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Abstract. This study examines the evolutionary equilibrium in supplier-influ-
encer alliances, considering variables like excess earnings distribution, punish-
ment intensity, and incurred costs. Incorporating white noise and the Ito stochas-
tic differential equation, we use Matlab simulations to analyze alliance stability
under parameter variations. Our results offer insights for the live streaming e-
commerce industry.
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1 Introduction

In recent years, the vigorous development of live streaming e-commerce and the Inter-
net celebrity economy has prompted the transformation of the cooperation mode be-
tween suppliers and Internet celebrities, from traditional third-party intervention to di-
rect cooperation, thereby simplifying the transaction process and improving efficiency.
However, this new alliance model also faces stability challenges. Due to the existence
of internal and external random disturbance[1], the strategy choice of alliance members
becomes uncertain, which brings a potential threat to alliance stability[2]. In addition,
the live streaming e-commerce industry is also facing a series of problems such as un-
sound laws and regulations, uneven product quality, frequent vicious competition, in-
sufficient after-sales service, and difficulties in consumer rights protection[3].

At present, the research in the field of live streaming e-commerce mainly focuses on
two aspects: regulatory mechanism[4] and evolutionary mechanism[5]. Although ex-
isting studies have put forward suggestions on strengthening legislation, using techno-
logical means to regulate behavior, and exploring the evolutionary game model of gov-
ernment-consumer cooperation regulation[6], few studies have focused on the stability
of the alliance between suppliers and Internet celebrities. At the same time, most of the
existing studies discuss the evolution process based on the deterministic model[7], ig-
noring the random disturbance factors in the real situation.
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2 Analysis of Stochastic Evolutionary Game Model

In Table 1, Suppose that the basic income of the supplier operating alone is R,, the
basic income of the Internet celebrity operating alone is Ry, the cost of compliance is
C4, and the cost of violation is C,, the effort level of the Internet celebrity is e; when
the supplier provides "genuine products", the effort level of the Internet celebrity is e,
when the supplier provides "imitation products", the influence factor of the Internet
celebrity's reputation on the reward received is a, when the Internet celebrity "complies
with the rules", The natural traffic f; with the increase of brand word-of-mouth effect,
the natural traffic f, with the increase of brand word-of-mouth effect and the traffic
conversion rate § with one party choosing "compliance" and the other party choosing
"violation", the penalty F for the party choosing "violation", the penalty coefficient y,
one party choosing "compliance", and the other party choosing "compliance". The other
party chooses "violation", the speculative profit H of the "violation" party is selected,
the total excess profit L obtained by the supplier and the Internet celebrity simultane-
ously "abide by the rules", the excess profit distribution ratio k, and the loss S caused
by the user loss caused by the "violation" of both parties.

Table 1. Game payoff matrix

Influencers  follow the .
Game agent strategy ! Internet celebrity violation
rules

Suppliers provide Rat+Bfi =G+ kL Ra+ Bfa = CL +YF

‘ R - 1-k)L R H—C,—vF
genuine products b+ae; —Ci+( ) bt ae + C—v
Ro+pfi+H—-Cy—yF R, +Bf, —C, =S
Suppliers provide Ry, + ae, — C; + yF R, + ae, — C, —S

imitation products

In the model, the two suppliers participating in the game, the influencer, make strat-
egy choices according to their wishes. Assuming that the probability of the supplier
choosing to provide the "genuine" strategy is x, the probability of the supplier choosing
to provide the "imitation" strategy is 1 — x; The probability of the influencer choosing
the "compliance" strategy is y, then the probability of the influencer choosing "viola-
tion"is 1 — y.

According to the replication dynamic equation, the evolutionary game model of ven-
dor-influencer can be established as follows:

F(x) =2 =x(1=x)[C; = C; + YF + S+ y(kL — H — 5)] (1)
FO) ==y =y){C— C +YF +S+x[(1 = k)L — H = $] 2)

To describe the evolution process of vendor-influencer alliances more accurately, it
is necessary to adjust the original evolutionary game model. Therefore, combined with
stochastic analysis theory, the random disturbance term of white Gaussian noise is in-
troduced into the replicated dynamic equation, and the influence of randomness on al-
liance evolution is considered, so that the deterministic model is transformed into a
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stochastic model, and the evolutionary game model in this paper is further improved.
Modify the replication dynamic equation as follows:

dx(t) =[C, —C,+yF+ S+ y(kL — H — S)]x(t)dt + ox(t)dw(t) 3)
dy(t) =C, —C,+yF+S+x[(1—k)L—H —S]y(t)dt + oy(t)dw(t) @)

The above (2) and (3) are one-dimensional random differential equations in the form
of Itd, and dw(t) is Gaussian white noise in the usual sense, which reflects the disturb-
ance caused by random factors in the system. The Gaussian white noise coefficient o
represents the degree of disturbance, where the greater the o, the more the system is
affected by the random disturbance.

3 Simulation Analysis

Based on the above model analysis, to verify the rationality of the measurement indi-
cators, this section analyzes the influence of excess income distribution ratio k, penalty
intensity F, and cost C on the strategy selection of each subject in the vendor-internet
celebrity alliance.

3.1 Proportion of Excess Income Distribution
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Fig. 1. The stability evolution of alliances under different distribution ratios of excess returns

It can be seen from Fig. 1 that the proportion of excess income distribution k is propor-
tional to the proportion of compliance. When the excess income distribution ratio k is
small, the supplier will tend to have a lower compliance ratio. When the excess income
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distribution ratio k is large, the supplier will tend to have a higher compliance ratio, that
is, choose to provide a "genuine products" strategy; Internet celebrities will tend to have
a lower proportion of compliance, that is, choose the "violation" strategy. Therefore, a
relatively fair proportion of excess income distribution helps maintain the stability of
the vendor-influencer alliance.

3.2  Intensity of Punishment
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Fig. 2. Stability evolution of alliance under different punishment intensities

It can be seen from Fig. 2 that the severity of punishment is proportional to the propor-
tion of compliance. When the punishment of the "rule-abiding" party on the "rule-
breaking" party is relatively small, the alliance members are more inclined to lower the
proportion of rule-abiding. When the "rule-abiding" party punishes the "rule-breaking"
party more heavily, the alliance members are more inclined to the high rule-abiding
ratio, that is, the suppliers choose to provide "authentic products" and the Internet ce-
lebrities choose "rule-abiding" strategies. When the proportion of compliance is greater
than 0.5, the intensity of punishment is proportional to the approaching speed of com-
pliance ratio. Therefore, the punishment does not need to be set too large, as long as the
setting is reasonable, it can better maintain the stability of the vendor-net celebrity alli-
ance.
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3.3  Pay the Cost
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Fig. 3. Stability evolution of alliance under different costs

It can be seen from Fig. 3 that The cost is inversely proportional to the compliance ratio.
When the cost of "compliance" is relatively small, alliance members are more inclined
to a high compliance ratio. When the compliance ratio is greater than 0.5, the cost is
inversely proportional to the approaching speed of the compliance ratio. Therefore, a
relatively reasonable cost is conducive to maintaining the stability of the vendor-influ-
encer alliance.

4 Conclusion

Based on the stochastic evolutionary game, this paper simulates the decision-making
evolution mechanism of alliance member suppliers and Internet celebrities and analyzes
the influence of parameter changes on the stability of the vendor-internet celebrities
alliance. The conclusion is as follows:

The proportion of excess income distribution k is proportional to the proportion of
compliance; The severity of punishment is proportional to the proportion of compli-
ance; The cost to pay is inversely proportional to the proportion of compliance.

The innovation of this paper lies in that: in the existing research, most scholars pay
attention to the alliance relationship between Internet celebrities and platforms, but lack
of in-depth research on the stability of the alliance between suppliers and Internet ce-
lebrities. In addition, most of the current literature discusses the evolution process based
on deterministic models, ignoring the disturbance factors in the actual situation.
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