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Abstract 
We study a replenishment model that the retailer shares his leftovers on his 
direct online sales channel and traditional retail channel. When one of the sales 
channels is out of stock and another has leftovers, the latter shares its leftovers 
with the former. Commonly, there is competition between two channels. There-
fore, we take the consumers’ behavior including retailer inconvenience cost of 
traditional retail channel, and risks and delivery lead time of direct online sales 
channel into consideration. Then, we use the function of consumer utility to 
measure the Demand distribution function. Furthermore, the optimal replenish-
ment models in independent decision-making and in lateral transshipment are 
established separately. Then the results of two models are compared by order 
quantity and retailer’s profit. What’s more, it is found that lateral transshipment 
between dual sales channel inventory can reduce the order quantity and increase 
the retailer’s profit when the prices and demand distribution satisfy certain condi-
tions. Finally, the numerical analysis of the model is carried out. The validity of 
the research results is proved by examples. 
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1. Introduction 

With the advent of the era of new retailing, e-commerce and traditional retail store 
increasingly contact. The core of the new retailing is to promote the integration 
of traditional retail and e-commerce [1]. Compared with “pure e-commerce”, re-
tailer needs to prepare more for the new retailing. If the traditional retailers would 
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like to get more market share in the fierce competitive market, they have to devel-
op direct online sales channel and traditional retail channel at the same time. How-
ever, almost all companies which own dual sales channel would have two apart-
ments to manage dual channels respectively. In that case, it is wasting that retailers 
need to use more funds and to order more inventories. Therefore, we build a model 
in which the retailer shares the leftovers on his direct online sales channel and tra-
ditional retail channel. When one of the sales channel is out of stock and another 
has leftovers, the latter shares the leftovers with former. 

The research and literatures related to our paper include order model, lateral 
transshipment and competition between dual sales channel. Firstly, the order model 
is an important field in supply chain management. In the last hundred years, 
many scholars have carried out various aspects of the classical model—Economic 
Order Quantity (EOQ) and Joint Economic-lot Size (JELS) in the inventory model. 
One of the most important extensions is to consider lateral transshipment of the 
order model. Lateral transshipment was first proposed by Gross [2], referring to 
the fact that two companies are at the same level in the supply chain. And one of 
the companies does not meet all the demands at the end of the quarter, while anoth-
er has leftovers. Then the latter will share the leftovers with the former. It is not 
only can improve the former’s customer satisfaction, but also can reduce the lat-
ter’s leftovers. In recent years, the literature on lateral transshipment has become 
increasingly abundant. On the one hand, many scholars have studied the devel-
opment of lateral transshipment strategies among enterprises at the same level, 
for example, Lee [3], Balachander et al. [4] and Tagaras [5] constructed a mul-
ti-level inventory model of repairable goods with emergency stocks at a certain 
level of service; Wee et al. [6] examine the optimal order model when e-commerce 
retailers share inventory; Chen et al. [7] studied when supplier and retailer both 
use order-up-to strategy to manage inventory and the customers’ demand is 
random, how they can arrive the overall supply chain’s optimal order quantity in 
lateral transshipment problem. On the other hand, other scholars are committed 
to a specific situation of lateral transshipment between enterprises. For example, 
Taesu [8] studied the effect of reallocating stocks on order quantity decisions when 
retailers transshipped easy-to-corrode goods, and whether it can save funds and 
other sources on easy-to-corrode goods; Koushik et al. [9] analysis the existence 
of warehouses and emergency orders between the two kinds of goods and two 
warehouses in the regular inventory of the order model. Wang Chunxing [10] stu-
died that when the enterprises are in the model of order assembly, lateral trans-
shipment between different modules of enterprises would have impacts of pric-
ing issues. At the same time, they put forward a model to maximize profits of 
retailers. Among the literatures, the most relevant research with our research is 
the study of the leftovers shared in dual sales channels [11], but the consumers 
demand in this article is assumed to be random and independent. However, 
there is no consideration that consumer behavior and preferences would affect 
the demand of consumers in duals channels. Therefore, our paper is based on 
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Jing’s study. But the innovation of our paper is to consider the different service 
levels between direct online sales channel and traditional retail channel. The ser-
vice levels would impact customers’ decision directly. However, it is difficult to 
measure the decision of consumers. Bhatnagar, Yan R and XIAO Jian et al. [12] 
[13] [14] have shown that the inconvenience of traditional retail channel is an 
important factor for consumers to shopping online, and they define the availa-
bility of goods for the traditional retail channel as retailer inconvenience cost. In 
the direct online sales channels, consumers need to waiting for a long time be-
fore they receipt the goods, and they define the waiting time as delivery lead time. 
Kay-yut chen [15] studied that when retailers sell goods by dual sales channels, 
consumers’ demand mainly depends on service levels of the two channels. How-
ever, consumers’ valuation of the goods and the shopping experience is key. Yan 
and Pei [13] divided the decision into centralized decision and decentralized de-
cision, and analyzed the factors that affect the service level of dual sales channels. 
Xu [16] classified three different ways to operate online sales channels, including 
the manufacturer to operate online sales channels, retailer to operate online sales 
channels and third-party company to operate online sales channels. Han Xiaoya 
and [17] [18] [19] [20] based on consumer preferences for green goods, retailers’ 
service level the risk of online shopping to build order model and pricing model 
for retailers. 

On the basis of the above scholars, our paper collated in the dual sales chan-
nels, the impact of the level of service factors mainly for delivery lead time of on-
line shopping and retailer inconvenience cost of traditional retail channel. Re-
tailer inconvenience cost is the cost of consumers to find and get the goods. In-
novations of this paper includes: Firstly, we considered the competitive rela-
tionship between the dual sales channels. When the same consumer chooses one 
of the channels to buy goods, they would like to experience good service. Se-
condly, to make up for the previous, we studied of independent random demand 
under the dual sales channel order model, we used function of consumer utility 
to measuring the dual channel competition under the demand distribution. 

2. Notations 
Assumptions 

Because we use the function of consumer utility to measure the Demand distri-
bution function, we need to assume consumers are rational and risk neutral per-
son. Then, our paper only studies the simple condition that there is a retailer and 
single kind of goods. What’s more, we studied the single-period problem. There-
fore, we need to assume that (Table 1): 

Hypothesis 1: All consumers are economic rational and risk neutral person. 
Hypothesis 2: There is only a retailer and single goods, and all goods are ho-

mogeneous. 
Hypothesis 3: The retailer can only order the goods one time before the deci-

sion period. 

https://doi.org/10.4236/ib.2017.94008


D. Huang 
 

 

DOI: 10.4236/ib.2017.94008 104 iBusiness 
 

Table 1. Notations and explanations. 

Notations Explanations Notations Explanations 

F(x) 
Demand distribution function of  

traditional retail channel 
p Retail price 

f(x) 
Density function of traditional retail 

channel 
П Profit 

μ Demand mean 1q  
Order quantity of traditional  

retail channel 

G(x) 
Demand distribution function of  

direct online sales channel 2q  
Order quantity of direct  

online sales channel 

g(x) 
Density function of direct  

online sales channel 
U Consumer utility 

b Backorder cost v Consumers’ valuation for goods 

c Sales cost k Retailer inconvenience cost 

w Wholesale price Φ Loss aversion function 

 
Hypothesis 4: Each consumer can purchase the goods through one of the dual 

sales channels. 
Hypothesis 5: When one of the channels is out of stock, consumers are will-

ing to wait for goods and have no cost of waiting for replenishment. 
Hypothesis 6: Residual values and processing costs of leftovers all are zero. 

3. Overall Model 

Learnt from Xu’s paper [16], our paper uses consumer utility function to meas-
ure consumer demand. In general, the utility function represents a function of the 
quantitative relationship between the utility of the consumer in terms of consump-
tion and the combination of goods consumed. In this paper, the utility function 
is used to measure consumers’ satisfaction from different channels of consump-
tion. When the consumer’s utility is greater than zero, consumers will buy goods 
through this channel. When the price of dual channels satisfy  

( ) ( )1 2 11p k p p kφ φ+ − − ≤ ≤ + , that is, area II in Figure 1, the consumers will 
purchase goods by two sales channels. And the demand distribution function of 
the traditional retail channel and direct online sales channel are as follows: 

( ) 1 2
1 1

1
p p kF p

φ
− +

= −
−

 

( ) 1 2 2
2 1

p p k pG p
φ φ

− +
= −

−
 

According to the article in Zhuang (2011), the traditional retail channel’s de-
mand expectations and direct online sales channel’s demand expectations are as 
follows: 

( ) ( ) ( )0
1 1 1 1 10

1 d dE p F p p F p p
+∞

−∞
= − −  ∫ ∫  

( ) ( ) ( )0
2 2 2 2 20

1 d dE p G p p G p p
+∞

−∞
= − −  ∫ ∫  
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Figure 1. Demand, price and consumers’ risk graph. 

3.1. Independent Strategy Model in Dual Sales Channel 

In order to know whether lateral transshipment in dual sales channel is benefit 
for retailer, we accumulate two cases of optimal order quantity, independent rep-
lenishment strategy and replenishment model based on lateral transshipment strat-
egy. First of all, this article establishes an independent order model. 

1) The first step is to calculate the optimal order quantity for traditional retail 
channel of independent replenishment strategy. Obviously, the goal is to maximize 
the profit of the retailer. It can be seen that the expected sales quantity of tradi-
tional retail channel is ( ) ( )1

1 1 1 1 10
d

q
S q q F p p= − ∫ , expected backorder quantity 

is ( ) ( )1 1 1E p S q− , expected profit is  
( ) ( ) ( ) ( )1 1 1 1 1 1 1 1 1 1q p c b S q wq b E pΠ = − + − − . 

Because ( )1 1qΠ ’s second derivative less than zero, we can know: 

( ) ( )* 1 1 1 2
1 1

1 1 1

1p w c b pF q p k
p c b

φ
φ

 − − +
= + ∗ − + − − + 

 

*
1q  is the optimal order quantity for the traditional retail channel of inde-

pendent replenishment strategy. 
2) Similarly, we calculate the optimal order quantity for direct online sales 

channel of independent replenishment strategy. It can be seen that the expected 
sales quantity of direct online sales channel is ( ) ( )2 2 2 dS q q G x x= − ∫ , and ex-
pected backorder quantity is ( ) ( )2 2 2E p S q− , expected profit is  

( ) ( ) ( ) ( )2 2 2 2 2 2 2 2 2 2q p c b S q wq b E pΠ = − + − − . 
Because ( )2 2qΠ ’s second derivative less than zero, we can know: 

( ) ( )*
2 1

2 2 2

1w
F q p k

p c b
φ−

= + −
− +

 

*
2q  is the optimal order quantity for the direct online sales channel of inde-

pendent replenishment strategy. 

3.2. Replenishment Model of Lateral Transshipment Strategy in 
Dual Sales Channel 

When the dual sales channels shared leftovers with each other, there are follow-

1

1

III
II

I
Ⅳ

k+φ

kφφ +

φ

kφ

2p

k--φ1 k-1 1p
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ing conditions: 
1) 1 1 2 2,d q d q< < , both channels’ consumer demand can be met, and the two 

channels have both leftovers. Therefore, we can know: 

( ) ( ) ( )2 1
11 1 2 1 1 2 20 0

, d
q q

E q q p f p g p p =   ∫ ∫  

( ) ( ) ( )1 2
21 1 2 2 2 1 10 0

, d
q q

E q q p f p f p p =   ∫ ∫  

2) 1 1 2 2,d q d q> > , none of the channels’ consumer demand can be met, and 
the two channels have no leftovers. Therefore, we can know: 

( ) ( )( ) ( )
2

12 1 2 1 1 2 2, 1 d
q

E q q p F p g p p
+∞
 = − − ∫  

( ) ( )( ) ( )
1

22 1 2 2 2 1 1, 1 d
q

E q q p G p f p p
+∞
 = − − ∫  

3) 1 1 2 2,d q d q< > , the direct online sales channel is out of stock, while tradi-
tional retail channel has leftovers. We still can classify two following cases: 
 1 1 2 2 2 1 1,d q q d q q d< < ≤ + − , the backorder quantity of direct online sales 

channel is less than leftovers. 
 1 1 2 2 1 1,d q d q q d< > + − , the backorder quantity of direct online sales chan-

nel is more than leftovers. In conclusion, expected sales quantity of traditional 
retail channel is ( ) ( ) ( )1

2
13 1 2 1 1 2 20

, d
q

q
E q q p f p g d d

+∞  =   ∫ ∫ ; expected sales quantity 
of direct online sales channel is 

( ) ( ) ( )

( ) ( ) ( )

1

2 1 1

1

2 1 1

22 1 2 2 2 2 1 10

2 1 1 2 2 1 10

, d d

d d

q

q q d

q

q q d

E q q p g p p f p p

q q d g p p f p p

+

+

+∞

−

+∞

−

 =   
 + + −  

∫ ∫

∫ ∫
 

4) 1 1 2 2,d q d q> < , the traditional retail channel is out of stock, while direct 
online sales channel has leftovers. We still can classify two following cases: 
 2 1 1 1 1 2 2,d q q d q q d< < ≤ + − , the backorder quantity of traditional retail 

channel is less than leftovers. 
 2 2 1 1 2 2,d q d q q d< > + − , the backorder quantity is more than leftovers. In 

conclusion, expected sales quantity of traditional retail channel is  

( ) ( ) ( )

( ) ( ) ( )

2 2 1 2

1

2

2 1 2

14 1 2 1 1 2 20

2 1 2 1 2 2 20

, d

d d

q q q d

q

q

q q d

E q q p f p g p p

q q d f p p g p p
+

+ −

+∞

−

 =   
 + + −  

∫ ∫

∫ ∫  
expected sales quantity of direct online sales channel is 

( ) ( ) ( )2

1
24 1 2 2 2 2 1 10

, d d
q

q
E q q p g p p f p p

+∞  =   ∫ ∫
 

IN conclusion, 

( ) ( ) ( ) ( ) ( )1 1 2 11 1 12 1 13 1 14 1,S q q E q E q E q E q= + + +  
( ) ( ) ( ) ( ) ( )2 1 2 21 2 22 2 23 2 24 2,S q q E q E q E q E q= + + +  

The two formulas are calculated and simplified: 

( ) ( ) ( ) ( )1 2
1 1 2 1 1 1 1 2 2 20 0

, d 1 d
q q

S q q q F p p F q q x G p p= − + − + −  ∫ ∫  

https://doi.org/10.4236/ib.2017.94008


D. Huang 
 

 

DOI: 10.4236/ib.2017.94008 107 iBusiness 
 

( ) ( ) ( ) ( )2 1
2 1 2 2 2 2 1 2 1 10 0

, d 1 d= − + − + −  ∫ ∫
q q

S q q q G p p G q q x F p p
 

The goal is to maximize the profit of the retailer. It can be seen that the ex-
pected sales quantity of traditional retail channel is ( )1 1 2,S q q , expected back-
order quantity is ( ) ( )1 1 1−E p S q , profit function of traditional retail channel is  

( ) ( ) ( )1 1 1 1 1 1 1 2 1 1 1, µΠ = − + − −q p c b S q q wq b  

( )1 1 2,Π q q ’s first and second order partial guidance are 

( ) ( ) ( ) ( ) ( )( )21 1 2
1 1 1 1 1 2 1 2 20

1

,
1 d

∂Π
= − + − − + − −

∂ ∫
qq q

p c b F q f q q p G p p w
q

 

( )

( ) ( ) ( )( ) ( ) ( )( )2

2
1 1 2

2
1

1 1 1 1 2 1 2 1 2 10

,

1 d 0

∂ Π
=

∂

− + − − − + − <∫
q

q q
q

p c b f q G q f q q p g p p
 

The profit function ( )2 1 2,q qΠ  is concave. 

Similarly, profit function of direct online sales channel is  
( ) ( ) ( )2 1 2 2 2 2 2 1 2 2 2 2, , µΠ = − + − −q q p c b S q q wq b , ( )2 1 2,Π q q ’s first and second 

order partial guidance are 

( ) ( ) ( ) ( ) ( )( )12 1 2
2 2 2 2 1 2 1 1 10

2

,
1 d

∂Π
= − + − − + − −

∂ ∫
qq q

p c b G p g q q p F p p w
q

 

( )

( ) ( ) ( )( ) ( ) ( )( )1

2
2 1 2

2
2

2 2 2 2 1 1 1 2 2 20

,

1 d 0

∂ Π
=

∂

− + − − − + − <∫
q

q q
q

p c b g p F p f p g q q p p
 

The profit function ( )2 1 2,q qΠ  is concave. 
The two sales channels can calculate the optimal order quantities and make 

decision based on Nash game. 

4. Model Analysis 
4.1. Comparison Study of Two Strategies 

Compared the above two models, the following theorem can be drawn: 
Theorem 1. The equilibrium optimal order quantities need to satisfy the fol-

lowing equals at the same time: 

( ) ( ) ( ) ( )
*
2* * * 1 1 1 2

1 1 2 10
1 1 1

d 1
q p w c b pF q f q q x G x x p k

p c b
φ

φ
 − − +

+ + − = + ∗ − + − − + 
∫  

( ) ( ) ( ) ( )*
1* * *

2 1 2 10
2 2 2

1
d

q w
G q g q q x F x x p k

p c b
ϕ−

+ + − = + −
− +∫  

when *
1q  and *

2q  to meet the above equals at the same time, both channel ar-
rive their own optimal order quantity. 

Theorem 2. * * * *
1 1 2 2,q q q q< < , lateral transshipment can reduce order quantity 

in dual sales channel. 

Because 
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( ) ( ) ( ) ( )
*
2* * * 1 1 1 2

1 1 2 10
1 1 1

d 1
q p w c b pF q f q q x G x x p k

p c b
φ

φ
 − − +

+ + − = + ∗ − + − − + 
∫  

and ( ) ( ) ( ) ( )*
1* * *

2 1 2 10
2 2 2

1
d

q w
G q g q q x F x x p k

p c b
ϕ−

+ + − = + −
− +∫ ,  we can kwon  

( ) ( ) ( ) ( )
*
2* * * *

1 1 1 2 1 2 10
d

q
F q F q f q q p G p p= + + −∫ , and then  

( ) ( )
*
2 * *

1 2 1 1 10
d 0

q
f q q p G p p+ − >∫ ,so ( ) ( )* *

1 1F q F q> . Finally, ( )*
1F q  is a mo-

notone increasing function, and so * *
1 1q q< . similarly, * *

2 2q q< . 
Theorem 3. when ( )* * * *

1 2 1 2min , ,x q q q q ∈ +  , ( ) ( )( )* *
1 1 1 11 0F p f p q q− − − ≥ , 

and ( ) ( )( )* *
2 2 2 21 0G p g p q q− − − ≥ , we can know ( ) ( )* * *

1 1 2 1 1,q q qΠ >Π  and 

( ) ( )* * *
2 1 2 2 2,q q qΠ >Π ,which means lateral transshipment can improve retailer’s 

profit. 

( ) ( ) ( )( )* * *
1 1 2 1 1 1 1 1,q q q p c bΠ −Π = − + Φ +Θ , and  

( ) ( )( )
*
1
*
1

*
1 1 1d 0

q

q
F p F q pΦ = − >∫ ,  

( ) ( )( )( ) ( )
* *
1 2
*
1

* * * *
1 1 1 1 1 2 1 11 d

q q

q
F p f p q q G q q p p

+
Θ = − − − + −∫ , only when 0Θ ≥ , 

( ) ( )* * *
1 1 2 1 1,q q qΠ >Π . what’s more, when ( ) ( )( )* *

1 2 1 11 0F p f p q q− − − ≥ , 
* * *
2 1 2,x q q q ∈ +  , 0Θ ≥ . Inclusion, we can prove the theorem 3. 

4.2. Numerical Analysis 

To make a numerical analysis of two strategies, we found some data from the 
Suning online mall and a traditional retailer. However, the original data is not 
suitable to our conditions above, so we shrink the data at the same rate. And in 
order to calculate conveniently, we simplify the data at acceptable extent. Then, 
we assume 1 0.16p = , 2 0.16p = , 0.1w = , 1 0.02c = , 2 0.02c = , 1 0.02b = , 

2 0.02b = , 0.4k = , 0.4φ = . Then we can calculate the results as followings: 
From Table 2, we can learn that lateral transshipment can reduce order quan-

tity and improve retailer’s profit at the same time. The optimal order quantity of 
traditional retail channel is reduced by 24%, and the optimal order quantity of 
the direct online sales channel is reduced by 13.02%. What’s more, the profit of 
traditional retail channel is increased by 0.1%, and the profit of the direct online 
sales channel is increased by 14.6%. 

5. Conclusion 

On the basis of Nash equilibrium, our paper built a replenishment order model 
of lateral transshipment under the dual sales channel. It is concluded that lateral 
transshipment between traditional retail sales channel and direct online sales chan-
nel can reduced the optimal order quantity and improve retailer’s profit at the same 
time when the two channels’ price meets certain conditions. We can learn some 
management revelations of dual sales channels’ inventory strategy. First of all, 
we took impacts of consumer behavior on consumer demand into consideration, 
and we use function of consumer utility to measure the dual sales channel’s de-
mand function when dual sales channels are competitive. Then it’s compared that 
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Table 2. Numerical analysis of independent replenishment strategy and lateral transship-
ment strategy. 

Independent decision-making strategy 
*

1q  *
2q  ( )*

1 1 2,S q q  ( )*
2 1 2,S q q  *

1Π  *
2Π  

0.7 0.225 0.333 0.27 0.0456 0.020444 

Lateral transshipment strategy 
*
1q  *

2q  ( )*
1 1 2,S q q  ( )*

2 1 2,S q q  ( )*
1 1 2,q qΠ  ( )*

2 1 2,q qΠ  

0.532 0.1957 0.3302 0.2481 0.04564 0.02344 

 
the two sales channels’ decentralized order model and lateral transshipment strate-
gy model. Furthermore, by comparing the optimal order quantity and the max-
imum profit of the retailer in both cases, we can learn from the results that later-
al transshipment would result in an increase in profit and a decrease in order 
quantity. Thereby it can reduce inventory holding costs and the risk of inventory 
waste. Finally, the numerical analysis is used to prove the authenticity and accu-
racy of the order model of this paper. Innovations of this paper include that we 
consider the competitive relationship between the dual sales channels. When the 
same consumers choose one of the channels to buy goods, they would like to ex-
perience good service. What’s more, to make up for the previous study of indepen-
dent random demand under the dual sales channel order model, we use function 
of consumer utility to measure the dual channel competition under the demand 
distribution. However, this paper still exist a lot of limitations, such as only study-
ing single-period, single product problem, but did not take the consumer’s wait-
ing cost, reverse logistics costs into account. In the future study, we will improve 
this paper by extending the above conditions, so that the study results closer to 
the reality. 
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