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Abstract: With the diversified development of media forms, livestreaming e-commerce has become
a new sales model. Unlike the traditional sales model, this paper constructs a three-party game
model composed of manufacturers, social media influencers and consumers based on the
livestreaming model. It explores the equilibrium strategy selections of each participant in the supply
chain system. In analyzing the evolutionary game stability of each participant, this paper obtains
the equilibrium strategy and stability factors by analysis of the income and expenditure matrix. It
uses the simulation model to analyze reasons for strategy selections of different game participants
in the livestreaming e-commerce model. The results show that the strategies of manufacturers, social
media influencers and consumers' selections have different impacts on their decision-making mech-
anism, and manufacturers are more sensitive to consumers' active participation in livestreaming e-

commerce.
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1. Introduction

With the promotion of the "Internet Plus" policy and the implementation of infor-
mation engineering in China, the sales form of "livestreaming + e-commerce" has been
favoured by more consumers: according to the 46th "Statistical Report on China's Internet
Development” released by China Internet Network Information Center, as of June 2020,
the number of Chinese netizens has reached 940 million, with an Internet penetration rate
of 67.0 per cent; among them, the number of livestreaming e-commerce users has reached
309 million, an increase of 44.3 million compared to March 2020, with a scale growth rate
of 16.7 per cent. The scale of online retail users reached 749 million, accounting for 79.7
per cent of the total netizens. Online shopping has become consumers' primary shopping
method.

Livestreaming e-commerce is different from gift-giving in livestreaming. It is a new
shopping model in which social media influencers use live broadcast technology for
online products display, consultation, and shopping guidance through livestreaming plat-
forms. It is mainly divided into two models: merchants directly promote their products,
and professional social media influencers recommend products [1]. Compared with the
traditional sales model, livestreaming e-commerce has the following characteristics: (1)
Livestreaming e-commerce is endowed with more vital interaction and affinity. Consum-
ers can directly communicate with merchants or social media influencers on livestreaming
platforms to communicate and bargain. (2) Livestreaming e-commerce bypasses the tra-
ditional channels of middlemen and realizes communications between products and con-
sumers to achieve "the lowest price of the entire network" of products and establish a price
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advantage. (3) Livestreaming e-commerce depends on influencers' charm. It is essentially
an advertising campaign prepared by influencers for consumers through livestreaming
platforms. It is necessary to adopt specific mutually beneficial means to provide a discount
for consumers to purchase products through actively responding to influencers' calls.

Social media influencers are closely related to livestreaming e-commerce. From 2015
to 2018, the compound growth rate of China's social media influencers industry reached
59.4 per cent, and the industrial scale in 2018 exceeded 100 billion RMB [2]. Social media
influencers let more users participate in livestreaming active decision-making, to improve
users' satisfaction [3-5]. Users can motivate influencers by gift-giving to improve their en-
thusiasm for livestreaming [6-8]. Influencers can improve the number of users by optimiz-
ing livestreaming e-commerce and enhancing their social influence [5, 9]. However, at
present, the academic research on livestreaming mainly focuses on live content and gift-
giving. Although the data is rich and the research is detailed, the degree of agreement
with livestreaming e-commerce is low, and there is little direct research on the literature
on livestreaming e-commerce. Cunningham analyzed the platforms, policies, and difficul-
ties faced by China's webcasting and pointed out that social media influencers can suc-
cessfully drive economic development, meet marketing needs, and guide consumers to
shift from a traditional sales model to a livestreaming sales model [10]. This benefit can
be expanded through the livestreaming e-commerce model to enhance consumers' desire
to buy products [7, 11-14]. But the research on influencers focuses on their economic ben-
efits or social impact, only a little research on influencers income and expenditure.

Livestreaming e-commerce is based on social media influencers as the spokesperson
and the number of influencers' fans as the leading factor [14]. By gathering popularity on
livestreaming platforms and social media, relying on the huge fan group to sell products,
livestreaming e-commerce is transforming the fans into purchasing power [15, 16]. It plays
an important role in expanding sales markets and enhancing brands [17]. However, the
benefits of livestreaming e-commerce depend on the enthusiasm of influencers and con-
sumers [18]. Therefore, it's necessary to clarify the income model [19, 20], design a reward
and punishment mechanism [21], and explore the mutual influence [22]. The supply chain
includes manufacturers, social media influencers, and consumers, which involves multi-
party decision-making, so game theory optimization is selected [23-29]. At present, schol-
ars have some research on the three-party game [30-32], but few scholars combine the
three-party game with the situation of the income and expenditure of livestreaming e-
commerce. To better analyze the relationship among manufacturers, social media influ-
encers, and consumers in the livestreaming e-commerce model, this paper adopts game
theory to explore the decision-making evolution mechanism among supply chain partici-
pants based on previous research.

To better analyze the decision-making mechanism of the livestreaming e-commerce
supply chain, this paper makes innovations in the following aspects: (1) Integrate
livestreaming e-commerce with the online supply chain to explore the supply chain in-
come and expenditure in the livestreaming e-commerce model. Analyze the benefits of
the supply chain based on the three-party game model to explore the decision-making
evolution process of manufacturers, social media influencers, and consumers in the
livestreaming e-commerce supply chain. (2) At present, little literature involves the in-
come and expenditure of social media influencers in livestreaming e-commerce. This pa-
per takes social media influencers as the main participant of the game. It analyzes
livestreaming e-commerce from influencers' perspective to facilitate influencers to make
decisions and choices. (3) It analyzed the income and expenditure of livestreaming e-com-
merce and found the equilibrium point of the participants in the livestreaming e-com-
merce model. It is conducive to explore the phenomenon of livestreaming e-commerce
further and promoting the development of livestreaming e-commerce.
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2. Methods

2.1. Problem description

The supply chain involved in this paper is composed of manufacturers, social media
influencers, and consumers, with livestreaming e-commerce as the main innovative
model. Livestreaming e-commerce involved in this paper is operated by professional in-
fluencers who specifically promote products. Consumers are an important part of
livestreaming e-commerce. As a participant who watches livestreaming and purchases
products, consumers will receive certain discounts during watching livestreaming e-com-
merce. When carrying out livestreaming e-commerce, manufacturers and influencers
need to clarify each other's rights and obligations in the form of contracts and pay some
input costs by the contracts to guarantee to carry out livestreaming e-commerce.

Manufacturers, social media influencers, and consumers are the three participants in
the livestreaming e-commerce supply chain. Consumers mainly benefit from influencers
and manufacturers by rewarding influencers and purchasing products from manufactur-
ers, thereby promoting influencers and manufacturers' preparations for livestreaming e-
commerce. Manufacturers are the product providers in the supply chain. They manufac-
ture products according to the number of orders received by influencers on livestreaming
platforms and improve the products' quality to satisfy consumers' demands. Social media
influencers involved in this paper refers to those general influencers who do not have
large numbers of fans. They promote products provided by manufacturers on livestream-
ing platforms through livestreaming e-commerce and increase consumers' desire to pur-
chase products to increase product sales. In the game among manufacturers, social media
influencers, and consumers, the three participants are rational in the game process. They
will find optimal strategies for each other through multiple games. The internal distribu-
tion mechanism and evolutionary effect game model of the participants of the livestream-
ing e-commerce supply chain are shown in Figure 1.

Watch livestreaming
and purchase products

Consumers

‘Watch ; purchase
livestreaming products

The livestreaming e-
commerce model
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Figure 1. Game model of manufacturers, social media influencers, and consumers in the
livestreaming e-commerce model.

After referring to the literature of other scholars, this paper defines the strategy se-
lection behavior of social media influencers, manufacturers and consumers in this game
model as social media influencers have two strategies to choose from: (1) Actively carry
out livestreaming e-commerce by increasing investment in influencers' charm, innovating
livestreaming strategies, increasing the number of fans, and analyzing fans' loyalty to
make more profits. (2) Conservatively carry out livestreaming e-commerce by simplifying
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livestreaming procedures, reducing strategic innovation, relying on existing fans, and not
paying attention to changes in the number of fans to save the cost of carrying out
livestreaming e-commerce. Manufacturers have two strategies to choose from: (1) Ac-
tively optimize products by enhancing supply chain efficiency, reducing logistics time,
and improving service quality to obtain more profits. (2) Conservatively deal with the
products by reducing quality supervision costs, cutting logistics costs, and reducing after-
sales service input. Consumers have two strategies to choose from: (1) Actively respond
to influencers' calls and increase purchases. (2) Conservatively deal with influencers' calls
and reduce purchases.

As main participants, manufacturers and social media influencers need to invest in
particular human, material, and financial resources in livestreaming e-commerce. The to-
tal cost of investing in these resources is I. When consumers actively respond to influenc-
ers' calls to purchase products, it will reduce the total cost I paid by manufacturers and
influencers. The reduced cost is |. Now the total cost paid by manufacturers and influenc-
ers is (I-]). The cost-sharing ratio coefficient between manufacturers and influencers is 7,
the cost paid by manufacturers is nl or n(I-]), and the cost paid by influencers is (1-n)I or
(1-n)(I-]).

Consumers who actively respond to social media influencers' calls to purchase prod-
ucts receive A. 0 represents the percentage of discount obtained when consumers choose
a conservative strategy to the discount obtained when consumers choose an active strat-
egy. When consumers choose a conservative strategy to purchase products, the discount
they get is 6A. When both manufacturers and social media influencers choose an active
strategy, the value-added income obtained is D. The sharing ratio coefficient of D is m,
which shows the value-added income of manufacturers in livestreaming e-commerce is
mD. The value-added income of social media influencers in livestreaming e-commerce is
(1I-m)D. When social media influencers actively carry out livestreaming e-commerce but
manufacturers conservatively deal with products, manufacturers can obtain some free-
riding income E. When manufacturers actively optimize products but social media influ-
encers conservatively carry out livestreaming e-commerce, influencers can obtain free-
riding income F. In addition, consumers will give some reward fee H to social media in-
fluencers who actively carry out livestreaming e-commerce.

Manufacturers and social media influencers from breaching contracts during
livestreaming e-commerce, when manufacturers actively optimize products, but influenc-
ers conservatively carry out livestreaming e-commerce, influencers need to pay some
compensation fee W to manufacturers according to agreements. When social media influ-
encers actively carry out livestreaming e-commerce but manufacturers conservatively
deal with products, manufacturers need to pay K to influencers according to agreements.

The specific game parameters of manufacturers, social media influencers, and con-
sumers in the livestreaming e-commerce model is shown in Table 1.

Table 1. Game parameters of manufacturers, social media influencers, and consumers in the
livestreaming e-commerce model.

Parameter Description
o Probability of consumers actively responding to influencers' calls to purchase products
ﬁ Probability of manufacturers choosing to optimize products actively
V4 Probability of influencers choosing to carry out livestreaming e-commerce actively
A Consumers' discount obtained by actively purchasing products in livestreaming e-commerce

The percentage of discounts that consumers get when choosing a conservative strategy as compared

jo)

to the discount they get when choosing an active strategy
Value-added income obtained by manufacturers and social media influencers in livestreaming e-

commerce when both choose active strategies
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m Coefficient of apportionment ratio of value-added income obtained by manufacturers

The free-riding income obtained by manufacturers when influencers actively carry out livestreaming

E e-commerce, but manufacturers conservatively deal with products
The free-riding income obtained by social media influencers when manufacturers actively optimize
F products but influencers conservatively carry out livestreaming e-commerce
H Cost of rewarding influencers who actively carry out livestreaming e-commerce by consumers
I Cost invested in by manufacturers and influencers when they prepare for livestreaming e-commerce
Il Reduced input costs when consumers respond actively
n Manufacturer's cost apportionment ratio coefficient
Compensation paid by social media influencers to manufacturers when manufacturers actively opti-
w mize products but influencers conservatively carry out livestreaming e-commerce
K Compensation paid by manufacturers to social media influencers when influencers actively carry out

livestreaming e-commerce, but manufacturers conservatively deal with products

2.2. Construction of Income and Expenditure Matrix

In this game model, manufacturers, social media influencers, and consumers make
strategic selections based on probabilities. It is assumed that the probability of consumers
actively responding to influencers' call to purchase products is a. The probability of con-
servatively coping with influencers' call to purchase products is (1I-@). The probability of
manufacturers choosing to optimize products actively is . The probability of manufac-
turers choosing to deal with products conservatively is (1-f). The probability of influenc-
ers choosing to carry out livestreaming e-commerce actively is ). The probability of influ-
encers choosing to carry out livestreaming e-commerce conservatively is (I-y). a, §,
Y€[0,1]. Based on previous research [33-35] and combined with the above conditions, the
income and expenditure matrix of the three-party game of manufacturers, social media
influencers, and consumers in the livestreaming e-commerce model are shown in Table 2.

Table 2. The income and expenditure matrix of the three-party game of manufacturers, social media influencers, and consumers in
the livestreaming e-commerce model.

Consumers actively respond to influencers’ call to purchase Consumers conservatively deal with influencers' call to pur-
products (&) chase products (1-a0)
influencers actively carry influencers conservatively influencers actively carry influencers conservatively
out livestreaming e-com- carry out livestreaming e- out livestreaming e-com- carry out livestreaming e-com-
merce (y) commerce (1-y) merce (Y) merce (1-y)
Manufacturers ac- A-H A 0A 0A
tively optimize prod- mD-n(I-]) W-n(I-]) mD-nl -nl+W
ucts (B) (1-m)D-(1-n)(I-])+H F-W (1-m)D-(1-n)I F-w
Manufacturer conser- A-H A 0A 0A
vatively deal with E-K 0 E-K 0
products (1-B) -(1-n)(I-)+K+H 0 -(1-n)I+K 0

In Table 2, the manufacturers' participation restriction is reflected in the compensa-
tion K paid when the contract is violated. The incentive restriction is reflected in the ben-
efit distribution coefficient m of the income from the promotion of livestreaming e-com-
merce. The influencers' participation restriction in livestreaming e-commerce is reflected
in W paid when the contractis violated. The incentive restriction is reflected in the benefit
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distribution coefficient (1-m) of the income from the promotion of livestreaming e-com-
merce.

3. Evolutionary Stability Strategy Solution

3.1. Consumers” Expected Income and Expenditure

The expected income and expenditure when consumers actively respond to social
media influencers' calls to purchase products are:

7y = PRA=H)+ (=) A+(1=Py(A-H)+(1-p)1-y)4 1)

The expected income and expenditure when consumers conservatively deal with in-
fluencers' calls to purchase products are:

Ty = PyOA+ p(l=y)0A+(1=B)yfAd+(1-p)1-y)04 )

The expected income and expenditure of consumers in the livestreaming e-commerce
model are:

7, =am, +(1-a), 3)

According to the income and expenditure matrix, the replicator dynamics equation
of consumers when actively responding to influencers' calls to purchase products are:

Fla)=alr, ~7.) =a(l-a)(z, ~7.,) =el1-a)[A-O)A—#1] @)

3.2. Manufacturers’ Expected Income and Expenditure

The expected income and expenditure when manufacturers actively optimize prod-
ucts are:

7, =aylmD—n(I = J)]+a(-y)[-n(I =)+ W]+(-a)y(mD—nl)+(1-a)1-y)(-nl + W) (5)
The expected income and expenditure when manufacturers conservatively deal with

products are:
7,0 =ay (E-K)+(1-a)y(E-K) ©)

The expected income and expenditure of manufacturers in the livestreaming e-com-
merce model are:

7, =, +(1-p)x,, @)

According to the income and expenditure matrix, the replicator dynamics equation
of manufacturers when actively optimizing products are:

F()=ft,y 7, = B~ P)T ~1,0) = =PIV -nl+n + ymD-W—E+K)] ®)

3.3. Social Media Influencers’ Expected Income and Expenditure

The expected income and expenditure when social media influencers actively carry
out livestreaming e-commerce are:

7y =@fl=mD~(1=n)I ~J)+ H]+(-@)A0-mD-(-ml1+all=AHI-m{I~J)+ K+H]+(-a)I-P-0-0I+K]  (9)

The expected income and expenditure when influencers conservatively carry out
livestreaming e-commerce are:

Ty =af (F=-W)+(1-a)p(F-W) (10)
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The expected income and expenditure of influencers in the livestreaming e-com-
merce model are:

mp=yry+(=y)my, (11)

According to the income and expenditure matrix, the replicator dynamics equation
of social media influencers when actively carrying out livestreaming e-commerce are:

F(y)=1(m, =)= y(=p), —75,) = y(l=) K =(1=m + A A=n)J + H]+ JA-m)D-K+W-F]} (12)

According to the method proposed by Friedman, the evolutionary stability strategy
(ESS) of the differential equation system can be obtained from the local stability analysis
of the Jacobian matrix of the system, and the Jacobian matrix of the system can be obtained
from equations (4), (8), (12) as:

(1-2a)[(1-0)A— yH] 0 —a(l-a)H
M= BA-pnd A=2B)W —nl +anJ +y(mD -W —E + K)] P=BYmD-W —E+K) (13)
y(d=pld-n)J+H] y(I=plA=m)D-K +W - F] A=-2y){K-(0-m)I+al(l-n)J+H]+ p[1-m)D-K +W - F]}

On the basis of replicator dynamics equations of the above-mentioned game groups,

whensetting \ _ dF(a) dF(B) dFG)\r_ .y 4, thelocal Nash equilibrium points in the
o’ odt T dr o

three-party game system are obtained as: X:=(0,0,0), X»=(0,1,0), X5=(0,0,1), X+=(0,1,1),
X5:(1/0/0)/ Xﬁ:(lroll)r X7:(1/1/0)/ X8:(1,1,1) ’ ng(a*/ﬁ*/’)/*):( (1-60)E-K+W—-mD)-HW +nHI 7

nHJ

(1-O)A(H +J —nJY(E — K +W —mD)+ H(nHI + nJK +nJW — HW -WJ) » (1-60)4 )- The eight equilibrium points
nHJ(F —=D+K —W +mD) H

X1~Xs constitute the boundary of the evolutionary game. According to the evolutionary
game theory, when all eigenvalues of the Jacobian matrix are non-positive, the equilib-

rium point of the game is the evolutionary stable point of the system (ESS).

3.4. Stability Analysis of Equilibrium Points
When the equilibrium point X:=(0,0,0), the Jacobian matrix is:

(1-6)4 0 0
M, = 0 W o— nl 0 (14)
0 0 K -(1-n)I

At this point, the characteristic value of the Jacobian matrix is A, =(1-6)4,

Ay=W —nl, A, =K —(1-n)I.It canbe known from the same principle that by substitut-

ing eight equilibrium points into the Jacobian matrix (13), the eigenvalues of the Jacobian

matrix corresponding to the equilibrium points can be obtained, as shown in Table 3.

Table 3. Eigenvalues of the Jacobian matrix.

Equilibrium point  Eigenvalues A Eigenvalues A2 Eigenvalues A3
X1(0,0,0) (1-0)A W-nl K-(1-m)1
X2(0,1,0) (1-0)A nl-W (1-m)D-(1-n)I+W-F
X3(0,0,1) (1-6)A-H mD-nl-E+K (1-n)I-K
X4(0,1,1) (1-6)A-H nl-mD+E-K (1-m)I-(1-m)D+F-W

X5(1,0,0) (1-0)A W-n(L-]) H-(1-n)(I-])+K
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Xs(1,0,1) H-(1-6)A mD-n(I-])-E+K (1-n)(I-])-H-K
X7(1,1,0) (1-0)A n(I-])-W (1-m)D~(1-n)(I-]+ H+W-E
Xs(1,1,1) H-(1-0)A n(I-))-mD+E-K  (1-n)(I-))<(1-m)D-H-W+E

To facilitate the analysis of the symbols of the eigenvalues corresponding to different
Nash equilibrium points without loss of generality, this paper assumes (1-0)A-H>0, mD-
nl-E+K>0 and (1-m)D-(1-n)[+W-F>0. It means the net income brought by manufacturers,
social media influencers, and consumers who actively promote livestreaming e-commerce
is greater than conservatively dealing with livestreaming e-commerce. Due to many pa-
rameters and the tedious calculations in the model, this paper discusses the stability strat-
egy of the evolutionary game in the following three scenarios.

3.4.1. Scenario 1

When H-(1-n)(I-]) +K <0 and W-n (I-])<0, the sum of the compensation paid to social
media influencers by manufacturers when manufacturers choose a conservative strategy
and the consumers' reward for influencers are less than the cost paid by influencers when
consumers actively respond to influencers' calls. And the compensation paid to manufac-
turers by influencers when influencers choose a conservative strategy is less than the cost
paid by manufacturers when consumers actively respond to influencers' calls.

Table 4 demonstrates that the eigenvalues of the Jacobian matrix corresponding to
the equilibrium points X5(1,0,0) and Xs(1,1,1) are non-positive, then the system has two
stable points (1,0,0) and (1,1,1) in this scenario. The corresponding evolution strategies are
(active response, conservative treatment, and conservative livestreaming) and (active re-
sponse, active optimization, active livestreaming).

3.4.2. Scenario 2

When K-(1-n)I >0 and W-n I>0, the compensation paid to social media influencers by
manufacturers when manufacturers choose a conservative strategy is more than the cost
paid by influencers when consumers conservatively respond to influencers' calls. Or the
compensation paid to manufacturers by influencers when influencers choose a conserva-
tive strategy is more than the cost paid by manufacturers when consumers conservatively
respond to influencers' calls.

Table 4 demonstrates that the eigenvalues of the Jacobian matrix corresponding to
the equilibrium point Xs(1,1,1) are non-positive, then the system has one stable point
(1,1,1) in this scenario. The corresponding evolution strategy is (active response, active
optimization, active livestreaming).

3.4.3. Scenario 3

When H-(1-n)(I-]) +K >0 and K-(1-n)I<0 or W-n(I-]) >0 and W-n I<0, the sum of the
compensation paid to social media influencers by manufacturers when manufacturers
choose a conservative strategy and the consumers' reward for influencers are more than
the cost paid by influencers when consumers actively respond to influencers' calls. And
the compensation paid to influencers by manufacturers when manufacturers choose a
conservative strategy is less than the cost paid by influencers when consumers conserva-
tively respond to influencers' calls.

Or the compensation paid to manufacturers by influencers when social media influ-
encers choose a conservative strategy is more than the cost paid by manufacturers when
consumers actively respond to influencers' calls. And the compensation paid to manufac-
turers by influencers when influencers choose a conservative strategy is less than the cost
paid by manufacturers when consumers conservatively respond to influencers' calls.

Table 4 demonstrates that the eigenvalues of the Jacobian matrix corresponding to
the equilibrium point Xs(1,1,1) are non-positive, then the system has one stable point
(1,1,1) in this scenario. The corresponding evolution strategy is (active response, active
optimization, active livestreaming).
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Table 4. Local stability of equilibrium points in scenarios 1, 2, 3.

Equilibrium Scenario 1 Scenario 2 Scenario 3

point M A A Stability A A A Stability A A A Stability
X1(0,0,0) + - +,- Unstable + + +,- Stable + - - Unstable
X2(0,1,0) + + +,- Stable + - + Unstable + + + Stable
X3(0,0,1) + + + Stable + + - Unstable + + + Stable
X4(0,1,1) + - - Unstable + - - Unstable + - - Unstable
X5(1,0,0) - - - ESS - + + Unstable - + + Unstable
X6(1,0,1) - + + Unstable - + - Unstable - + - Unstable
X7(1,1,0) - + + Unstable - - + Unstable - - + Unstable
Xs(1,1,1) - - - ESS - - - ESS - - - ESS

4. Results and Discussion

Based on the parameters provided about other literature [33, 36], this paper Assumes
that in the initial game, manufacturers, social media influencers, and consumers all have
a 50 per cent probability of choosing different livestreaming e-commerce strategies. This
paper refers to the case of Luo Yonghao's livestreaming e-commerce of Mi Jumbo Gel Ink
Pen on April 1, 2020, and sets the time step to 0.001. The three-party game's relevant pa-
rameters of income and expenditure matrix are set as follows (unit: ten thousand RMB):
Consumers get a discount A of 10 for purchasing products in livestreaming e-commerce.
Manufacturers and influencers choose an active strategy to get the value-added income D
of 70 in livestreaming e-commerce. The cost I invested in by both manufacturers and in-
fluencers in the preparation of livestreaming e-commerce is 60. The free-riding income E
and F obtained by manufacturers and influencers when adopting conservative strategies
are both 7. When consumers actively purchase products, the amount of input cost reduc-
tion ] is 30, and the cost H for consumers to reward influencers is 18. When both manu-
facturers and influencers choose a conservative strategy, the compensation W and K that
need to be paid to each other are both 10. The discount & for consumers who choose a
conservative strategy is 50 per cent. The proportion coefficients m and n of the value-
added income obtained by manufacturers and the input cost is 80 per cent. The proportion

coefficient of influencers is 20 per cent.

This paper takes this simulation experiment as an example and analyses each partic-
ipant's game evolution process in livestreaming e-commerce. It provides decision-making
assistance for the participants of the livestreaming e-commerce model in the real world.
Through the above analysis of the equilibrium point stability of the evolutionary game, it
can be seen that the decision-making behavior of manufacturers, social media influencers,
and consumers is closely related to the income and expenditure of all participants. This
paper uses Matlab simulation software to simulate and analyze the above game models
to analyze the stable evolution process of strategy selections of manufacturers, influenc-
ers, and consumers under different probabilities. It discusses the initial probability avail-
able to participants, active participation behavior and reward behavior of consumers, and
the distribution coefficient of income and expenditure based on simulation results.
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4.1. The Impact of Different Initial Probabilities on the Stable Evolution of the Strategy Selection
of Each Participant in Livestreaming E-commerce

Gonsumers' System Evelution Trajectory in Different Probabilties.

streaming e-commerce

Influencers act
|

04 e

Consumer actively respond to purchase product
Manufacturer actively optimize product

Figure 2. The systematic evolution trajectory of consumers in different response probabilities.

When the probabilities of consumers actively responding to social media influencers'
calls are 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, the following conclusions can be drawn based on the
simulation results in Figure. 2: (1) Based on the assumptions of "economic man" or "ra-
tional man", since the probability that consumers actively responding to influencers' calls
to purchase products is positively correlated with the discount given to consumers in
livestreaming e-commerce, the probability of the consumers' response to livestreaming e-
commerce is mostly based on their interests and demands. Consumers select the decision
that tends to maximize their interests by measuring the discount they get. (2) As the prob-
ability of consumers actively responding to influencers' calls to purchase products in-
creases, , f, y converge to 1. The final equilibrium point tends to be (1,1,1). That is, all
three participants in the game finally choose to actively respond to purchase products,
actively optimize products, and actively carry out livestreaming e-commerce as the final
strategies. At this point, the increase in the probability of consumers' active response pro-
motes manufacturers and social media influencers to choose active strategies. Consumers
greatly influence the probability of influencers choosing active strategies. (3) In the pro-
cess that the probability of consumers actively responding to influencers' calls to purchase
products increases from 0.2 to 0.5, the increase in the probability of manufacturers and
influencers choosing active strategies is greater than that of consumers actively respond-
ing to influencers' calls to purchase products, which is from 0.5 to 0.8. Combining with the
principle of diminishing marginal effects, it can be seen that in a low discount, consumers
get benefits from the beginning of no discount, the tendency for profit leads to a significant
increase in the probability that consumers choose to actively respond to influencers' calls.
When the discount given by living commerce reaches some levels, consumers are less sen-
sitive to discount, which makes the probability of consumers choosing to actively respond
to influencers' calls to purchase products relatively flat. Therefore, influencers should
choose to fully integrate the characteristics of consumers under a not too high discount
limit to form a better development situation to achieve a win-win situation with manufac-
turers.
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Manufacturers’ System Evolution Trajectory in Different Probabilities
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Figure 3. The systematic evolution trajectory of manufacturers choosing to actively optimize prod-
ucts in different probabilities.

When manufacturers' probabilities to actively optimize products are 0.2, 0.3, 0.4, 0.5,
0.6, 0.7 and 0.8, the simulation will be performed. The evolution process is shown in Fig-
ure. 3: (1) As the probability of manufacturers actively optimizing products in-
creases, «, f8, ¥ converge to 1. The final equilibrium point tends to be (1,1,1). All three par-
ticipants in the game in the supply chain finally choose to actively respond to purchase
products, actively optimize products, and actively carry out livestreaming e-commerce as
the final strategies. At this point, the increase in the probability of manufacturers actively
optimizing products promotes both consumers and social media influencers to choose an
active strategy, and manufacturers greatly influence the probability of influencers choos-
ing an active strategy. (2) When the probability of manufacturers choosing to actively op-
timize products strategy is low ($=0.1, 0.3), the probability of consumers actively respond-
ing to influencers' calls to purchase products increases slowly. Although influencers
choose to actively carry out livestreaming e-commerce, it is difficult for consumers to ac-
tively respond to purchase products. (3) When manufacturers choose to actively optimize
products, it can effectively enhance the enthusiasm of influencers actively carrying out
livestreaming e-commerce. Manufacturers were choosing an active strategy prompt influ-
encers to voluntarily choose an active livestreaming e-commerce strategy from their prof-
itability in the era of informatization. Manufacturers need to understand consumers' in-
tention and market orientation in real-time with big data and adjust their business activi-
ties in time. In this case, social media influencers tend to choose an active livestreaming e-
commerce strategy when manufacturers adopt an active strategy, enabling consumers
who participate in livestreaming e-commerce to obtain more discounts. To sum up, man-
ufacturers' strategy of actively optimizing products can effectively promote influencers to
choose an active livestreaming e-commerce strategy, thereby driving consumers to ac-
tively participate in livestreaming e-commerce.
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Influencers’ System Evolutien Trajectory in Different Probabilities
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Figure 4. The systematic evolution trajectory of social media influencers choosing to carry out
livestreaming e-commerce actively in different probabilities.

When the probabilities of social media influencers actively carrying out livestream-
ing e-commerce are 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, the simulation will be performed. It can
be seen from the simulation results in Figure 4: (1) As the probability of influencers ac-
tively carrying out livestreaming e-commerce increases, «, 5, y converge to 1, and the final
equilibrium point tends to be (1,1,1). All three participants in the game in the supply chain
finally choose to actively respond to purchase products, actively optimize products, and
actively carry out livestreaming e-commerce as the final strategies. At this point, the in-
crease in the probability of influencers actively carrying out livestreaming e-commerce
promotes both consumers and manufacturers to choose an active strategy. Influencers
greatly influence the probability of manufacturers choosing an active strategy. (2) Social
media influencers' actively carrying out livestreaming e-commerce strategy increase the
probability that manufacturers choose to optimize products since manufacturers are the
participant for profit. Manufacturers' choice of business activities needs to consider in-
come and expenditure. When the probability of social media influencers choosing an ac-
tive livestreaming e-commerce strategy increases, if manufacturers also adopt the strategy
of actively optimizing products, more consumers can participate in livestreaming e-com-
merce purchase products. (3) In addition, when the probability of influencers choosing an
active livestreaming e-commerce strategy is too high (=0.7, 0.8), the probability of con-
sumers actively responding to influencers' calls to purchase products changes very little.
It can be seen that the probability that influencers were choosing an active livestreaming
e-commerce strategy is not positively correlated to the probability that consumers were
actively responding to influencers' calls to purchase products. When the enthusiasm of
influencers when carrying out livestreaming e-commerce exceeds any limit, the impact on
consumers' choices of actively responding to influencers' calls to purchase products is not
obvious.
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4.2. The Impact of Consumers’ Participation and Reward Behavior on the Stable Evolution of the
Strategy Selection of Each Participant in Livestreaming E-commerce

Impact of Consumers Participation Behavior Changes
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Figure 5. The systematic evolution trajectory of consumers participation behavior changes.

Consumers' participation in livestreaming e-commerce is mainly reflected in two as-
pects: one is to actively respond to social media influencers' calls and participate in
livestreaming e-commerce to purchase products, which will reduce the cost of manufac-
turers and influencers. The other is to reward influencers. That is, consumers directly re-
ward money to influencers instead of manufacturers through livestreaming platforms.
Figure 5 is a simulation of the impact of changes in input cost ] reduced by consumers'
actively participating in livestreaming e-commerce to purchase products when other pa-
rameters remain unchanged. According to the simulation results: (1) The change in input
cost reduction | brought by consumers' participation will influence the decision-making
of manufacturers and influencers. The greater the reduction in input cost, the higher the
probability of manufacturers and influencers choosing an active livestreaming strategy.
(2) The change in cost reduction has a greater impact on the probability of manufacturers
optimizing products. Since when consumers actively respond to social media influencers'
calls to purchase products, consumers will provide certain behavioral support to manu-
facturers and influencers, thereby reducing the input cost of livestreaming e-commerce
and bringing more benefits to manufacturers and influencers. (3) Since manufacturers
have a greater apportionment ratio of income and expenditure, manufacturers are more
sensitive to changes of interests than influencers, making the impact of changes in cost
reduction | on strategy selection of manufacturers more significant.

Impact of Consumers Rewarding an Behavior Changes

Figure 6. The systematic evolution trajectory of consumers rewarding behavior changes.


https://doi.org/10.20944/preprints202105.0504.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 May 2021 d0i:10.20944/preprints202105.0504.v1

14

Figure 6 is a simulation of the impact of changes in consumers' reward amount H for
social media influencers on the game strategies of manufacturers and influencers when
other parameters remain unchanged. According to the simulation results: (1) With the
increase of consumers' reward, the probability of influencers choosing an active
livestreaming e-commerce strategy has gradually increased. (2) There is almost no change
in the probability of manufacturers actively optimizing products since consumers' reward
is mostly given to influencers directly through livestreaming platforms, and the reward is
mostly irrelevant to manufacturers. Changes in consumers' reward H have a more signif-
icant impact on the strategy selection of influencers.

4.3. The Impact of Distribution Coefficient on the Stable Evolution of the Strategy Selection of
Each Participant in Livestreaming E-commerce

Impact of Income and Expenditure Distribution Coefficient
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Figure 7. The systematic evolution trajectory of distribution coefficient changes.

Figure 7 is a simulation of the impact of changes in income and expenditure distri-
bution coefficients m and n of manufacturers and social media influencers on the game
strategy when other parameters remain unchanged. The simulation results depict two
critical values for the apportionment ratio, which are between 0.55~0.56 and 0.27~0.28. At
this point, there are three kinds of game decision-making: (1) When the distribution coef-
ficients m and #n are higher than 0.56, the enthusiasm of manufacturers and influencers to
promote livestreaming e-commerce gradually increases, § and y converge to 1. The final
equilibrium point tends to be (1,1,1). At this point, both manufacturers and influencers
choose an active livestreaming e-commerce strategy. (2) When m and n are between
0.28~0.55, the enthusiasm of manufacturers and influencers to promote livestreaming e-
commerce gradually decreases,  and y converge to 0, and the final equilibrium point
tends to be (1,0,0). At this time, both manufacturers and influencers choose a conservative
livestreaming e-commerce strategy. (3) When m and n are lower than 0.27, the probability
of manufacturers choosing to optimize products increases, while the probability of influ-
encers choosing an active livestreaming e-commerce strategy decreases, § converges to
1, y converges to 0, and the final equilibrium point tends to be (1,1,0). Influencers are un-
willing to bear too much cost, which reduces the probability of influencers choosing an
active livestreaming e-commerce strategy. Therefore, social media influencers eventually
tend to choose a conservative livestreaming e-commerce strategy; simultaneously, manu-
facturers pay only a small cost to get a lot of income, so they are more inclined to choose
to actively optimize products. In summary, it can be seen that controlling the income and
expenditure distribution coefficient above 0.56 is more in line with the interests of each
participant and can promote the development of the livestreaming e-commerce model.
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5. Conclusions

According to the forecast of EqualOcean Intelligence, livestreaming e-commerce is
expected to reach 2.8 trillion yuan in 2024, and the penetration rate is close to 15% [37]. In
other words, livestreaming e-commerce isn't a short-lived phenomenon, but the transfor-
mation and upgrading of the e-commerce industry in compliance with the regulation of
consumption upgrade and informatization. With the continuous improvement of the
standardization of livestreaming e-commerce, its impact on industrial transformation,
economic empowerment and society will continue to increase [38]. This paper combines
the three-party game with livestreaming e-commerce, tests the income and expenditure
of livestreaming e-commerce by experiments. Our results provide a new perspective on
the evolution of all participants in livestreaming e-commerce and helping livestreaming
e-commerce participants to understand the changes in their income:

e Based on the premise of the bounded rationality of game participants, this paper
adopts the evolutionary game to establish a three-party game income and expendi-
ture matrix involving manufacturers, social media influencers, and consumers. It sys-
tematically analyzes the decision-making evolution of each participant in the live
commerce supply chain, and combined with simulation analysis, the game strategies
and influencing factors of social media influencers manufacturers and consumers
were investigated;

o  The strategies selected by manufacturers, social media influencers, and consumers
have different impacts on each other's decision-making mechanisms. To better pro-
mote livestreaming e-commerce and enhance the interests of each participant, con-
sumers can subsidize influencers by gift-giving to increase their enthusiasm for
livestreaming e-commerce. Manufacturers should take the initiative to adjust their
business activities according to the market trends and select products that satisfy
market needs to participate in livestreaming e-commerce. Influencers should main-
tain enthusiasm to improve the quality of livestreaming e-commerce to promote the
overall income of livestreaming e-commerce;

e  Manufacturers are more sensitive to consumers' participation, and social media in-
fluencers are more sensitive to consumers' reward. Consumers can actively partici-
pate in livestreaming e-commerce while enjoying the discount, providing more sup-
port for manufacturers and influencers, and achieving mutual benefit and win-win
results;

e  Manufacturers are more sensitive to the distribution coefficient of income and ex-
penditure than social media influencers, so it's necessary to formulate a reasonable
income and expenditure distribution mechanism to optimize the enthusiasm of man-
ufacturers and influencers to promote livestreaming e-commerce. When setting the
ratio of income and expenditure distribution of livestreaming e-commerce, the pro-
portion of manufacturers is generally higher to ensure the expected enthusiasm of
manufacturers and influencers.

However, there is not much research on livestreaming e-commerce, especially the
lack of actual data. This paper only uses simulated data for simulation experiments and
lack actual data reference. At the same time, this paper mainly researches the income and
expenditure of the agricultural product supply chain in livestreaming e-commerce. The
income and expenditure of different goods in livestreaming e-commerce may be different,
which needs to be further explored. Future researchers can combine actual data to further
examine the supply chain's decision-making mechanism in livestreaming e-commerce
and discuss the income and expenditure of high-end luxury goods, electronic equipment,
books, or other products in livestreaming e-commerce. Furthermore, we will try to explore
the specific impact of the livestreaming e-commerce model in different aspects such as
society or market, especially in the big data context[39, 40], to verify and improve its scala-
bility and universality.
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