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For the offline market entry strategy and product pricing of online retailers in the retailer competitive supply chain structure, a
supply chain game model composed of a single manufacturer, a single traditional retailer, and a single online retailer is con-
structed and an improved coevolutionary game algorithm (ICGA) is proposed to solve the model. In addition, a dynamic
optimization model based on dissatisfaction is established to dynamically adjust the coevolutionary game algorithm. The research
shows that when online retailers open offline channels, with the increase of offline market share of online retailers, the profits of
traditional retailers decrease and manufacturers increase, while the profits of online retailers increase first and then decrease; there
is a maximum point. The profits of online retailers, manufacturers, and supply chains will be optimized due to the opening of
offline channels. When the offline market share of online retailers is lower than a specific threshold, the new offline channels of
online retailers will also make the profits of traditional retailers greater. At this time, the profits of all members of the supply chain
will be optimized. Finally, the final optimization stability strategy can make the offline retail and online retail achieve the best
operation state, and the overall theoretical rate of supply chain has been significantly improved, which proves the effectiveness and

superiority of the proposed model and algorithm.

1. Introduction

Along with e-commerce development, product sales have
gradually changed from a single channel to dual-channel
sales model, which inevitably leads to service and price
competition among channels [1]. This paper will study the
price game of dual-channel supply chain based on service
quality and delay decision, explore the impact of decision
variables on system stability, analyse the impact of system
stability on the evolution trend of price game, and realize the
effective control of unstable system [2].

Service competition between manufacturers and retailers
and price competition between dual channels are the main
competition modes; the equilibrium strategy of competition
between manufacturers and retailers is an important content
of research [3]. In particular, under the influence of diffe-
rent disturbances and multiple demands, retailers service

competition and service cost sharing mechanism are more
studied [4]. In the price competition between manufacturers
and retailers, retailers pay more attention to fairness. It will
consider the impact of fairness on service level and product
retail price in decision-making. In addition, the optimal
service and pricing strategies in the form of noncooperative
game are different, which is determined by the decision-
making objectives [5]. Even if the game form is the same, the
difference of influencing factors in the game process will lead
to different equilibrium strategies, such as different con-
sumer loyalty to products or channels, different types of
products sold in two channels (homogeneous products or
complementary products), and different risk aversion be-
haviours of manufacturers and retailers; these will have an
impact on the price and service. In addition, manufacturers
and retailers take profit as target in the process of nonco-
operative game, but the different Bo status will also affect the


mailto:songyejiao@yku.edu.cn
https://orcid.org/0000-0002-8804-0458
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/5605883

pricing and service strategy. Different decision sequences
not only affect the pricing and service strategy, but also affect
the evolutionary behaviour, bullwhip effect, and coordina-
tion mechanism of the system [6]. The existing research
results on service and pricing lay the foundation for the
construction and analysis of this model [7].

On the one hand, it is about the research on online and
offline channel selection strategies from the perspective of
manufacturers, and part of the literature studies the influ-
encing factors of manufacturers’ new online sales channels.
Literature [8] found that manufacturers’ opening online
channels will exacerbate their conflict with dual channel
retailers. At this time, manufacturers should encourage
retailers to sell products through revenue sharing contracts.
Literature [9] considered online channels and studied the
pricing strategy. At the same time, some scholars have
studied retail model of online retailers [10]. Literature [11]
put forward the concept of Omni channel retailer sales
model and analysed the impact of Omni channel strategy on
product demand, channel strategy, and member profit.
Literature [12] studied the impact of consumers’ channel
migration behavior on retailers’ revenue through the
channel strategy of “online purchase and offline pick-up.”
Literature [13] research showed that when there are great
differences in products from different channels, retail en-
terprises can increase their own income by choosing the
coexistence of online and offline sales. Literature [14] dis-
cussed the impact of channel operating costs and customer
behavior on retailer channel selection and found that dual
channel is the best choice only when the operating costs of
different channels are not different. Literature [15] studied
the equilibrium pricing decisions of retail enterprises in
three cases: pure offline physical stores, pure online stores,
and dual channel sales. Literature [16] discussed the impact
of opening network channels in traditional physical stores
on the operation cost of online and offline channels through
an e-commerce for men’s clothing. Literature [17] discussed
the impact of offline experience stores on consumer behavior
and retailer profits. It is found that opening offline expe-
rience stores will aggravate the inventory risk of offline
channels.

In fact, many factors such as channel cost, compensation
mode, and coordination mechanism affect the choice of
channels by both upstream and downstream sides of the
supply chain. Literature [18] established game models with
manufacturers as the main body and e-commerce distrib-
utors as the main body and found that manufacturers’ choice
of distribution channels is mainly affected by the cost of
distribution channels. Literature [19] found that retailers
need to give manufacturers a certain compensation cost in
order to solve the dual marginal effect of dual channels and
realize the coordination. Literature [20] proposed that the
coordination mode of price compensation or cost sharing
between manufacturers and retailers is conducive to supply
chain optimization. Literature [21] found that the income
distribution mechanism of network channels is the key
factor to coordinate channels. Literature [22] established a
game model according to the demand function of dual
channels and found that manufacturers can achieve channel
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coordination by adjusting pricing, but this coordination way
will damage the interests of manufacturers. Literature [23]
established a dual channel supply chain revenue model with
retailers as the main body and found that the uncertainty of
demand will affect channel pricing. Literature [24] estab-
lished the demand function related to price and demand,
compared the optimal pricing problem under the manu-
facturer Stackelberg game and the manufacturer retailer
Bertrand game, and found that the manufacturer in the
Bertrand game decision-making mode has the highest price.
Literature [25-31] mainly constructed a closed-loop supply
chain network equilibrium model based on the dynamic
competition of retail enterprises and studied the behavior
and equilibrium conditions of manufacturers, retailers, and
demand market. It is hoped that the construction of dynamic
competitive supply chain network equilibrium model of
retail enterprises can provide theoretical reference for the
management and operation of retail enterprises in market
competition. The main contributions of this paper are
summarized as follows: (1) the offline market entry strategy
and product pricing of online retailers in the competitive
supply chain structure of retailers are studied, and a supply
chain game model composed of a single manufacturer, a
single traditional retailer, and a single online retailer is
established; (2) to solve the above problems, an improved
coevolutionary game algorithm (ICGA) is proposed, and a
dynamic optimization submodel based on dissatisfaction is
established to dynamically adjust the coevolutionary game
algorithm; (3) this paper uses evolutionary game and co-
evolutionary algorithm to solve the disadvantages of the
original pricing model and improve the overall profit
margin.

This paper considers the impact of channel cost distri-
bution and income distribution on channel selection be-
haviour, establishes model of manufacturers and retailers
that more comprehensively reflects the actual situation, and
analyses the impact of various influencing factors on the
channel selection behaviour. On this basis, under the dual
channel strategy, this paper analyses the impact of arrival
payment time. This research is helpful for supply chain
members to reasonably choose dual channels and formulate
the optimal price strategy under dual channels.

2. Problem Formulations and Dual-Channel
Supply Chain Model

2.1. Structure of Online Retailer’s Dual-Channel Supply Chain.
This paper considers establishing a two-stage supply chain
model composed of a manufacturer and a retailer. The
manufacturer is responsible for product R&D and manu-
facturing. The retailer can buy products from the manufac-
turer and sell them in the market through distributors or
directly buy products and sell them in the market through the
manufacturer’s network channels. However, because the
manufacturer or retailer will have a certain impact on the
distributor after choosing the network channel, the distributor
must be compensated accordingly. Through the above de-
scription, we can lead to the problem studied in this paper:
how manufacturers and retailers choose the most suitable
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sales channel and set the price of products. The following basic
assumptions are put forward.

Aiming at the enterprise practice of e-commerce en-
terprises opening oftline physical stores and considering the
factors of product price competition of traditional retailers
in the market, this paper constructs a supply chain game
model. The specific structure is shown in Figure 1.

Hypothesis 1. The manufacturer’s probability of adopting
dual channel strategy is p, and the probability of adopting
traditional channel strategy is 1—p. The probability of re-
tailers adopting dual channel strategy is g, and the proba-
bility of adopting traditional channel strategy is 1 —q.

Hypothesis 2. M is the income of manufacturers and re-
tailers after selecting network channels. Where the manu-
facturer’s income is aM, if 0 < @ < 1, the retailer’s income is
(1 -a)M. M,; and My, are the profits of manufacturers and
retailers in traditional channels, respectively.

Hypothesis 3. C is the compensation cost to the distributor
after the manufacturer or retailer selects the network
channel. If both manufacturers and retailers choose dual
channels for sales and purchase, the compensation cost to
distributors needs to be divided through negotiation. If the
compensation cost paid by the manufacturer is sufficient and
0<p<1, the compensation cost paid by the retailer is
(1 - B)C. It needs to bear all the compensation costs to the
distributor, that is, § = 1; conversely, 3 = 0.

When manufacturers bring new products to the market,
they use the novelty seeking psychology of some consumers
to set a high price to meet the demand level of the public.
This is the so-called skimming pricing strategy, which is a
smart pricing strategy. Because various consumers have
different incomes and different consumption psychology,
they have different needs for products, especially for new
products. Consumers with innovative psychology are always
willing to try new products first, making full use of the
psychological characteristics of consumers. In this paper, the
online retailers and offline retailers will adopt the two-tier
retail pricing model. In addition, fully consider the offline
retail behavior of online retailers.

2.2. Design of the Supply Chain Pricing Model. In addition, in
order to simplify the analysis process, it is assumed that the
cross price elasticity coefficientis equal (f, = f; = f, = f)
and the manufacturer’s production cost per unit product is
0. Therefore, the demand function of each channel in the two
cases can be obtained. When online retailers open offline
physical stores, the demand of each channel is

Dyp=0-a)(1-p) =Py + fgPp + f,Pp
Dy =a-Py+ fiPy+ [P, (1)
D, =(1-a&)f =P, + fiPy + faPa.

The manufacturer first determines the wholesale price of

products provided to traditional retailers and online re-
tailers. The profit functions of the three are

Online retailer

Local Store

—— supply commodity
---- Providing assistance

FiGure 1: The structure diagram of online retailer’s dual-channel
supply chain.

TaBLE 1: The system parameter table.

Parameter Content

f Cross price elasticity coefficient
o Acceptance of network channels
Wy Retailer wholesale price

P, Retailer channel retail price
P, Retail price of offline store
D Online channel demand

I, Retailer profit

I, Manufacturer profit

c Production costs

B Proportion of online retailers
Wy Wholesale price of online retailers
Py Online channel retail price
Dy Retailer channel demand

D, Oftline channel demand

Iy Online retailer profit

I Overall profit of supply chain

I, = (Pt2 - a’zz)Dm
Iy = (Pgy — 0gp)Dyy + (P, = wy) Dy, (2)
I, = (W = €)Dy + (W, =€) (Dgy + D).

Symbols and descriptions involved in the model are
shown in Table 1.

3. Research on Improved Coevolutionary Game
Algorithm (ICGA)

3.1. Research on Cooperative Progress Algorithm. Because
coevolution algorithm emphasizes the evolution and coop-
eration among multiple populations, it can be regarded as the
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FIGURE 2: Framework figure of coevolution algorithm.

process of dynamic selection decision-making and interaction
among different populations, which is the research content of
game theory. The dynamic mechanism of population evo-
lution and the coordination mode between populations that
coevolution algorithm needs to build can be built by game
theory, especially the theory of evolutionary game. The co-
evolution algorithm decomposes the complex system into a
series of interacting subsystems. Each subsystem corresponds
to a population in the ecosystem. The evolution process of
these populations is isolated from each other; that is, indi-
viduals only cross operate with other individuals in the
population, and all species interact through a common system
model and complete the overall evolution of the ecosystem.

Figure 2 illustrates the coevolutionary algorithm of three
species. Each species evolves independently in its own
population through the evolutionary algorithm and coop-
erates with each other by selecting the method representing
the common system model. For species, when evaluating
individual fitness, its contribution to the whole system
problem needs to be calculated. Therefore, the calculation
results are selected from species and species to get the total
results. The evolutionary process among species is the same.
Through their own evolution and cooperation, the fitness of
the whole system has been continuously improved. Of
course, the evolutionary algorithms used by each species in
the figure can be more flexible, and even different evolu-
tionary algorithms can be used.

3.2. The Improved Coevolutionary Game Algorithm. This
paper proposes a coevolutionary game algorithm to solve the

model. In the coevolutionary game algorithm, retailers and
offline physical stores as game participants generate two
populations, which are recorded as P1 and P2 in the initial
population, respectively. There are a certain number of
individuals in each population. Individuals record the de-
cision vector and the population to which they belong. P1
and P2 take ul and u2 as benefit objectives, respectively. The
population game structure is shown in Figure 3.

In evolutionary game, each individual is randomly se-
lected from the group and plays the repeated game. It is
assumed that each individual participating in the game has
only limited rationality. When two individuals in the group
meet, they play for the same resource. Let two individuals
x € P; and x/€ P; meet and play the game in the benefit
maximization game problem. The payment function ob-
tained by x is as follows:

u; (%) = Ui

Uimax ~ Wimin_ =
payoff (x)
(u,» (%) —u; (XI)) _(”imm - ”jmax) .,
(”imax - ”jmin) _(“imin - ”jmax) -
(3)
u; .., represents the smallest value in the population u; (x);

U;max Tepresents the largest value in the population u; (x).
Let the number of variables of the problem to be opti-

mized be N1, and divide the N1 variables into # modes:
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FIGURE 3: Structure of the ICGA pricing model.
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Then, generate the initial population corresponding to
each pattern in the following way; that is, create a random
real number matrix of m x r, where m is the number of
individuals in the population and r is the number of vari-
ables contained in the pattern. Because each mode corre-
sponds to the partial solutions of the problem to be
optimized, these partial solutions need to be combined into
the complete solution of the original problem. Firstly, an
individual is randomly selected from the population cor-
responding to each model, and then the selected individuals
are paired to form a complete solution, which is regarded as
the individual of the random matching set. A random
matching set is generated in this way. Furthermore, calculate
the individual fitness of each random matching set, and then
select the best individual as the elite strategy.

Information transfer mode is a neighbor migration
mode. Note that the ith random matching set RC; is used to
transfer information as S;. The set of information it receives
is G;. There is the following information transfer formula:

S = {mi m i
s =y, Ty, L., Ty,

Gi = SiUSi+l'

(5)

It is worth noting that before the evolutionary game
begins, the game status between network retailers and
physical stores changes flexibly and finally gets the best
scheduling decision.

The implementation flow of ICGA is shown in Figure 4.

The implementation flow of ICGA can be expressed as
follows: (1) for the optimization problem, the variables of the
problem are divided into several patterns, and then the
population of each pattern is initialized; (2) in the first it-
eration, the individual fitness is not calculated, and the

genetic operation is not performed. The random matching
set is directly generated from the initial population of each
pattern, and each pattern corresponds to a random matching
set; (3) calculate the fitness, and form the elite strategy set
according to the calculated fitness value; (4) if the accuracy
of the fitness value of the optimal individual in the elite
strategy set meets the convergence requirements or has
reached the maximum evolutionary algebra, the solution of
the problem is output; (5) the information is transferred
between the random matching sets, and the reference set
corresponding to each pattern is generated. At the same
time, the elite strategy set is decomposed according to the
pattern, and the decomposed individuals are transmitted
back to the population corresponding to each pattern to
generate a new population. Then, the fitness value of the
individuals in the new population is calculated by the ref-
erence set and genetic operation is carried out.

4. Simulation Results and Performance Analysis

In the experimental part, this paper analyses the reliability
and superiority of the algorithm from three angles. (1)
Analyse the characteristics of the two channel models under
different parameters. Verify the advantages of the dual
channel model. (2) Verify the effects of different population
distribution probabilities on the results of evolutionary
game. (3) Compared with CGA algorithm, the advantages of
ICGA algorithm are verified.

4.1. Analysis on the Impact of Offline Stores. Assuming that
the parameter f in the model is 0.3 «=0.2, that is, when
consumers are in a specific network channel preference, this
paper discusses the proportion of offline market when online
retailers open offline physical stores 8 so as to provide a
reference for the offline channel expansion of online retailers
and product pricing in the new channel structure. As shown
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FIGURE 4: Implementation flow of ICGA.

in Figure 5(a), the wholesale price in the two channel
structures has the following relationship. (1) Traditional
channel wholesale price: when the offline market share of
online retailers is relatively low, the wholesale price of
traditional channel products when online retailers open
offline physical stores is greater than that when online re-
tailers do not open offline physical stores. When the offline
market share of online retailers is relatively high, the new
offline physical stores of online retailers will cause the
wholesale price of traditional channels to be lower than the
benchmark. (2) Wholesale price of online channel: when
online retailers open offline physical stores, the wholesale
price of online channel products is greater than that when
online retailers do not open offline physical stores. With the
increase of offline market share of online retailers, the gap

between online channel wholesale prices in the two channel
structures will continue to expand. Therefore, manufacturers
should make wholesale price decisions, according to the
actual market share of retailers, in order to coordinate the
channel conflict between retailers.

As in Figure 5(b), the retail price in the two channel
structures has the following relationship: (1) Traditional
channel retail price: the zero selling price of traditional
retailers when online retailers open offline physical stores is
greater than that when online retailers do not open offline
physical stores. When the offline market share of online
retailers is relatively high, the zero price of traditional re-
tailers is less than the benchmark when online retailers open
offline physical stores. (2) Online channel retail price: when
online retailers open offline physical stores, the online retail
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F1Gure 5: Comparison results of two modes. (a) Wholesale price under two modes. (b) Retail price under two modes. (c) Retail profit under

two modes. (d) Manufacturer and supply chain profit.

price is greater than that when they do not open offline
physical stores. With the increase of offline market share of
online retailers, the gap in the two channel structures will
continue to increase. Therefore, when online retailers select
offline channels, they should not only consider the fixed cost
of physical stores, the degree of channel competition, and
consumers’ network preference, but also consider how to
coordinate the price competition between their own
channels.

Figure 5(c) shows that there is the following relationship
between retailer profits in the two channel structures: (1)
Traditional retailer profits: intuitively, the new offline
channels of online retailers are bound to reduce the profits of
traditional retailers, but an interesting phenomenon is found
according to the analysis of an example. The addition of
offline physical stores by online retailers can make the profits
of traditional retailers greater than the benchmark situation,

and their profits will be improved. However, when the offline
market share is higher than the critical threshold, online
retailers opening offline physical stores will lead to con-
tinuous damage to the revenue of traditional retailers until it
is less than the benchmark. (2) Profit of online retailers: the
strategy of adding offline physical stores is bound to increase
the total market share of online retailers. With the increase
of offline market share, the profit of online retailers is greater
than the benchmark situation, and its revenue is improved.
It can be seen from Figure 5(d) that there is the following
relationship between manufacturers and supply chain profits
in the two channel structures. (1) Manufacturers’ profits:
when online retailers open offline physical stores, manu-
facturers’ profits are greater than when online retailers do
not open offline physical stores, and manufacturers’ profits
are optimized. At the same time, when online retailers open
offline physical stores, the increase of offline market share of



online retailers will reduce the manufacturer’s profits first
and then increase. The second strategy is that the manu-
facturer will abandon the original traditional retailer dis-
tribution channel and choose to cooperate with the online
retailer with dual channel sales mode to distribute goods. (2)
Profit of whole supply chain: when online retailers open
offline physical stores, the profit will be greater than the
benchmark situation. However, when online retailers open
offline physical stores, the increase of the proportion of
offline market occupied by online retailers will lead to the
decrease and then increase of the profit of the supply chain.

4.2. Effects of Different Population Distribution Probabilities
on the Results of Evolutionary Game. Without considering
the dynamic impact of maximum dissatisfaction on pop-
ulation distribution probability, the above system optimi-
zation results are obtained by artificially selecting different
initial population distribution probabilities and performing
evolutionary games, respectively, as shown in Figure 6.

The abscissa in Figure 6 represents the distribution
probability pl of the retail population 1, that is, the pro-
portion of the population with ul as the benefit target in the
whole population. The value is from 0 to 1 with an interval of
0.05. As shown in Figure 6, with the increase of p1, the value
of retail benefit membership ul under the final evolutionary
stability decision shows an upward trend, while the value of
online retail benefit membership u2 shows a downward
trend. This is because in ICGA algorithm, when the number
of individuals with ul as the benefit target in the group
increases, these individuals are easy to play games with other
individuals in the same population in the random game
process, which indirectly increases their fitness and makes
ul more advantageous than u2, resulting in the final evo-
lutionary game result biased towards ul.

The above results show that the final evolutionary sta-
bility strategy is largely related to the initial population
distribution. Therefore, the game status of online retail and
offline physical stores can be changed flexibly, and finally the
best scheduling decision can be obtained.

4.3. Comparative Simulation. In this paper, the dynamic
characteristics of the system will be displayed so as to study
the influence of the adjustment speed of decision variables
on the system.

Other conditions remain unchanged. When G2 =0.005,
G3=0.003, G4=0.00 and changes in the interval [0.006,
0.0095], the recovery price changes of manufacturers and
retailers are shown in Figure 7. When (0.006, 0.00762), the
system is in a stable state. After many games, the two re-
covery prices are stable at 12.11 and 7.903, respectively.
When G1 =0.00762, the system will have the first bifurcation
and then gradually fall into chaos after cycle 2 and cycle 4.

The faster the adjustment speed of the system, the more
sensitive the enterprise is to the system, and the easier the
market is to fall into chaos. However, the adjustment speed
will affect the periodic value of the market from order to
disorder. Therefore, when competing with retailers, man-
ufacturers should not blindly increase the number of
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algorithm.

recycled products in order to occupy a larger recycling
market share and obtain greater recycling profits. Manu-
facturers should not adjust the wholesale price of new
products and recycled products too quickly, but should
comprehensively consider the market situation and the
reaction of competitors.

4.4. Comparative Simulation between ICGA and CGA.
Considering the influence of the randomness of retail be-
havior, the distribution probability of each generation of
evolutionary population is dynamically adjusted through the
dynamic optimization submodel based on maximum dis-
satisfaction. Figure 8 shows the benefit comparison after
dynamic game optimization to achieve the overall optimal
operation state and their optimal operation state, respectively.
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Figure 8 shows the curve of profits of offline retail stores,
online retail stores, and manufacturers over time. It can be
clearly seen that with the passage of time, ICGA algorithm
gradually tends to be optimized over time. The profits of
offline retail stores, online retail stores, and manufacturers
rise rapidly from the beginning and stabilize after reaching a
certain peak. At this time, the system tends to be profits
peaked. Furthermore, profits are between the first two states,
which is a compromise value considering the interests of
both sides, so that retailers and manufacturers can achieve a
relatively good operation state. In addition, it can be seen
from the figure that the profit margin of online retailers is
significantly higher than that of offline retailers, mainly due
to the labor and rental costs of offline retailers.

In order to better observe the change curve of retailer
profit by adopting CGA and ICGA strategies, this paper is
compared with [32] under the same conditions. The com-
parison results are shown in Figure 9.

It can be clearly seen from Figure 9 that adopting the
improved CGA strategy for dual channel pricing can sig-
nificantly improve the profit margin of the product. In
particular, the pricing strategy has obvious advantages in
improving retailers’ profits.

5. Conclusion

This paper integrates the benefits of offline retailers and
online retailers, studies their interaction, establishes a benefit
model, and subjectively processes the benefit function. An
improved coevolutionary game algorithm is proposed to
solve the subordinate model. On this basis, considering the
influence of randomness, a dynamic optimization submodel
based on dissatisfaction is established to dynamically adjust
game model. The results show that the proposed method can
make offline retailers and online retailers play a game
through maximizing their respective benefits and make
dynamic optimization adjustment based on dissatisfaction.
The final stability strategy can make the offline retailers and
online retailers reach the best operation state, ensure the
stable operation of retail sales, and maximize the profits of
retailers and manufacturers. The simulation results show
that the improved CGA strategy can significantly improve
the profit margin of products. In particular, the pricing
strategy has obvious advantages in improving retailers’
profits. However, ICGA algorithm improves the complexity
of the algorithm to a certain extent. After considering the
supply of multiple online retailers, the coordination and
interaction optimization between multiple online retailers
and manufacturers is the direction of further research.
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