected profit of entire supply chain. At the beginning, the retailer orders a passel of product
to replenish the stock. Due to the uncertain demand, there is in general a discrepancy between the actual
demand and the forecasting demand of the retailer. In the case where the actual demand may be less than
the storage, at the end of the period while the demand has been known (see, e.g., Weng [11]), surplus goods
will be kept in stock and the profit of retailer will be lost. On the contrary, the retailer will consider a second
order to achieve more profit if it is out of stock. Being at the end of the selling season, the unit cost associated
with the second order will be much higher than that with the first one for satisfying the requirement of the
market as quickly as possible (see, e.g., Weng [11], Donohue [12], Mazzola and Schantz [13]). Of course,
the retailer should pay the higher unit cost of these products than that with the first order. On the other hand,
the manufacturer hope to encourage the retailer to order more product to get more profit. So, both manufac-
turer and retailer hope to find a quantity coordination rule to enhance their profits.

Weng [11] considered such an order quantity coordination problem in the supply chain composed of one
manufacturer and one buyer to meet the random demand of a single product with a short lifecycle. At the end
of the period, the residual items will be sold at discounted sales price or disposed at certain costs to avoid more
profit lost by kept in stock. In addition, quantity discount policies are developed as incentive policies. The
manufacturer uses discount policies to induce the retailer to order the coordinated quantity such that the
expected profit of supply chain tends to be optimal. The above mentioned model only considered the buyer’s
ordering cost but neglected the inventory cost and the manufacturer’s ordering cost. In this paper, unlike the
policy considered by Weng, we consider to adopt the return policy. That is to say, at the end of period, the
manufacturer promises to callback all the residual items at the price lower than his selling price. The manu-
facturer affects the retailer’s quantity decision by adjusting the return price but not the quantity discount price.
Moreover, the cost considered in our model includes the ordering cost, the inventory cost, the producing setup
cost. We not only aim at the study of the optimal quantity decision problem, but also point out that it is pos-
sible for the manufacturer, the retailer and the whole supply chain are possible to get higher expected profits if
the retailer place a second order according to the actual demand at the end of selling period. We also show that
the coordinating efficiency can be improved by making a proper return price.

The paper is organized as follows. In Section 2, we describe the model in detail. In particular, we derive the
expected profit formulae for the whole supply chain and the members in the supply chain. In Section 3, by
comparing the coordinated optimal ordering quantities and the retailer’s optimal ordering quantities without
coordination separately, we show that less items should be ordered before the period if the retailer may replen-
ish the stock at the end of period. In this way, more inventory cost can be saved. Then, we demonstrate that
both the retailer and the supply chain are likely to gain higher expected profits if the coordinating policy is
accepted, and the necessary condition to make the coordination strategy prevail is developed in Section 4.
A numerical analysis is presented in Section 5 to show the impact of coordinating policy on the expected profit
increase of supply chain. Finally, conclusions and future researches in Section 6 close the paper.

2. The model development

The aim of the retailer and the manufacturer in a supply chain is to maximize their expected profits. Let
us analyze the profit models from the viewpoints of the retailer and the manufacturer respectively. For a
given sales price charged by the manufacturer, the retailer will choose an order quantity to maximize his
own expected profit. This optimal order quantity in general does not necessarily maximize the manufac-
turer’s expected profit. In order to enhance the expected profit, the manufacturer is more interested in coor-
dinating with the retailer to affect the retailer’s ordering decision. For this purpose, the manufacturer have to
make some strategy to encourage the retailer to order the quantity of the product that can also bring the
manufacture higher expected profit. The return policy is a good choice of such strategies. By return policy,
we mean that the manufacturer calls back the surplus products from the retailer with a price lower than the
selling price. Such a return policy would be an effective coordination strategy if it increases both parties’
expected profits.

In this section, we first discuss the cost structure of manufacturer and retailer. The retailer’s costs include
the unit purchase cost, the unit overstock cost, the unit unsatisfied demand cost, the unit inventory cost (usu-
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ally expressed by the percent of unit sales price), and the ordering and transportation costs for each order. The
manufacturer’s operating costs include the unit production cost and the production setup cost composed of
the ordering cost, the production preparation cost and the transportation cost when the retailer places an
order. At the end of the period, residual products will be taken back by the manufacturer. So, the manufac-
turer’s cost should also include the unit return cost. Moreover, if the actual market demand exceeds the stock,
the retailer will place a second order. In this case, both retailer and manufacturer should share the contracting
cost caused by the second order. The ordering cost and the production setup cost associated with the second
order may not be the same as, and is typically much higher than, that associated with the first order. Addi-
tionally, it is reasonable that the retailer compensates the manufacturer for the loss of profit due to the pro-
duction change to satisfy the retailer’s demand in time.

For convenience, we introduce following notations.

x the random demand for the retailer with the CDFF(x), PDF f(x) and mean d

p the retailer’s unit sales price
c the retailer’s unit purchase price, that is the unit sales price of the manufacturer
s the unit return price
v the manufacturer’s unit production cost
Q the order quantity before the selling period
Cm the manufacturer’s loss for changing its production plan when the retailer places an second order

at the end of the period
h the percent of retailer’s unit sales price equalling to the unit inventory cost
Mi the manufacturer’s ordering, production setup and transportation costs for the ith (i = 1,2) order
Ri the retailer’s ordering and transportation costs for the ith (i = 1,2) order
Cu the unit unsatisfied cost (Cu = p � c), that is the unit profit of retailer
Co the unit overstock cost (Co = c � s)

We make suitable assumptions [14] and then develop the model. The demand x is a continuous and random
variable. For "x > 0, we have f(x) > 0 and f 0(x) < 0. Of course, under certain conditions, the probability dis-
tribution of random demand may be unknown. But it may be estimated either from historical data or through
other methods. Additionally, unit sales prices of the manufacturer and the retailer and the unit return price
can be controlled by themselves. And they are willing to share the information of the demand distribution,
sales price and cost structure with each other (see, e.g., Lee et al. [15], Fiala [16] and Tsay [17]). For conve-
nience, we also assume that the unit production cost is not variable and the manufacturer consents to take
back all the residual products at the return price, which is lower than that of selling to the retailer. At last,
the condition c � v > s may be required in order to ensure that the manufacturer’s profit won’t be negative
when the actually selling quantity is small.

2.1. The retailer’s expected profit model

The retailer’s ordering decisions problem is to decide the proper order quantity to maximize his expected
profit. At the beginning, quantity Q is ordered to meet the demand of the sales period. At the end of the per-
iod, if total demand x 6 Q, the residual products will be sent back to the manufacture. Under this condition,
the retailer’s profit can be expressed as:

RP 2ðxjx 6 QÞ ¼ Cux� CoðQ� xÞ � hpQ� R1:

If total demand x exceeds the first order quantity Q, the retailer will consider to place a second order to
avoid the shortage cost. We let q be the break-even quantity. That means that if x � Q > q, the retailer will
place a second order with quantity (x � Q). The manufacturer’s quickly reaction is usually required in order
to ensure the ordering items can be satisfied in time. As discussed before, the retailer should bear the manu-
facturer’s loss due to the change of production plan. On the other hand, if the retailer demand x is more than
the order quantity Q and additional demand (x � Q) is less than q, the retailer will not place a second order to
avoid more profit loss. So, the retailer’s conditional profits are given by:

Y. Zhou, D.-H. Li / Applied Mathematical Modelling 31 (2007) 1029–1038 1031
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RP 2ðxjQ < x 6 Qþ qÞ ¼ CuQ� Cuðx� QÞ � hpQ� R1;

RP 2ðxjx > Qþ qÞ ¼ Cux� hpx� R1 � R2 � Cm:

We discuss how to determine q. If the retailer places a second order, the retailer’s profit is RP2(xjx > Q + q).
Alternatively, if the retailer does not place a second order, then the corresponding profit is
RP2(xjQ < x 6 Q + q). Hence, if the difference of these two profits is nonnegative, i.e.,

RP 2ðxjx > Qþ qÞ � RP 2ðxjQ < x 6 Qþ qÞP 0;

the retailer is willing to place a second order. We choose the lower bound:

q ¼ R2 þ Cm

2Cu � hp
ð1Þ

as the break-even quantity.
The expected profit RP2(Q) under the twice ordering strategy is the sum of the expected values of three con-

ditional profits:

RP 2ðQÞ ¼
Z Q

0

RP 2ðxjx 6 QÞf ðxÞdxþ
Z Qþq

Q
RP 2ðxjQ < x 6 Qþ qÞf ðxÞdxþ

Z þ1

Qþq
RP 2ðxjx > Qþ qÞf ðxÞdx

¼ CuQ� hpQ� R1 þ
Z Q

0

ðCu þ C0Þðx� QÞf ðxÞdx�
Z Qþq

Q
Cuðx� QÞf ðxÞdx

þ
Z þ1

Qþq
ððCu � hpÞðx� QÞ � R2 � CmÞf ðxÞdx: ð2Þ

If there is no re-supply or the buyer does not place a second order (noted as the once ordering strategy), the
manufacturer still allows the buyer to send back the residual products at the price s. The retailer’s profit under
the once ordering strategy can be written as:

RP 1ðQÞ ¼ CuQ� hpQ� R1 þ
Z Q

0

ðCu þ C0Þðx� QÞf ðxÞdx�
Z þ1

Q
Cuðx� QÞf ðxÞdx: ð3Þ

2.2. The manufacturer’s expected profit model

The manufacturer will arrange his production schedule according to the retailer’s order and does not hold
inventory. Under the retailer’s twice ordering strategy, if the demand x 6 Q, the manufacturer’s profit is

MP 2ðxjx 6 QÞ ¼ ðc� vÞQ� sðQ� xÞ �M1:

If the demand x is between Q and Q + q, no residual items will be called back. Then we get the manufacturer’s
profit:

MP 2ðxjQ < x 6 Qþ qÞ ¼ ðc� vÞQ�M1:

If x > Q + q, the manufacturer will receive the retailer’s second order. Under this condition, the manufac-
turer’s profit is:

MP 2ðxjx > Qþ qÞ ¼ ðc� vÞx�M1 �M2:

Obviously, the second order will affect the manufacturer’s profit. Under general conditions, the manufac-
turer is not willing to accept the ordering strategy if it will cause the profit loss. But, the manufacturer will also
earn more from the second ordering strategy if the condition:

MP 2ðxjx > Qþ qÞ �MP 2ðxjQ < x 6 Qþ qÞP 0

is satisfied. This means that if x� Q P M2

c�v, the manufacturer can get higher profit through the second ordering
process. So, we choose the lower bound q0 ¼ M2

c�v as the break-even quantity for the manufacturer. Both from
the retailer’s and the manufacturer’s perspective, the second order would be placed and satisfied if it results in
positive profit to both sides. Taking into account that in the supply chain contract model, the relationship of
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the retailer and the manufacturer is symbiosis and they share the information of demand and sales prices. It is
possible that the retailer’s break-even quantity is the same as the manufacturer’s, i.e., q = q 0, by their own sales
prices provided properly. In this way, the break-even quantity would be agreed on by both parties of the sup-
ply chain because they can receive more profit from the second order at the same time.

With the above argument, we formulate the manufacturer’s expected profit as follows:

MP 2ðQÞ ¼
Z Q

0

MP 2ðxjx6QÞf ðxÞdxþ
Z Qþq

Q
MP 2ðxjQ< x6Qþ qÞf ðxÞdxþ

Z þ1

Qþq
MP 2ðxjx>Qþ qÞf ðxÞdx

¼ ðc� vÞ Qþ
Z þ1

Qþq
ðx�QÞf ðxÞdx

� �
þ s
Z Q

0

ðx�QÞf ðxÞdxþM2F ðQþ qÞ� ðM1þM2Þ: ð4Þ

Similarly, the manufacturer’s expected profit under the retailer’s once ordering strategy can be written as:

MP 1ðQÞ ¼ ðc� vÞQ�M1 þ s
Z Q

0

ðx� QÞf ðxÞdx: ð5Þ

2.3. The system expected profit model

The total expected profit of supply chain is defined as the sum of the expected profit function of the retailer
and the manufacturer. Hence, under the retailer’s twice ordering strategy, the total expected profit can be writ-
ten as the following:

JP 2ðQÞ ¼ MP 2ðQÞ þ RP 2ðQÞ

¼ ðp � vÞQ� hpQ� R1 �M1 þ p
Z Q

0

ðx� QÞf ðxÞdx�
Z Qþq

Q
ðp � cÞðx� QÞf ðxÞdx

þ
Z þ1

Qþq
ðp � v� hpÞðx� QÞf ðxÞdx� ðR2 þ Cm þM2Þð1� F ðQþ qÞÞ ð6Þ

¼ ðp � v� hpÞd � R1 �M1 � ðR2 þ Cm þM2Þð1� F ðQþ qÞÞ

þ
Z Q

0

ðvþ hpÞðx� QÞf ðxÞdx�
Z Qþq

Q
ðp � cþ p � v� hpÞðx� QÞf ðxÞdx: ð7Þ

In the same way, if the once ordering strategy is adopted, it can be corresponding written as:

JP 1ðQÞ ¼ MP 1ðQÞ þ RP 1ðQÞ

¼ ðp � vÞQ� hpQ� R1 �M1 þ p
Z Q

0

ðx� QÞf ðxÞdx�
Z þ1

Q
ðp � cÞðx� QÞf ðxÞdx: ð8Þ

3. The impact of the ordering strategy on the order quantity

No matter what ordering strategy is used, the first order quantity Q should be decided. The retailer possibly
only considers his own profit to make the decision in the absence of coordination with the manufacturer.
Alternatively, he coordinates with the manufacturer by considering the whole profit to make the decision.
Therefore, there are two optimal order quantity under each retailer’s ordering strategy. In this section, we
show the impact of ordering strategies on the order quantity decisions by comparing these variables.

Theorem 3.1. The retailer’s optimal order quantities Q�r1, Q�r2, which are certainly nonnegative, maximize the

retailer’s expected profit under the once ordering strategy and the twice ordering strategy separately, and we have

Q�r1 > Q�r2.

Proof. It is easy to know there exists an unique positive root Q�r1 > 0, where

oRP 1ðQ�r1Þ
oQ

¼ 2ðp � cÞ � hp � ðp � cþ p � sÞF ðQ�r1Þ ¼ 0; ð9Þ

to maximize RP1(Q) at the value of Q�r1.

Y. Zhou, D.-H. Li / Applied Mathematical Modelling 31 (2007) 1029–1038 1033
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For s < c, and "x > 0, f 0(x) < 0, we get "Q > 0, o2RP 2ðQÞ
oQ2 < 0. So there also exists an unique root Q�r2 > 0 for:

oRP 2ðQ�r2Þ
oQ

¼ ð2ðp � cÞ � hpÞF ðQ�r2 þ qÞ � ðp � cþ p � sÞF ðQ�r2Þ ¼ 0; ð10Þ

to maximize RP2(Q). And oRP 2ðQÞ
oQ < 0 if Q! +1, if Q! 0, oRP 2ðQÞ

oQ > 0. That is to say

oRP 2ðQÞ
oQ

< 0; RP 2ðQÞ < RP 2ðQ�r2Þ; Q > Q�r2

oRP 2ðQÞ
oQ

> 0; RP 2ðQÞ < RP 2ðQ�r2Þ; Q�r2 > Q > 0:

8>>><
>>>:

ð11Þ

From (9), we get
oRP2ðQ�r1

Þ
oQ < 0. Then we obtain Q�r1 > Q�r2 and RP 2ðQ�r1Þ < RP 2ðQ�r2Þ. h

Theorem 3.1 shows that the optimal order quantity in the absence of coordination is smaller under the twice
ordering strategy, which is help to reduce the retailer’s inventory on hand. There exists a similar result in the
coordinated optimal order quantity.

Theorem 3.2. Considering the supply chain’s profit as a whole, there exist positive optimal order quantities Q�j1
and Q�j2 to maximize the profit under two different ordering strategies, and Q�j1 > Q�j2 is obtained.

It is easy to be proofed by the similar method to proof Theorem 3.1. We also get following formulas:

oJP 2ðQ�j2Þ
oQ

¼ ðp � cþ p � v� hpÞF ðQ�j2 þ qÞ � ð2p � cÞF ðQ�j2Þ ¼ 0; ð12Þ

oJP 2ðQÞ
oQ

< 0; JP 2ðQÞ < JP 2ðQ�j2Þ; Q > Q�j2

oJP 2ðQÞ
oQ

> 0; JP 2ðQÞ < JP 2ðQ�j2Þ; Q�j2 > Q > 0

8>>><
>>>:

; ð13Þ

are tenable.
Thus, under the twice ordering strategy, no matter the order quantity decided by coordinating or not, the

retailer will order less items in the first order than that under the once ordering strategy. It is benefit to raise
the utilization ratio of funds.

4. The influence upon the expected profits

The influence of ordering and coordinating policies analyzed in this section is conducive to bring higher
expected profits to the retailer, the manufacturer and the whole supply chain.

We first show that it is possible for all the manufacturer, the retailer and the whole supply chain achieve
higher profit if a good coordination strategy is used.

Theorem 4.1. Accepting the twice ordering strategy, the retailer can achieve a higher expected profit than that

achieved under the once ordering strategy, namely, RP 2ðQ�r2Þ > RP 1ðQ�r1Þ. And the same to the supply chain, under

the twice ordering strategy, the optimal expected profit as a whole is more than that of the once ordering strategy,

that is JP 2ðQ�j2Þ > JP 1ðQ�j1Þ.

Proof. Letting

DRP ðQÞ ¼ RP 2ðQÞ � RP 1ðQÞ ¼
Z þ1

Qþq
Cuðx� QÞf ðxÞdxþ

Z þ1

Qþq
ððCu � hpÞðx� QÞ � R2 � CmÞf ðxÞdx;

we then have

oDRP ðQÞ
oQ

¼ ð2Cu � hpÞðF ðQþ qÞ � 1Þ < 0

1034 Y. Zhou, D.-H. Li / Applied Mathematical Modelling 31 (2007) 1029–1038
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and DRP(Q)! 0 as Q! +1. Thus, RP 2ðQ�r1Þ � RP 1ðQ�r1Þ > 0, and due to Theorem 3.1, we know that
RP 2ðQ�r2

Þ > RP 1ðQ�r1
Þ. By the similar method, we get that the higher optimal expected profit of the whole will

be received if the retailer adopt the twice ordering strategy. h

Actually, the retailer often decide the order quantity according to his own profit without considering the
coordination policy so that the whole optimal profit frequently can not be achieved. Next, we have the follow-
ing result on the relationship between the system optimal order quantity and the retailer’s optimal order
quantity.

Theorem 4.2. Under the twice ordering strategy, the optimal order quantity of the whole Q�j2 is greater than that

of the retailer Q�r2, and JP 2ðQ�r2Þ < JP 2ðQ�j2Þ. Therefore, if the first order quantity is decided only by the retailer’s

profit, that is in the absence of coordination, the whole profit will be less than the optimal value.

Proof. It is easy to get
oJP 2ðQ�r2

Þ
oQ > 0. Using (13), Q�r2 < Q�j2 and JP 2ðQ�r2Þ < JP 2ðQ�j2Þ are obtained. h

It can be seen the retailer’s optimal order quantity may be different with the system optimal order quantity.
The retailer could be interested in accepting the system optimal order quantity while the manufacturer coor-
dinates ordering decisions with the retailer by regulating the unit return price s. The following theorem illus-
trates this coordination policy will increase the system expected profit.

Theorem 4.3. If the manufacturer increases the unit return price s to s 0 satisfying the assumption mentioned

before, where c � v > s 0 > s, the retailer will order more products in the first order. Without changing the system

optimal expected profit, the system expected profit will also increase but will not obtain the optimal value.

Proof. As indicated by (12), the unit return price will not influence the optimal order quantity decided by con-
sidering to maximize the system expected profit. And by (6), it will not change the total optimal expected
profit, too. However, if the increased unit return price s 0 > s satisfying s 0 < c � v, due to Theorem 3.1, we know

that there exists a unique root Q�r3 > 0 for
oRP 2ðQ�r3

;s0Þ
oQ ¼ 0. Since

oRP 2ðQ�r3; sÞ
oQ

¼ ðs� s0ÞF ðQ�r3Þ < 0;

we get Q�r3 > Q�r2 by (11). Then

oJP 2ðQ�r3Þ
oQ

¼ ðc� vÞF ðQ�r3 þ qÞ � s0F ðQ�r3Þ > 0;

we know that Q�r3 < Q�j2 from (13), thus Q�r2 < Q�r3 < Q�j2. Of course, there must exists
JP 2ðQ�r2Þ < JP 2ðQ�r3Þ < JP 2ðQ�j2Þ. h

The above results shows that the system expected profit will be improved but not optimal. If the manufac-
turer present a return price s* satisfying c � v < s* < c to coordinate with the retailer, the retailer’s optimal
order quantity is possibly identical with the system’s optimal order quantity. Of course, in most cases, both
sides will accept the coordination policy only if their profits do not decrease. Therefore, the following theorem
comes into existence.

Theorem 4.4. If the manufacturer is willing to take the risk that the profit may be negative, the necessary

condition for the manufacturer to coordinate with the retailer on the ordering decisions is that the unit return price

is

s� ¼ ð2p � cÞðc� vÞ
2p � c� v� hp

; ð14Þ

and the following

s� 6 gðQ�j2Þ
�1ððc� vÞgðQ�j2 þ qÞ � ðc� vÞgðQ�r2 þ qÞ þ sgðQ�r2ÞÞ ð15Þ

exists, where gðxÞ ¼
R x

0 F ðxÞdx.

Y. Zhou, D.-H. Li / Applied Mathematical Modelling 31 (2007) 1029–1038 1035
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Note that it is easy to get s* > c � v and it is reasonable to assume that 2v > h Æ c for the unit inventory cost
is very small comparing with the price c, so we have s* < c. The manufacturer may be willing to present this
unit return price which is not higher than his unit sales price.

Proof of the Theorem 4.4. If (14) exists, applying (10) and (12), we get

oRP 2ðQ�j2; s
�Þ

oQ
¼ ð2ðp � cÞ � hpÞF ðQ�j2 þ qÞ � ðp � cþ p � s�ÞF ðQ�j2Þ ¼ 0:

In other words, if the unit return price s* is used, the optimal order quantity is Q�j2 exactly and the whole ex-
pected profit will reach the max. s* will be accepted by the retailer and the manufacturer, only if the profits of
both sides do not decrease comparing with that of the original return price s. Let

DRðQÞ ¼ RP 2ðQ; sÞ � RP 2ðQ; s�Þ ¼ �ðs� s�Þ
Z Q

0

F ðxÞdx:

Due to s* > c � v > s, for "Q > 0 we get DR(Q) < 0, hence RP 2ðQ�r2; s
�Þ > RP 2ðQ�r2; sÞ. And from c > s*, there

exists o2RP2ðQ;s�Þ
oQ2 < 0, so Q�j2 is the unique positive root of oRP 2ðQ;s�Þ

oQ ¼ 0 and RP 2ðQ�j2; s
�Þ > RP 2ðQ�r2; s

�Þ. Hence,

RP 2ðQ�j2; s
�Þ > RP 2ðQ�r2; sÞ. It is obvious that the retailer’s profit will increase while the unit return price in-

creases. If we also have the condition (15) exists, the manufacturer will not suffer the loss. For

MP 2ðQ�r2; sÞ �MP 2ðQ�j2; s
�Þ ¼ �ðc� vÞ

Z Q�j2
þq

Q�r2
þq

F ðxÞdx� s
Z Q�r2

0

F ðxÞdxþ s�
Z Q�j2

0

F ðxÞdx;

it is essential that MP 2ðQ�r2; sÞ �MP 2ðQ�j2; s
�Þ 6 0, which is equal to the formula (15). Under this condition, the

coordination policy will be accepted by both the retailer and the manufacturer and the whole profit will be
optimal. h

5. Numerical studies

To gain more insights, we now present a numerical study for two probability distributions of random
demand: exponential and uniform. We study the impact of operating costs T including Ri, Mi and Cm on
increasing the system expected profit due to coordination. The operating parameters are given by v = 4,
c = 9, p = 15, h = 0.05, T ¼

P2
i¼1ðRi þMiÞ þ Cm = 200, 400, 600, and 800, and d = 100, 150, 200, 250, and

300, respectively. Applying (10) and (7), we obtain the retailer’s optimal order quantity Q�r2 with s = 3 in

Fig. 1. The total expected profit increases with exponential distribution (·100%).
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the absence of the coordination and the corresponding expected profit JP 2ðQ�r2Þ. Likewise, we get the system
optimal order quantity Q�j2 in the presence of coordination and the corresponding expected profit JP 2ðQ�j2Þ
from the formulas (12) and (7), respectively. Recall that we define the whole expected profit increase due to
coordination as Increase ¼ ðJP 2ðQ�j2Þ=JP 2ðQ�r2Þ � 1Þ · 100%.

The result of numerical studies are given in Figs. 1 and 2 for exponential distribution and uniform distri-
bution respectively. From the two figures, we note that the whole expected profit increases due to coordination
can be very substantial, especially when mean demand is small, ordering, transportation, production setup and
changing production schedule costs are high.

6. Discussion and conclusion

We have developed a supply chain contract model composed of one manufacturer and one retailer to meet
the random demand of a single product with a short lifecycle and analyzed the impact of different ordering
strategies on the order quantity and both the each side’s and the system expected profit. We presented a twice
ordering strategy that may increase the expected profit of the retailer and the whole supply chain. Meanwhile,
if the manufacturer adopts the strategy of raising up the unit return price to coordinate with the retailer on the
ordering decisions, the system profit will approach or even reach optimal.

There are some possible extensions of the model. For example, we have only considered and analyzed the
supply chain composed of one manufacturer and one retailer. It would be interesting to consider the model
consists of multi-manufacturers and multi-retailers. In addition, the model considered in the paper has sup-
posed that the manufacture does not hold inventory and that the manufacturer estimates the market demand
in advance and then design its production plan. It is worth of consideration that the manufacture’s inventory
and shortage costs are included in the model. Another interesting topic is what strategy can be used to coor-
dinate between the manufacturer and the retailer when the probability distribution of random demand of
products with very short lifecycles is unknown.
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