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According to the manufacturer-leading dual-channel supply chain return problem, a linear demand function considering the
change rate of product interaction between the two channels and the change rate of market demand on the return price was
established. Under the premise of no cross-return, this paper analyzes the changes of the optimal profit value of the manufacturer,
retailer, and supply chain of the dual-channel supply chain in the context of centralized and decentralized decision-making and
through the establishment of the price discount decision model and compensation strategy to coordinate the whole supply chain
profit. +is paper has shown that the use of the price discount decision model and compensation policy model could make the
whole supply chain profit optimum value in decentralized decision-making situations equal to profit optimum value in the
centralized decision-making situations, and price discount model could make manufacturers better to maximize profit con-
sidering the same return scenario, and that compensation policy model could be more helpful to maximize profits for retailers.

1. Introduction

With the acceleration of commodity informationization,
many e-commerce platforms (Taobao, Jingdong, Vipshop and
Dangdang) have launched “shopping carnival” and other
marketing activities, which not onlymake the number of goods
purchased online greatly increase but also bring into the public
eye a large number of intractable return problems arising from
transaction activities. Influenced by information asymmetry of
commodity transaction, subjective factors of consumers, dis-
tribution and transportation of commodities, etc., the return
rate of goods purchased online keeps rising. Return processing
has become one of the most important links in enterprise
operation management. Scholars at home and abroad have
carried out a lot of relevant research studies in order to improve
the efficiency of enterprise operation management.

According to the dominant position of supply
chain members in the supply chain, domestic and foreign
scholars study the return problem from two main bodies:
manufacturer and retailer. As for the manufacturer-led
supply chain, Mukhopadhyay and Setaputra [1] studied the

optimization of return in a single-channel supply chain
where only manufacturers provided return policies. Samar
and Mukhopadhyay [2] focused on manufacturers and
discussed the formulation of return policies, changes in
manufacturers’ profits, and product repurchase. Lee [3]
studied that when the manufacturer is the market subject,
the market demand of consumers will fluctuate with the
preferential rate of return policy provided by the manu-
facturer. +e higher the preferential rate, the greater the
market demands. As for the retailer-dominated supply
chain, Taleizadeh et al. [4] studied optimal pricing and al-
liance selection decision-making in the supply chain
dominated by retailers considering return policies.

In response to the return policies, channels, and other
issues; Zaarour et al. [5] established a mathematical model to
explore the functional relationship between the product
return rate and the optimal collection period in a closed-loop
supply chain, which was one of the earliest papers to solve
the problem of the reverse logistics network.

Melachrinoudis and Png [6] found out the best time to
adopt the return strategy and the corresponding return
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strategy at that time to obtain the best benefit through the
framework analysis of the return scenario. Ofek et al. [7]
mainly studied the changes in the service level, pricing, and
return rate of retailers when there were only two competing
traditional retailers in the market and discussed whether it
was necessary to establish return policies in online channels.
Pasternack [8] studied the coordination problem of channel
return and proved that it was not the best strategy for sup-
pliers to adopt all buybacks or all rejections for retailer return
by quantitative analysis, and buyback coordination should be
carried out according to the return ratio. Genc and De
Giovanni [9] studied the impact of return behavior on supply
chain revenue in the closed-loop supply chain according to
price and rebate. Mahmoodi and Ohmori [10] established the
return process management and incentive mechanism of the
supply chain in consideration of the high variability of return
quantity and conditions in the closed-loop supply chain.
Noori-daryan and Taleizadeh [11] built a three-level supply
chain model and proved that return contracts among
members of the supply chain could bring more profits to the
supply chain. Taleizadeh et al. [12] studied the single-channel
and dual-channel return strategy, and the results showed that
the dual-channel strategy was more beneficial to the supply
chain, and the more generous the return policy, the higher the
overall profit. Radhi and Zhang [13] studied the same-channel
and cross-channel return strategies of dual-channel retailers,
established a mathematical model to determine the optimal
order volume, and put forward some opinions on different
cross-channel return policies. Yoo [14] studied the rela-
tionship between return policies and product quality deci-
sions in decentralized systems based on different risk attitudes
of suppliers. Masoudipour et al. [15] established a closed-loop
supply chain model based on return quality, and the results
showed that the improvement of return rate of low- and
medium-quality products would bring higher profits. In
addition, the study of return policy can also be combined with
intelligent algorithms. Amodeo and Godichaud [16] inte-
grated returned products into the traditional supply chain
process and proposed a supply chain model based on sim-
ulation and multiobjective optimization to optimize the
control strategy of the multistage supply chain.

+e research of the above scholars focused on the co-
ordination of single-channel and dual-channel returns by
establishing a model to calculate the optimal order quantity
and return quantity, but they did not conduct a specific
study on return profit. +is paper mainly studies the return
decision problem of the manufacturer-led dual-channel
supply chain and establishes two return decision models of
price discount and compensation strategy, respectively. By
analyzing and demonstrating the optimal value changes of
each decision variable of the two models, the optimal de-
cision application model is obtained to improve the overall
profit and decision effect of the dual-channel supply chain.

2. Models and Assumptions

+emanufacturer will distribute the goods after receiving the
supply from the supplier, and its structure is shown in Fig-
ure 1. +e offline channel manufacturer wholesales the goods

to the retailer at unit pricew, and the retailer sells the goods to
the online customer Cr at unit price pr; then, the offline
distribution activity of the manufacturer ends. +e manu-
facturer of the online channel sells the goods directly to the
customer Cd at the unit price pd to complete the distribution
activity. +e increase of return rate makes the distribution
activities involve the return process. +is paper assumes that
all goods can only be returned according to the original sales
channel. When customer Cr returns the goods, it will first
apply for the return to retailer R at unit price tr and then
return the products to supplier S through manufacturer M.
When customer Cd returns the product, it shall directly
submit the product to manufacturer M at unit price td.

For the convenience of model calculation, all symbols
and meanings referenced in this paper are shown in Table 1.

3. Basic Return Decision Models of the Dual-
Channel Supply Chain

It is assumed that the demand function of both online and
offline channels is a linear relation function that only
considers the influence of sales price and return price.
Moreover, the quantity demanded is inversely proportional
to the commodity price of the channel and is directly
proportional to the return price of the channel. For the
convenience of calculation, set α � αr � αd, and establish the
demand function of the two-channel supply chain as follows:

demand function of offline retail channels:

Dr � sa − αrpr + βtr,
(1)

demand function of online direct sales channel:
Dd � (1 − s)a − αdpd + βtd.

(2)

Since the convenience of offline return is relatively high,
it is assumed that the return quantity is the base value; then,
the return function of the offline retail channel is

Rr � b. (3)

+e return of online direct sales channels is affected by a
variety of factors. Due to consumers’ personal self-interest,
assuming that there is a certain amount of return and there
is a positive correlation with the online return price, the
return function of the online direct sales channel is
expressed as

Rd � b + ψtd. (4)

According to the calculation method of profit, it can be
concluded that

profit function of offline retail channels:

πr � pr − w(  × Dr − Rr × tr + Rr × v, (5)

profit function of online direct sales channel:
πd � pd − c(  × Dd +(w − c) × Dr − Rd × td + Rd × v.

(6)
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+e total profit of the supply chain is the sum of the
retailer’s profit and the manufacturer’s profit, which is
expressed as

πT � πr + πd � pr − w( Dr − Rrtr + Rrv

+ pd − c( Dd +(w − c)Dr − Rdtd + Rdv.
(7)

3.1. Centralized Return Decision Models. Centralized deci-
sion-making means that online and offline channels coop-
erate to return goods and jointly formulate return policies to
achieve the goal of maximizing the overall profit of the

supply chain. +e decision model of centralized return is as
follows:

πj
� πT � πr + πd

� pr − w( Dr − Rrtr + Rrv + pd − c( Dd

+(w − c)Dr − Rdtd + Rdv

� pr − c(  sa − αrpr + βtr( 

+ pd − c(  (1 − s)a − αdpd + βtd 

− btr − b + ψtd( td + v Rr + Rd( .

(8)
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Figure 1: Return structure diagram of manufacturer’s dominant dual-channel supply chain.

Table 1: Model symbol description and meaning.

Symbol Symbol description and interpretation
s Product purchase loyalty coefficient of offline retail channel customers
1− s Product purchase loyalty coefficient of online direct sales channel customers
a Potential market demand
Pr Retailer’s sales prices in the offline retail channels
Pd Manufacturer’s sales prices in the online direct marketing channels
α +e change rate of product interaction between two channels
β +e change rate of dual-channel market demand with product return price
Dr Demand for products from offline retail channels
Dd Customer demand for products of online direct marketing channels
πr Retailer’s profit
πd Manufacturer’s profit
w Wholesale price of products from the manufacturer to the retailer
Superscript z Price discount contract model
c +e manufacturer’s unit cost of production
tr Return prices for offline retail channels
td Return prices for direct online sales channels
Rr Total return volume of offline retail channels
Rd Total return volume of online direct sales channel
b Basic return quantity of two channels
Ψ +e rate of change in product return volume due to changes in return prices in online channels
v +e unit salvage value of the returned product
Superscript ∗ Optimal case
Superscript j Centralized decision model
Superscript f Decentralized decision model
πT Total profit of the supply chain
SuperscriptB Compensation strategy model
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+e Hessian matrix of formula (8) is

0, 0, β, 0
0, 0, 0, β
β, 0, − 2, 2α
0, β, 2α, − 2

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
,

and the value of the Hessian matrix is equal to − β4. Since the
Hessianmatrix is negative, there is an optimal value of profit.

In formula (8), the first partial derivatives of πj with
respect to pr and pd are obtained, respectively. By setting the
partial derivative to zero, we can obtain the optimal selling
price of retailers and manufacturers under the centralized
decision:

p
∗
r �

b + cβ
β

,

p
∗
d �

bβ2 + cβ3 − 4bαψ − 2aβψ − 2cβψ + 2asβψ − 2cαβψ + vβ2ψ
Aβ

.

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(9)

By calculating the first derivative of πj for tr and td in
formula (8) and making it zero, the optimal return price of
retailers and manufacturers can be obtained:

t
∗
r �

2(1 − α)bβ2 +(c − as − cα)β3 − 8 1 − α2 bψ − 4(c − (s + α − sα)a)βψ + 2cΗ − 2vαβ2ψ

Aβ2
,

t
∗
d �

2b − 2bα − aβ + cβ + asβ − cαβ + 2vψ
A

.

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(10)

+e optimal demand of retailers and manufacturers can
be obtained by substituting formula (9) into formula (8):

D
∗
r �

αβψ[2a(1 − s) + 2c(α − 1) − vβ] + b(α − 1)[4αψ − Η]

Aβ
,

D
∗
d �

bβ(1 − α) + ψ[2c + 2a(s − 1) − 2cα + vβ]

A
.

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(11)

By substituting formulas (9)–(11) into formula (8), the
optimal profit of the supply chain under centralized deci-
sion-making can be obtained as follows:

p
∗
j �

1
Aβ2

− 2b
2β2 + 2b

2αβ2 + abβ3 − 2bcβ3 + 2bcαβ3 − 2bvβ4 + 4b
2ψ − 4b

2α2ψ + 4bcβψ

− 4absβψ − 4abαβψ + 4absαβψ − 2bcH − a
2β2ψ + 2acβ2ψ − c

2β2ψ + 2a
2
sβ2ψ

− 2acsβ2ψ − a
2
s
2β2ψ + 6bvβ2ψ − 2acαβ2ψ + 2c

2αβ2ψ + 2acsαβ2ψ + 2bvαβ2ψ

− c
2α2β2ψ + avβ3ψ − cvβ3ψ − asvβ3ψ + cvαβ3ψ − v

2β2ψ2
.

(12)
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In formulas (9)∼(37), A � β2 − 4ψ and Η � 2α2βψ. To simplify the expression, let

E � − 2b
2β2 + 2b

2αβ2 + abβ3 − 2bcβ3 + 2bcαβ3 − 2bvβ4 + 4b
2ψ − 4b

2α2ψ + 4bcβψ

− 4absβψ − 4abαβψ + 4absαβψ − 2bcH − a
2β2ψ + 2acβ2ψ − c

2β2ψ + 2a
2
sβ2ψ

− 2acsβ2ψ − a
2
s
2β2ψ + 6bvβ2ψ − 2acαβ2ψ + 2c

2αβ2ψ + 2acsαβ2ψ + 2bvαβ2ψ

− c
2α2β2ψ + avβ3ψ − cvβ3ψ − asvβ3ψ + cvαβ3ψ − v

2β2ψ2
.

(13)

3.2. Decentralized Return Decision Models. In the decen-
tralized decision-making scenario, the dual channels of the
supply chain form an antagonistic relationship, and retailers
and manufacturers pursue profit maximization, respectively,
in the competitive market, resulting in a fragmented situ-
ation. In this paper, the manufacturer is regarded as the
market leader, and a Stackelberg game model is used to solve
the problem. In the decentralized scenario, the two-channel
supply chain return model is as follows:

Retailer’s profit function expression:

πf
r � pr − w(  × Dr − Rr × tr + Rr × v. (14)

Manufacturer’s profit function expression:

πf

d � pd − c(  × Dd +(w − c) × Dr − Rd × td + Rd × v.

(15)

+e second stage of the game is to maximize retailers’

profits. +e Hessian matrix of formula (14) is − 2, β
β, 0 , and

the value of the determinant is − β2, which means that the
Hessian matrix is negative, and the retailer has optimal
profit. +e first derivation of πf

r about pr in formula (14) is
solved, we make it zero, and then

p
f
r �

as + w + αpd + βtr

2
. (16)

Substituting formula (16) into formulas (1) and (2), the
retailer’s demand in the dual-channel supply chain can be
obtained which is

D
f
r �

as + βtr( (2 − α) − α w + αpd( 

2
. (17)

Formula (17) is substituted into formula (15) to obtain
the first partial derivative of w, pd, and td, respectively, and
set them to zero, so as to obtain the optimal wholesale price,
the optimal online sales price, and the optimal return price
in the decentralized scenario:

w
f∗

�
αβψ[2c + vβ + 2a(s − 1)] + b β2(1 + α) − 2ψ 2 + α2  

Η
,

p
f∗
d �

cαβ − b

αβ
,

t
f∗
d �

− b(1 + α) − vαψ
2αψ

.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(18)

By substituting equation (18) into equation (16), the
optimal selling price of offline channels can be obtained as
follows:

p
f∗
r �

αβψ[2c + vβ + 2a(s − 1)] + b β2(1 + α) − 4ψ 

Η
.

(19)

First, substitute formula (19) into formula (14), then
calculate the first partial derivative of πf

r with respect to tr,
and make it zero, so as to obtain the optimal revenue price of
offline channels:

t
∗
r �

αβψ 2c 1 − α2  − 2a(1 − s + sα) + vβ   + b(1 + α) β2 + 4ψ(α − 1) 

Ηβ
. (20)
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By substituting formula (18) into formula (15), the op-
timal profit of the manufacturer can be obtained:

πf∗

d �
2bαβψ[2a(s − 1) − (α − 1)(2c + vβ)] + v

2α2β2ψ2
+ b

2 β2(1 + α)
2

− 4ψ 1 + α2  

2Ηβ
. (21)

By substituting formulas (19) and (20) into (14), the
optimal profit of retailers can be obtained:

πf∗

r �
− bαβψ 2c − 2a(1 − s + sα) − 2cα2 + vβ(1 + 2α)  − b

2 β2(1 + α) + 2ψ α2 − 2  

Ηβ
. (22)

Under the decentralized decision scenario, the overall
optimal profit of the supply chain is

π∗f � πf∗

r + πf∗

d �
bΗ[2as + 2c(α − 1) − 3vβ] + v

2α2β2ψ2
+ b

2 β2 α2 − 1  + 4ψ 1 − 2α2  

2Ηβ
. (23)

Comparing formulas (12) and (23), we can see that the
difference between the centralized decision and decentral-
ized decision is

Δπ �
bΗ[2a(s − 1) − 2c(α − 1) + vβ] 4αψ − β2  − α2β2ψ2

[2a(s − 1) − 2c(α − 1) + vβ]
2

2AΗβ

+
b
2

− β4 α2 − 1  − 8β2ψ + 2Ηβ(2α + 1) − 16ψ2 α2 + α4 − 1  

2AΗβ
.

(24)

4. Manufacturer-Led Dual-Channel Supply
Chain Return Decision Models

4.1. PriceDiscountContractModels. In the manufacturer-led
supply chain, it is assumed that the manufacturer pays the
appropriate wholesale price to the retailer to promote the
retailer’s sales to reach a win-win situation. +e function of
the wholesale price contract is as follows:

w pd(  � c + c pd − c( . (25)

In formula (25), c is the price discount rate, and 0≺c≺1
and c≺w(pd)≺pd. Substitute formula (25) into the profit

function under decentralized decision-making, and then
substitute it into formulas (5) and (6) to obtain the profit
function of the manufacturer and retailer under the price
discount model:

πz
r � pr − w pd(   × Dr − Rr × tr + Rr × v,

πz
d � pd − c(  × Dd + w pd(  − c  × Dr − Rd × td + Rd × v.

⎧⎨

⎩

(26)

Similarly, the optimal sales price and return price of
retailers and manufacturers can be obtained by the Stack-
elberg game according to the decentralized decision model:
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p
z∗
r �

c + as − cc + pd(α + c) + βtr

2
,

p
z∗
d �

β2(b + cβ + vψ) − 4bαψ + 2aβψ(s − 1) − 2cβψ(α + 1)

Aβ
,

t
z∗
r �

2bβ2(α − 1) + β3[as + c(α − 1)] + 8bψ 1 − α2  + 2βψ 2c 1 − α2  + 2as(α − 1) + α(vβ − 2a) 

Aβ2
,

t
z∗
d �

2b(α − 1) + aβ(1 − s) + cβ(α − 1) − 2vψ
A

,

w
z∗

� c(1 − α) +
αβ2(b + vψ + cβ) − 4bα2ψ − 2Ηc + 2αβψ[a(s − 1) − c]

Aβ
.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(27)

Let pZ∗

r � p
j∗

r and the optimal selling price of the retailer
under the price discount model be equal to the optimal
selling price of the retailer under the centralized decision;
then,

c � α. (28)

Substituting formula (28) into formula (25), the optimal
wholesale price under the price discount model can be
obtained as follows:

w(pd) � c + α pd − c( . (29)

By substituting formulas (27)–(29) into formula (26), the
optimal profit of manufacturers and retailers under the price
discount model can be obtained which is

πz∗

r �
1

Aβ
α2β2ψ2

[2a(s − 1) − 2c(α − 1) + vβ]
2

+ b
2 α2 − 1  β2(A − 4ψ) + 16ψ2 α2 + 1  

+2abΗ 4αψ − β2  + bcβ(α − 1) β4 − 4β2ψ 2 + α2  + 16ψ2 1 + α3  

− vbβ2 β4 − 2β2ψ 4 + α2  + 8ψ2 2 + α3   + absβ β4 + 4β2ψ α2 − 2  − 16ψ2 α3 − 1   },

πz∗

d �
1

A
2β2

− b
2β4(α − 1)

2
+ 4b

2β2ψ α2 − 1 (2α − 1) − v
2β2ψ2 β2 1 + α2  − 4ψ 

− 16b
2α2ψ2

− a
2
(s − 1)

2
+ c

2
(α − 1)

2
− cvβ(α − 1) − a(s − 1)(2cα − 2c − vβ) β2ψ ×(A − 4ψ)

+bβ β4 + 2Ηβ − 4β2ψ(α + 1) − 16αψ2 α2 − 1  [− a(s − 1) + c(α − 1)]

− bvβ2 β4 +Ηβ − 2β2ψ(α + 3) + 8ψ2 α − α3 + 1  .

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(30)

+e overall optimal profit of the supply chain is

πz∗
� πz∗

r + πz∗

d �
E

Aβ2
. (31)

It can be seen from formula (31) that the overall optimal
profit of the supply chain under the price discount model is
equal to the overall optimal profit of the supply chain under
the centralized decision, so the price discount model can
coordinate the profit of the supply chain as a whole and
increase the total profit of the members of the supply chain
under the decentralized decision.

4.2. Compensation Strategy Models. In the dual-channel
supply chain environment, manufacturers have all the online
and offline customers, occupying the absolute dominant
position in the market. In order to coordinate the interests of
dual-channel members, a compensation strategy model is
established. In order to strengthen the cooperation between
the two sides, the manufacturer compensates the retailer
with the order from the direct online channel according to
the proportion of θ. Based on the profit function of man-
ufacturers and retailers in the decentralized scenario, it can
be seen that the profit function of manufacturers and re-
tailers in the compensation strategy model is

Mathematical Problems in Engineering 7



πB
r � pr − w(  × Dr + pd − w(  × θ × Dd − Rr × tr + Rr × v,

πB
d � pd − c(  ×(1 − θ) × Dd +(w − c) × Dr + θ × Dd(  − Rd × td + Rd × v.

⎧⎨

⎩ (32)

Similarly, by using the Stackelberg game to solve the
decentralized decision model, the optimal sales price of the
retailer can be obtained:

p
B∗

r �
as + w(1 − αθ) + αpd(1 + θ) + βtr

2
n!

r!(n − r)!
. (33)

Let pB∗

r � p
j∗

r and the optimal sales price of the retailer
under the compensation strategy be equal to the optimal
sales price of the retailer under the centralized decision; we
can get

θ �
bβ2(1 − α) + 4bψ α2 − 1  + αβψ[2a(1 − s) + 2c(α − 1) − vβ]

bβ2(α − 1) + βψ[2a(1 − s) + 2c(α − 1) − vβ]
.

(34)

By using the method of maximizing profits based on
decentralized decision-making, formula (34) is substituted
into (32) to obtain the optimal selling price, return price, and
wholesale price of retailers and manufacturers under the
compensation strategy as follows:

p
B∗

r �
b + cβ
β

,

p
B∗

d �
β2(b + cβ + vψ) − 4bαψ − 2βψ[a(1 − s) + c(1 + α)]

Aβ
,

t
B∗

r �
2bβ2(1 − α) + β3[c(1 − α) − as] + 2bψ 2 α2 − 1 (2 + c) + 4as(1 − α) + 2α(2a − vβ) 

Aβ2
,

t
B∗

d �
2b(1 − α) + aβ(s − 1) + cβ(1 − α) + 2vψ

A
,

w
B∗

�
cβ3(1 + α) + αβ2(2b + vψ) − 4bα2ψ − 2cΗ − 4ψ(bα + cβ) + 2αβψ[a(s − 1) − c]

Aβ(1 + α)
.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(35)

+e optimal sales, wholesale, and return prices obtained
from formulas (34) and (35) are substituted into equation

(32), and the optimal profit of retailers and manufacturers
under the compensation strategy is

πB∗

r �
1

A
2β2

αβ2ψ2
[2a(s − 1) − 2c(α − 1) + vβ]

2
+ 2b

2
(α − 1) β4 − 6β2ψ(1 + α) + 8ψ2

(1 + α)
2

 

+ cbβ(α − 1) β4 − 6β2ψ(1 + α) + 8ψ2 2α2 + α + 1   + β2(1 − 3α) + 4ψ 2α2 + α − 1  2abβψ

− absβ β4 + 2β2ψ(3α − 5) − 8ψ2 2α2 + α − 3   − bvβ2 β4 − β2ψ(7 + 3α)  − 4bvβ2ψ2 2α2 + α + 3  }

πB∗

d �
1

A
2β2

a
2β2ψ(s − 1)

2 β2 + 4ψ(α − 1)  + 8b
2αψ(α − 1) − β2 + 2ψ(α + 1)  − 4ψ − β2(α + 1) v

2β2ψ2


+ c
2β2ψ(α − 1)

2 β2 + 4ψ(α − 1)  − cvβ3ψ(α − 1) β2 + 4ψ(α − 1) 

+ aβ3ψ(s − 1)[vβ − 2c(α − 1)] β2 + 4ψ(α − 1)  + bβ β4 + 2β2ψ(α − 3) + 8ψ2 1 + α − 2α2  (s − 1)(a − c)

+ bvβ2 β4 + β2ψ(α − 7) + 4ψ2 3 + α − 2α2  .

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(36)
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Under the compensation strategy, the overall optimal
profit of the supply chain is

πB∗
� πB∗

r + πB∗

d �
E

Aβ2
. (37)

According to formula (37), the overall optimal profit of
the supply chain under the compensation strategy model is
equal to the overall optimal profit of the supply chain under
the centralized decision, so the compensation strategy model
can coordinate the overall profit of the supply chain under
the decentralized decision and increase the overall profit of
the supply chain.

5. Numerical Analysis and Comparison of the
Two Models

5.1. Numerical Analysis. +e relevant parameters are set as
follows: the potential market demand a � 1000, the channel
return quantity b � 10, the manufacturer’s production cost
c � 20, and the unit residual value v � 2. When α, β, and ψ
change, respectively, the values of each parameter change as
shown in Tables 2 and 3 and Figures 2–4.

In Figures 2–4, “▼” represents the optimal profit of the
centralized decision, “■” represents the optimal profit of the
decentralized decision, “●” represents the optimal profit of
the price discount, and “▼” represents the optimal profit of
the compensation strategy.

Proposition 1. Set s � 0.5, a � 1000, c � 20, β � 0.5, b � 10,
ψ � 3, and v � 2; α takes 8 points at intervals of 0.1 on the
interval [0.1–0.8]. When α changes, the changes of the values
of each parameter are shown in Table 2 and Figure 2.

As can be seen from Table 2 and Figure 2, when the
representation rate α of themutual influence of dual-channel
products changes, the overall profit of retailers, manufac-
turers, and supply chains will be affected. It can be seen from
Table 2 that, after the coordination of price discount and
compensation strategy, the overall optimal profit of the
supply chain under the decentralized decision is equal to the
overall optimal profit under the centralized decision, which
verifies the correctness of equations (32) and (36).

Figure 2(a) shows the changes of the manufacturer’s
profit optimal value under the decentralized decision, price
discount model, and compensation strategy model, indi-
cating that when α changes within the range, the optimal
profit of the price discount model and compensation
strategy model is much larger than that under the decen-
tralized decision, proving the effectiveness of the two con-
tracts. At the same time, the price discount model can better
coordinate the profit changes in this range so that the
manufacturer can obtain a larger profit value.

Figure 2(b) shows the changes of the optimal profit value
of retailers under decentralized decision-making, price
discount model, and compensation strategy model, indi-
cating that the compensation strategy model can make re-
tailers obtain more profits than the price discount model
when α changes within the interval. +e change of α has the

greatest impact on the optimal profit of retailers under the
decentralized decision; when α � 0.2, the retailer can obtain
the optimal profit under the decentralized decision.

Figure 2(c) shows the changes of the overall optimal profit
value of the supply chain under the centralized decision,
decentralized decision, price discountmodel, and compensation
strategy model. It is shown that when α changes within the
range, the optimal profit of the whole supply chain under the
centralized decision model, the price discount model, and the
compensation strategymodel is equal to and far greater than the
optimal profit under the decentralized decision. When α
changes within the range, the overall profit of the supply chain
shows a slow growth trend in the case of centralized decision-
making, while the profit is unstable in the case of decentralized
decision-making and shows a decreasing trend after 0.2.

Proposition 2. Set s � 0.5, a � 1000, c � 20, α � 0.5, b � 10,
ψ � 3, and v � 2; β takes 8 points at intervals of 0.1 on the
interval [0.1–0.8]. When β changes, the changes of the values
of each parameter are shown in Table 3 and Figure 3.

As can be seen from Table 3 and Figure 3, when the
change rate β of market demand on product return price
changes in dual channels, the overall profit of retailers,
manufacturers, and supply chains will change accordingly.

Figure 3(a) shows the change trend of manufacturers’
optimal profit under decentralized decision-making, price
discount model, and compensation strategy model when the
change rate of product return price is changed by market
demand. When β changes in this range, the manufacturers’
optimal profit under the price discount model is much larger
than the optimal profit under the decentralized decision and
compensation strategy. +e optimal profit under the
decentralized decision is negative and fluctuates greatly, and
the optimal profit at β � 0.2 is the lowest.

Figure 3(b) shows the changing trend of retailers’ op-
timal profit under decentralized decision-making, price
discount model, and compensation strategy model when β
changes. Under the compensation strategy, retailers’ optimal
profit is better than the price discount model. When β varies
from 0.1 to 0.4, neither of the two decision models can give
full play to its value. +e compensation strategy plays a
greater role when β changes between 0.4 and 0.8.

Figure 3(c) shows the optimal profit variation trend of the
whole supply chain under the decentralized decision, price
discount model, and compensation strategy model when β
changes. +e optimal values of the centralized decision, the
price discountmodel, and the compensation strategymodel are
the same within the change interval of β, showing a decreasing
trend, and both of them are far greater than the optimal profit
value under the decentralized decision.

Proposition 3. Set s � 0.5� 0.5, a � 1000, c � 20, α � 0.5,
b � 10, β � 0.5, and v � 2; ψ takes 8 points at intervals of 0.5 on
the interval [5–9].When the value of ψ changes, the value of other
parameters will also change, as shown in Table 4 and Figure 4.

As can be seen from Table 4 and Figure 4, when the
return amount of the online direct selling channel changes
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Table 2: +e optimal profit when α changes (unit: ten thousand RMB).

α πj∗ πf∗

r πf∗

d
πf∗ πz∗

r πz∗

d πz∗ πB∗

r πB∗

d πB∗

0.1 6.92 1.84 − 1.36 0.48 0.98 5.94 6.92 1.09 5.83 6.92
0.2 7.07 6.49 − 0.58 5.91 1.17 5.90 7.07 1.78 5.29 7.07
0.3 7.23 5.03 − 0.37 4.66 1.51 5.72 7.23 2.50 4.73 7.23
0.4 7.39 3.86 − 0.27 3.59 1.99 5.40 7.39 3.26 4.13 7.39
0.5 7.54 3.21 − 0.22 2.99 2.62 4.92 7.54 4.05 3.49 7.54
0.6 7.71 2.80 − 0.18 2.62 3.43 4.28 7.71 4.88 2.83 7.71
0.7 7.87 2.51 − 0.15 2.36 4.41 3.46 7.87 5.73 2.13 7.87
0.8 8.03 2.31 − 0.13 2.18 5.58 2.45 8.03 6.63 1.40 8.03

Table 3: +e optimal profit when β changes (unit: ten thousand RMB).

β πj∗ πf∗

r πf∗

d πf∗ πz∗

r πz∗

d πz∗ πB∗

r πB∗

d πB∗

0.1 12.60 2.17 − 1.48 0.69 6.08 6.52 12.60 6.78 5.82 12.60
0.2 9.50 9.09 − 6.14 2.95 4.03 5.47 9.50 5.18 4.32 9.50
0.3 8.40 5.66 − 3.81 1.85 3.25 5.15 8.40 4.55 3.85 8.40
0.4 7.85 4.10 − 2.75 1.35 2.85 5.00 7.85 4.23 3.62 7.85
0.5 7.54 3.21 − 2.15 1.06 2.62 4.92 7.54 4.05 3.49 7.54
0.6 7.36 2.63 − 1.76 0.87 2.48 4.88 7.36 3.96 3.40 7.36
0.7 7.26 2.23 − 1.49 0.74 2.40 4.86 7.26 3.92 3.34 7.26
0.8 7.21 1.93 − 1.29 0.64 2.34 4.87 7.21 3.92 3.29 7.21
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Figure 2: +e change diagram of the optimal profit value when α changes. (a) +e change of manufacturers’ profits. (b) +e change of
retailers’ profits. (c) +e change of the total supply chain profit.
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with the change rate of return price on the interval, the
overall profit of retailers, manufacturers, and supply chains
will also change accordingly.

Figure 4(a) shows the variation of the optimal profit
value with ψ under the decentralized decision, price discount
model, and compensation strategy model. When ψ changes
within the range, the variation range of the manufacturers’
optimal profit under the three conditions is small, and the
manufacturers’ optimal profit under the two coordination
models is larger than the optimal profit under the decen-
tralized decision, and the price discount model can play a
good role.

Figure 4(b) shows that the optimal profit of retailers
varies with a small range under decentralized decision-
making, price discount model, and compensation strategy
model, and the optimal profit of retailers under the com-
pensation strategy model is relatively large.

Figure 4(c) shows that the optimal profit value of the
whole supply chain is equal under the centralized decision,

price discount model, and compensation strategy model.
When ψ changes within the range, the optimal profit value
changes slightly, and the overall optimal profit of the supply
chain under the two coordination decision models is much
larger than that under the decentralized decision model.

5.2. =e Comparison of the Two Models. +eoretical analysis
was carried out for the two models, and the changes of the
optimal profit value of the two models were analyzed when α
(the rate of interaction between two-channel products), β
(the rate at which market demand changes the return price
of products in dual channels), and ψ (the change rate of the
return amount of the online direct selling channel with the
return price) were changed by combining relevant data and
charts.

(1) By analyzing the data in Table 2 and the changing
trend in Figure 2, it can be seen that when α changes,
under the price discount model, the manufacturers’
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Figure 3: +e change diagram of the optimal profit value when β changes. (a) +e change of manufacturers’ profits. (b) +e change of
retailers’ profits. (c) +e change of the total supply chain profit.

Table 4: +e optimal profit when ψ changes (unit: ten thousand RMB).

ψ πj∗ πf∗

r πf∗

d πf∗ πz∗

r πz∗

d πz∗ πB∗

r πB∗

d πB∗

5.0 7.50 3.21 − 2.15 1.06 2.60 4.90 7.50 4.00 3.50 7.50
5.5 7.49 3.21 − 2.15 1.06 2.59 4.90 7.49 3.99 3.50 7.49
6.0 7.48 3.21 − 2.15 1.06 2.59 4.89 7.48 3.98 3.50 7.48
6.5 7.48 3.21 − 2.15 1.06 2.59 4.89 7.48 3.98 3.50 7.48
7.0 7.48 3.21 − 2.16 1.05 2.59 4.89 7.48 3.98 3.50 7.48
7.5 7.47 3.21 − 2.16 1.05 2.58 4.89 7.47 3.98 3.50 7.47
8.0 7.47 3.22 − 2.16 1.06 2.58 4.89 7.47 3.97 3.50 7.47
8.5 7.46 3.22 − 2.16 1.06 2.58 4.88 7.46 3.96 3.50 7.46

12 Mathematical Problems in Engineering



optimal profit is larger; under the compensation
strategy model, the retailers’ optimal profit is larger.

(2) By analyzing the data in Table 3 and changing trends
in Figure 3, we can see that when β changes, the price
discount model is still more favorable for manu-
facturers to obtain optimal profits, while the

compensation strategy model is more favorable for
retailers to obtain optimal profits.

(3) By analyzing the data in Table 4 and the changing
trend in Figure 4, it can be seen that when ψ changes,
the same situation occurs. +erefore, by comparing
the two models, we can see that the price
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Figure 4: +e change diagram of the optimal profit value when ψ changes. (a) +e change of manufacturers’ profits. (b) +e change of
retailers’ profits. (c) +e change of the total supply chain profit.
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discount model is better for manufacturers to
maximize profits, and the compensation strategy
model is more favorable for retailers than the price
discount model.

From Tables 2–4 and Figures 2–4, it can be seen that the
price discount model and compensation strategy model can
play a good coordination role and make the whole supply
chain achieve profit optimization.

6. Conclusion and Discussion

By studying the return situation of a manufacturer-led
dual-channel supply chain in a competitive market envi-
ronment, considering the offline retail customers to pur-
chase the product loyalty coefficient, dual channels
influence each other between the product rate, the change
rate of market demand to return price, and the rate at which
the amount of return in an online channel changes with the
return price and other factors, the price discount model
and the compensation strategy model were established in
order to coordinate the profits of manufacturers, retailers,
and supply chain as a whole after return and make the
profits maximize. Also the validity of the model should be
confirmed through a numerical example and the method of
chart analysis. +e results show the following: (1) in the
dual-channel supply chain environment, the profit of the
centralized decision return model is larger than that of the
decentralized decision return model. Profit coordination
can be realized through the price discount model and
compensation strategy model. +e overall optimal profit of
the supply chain in the decentralized decision-making
scenario is equal to the overall optimal profit of the supply
chain in the centralized decision-making scenario, which
maximizes the profit of the dual-channel supply chain. (2)
When the change rate of mutual influence between
products of the dual-channel supply chain, the change rate
of market demand on product return price, and the change
rate of online direct sales channel’s return amount with
return price are changed, the overall profit of retailers,
manufacturers, and supply chain will be affected, and the
former two are more affected than the latter. (3) When the
conditions of a manufacturer-led dual-channel supply
chain are the same, the price discount model is more fa-
vorable for manufacturers to maximize profits, while the
compensation strategy model is more helpful for retailers
to maximize profits.

+is paper mainly applies price discount and compen-
sation strategy to solve the return problem of the dual-
channel supply chain and makes use of supply chain co-
ordination decision-making to make the overall profit of the
supply chain in the return scenario reach the optimal value.
In the aspect of theory, it enriches supply chain decision
theory and optimizes supply chain pricing decision. In the
aspect of practice, it can be widely used to solve the pricing
and profit coordination decision-making problem of the
enterprise’s dual-channel supply chain operation mode,
which has wide applicability and strong application value.
When the market demand is random, the cross-return and

dual-channel supply chain pricing decision under the big
data environment need to be further studied.

Data Availability

Suppliers and retailers are rational decision-makers who
make decisions based on the principle of revenue maxi-
mization. +e parameters selected in this paper meet the
above assumptions. And more abundant management in-
spiration could be obtained through numerical simulation.
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