
Research Article
Exploring Data Integrity of Dual-Channel Supply Chain Using
Blockchain Technology

Wei Gan1 and Bo Huang 2

1School of Business, Macau University of Science and Technology, Taipa 999078, Macau
2School of Business, Guangdong Polytechnic of Science and Technology, Zhuhai 519040, China

Correspondence should be addressed to Bo Huang; bo6636836@126.com

Received 18 March 2022; Revised 7 April 2022; Accepted 29 April 2022; Published 18 May 2022

Academic Editor: Vijay Kumar

Copyright © 2022 Wei Gan and Bo Huang. -is is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

-e study intends to solve the problems of complex product circulation caused by information asymmetry and the untimely
communication of production and sales information in the process of product sales to reduce the cost in the process of product
circulation. Based on blockchain technology, the data integrity of the dual-channel supply chain is studied. First, the data of the
supply chain conduct coordinated management to achieve the integrity of the supply chain data.-en, under the background that
both retailers and suppliers are risk-neutral individuals, the benchmark model of the dual-channel supply chain is constructed,
and the online and offline sales prices of products under different decision-making modes are analyzed. Finally, taking fresh
agricultural products as an example, the sales strategies of the online and offline sales channels of fresh agricultural products are
studied, and a dual-channel supply chain model is constructed. -e profit of each member in the supply chain system under this
model is obtained by the inverse method. -e simulation results demonstrate that the retailer’s revenue and the total revenue of
the system increase obviously with the growth of the price discount coefficient after the price discount strategy is applied. When
the compensation cost is between 1,000 and 3,000, the profit of retailers in the supply chain system is improved by using the price
coordination mechanism, while the profit of suppliers decreases to some extent. When the value of compensation cost is
7,000–9,000, the application of the price coordination mechanism increases the profit of suppliers in the supply chain system,
while the profit of retailers declines to a certain extent. -e research content reported here effectively alleviates the profit conflict
and the double marginal effect between the two channels and enriches the theoretical system knowledge of the coordination of the
two channels’ supply chain of agricultural products.

1. Introduction

Under the background of the rapid development of a free-
market economy, to realize the modernization of China’s
agricultural field, it is essential to keep up with the pace of
reform and opening up. In terms of emerging technologies,
the development of the Internet has brought enormous
convenience to the production and circulation of agricul-
tural products and other links [1]. However, under the
influence of the traditional domestic sales model, the main
circulation model of agricultural products of China is still
offline sales. -is type of sales is dominated by intermediary
businesses and wholesale markets and has certain limitations
in terms of efficiency and brand appeal. However, the online

sales platform makes up for these disadvantages and has
brought greater development space for brand publicity and
standardization innovation of agricultural products [2, 3].
-e online sales platform not only saves consumers’ time
and enriches consumers’ purchase channels but also solves
the problems caused by information asymmetries, such as
the imbalance of production and marketing in the sales
process of agricultural products and excessive links in the
circulation process. -erefore, the dual-channel supply
chain model is the main trend of the development of the
supply chain of agricultural products in the future [4].

-e dual-channel supply chain model combines online
transaction channels based on Internet platforms and offline
circulation channels based on entity enterprise. In terms of the
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traditional dual-channel supply chain coordination, Qi et al. [5]
described the coordination problem of the dual-channel supply
chain as a supplier’s Stackelberg game model, which obtained
optimal pricing decisions and corresponding profits in cen-
tralized and decentralized systems. To improve the perfor-
mance of the decentralized system, the authors proposed an
online channel price discount contract and an offline channel
price discount contract to coordinate the two-channel supply
chain. Meanwhile, they provided a transfer payment mecha-
nism to realize the win-win situation of both sides. Zhang et al.
[6] considered a dual-channel supply chain system composed
of a single manufacturer and a single retailer to study the
influence of advertising cooperation on dual-channel supply
chain decision-making. -ey also analyzed the advertising
investment level and supply chain profit of centralized and
decentralized dual-channel supply chains based on the
Stackelberg game model. -en, they constructed the decision-
making model of dual-channel supply chains under different
contracts to analyze how manufacturers optimized profits of
both sides through an effective coordination mechanism. -e
emergence of technologies such as cloud computing, big data,
the Internet of-ings (IoT), and blockchain has accelerated the
development of society towards automation and intelligence.
Miraz and Ali [7] pointed out that blockchain technology was a
distributed ledger technology composed of various data
combinations. Simply speaking, it is jointly maintained by all
participants. -e unique construction model and new infor-
mation technology build a strong asset trust relationship and
value transmission network, which makes the blockchain have
the functions of being distributed and tamperproof, and value
can be transmitted. Chen et al. [8] proposed that in this low-
trust market competition environment, blockchain had built a
good trustmanagementmechanismwith its special newmodel,
which had quietly changed the operating environment of the
financial industry.

Dual-channel supply chains have brought great benefits
to consumers and reduced the loss in the process of com-
modity circulation, but the opening of online transaction
channels will inevitably bring some impact on the traditional
sales model. Based on blockchain technology, the data in-
tegrity of the dual-channel supply chain is studied. First, the
data of the supply chain conduct coordinated management.
Second, under the background that both retailers and
suppliers are risk-neutral individuals, the benchmark model
of the dual-channel supply chain is constructed, and the
online and offline sales prices of products are analyzed under
different decision-making modes. Finally, taking fresh ag-
ricultural products as an example, the sales strategies of the
online and offline sales channels of fresh agricultural
products are studied, and a dual-channel supply chainmodel
is constructed. -e innovation of the research lies in the
introduction of revenue sharing and price discount contract
strategies to implement coordinated management of the
supply chain. It can promote the supply chain system
revenue to reach the optimal state as much as possible and
obtain the corresponding price equilibrium solution and
contract parameters. Moreover, it is verified that such
contract parameters that can improve the efficiency of the
supply chain must exist.

2. Construction of the Dual-Channel Supply
Chain Model Based on
Blockchain Technology

2.1. Blockchain Technology

2.1.1. Infrastructure. Blockchain is composed of six layers,
including the data layer, network layer, consensus layer, in-
centive layer, contract layer, and application layer. -ese six
layers are combined from top to bottom to realize the con-
cretization of function allocation.-e six layers cooperate with
each other to ensure the smooth and safe operation of the
whole blockchain [9, 10]. Among them, the data layer, network
layer, and consensus layer are the three indispensable layers in a
standardized blockchain network, while the other three layers
can be designed according to specific practical needs. Figure 1
displays the blockchain infrastructure.

In Figure 1, the bottom layer is the data layer primarily
describing the physical characteristics of the blockchain
network, which is the most critical data structure in the
whole blockchain architecture. -e main feature of the data
layer is that data can be fully backed up and data information
cannot be tampered with [7]. -is layer structure records
information such as timestamp, address, and public and
private keys, as shown in Figure 2.

-e network layer is principally responsible for the in-
formation exchange in the whole blockchain to realize the
information receiving and sharing among nodes in the
blockchain network. Each node in the blockchain network can
not only receive information but also proinformation. After
creating a new block, each node will inform other nodes in the
network structure through broadcast, and the new block
created needs to receive verification from other nodes. When
the pass rate after verification is higher than 51%, the new
blocks created can be added to the backbone structure [11, 12].

Based on the availability of blockchain data, the con-
sensus layer enables highly dispersed nodes in a decen-
tralized system to reach consensus. As one of the core
technologies in the blockchain structure, consensus mech-
anisms can have a certain impact on the security and reli-
ability of the entire blockchain structure. Moreover, these
consensus mechanism algorithms are encapsulated in the
consensus layer structure [13]. By providing a certain reward
distribution mechanism, the incentive layer motivates each
node in the blockchain to mine and participate in the
verification of new blocks. -e smart contract layer is the
programmable and trustless foundation in the blockchain. It
specifies the transaction methods and processes in detail,
including various scripts and codes, and has the charac-
teristics of automatic execution and tamperproof. -e ap-
plication layer is responsible for docking with various
application scenarios, covering all entities in the application
scenarios, and completing the entire business logic
according to the rules formulated by smart contracts.

2.1.2. ConsensusMechanism. -e consensus mechanism can
be regarded as a vote between each node in the blockchain.
Each node in the blockchain verifies and approves the
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recently generated transaction information through the
specific consensus mechanism, and on this basis, the service
delay can beminimized. If transaction data lead to consensus
among several nodes in the entire blockchain structure, it
can be considered that the data can also lead to consensus
across the entire network. Proof of Work (PoW) and Proof
of Stake (PoS) are the mainstream consensus algorithms.

In the PoW mechanism, each node solves the complex
Secure Hash Algorithm 256 (SHA256) problem according to
its computation force, as shown in the following equation:

H(n‖ h)≤ t. (1)

In equation (1), H denotes the Hash function, n stands
for a random number, and t represents the target difficulty.
As can be seen from equation (1), the smaller the target
difficulty value, the fewer random numbers that meet the
conditions. Each node in the blockchain competes with each
other to find random numbers that meet the conditions, and
the node that spends the least time in the search process gets
the right to account [14].

Application layer

Consensus layer

Programmable currency Programmable Finance Programmable Society

Script code Algorithm mechanism Smart contract Contract layer

Distribution mechanism Distribution mechanism Incentive layer

PoW PoS DPoS ……

Network layer

Data layer

P2P network Communication mechanism Verification mechanism

Data Block Chain structure Time stamp Hash function Merkle tree Asymmetric encryption

Figure 1: Blockchain infrastructure.
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-e PoW mechanism has disadvantages such as low
efficiency and high energy consumption. Given this defi-
ciency, relevant scholars put forward the PoS mechanism. In
this mechanism, there is no need for complicated calcula-
tion, thus saving a wealth of power resources. -e basic
principle of the PoS mechanism is to select the node with the
largest ownership proportion among all network nodes
participating in the competition for the corresponding
operation. -is mechanism believes that the shares of nodes
have a certain impact on the difficulty of generating the latest
block, as shown in the following equation:

H(n‖ h)≤ s(M).t. (2)

In equation (2), s refers to the equity return function.
According to equation (2), when the target difficulty is
maintained at a certain value, the share of absenteeism will
have a certain impact on the calculation difficulty of random
numbers.

2.1.3. Smart Contracts. -e idea of smart contracts emerged
almost at the same time as the Internet. -e term “smart
contracts” was first proposed by the famous American
scientist Nick Szabo. Its essence is similar to conditional
statements in programming. To be specific, the developer
needs to set a precondition in advance. When the precon-
dition is satisfied, the smart contract will be triggered and the
instructions in the smart contract will be executed to realize
the “intellectualization” of the contract. Smart contracts
have gained extensive attention and development only after
the emergence of blockchain technology. In a blockchain
system, smart contracts can cooperate with a consensus
mechanism to build a decentralized system and prevent data
from being tampered with at will. Smart contracts have now
become an essential feature of blockchain technology.

From the perspective of programming, the smart con-
tract in a blockchain system is essentially a piece of in-
struction code. However, compared with the conventional
instruction code, it has many constraints. For example,
smart contracts have difficulty accessing off-chain data such
as weather information and competition results; they cannot
exceed resource limits; they also consume large amounts of
resources when executing code. Due to the above con-
straints, smart contracts can only control transaction re-
sources on the ecological chain at present.

Because of its unique nature, blockchain can be applied
to the Internet of -ings, financial statistics, donation
tracking, inventory tracking, data storage, healthcare, and
many other fields. Applications of blockchain in each do-
main have their specific business processes, which require
service providers to build new custom blockchains to meet
the particular service requirements. In today’s environment
of explosive data growth, the main challenges faced by
blockchain are the expansion of the scale of the blockchain
network and the number of users it can support. Besides, it is
essential to reduce the delay because the implementation of
functions in blockchain-based applications depends on
consensus. In addition, the response time needs to be re-
duced, which fundamentally relies on the improvement of

the consensus algorithm. Moreover, it is necessary to ensure
network security by using devices that have limited re-
sources and cannot perform heavy tasks to protect the
network and effectively prevent malicious nodes from
damaging the network.

2.2. Two-Channel Supply Chain Benchmark Model

2.2.1. Problem Description. Assuming that the market de-
mand is uncertain, a dual-channel supply chain composed of
a retailer and a supplier is considered here. In this structure,
the supplier occupies the main position. -erefore, the
supplier can give priority to determining the green degree
and wholesale price of a product according to its demand,
and the retailer determines the offline retail price according
to the wholesale price determined by the supplier [15–17]. In
addition, in the dual-channel supply chain, suppliers can sell
their products through online and offline channels, as shown
in Figure 3.

2.2.2. Model Hypothesis and Parameter Description.
Webb proved in 1994 that products have a certain impact on
the natural environment, pointing out that products are
produced in accordance with certain natural guidelines,
recycling certain components where possible.-e concept of
a green supply chain was first proposed in 1996, and it
appeared in an “Environmentally Responsible
Manufacturing (ERM)” conducted by the Manufacturing
Research Association of Michigan State University. Its main
content is to take environmental impact and resource effi-
ciency into consideration during the operation of the entire
supply chain and ultimately achieve the goals of minimum
environmental impact and highest resource utilization ef-
ficiency. With the intensification of environmental prob-
lems, the research on the green supply chain has received
extensive attention from all walks of life. Meanwhile, the
research on the green supply chain in academia has become
more and more in depth, and surprising results have been
achieved.

Hypothesis 1: in the case of uncertain market demand,
it is assumed that the improvement of product
greenness can effectively increase market demand, and
consumers of online and offline sales channels have the
same preference for green products [18]. Demand
functions of online and offline sales channels can be
expressed as follows:

De � s(a + ε) − pe + θpr + ητ,

Dr � (1 − s)(a + ε) − pr + θpe + ητ,
(3)

where De represents the product demand of online
sales channels, Dr refers to the product demand of
offline sales channels, a signifies a constant and a> 0.
Besides, ε represents the random demand caused by
market uncertainty and ε ∼ N(0, σ2); s denotes re-
tailers’ share of the offline market and 0< s< 1; θ
signifies the coefficient of cross elasticity of online and
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offline sales channels; pe stands for the online sales
price of the product; pr indicates the offline sales price
of the product; η represents consumers’ preference
coefficient for green products and η> 0; τ refers to the
green degree of products and τ > 0.
Hypothesis 2: assume that the cost of product greenness
borne by the supplier is 1/2ρτ2, where ρ represents the
green cost coefficient per unit.
Hypothesis 3: assume that the cost of production per
unit of product is c, the wholesale price determined by
the supplier is w, and the costs of both the supplier and
the retailer are 0. Besides, pr >w> c> 0 and pe >w> 0.
Hypothesis 4: suppliers will try their best to avoid
shortages, so there is no upper limit on production
capacity, and there is no difference in product
quality between online and offline sales channels
[19, 20].
Hypothesis 5: there is no information asymmetry in the
supply chain structure, information is shared, and
retailers and suppliers are risk-neutral individuals.
Moreover, the profit is denoted as Πj and the expected
profit as EΠj. Besides, the expected utility is repre-
sented by EΠj, where j ∈ z, g, r , among which z

represents the whole supply chain, g represents the
supplier, and r refers to the retailer.

Based on the above assumptions, the profit function of
suppliers and retailers can be defined as follows:

Πg � (w − c) s(a + ε) − pr + θpe + ητ 

+ pe − c(  (1 − s)(a + ε) − pe + θpr + ητ  −
1
2
ρτ2,

Πr � pr − w(  s(a + ε) − pr + θpe + ητ .

(4)

-e expected profit of suppliers can be written as follows:

E Πs(  � (w − c) sa − pr + θpe + ητ( 

+ pe − c(  (1 − s)a − pe + θpr + ητ  −
1
2
ρτ2.

(5)

Equation (6) describes the expected profit of retailers:

E Πr(  � pr − w(  sa − pr + θpe + ητ( . (6)

2.2.3. Centralized Decision Model. -e centralized decision
model regards the leaguers in the supply chain structure as a
whole, puts their interests in the second place, and maxi-
mizes the benefits in the whole supply chain as much as
possible. According to this model, the optimal pricing de-
cision can be specified [21–24].

Proposition 1. When η<
�������
ρ(1 − θ)


, πc

Σ is a concave func-
tion related to pe, pr, and τ. In the case that both retailers and
suppliers are risk-neutral individuals, the optimal greenness of
the product is shown in the following equation:

τc
�

aη − 2cη(1 − θ)

2M
. (7)

The online and offline sales prices of the product are as
follows:

p
c
e �

1 − s + θs

2 1 − θ2 
a +

aη2 − 2cη2(1 − θ)

4(1 − θ)M
+

c

2
,

p
c
r �

s + θ − θs

2 1 − θ2 
a +

aη2 − 2cη2(1 − θ)

4(1 − θ)M
+

c

2
.

(8)

where M � ρ(1 − θ) − η2. -e proof process is as follows.
The centralized decision model seeks to maximize the

benefit of the whole supply chain, so this decision model will
be affected by the online product sales price pc

e, offline
product sales price pc

r, the product greenness τc, and other
factors. According to the above hypotheses, the overall profit
utility in the supply chain structure can be expressed as
follows:

U
c Πz(  � pr − c(  sa − pr + θpe + ητ( 

+ pe − c(  (1 − s)a − pe + θpr + ητ  −
1
2

pτ2.
(9)

Since the centralized decision model regards the
members in the supply chain structure as a whole, the

Supplier

ConsumerRetailer

Online direct selling channel

Online direct selling channel

Figure 3: Decision-making process of supply chain leaguers.

Computational Intelligence and Neuroscience 5



wholesale price, as an internal variable, does not affect the
overall income. Rerefore, equation (9) does not include the
wholesale price. -e first derivatives of equation (9) about τ,
pe, and pr are as follows:

zU
c Πz( 

zτ
� η pr − c(  + η pe − c(  − ρτ

� η pr + pe − 2c(  − ρτ,

zU
c ΠZ( 

zpe

� (1 − s)a + 2θpr − 2pe + ητ +(1 − θ)c,

zU
c Πz( 

zpr

� sa − 2pr + 2θpe + ητ +(1 − θ)c.

(10)

Accordingly, the Hessian matrix of the overall profit of
the supply chain structure about τ, pe, and pr can be written
as follows:

H �

− 2 2θ η

2θ − 2 η

η η − ρ

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠. (11)

If |H|< 0, then there is η<
�������
ρ(1 − θ)


. If

zUc(IIZ)/zτ � 0, zUc(ΠZ)/zw � 0, and zUc(Πz)/zpe � 0,
then the optimal greenness of the product and the online and
offline sales price can be obtained when the overall revenue
of the supply chain is maximum.

Corollary 1. In this model structure, the demand of retail
channels does not affect the greenness of products, but it is
inversely proportional to the sales price of online products and
positively proportional to the sales price of offline products
[25]. Be proof process is as follows:

Be first-order derivative of the ratio of the offline sales
channel demand s to the online sales price pc

e is obtained, as
shown in the following equation:

zp
c
e

zs
�

θ − 1
2 1 − θ2 

a. (12)

Because 0< θ< 1, zpc
e/zs< 0.

The first-order derivative of the ratio of the offline sales
channel demand s to the offline sales price pc

r can be pre-
sented as follows:

zp
c
r

zs
�

1 − θ
2 1 − θ2 

. (13)

Since 0< θ< 1, zpc
r/zs> 0.

Corollary 1 shows that since the centralized decision
model considers the alliance members in the supply chain
structure as a whole, the decision-making is analyzed from
the perspective of the whole. Meanwhile, the offline market
share as an endogenous variable does not affect the
greenness of the product. When the offline market accounts
for a relatively large proportion of consumers, the purchase
channel of consumers is mainly physical retail stores. In this
case, retailers may improve customer satisfaction through

after sales and other means, but the offline market ac-
counting for a large proportion of consumers may cause the
phenomenon of short supply, thus raising the sales price of
offline products.

2.3. Two-Channel Supply Chain Model for Fresh Agricultural
Products. -e development of society is inevitably accom-
panied by the improvement of people’s material conditions
and consumption levels, which prompts the masses to have
an increasingly intense demand for fresh food and stricter
quality pursuits.-e development of “Internet + agriculture”
and cold chain logistics technology makes the sales methods
and sales environment of fresh agricultural products no
longer simply rely on traditional offline channels. To im-
prove corporate profits, reduce losses, and diversify con-
sumers’ purchasing forms, enterprises choosing to adopt the
coexistence of online and offline channels to sell fresh ag-
ricultural products have sprung up. For example, fresh
agricultural product suppliers (farmers, cooperatives, pro-
duction bases, etc.) sell products through traditional retail
channels on the one hand, and open online direct sales stores
on Taobao, JD.com, Yihaodian, and other e-commerce
platforms on the other hand to sell products. However, the
addition of online channels will definitely impact the tra-
ditional sales form and transaction environment, which will
undoubtedly exacerbate channel conflicts and the double
marginal effect of supply chain members blindly seeking the
best goals for themselves. -erefore, further research is
needed on whether the introduction of direct online sales
channels affects the state of supply chain coordination.
However, in the current study, a way needs to be found that
can effectively facilitate, coordinate, and improve the ex-
pected benefits of the supply chain.

-e freshness of fresh agricultural products directly reflects
the quality of the products, and the cross price between the
selling price and the channel will also directly determine the
occurrence of consumers’ purchasing behavior. -erefore, to
reflect consumers’ demand for fresh agricultural products, the
influence of these factors must be considered together. Among
them, the distribution model of fresh produce A-type online
and offline channel supply chain means that the supplier will
wholesale fresh produce offline to retailers while also opening
an online direct sales channel to sell some products directly to
consumers. After analyzing the established model using the
inverse method, the revenue sharing contract strategy is
considered to be used to coordinate the management of the
supply chain. After obtaining the range of contract parameters
and proving that referring to the contract parameters canmake
the profits of each member and the whole of the supply chain
better than the profits without contract constraints. It can be
concluded that the use of revenue sharing contract strategy can
promote the best supply chain benefits and improve the ef-
fectiveness of supply chain collaboration.

2.3.1. Model Assumptions and Parameter Definitions. -e
present work studies a two-stage supply chain of fresh ag-
ricultural products with two channels, in which the supplier
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has the first-mover advantage. For the convenience of
analysis, the following hypotheses are proposed in this study.

Hypothesis 1: retailers order fresh produce from
suppliers near the peak selling season. Consumers
purchase products in only one channel during a sales
cycle.
Hypothesis 2: here, only the production cost of the
supplier is considered, other costs are temporarily
excluded, and it is assumed that the product has no
residual value [26].
Hypothesis 3: under rational and risky circumstances,
retailers and suppliers make decisions to maximize
their interests.
Hypothesis 4: the potential demand of the market is not
affected by online channels, and sellers can choose the
channels of product purchase at will [27].

For the convenience of analysis, variable symbols used in
this section are summarized: ω refers to the wholesale price
determined by suppliers;p1 andp3 represent offline and online
sales prices of retailers; p2 denotes supplier’s online sales price;
θ0 signifies the initial freshness of the product; ε stands for
supplier’s level of effort to maintain product freshness; η de-
notes the sensitivity coefficient of product freshness to time; T

represents the sales cycle; θ indicates themarket share of online
sales channels; k describes the sensitivity coefficient of product
preservation cost to preservation effort level; α denotes the
cross-price sensitivity coefficient of online and offline channels
and 0< α< 1. Besides, β denotes the sensitivity coefficient of
product freshness and 0< β< 1; a represents themarket size; c0
signifies the production cost of each unit of product produced
by the supplier; q1 and q3 represent sales volume of retailers’
offline and online channels, respectively; q2 denotes sales
volume of suppliers’ online channels; πm and πr represent
profits of suppliers and retailers; πc denote the total profit of the
supply chain when centralized decisions are made.

2.3.2. Model Construction and Solution Process. In the
process of constructing the consumer demand function, it is
necessary to consider the influence of two factors, namely, the
degree to which consumers’ purchase intention is affected by
the freshness of fresh agricultural products and the degree to
which market demand is affected by the price [28, 29]. Here,
the demand of consumers is described through the classical
linear demand, and the demand function of online and offline
channels is expressed as follows:

d1(p, t) � θa − p1 + αp2 + βθ(t), (14)

d2(p, t) � (1 − θ)a − p2 + αp1 + βθ(t). (15)

When the utility of the product is not less than 0, con-
sumers will buy the product. -erefore, the product sales
volume of retailers’ offline sales channel and suppliers’ online
sales channel at a certain time can be expressed as follows:

q1 � 
T

0
θa − p1 + αp2 + βθ(t) dt

� 
T

0
θa − p1 + αp2 + β θ0e − ηt(  dt,

q2 � 
T

0
(1 − θ)a − p2 + αp1 + βθ(t) dt

� 
T

0
(1 − θ)a − p2 + αp1 + β θ0e − ηt(  dt.

(16)

Based on the above assumptions, profits of suppliers and
retailers can be written as follows:

πm � p2 − c0( q2 + ω − c0( q1 −
ke

2

2
,

πr � p1 − ω( q1.

(17)

Assuming that retailers and suppliers in the dual
channels of agricultural products cooperate to maximize the
profits of the whole supply chain structure, the total profits
of the supply chain system can be expressed as follows:

πc � p2 − c0( q2 + p1 − c0( q1 −
ke

2

2

� p2 − c0(  
T

0
(1 − θ)a − p2 + αp1 + β θ0e − ηt(  dt

+ p1 − c0(  
T

0
θa − p1 + αp2 + β θ0e − ηt(  dt −

ke
2

2
.

(18)

In this decision-making form, the Hessian matrix of the
total profit of the supply chain regarding the online and
offline sales price of the supply chain is shown in the fol-
lowing equation:

H2 �

z
2πc

zp
2
2

z
2πc

zp2p1

z
2πc

zp1p2

z
2πc

zp
2
1

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

�

− 2T 2Tα

2Tα − 2T

⎛⎝ ⎞⎠. (19)

According to the joint solution and simplification
through zπc/zp1 � 0 and zπc/zp2 � 0, the optimal price of
offline and online sales channels of the supply chain under
centralized decision is finally obtained, as shown in the
following equations:

p
c∗
1 �

c0

2
+
β θ0e − ηT( /2( 

2(1 − α)
+
αa + θa − αθa

2 1 − α2 
, (20)

p
c∗
2 �

c0

2
+
β θ0e − ηT( /2( 

2(1 − α)
+

a − θa + αθa

2 1 − α2 
. (21)
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Substituting equations (20) and (21) into equation (18),
the maximum profit of supply chain system under the
centralized decision model can be determined as follows:

π∗c � T
β θ0e − (ηT/2)(  a + β θ0e − (ηT/2)( ( 

2(1 − α)

− c0β θ0e −
ηT

2
 

+
2αθa

2
(1 − θ) + a

2 θ2 +(1 − θ)
2

 

4 1 − α2 

+
c
2
0(1 − α) − c0a

2
.

(22)

2.3.3. Supply Chain CoordinationMechanism under the Price
Discount Contract. In the supply chain model of retailer
opening online channels discussed in this study, suppliers
assume the main coordinating responsibility, and the price
discount contract sets the wholesale price determined by the
supplier, which is related to the supplier’s online sales
channel, as shown in the following equation:

ω p2(  � c0 + λ p2 − c0( . (23)

In equation (23), λ denotes the price discount coefficient
and 0< λ< 1.

When the supplier raises products’ online sales price,
the online sales channel will decline, and the wholesale
price set by suppliers will rise. To ensure their profits,
retailers will correspondingly raise the sales price of
products in online and offline channels, which will en-
hance consumers’ desire to buy in the online sales
channels provided by suppliers. On the contrary, when the
supplier reduces the online sales price of the product, the
sales volume of the supplier’s online sales channel will be
increased, and the wholesale price determined by the
supplier will be reduced. To attract consumers, the retailer
will also reduce the online and offline sales price of the
product [5, 30, 31]. -erefore, the price discount contract
will not cause the situation that there is only single-
channel demand in the supply chain system.

Profits earned by suppliers and retailers under this
contract model can be expressed as follows:

πp
m � p2 − c0( q2 + ω p2(  − c0  q1 + q3(  −

ke
2

2
,

πp
r � p1 − ω p2(  q1 + p3 − ω p2(  q3.

(24)

2.4. Case Study on Double-Channel Supply Chain
Coordination. Because the model structure is too complex,
this study verifies the correctness of the model through
specific example analysis to have a clearer understanding of
the relationship between the supply chain and price discount
strategy. By referring to a large number of literature, the

values of each parameter are finally determined as follows:
α � 100, θ � 0. 6, c0 � 10, T � 10, β � 0. 4, η � 0. 5, θ0 � 0. 8,
k � 100, and e � 5.

2.5. Analysis of the Influence of the Discount Coefficient on
Supply Chain

2.5.1. Influence of Discount Coefficient on Supply Chain Profit
When Ignoring Compensation Cost. Price discount coeffi-
cients have a certain impact on supplier’s profit and retailer’s
profit. Figure 4 shows the analysis results of the total profit
and profit of each member in the supply chain system at
different price discount rates.

According to Figure 4, under the influence of price dis-
count contracts, retailers’ profits have increased and suppliers’
profits have decreased to some extent, but the total profits have
not been affected. After coordination, the total profits still keep
a steady trend of rising. Besides, in the case of increasing price
discount coefficient, compared with retailers, suppliers’ profits
change significantly more. Because λ � α/(1 − α), when the
price discount coefficient increases, the dual-channel price
crossover coefficient is proportional to the profits of suppliers
and retailers without contract coordination. In other words,
when the dual-channel price crossover coefficient keeps rising,
the profits of suppliers and retailers also keep rising.

In a word, retailer revenue and total system revenue in-
crease obviously with the increase in price discount coefficient
after the price discount strategy is applied. -erefore, the
coordination effect of the price discount contract is more
obvious compared with that of the contract constraint, and the
profits obtained by members in the supply chain system
continue to rise with the growth of the price discount coef-
ficient. However, it should be noted that after the introduction
of a price contract mechanism, the profits of some members in
the supply chain systemmay not rise.-erefore, to increase the
profits of all members, further profit distribution is required.

2.5.2. Influence of Discount Coefficient on Supply Chain Profit
When Compensation Cost Is Fixed. To improve the accep-
tance of each member of the supply chain system to the price
discount contract, after the profit increases, the retailer will
provide the supplier with additional compensation expense P,
and the compensation expense is fixed at 4,500. In this case, the
profit of the retailer and the supplier is Δπp∗

m � πp∗
m + P and

Δπp∗
r � πp∗

r + P, respectively, as shown in Figure 5.
From Figure 5, when the compensation cost is kept at a

certain value, the increase in price discount coefficient makes
the growth of retailer’s profit continuously increase, while
the increase in supplier’s profit keeps decreasing. -erefore,
when the compensation cost is fixed, the increase in price
discount coefficient has a favorable effect on retailers, but the
interests of suppliers are damaged to a certain extent.

2.5.3. Impact of Compensation Costs on Supply Chain Profits.
-e price discount rate is assumed to be a certain value of 0.5
to explore the variation trend of supply chain profit with
compensation cost, and the results are shown in Figure 6.
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Figure 4: Changes in profits when compensation costs are ignored. (a) -e influence of discount coefficient on the profit of supply chain
system; (b) profit changes before and after the coordination.
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Figure 5: Profit changes when compensation costs are fixed. (a) -e influence of discount coefficient on the profit of supply chain system;
(b) profit changes before and after coordination.
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From Figure 6, when the price discount coefficient is
fixed, the increase in compensation cost leads to a gradual
increase in the profit gap of suppliers before and after
contract coordination. However, the profit gap of retailers
before and after contract coordination keeps decreasing, and
the total profit gap of the whole supply chain system remains
unchanged. -e main cause of this phenomenon is that the
main purpose of the increase of compensation cost is to
reallocate the profits of all members of the supply chain after
the price discount contract is used; since the total profit of
the supply chain system is consistent with the total profit of
the supply chain system under centralized decision-making,
it will not change, but the profit of suppliers and retailers will
be affected by compensation costs to a certain extent.

When the compensation cost is between 1,000 and 3,000,
the profit of retailers in the supply chain system will be
improved by using the price coordination mechanism, while
the profit of suppliers will be reduced to some extent. When
the value of compensation cost is 7,000–9,000, applying the
price coordination mechanism will increase the profit of
suppliers in the supply chain system, while the profit of
retailers will decline to a certain extent. -is is because the
above condition does not satisfy the constraint of
Pϵ(T[a − 2c0 − sa + 4c0α + β (θ0e − ηT/2)]2/16(1 − α), 3T

[a − 2c0 − sa + 4c0 α + β(θ0e − ηT/2)]2/32(1 − α)). When
the compensation cost is between 4,000 and 6,000, the profit
of both retailers and suppliers will increase. -erefore, a
reasonable design of compensation cost can effectively
improve the profit of retailers and suppliers, thus maxi-
mizing the profit of the whole supply chain system.

2.6. Analysis of the Effect of Freshness on the Supply Chain.
In this test, the price discount rate is fixed at 0.5, and the
compensation cost is fixed at 4,500.-e effect of freshness on
the profit of each member in the supply chain system is
investigated, and the results are shown in Figure 7.

From Figure 7, the improvement of the freshness of fresh
agricultural products has a positive effect on the profit of
retailers andmeanwhile a negative effect on the total profit of
suppliers and supply chain system. -e reason for this
phenomenon is that suppliers’ efforts to keep their products
fresh lead to excessive costs and reduced profits; however,
the improvement in the product freshness increases product
sales, so that retailers can obtain more profits. -erefore, to
ensure the total profit, the insurance effort level needs to be
controlled within a certain range.

-e natural perishability of fresh agricultural products
makes them prone to loss during production, transportation,
and sale in the market. -e improvement of people’s ma-
terial living conditions has made consumers more and more
strict with the quality and safety requirements of fresh ag-
ricultural products. -e method of selling products through
the supply chain of online and offline channels effectively
solves the problems of small influence of offline traditional
circulation mode, asymmetric information, and many cir-
culation links, and a reasonable supply chain coordination
contract can promote the benefits of supply chain members
to be as optimal as possible. -e influence of information
asymmetry in the direct sales of fresh agricultural products
under the e-commerce environment is studied. Qiu et al.
(2020) [32] proposed a three-level fresh agricultural product
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Figure 6: Variation trend of supply chain profit with compensation cost. (a) -e impact of compensation costs on the profit of the supply
chain system; (b) profit changes before and after coordination.
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supply chain consisting of fresh agricultural product sup-
pliers, logistics service providers, and large e-commerce
platforms. Considering the perishability of fresh agricultural
products, the impact of logistics space-time cost and
freshness of fresh agricultural products on the profits of
various stakeholders in the supply chain is analyzed. -ree
cases are considered: (1) complete information, (2) partial
information, and (3) logistics space-time cost. Based on
principal-agent theory and supply chain coordination
contract theory, an analytical model is established to de-
scribe the impact of revenue sharing contract on the op-
eration of fresh agricultural product supply chain. -e
modeling results denote that under the condition of com-
plete information, the increase of the loss rate of fresh ag-
ricultural products is related to the decrease of the profit of
fresh agricultural products supply chain.

3. Conclusions

In the face of increasingly severe environmental problems
and the requirements of the government and consumers,
enterprises are paying more and more attention to the green
production and management of products. -e development
of e-commerce has broken through the traditional sales
model of enterprises; that is, suppliers will not only sell
products through offline retail channels, but also sell
products through online direct sales channels.

-e dual-channel supply chain has brought great conve-
nience to consumers, but the opening of online transaction
channel will inevitably bring some impact on the traditional sales
model. Based on blockchain technology, the present work
conducts coordinated management of the dual-channel supply

chain. -en, under the background that both retailers and
suppliers are risk-neutral individuals, the benchmark model of
dual-channel supply chain is constructed, and the online and
offline sales prices of products under different decision-making
modes are analyzed. Finally, taking fresh agricultural products as
an example, the online and offline sales channels of fresh ag-
ricultural products are studied, and a dual-channel supply chain
model is constructed. -e profit and equilibrium price of each
member in the supply chain system under thismodel is obtained
by the inverse method. -e research results manifest that when
the compensation fee is fixed at 4500, the result of the increase of
the price discount coefficient is that the profit increase of the
supplier is gradually decreasing, while the profit increase of the
retailer is increasing gradually. -e other parameters remain
unchanged, so that the price discount rate is 0.5. When the
compensation fee increases from 1000 to 9000, the profit after
the supplier coordination increases from 13175 to 21175, but the
overall profit after coordination remains at 20150.

However, the dual-channel supply chain studied here is
formed by a single retailer and supplier. In reality, the actual
supply chain may be composed of multiple suppliers and
retailers, or there are other channel members, which will
become the focus of subsequent research.
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