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Abstract

With the development of internet technology, the consumer market has also changed, and
the company's sales model has also been updated with the individual needs of customers. The
dual-channel dynamic control model based on the influence of business reputation studied in
this paper is more complete and closer to reality than the traditional hybrid dual-channel
model. This article discusses the problem of advertising investment in the dual-channel supply
chain consisting of traditional retail channels and online electronic direct sales channels, and
the influence of brand business reputation on market competition. It is concluded that both
market competition and business reputation exist at the same time. Under the optimal
advertising investment, further analysis of the changes in advertising investment is under the
influence of different factors. The research results show that in a dual-channel supply chain, in
addition to advertising, business reputation also has an impact on market competition. When
the business reputation has a greater impact on the market share, the advertising investment
on the brand should be increased, thereby increasing the brand's business reputation in a
specific market and promoting the retailer's ability to occupy the market, and vice versa. The
research results of this paper can provide a reference for the dynamic advertising investment
decision of the dual-channel supply chain under the influence of business reputation.
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1. Introduction

With the popularization and application of e-commerce and the development of internet
technology, the consumer market has undergone revolutionary changes. More and more
companies have adopted a modern sales model in which both traditional retail and online direct
sales channels coexist [1]. The new sales model provides value-for-money products and a
convenient and fast consumer experience through the Internet and provides an opportunity for
traditional brand companies to contact an increasingly large online consumer group.

Retailers in the supply chain advertise the products they sell to occupy market share and
maximize their profits. Advertising investment is an important means for retailers to occupy
the market. Multiple retailers are often involved in a mixed dual-channel supply chain, which
will inevitably have a mutually competitive effect. The advertising investment of retailers in
the traditional retail market and the electronic direct sales market has always been a hot spot
for business circles and scholars. In the early days, Lanchester [2] analyzed the decision-making
of two competitors in terms of advertising investment under the dynamic changes in market
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share. Vidale et al. [3] proposed the relationship between the rate of change of advertising
investment and sales of advertising investment on this basis. Nerlove et al. [4] used business
reputation as a new tool to improve the original advertising investment model, proposed that
advertising is a direct channel to increase business reputation, and analyzed and demonstrated
that business reputation is a product market demand. The impact of this indirectly affects the
decision-making on the amount of advertising investment. Erickson [5] and Chintagunta et al.
[6] considered that advertising strategy is a dynamic change and oligopoly in reality, and
proposed a dynamic Nash equilibrium game model of advertising strategy, which solved the
optimal time and optimal advertising investment. Profit decision-making problem. Over time,
more and more people analyze and study the game of this kind of advertising strategy problem.
Davis [7] divides the market according to the region and the type of consumers for real retailers,
and uses this to make corresponding advertising strategies, and draws the importance of multi-
dimensional market research. Buratto et al. [8] proposed multiple factors to consider the
problem of complex markets. Different markets may have different consumer groups, different
consumer groups have different social backgrounds, different consumer preferences, and
different consumption levels, all of which affect the total amount of sales. Jorgensen et al. [9]
assumed that sales profits are affected by business reputation and advertising investment and
that sales profits diminish with the marginal profit of business reputation. Research suggests
that the retailer's advertising investment has a positive impact on the retailer's commercial
reputation.

Judging from the existing research, many studies consider the impact of product prices and
service levels of different channels on the profits of retailers in the discussion of the hybrid
dual-channel supply chain competition model. There are little researches on mixed-channel
competitive advertising strategies. In reality, consumers will consider the comprehensive
factors of the product when making channel selection decisions. As an invisible attribute of an
enterprise, business reputation on the one hand stimulates the enterprise to continuously
improve itself and form a good market competition order. On the other hand, it is impacting the
product market and tapping the market potential. Business reputation has become more and
more important in product competition. Looking back on previous related studies, business
reputation is mostly taken as a consideration to improve the advertising model, and there is a
lack of targeted research on the dynamic changes of business reputation under the conditions
of channel competition and the impact on optimal advertising investment. Different from
existing research, this article considers the impact of changes in business reputation on market
share, comprehensive business reputation, market competition, and advertising investment on
target profits. Using the thinking of complex market issues, this article combines business
reputation and market competition at the same time. Consider, build a competitive environment
for two retailers and two markets, and establish a dual-channel supply chain competitive
advertising strategy model. Analyze how to adjust and formulate the optimal advertising
strategy under the simultaneous effect of two factors of business reputation and competition,
and how to optimize the allocation of resources for retailers in the traditional retail market and
online sales channels to achieve better sales profits Provide a reference.

2. Dual-channel supply chain competitive advertising model under the
influence of business reputation

The competition in the supply chain is the competition for market share through advertising
and other strategies [10]. This article focuses on the competition of retailers in the supply chain
for market share through different channels and analyzes the impact of advertising strategies
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on the profits of retailers. Suppose retailer i(i = 1,2) sells products with the same function in
two sales channels, namely, the traditional retail market r and the online electronic direct
market. The two retailers compete in the market, and the degree of competitiveness depends on
the investment in advertising. quantity. The dual-channel dynamic control model advertising
system under the influence of business reputation is shown in [Figure 1].

Electronic direct selling
market Az, Xoe, Gop

Retailer 1 Retailer 2

AZrJXZT' GZr

Traditional retail
market

Figure 1. Dual-channel dynamic advertising system under the influence of business reputation

In reality, the commercial reputation of the product and the retailer's market share in a certain
market is not static but change dynamically as the amount of advertising investment changes.
This article considers the dual-channel supply chain competitive advertising strategy model
under the influence of business reputation. The relevant symbols and their meanings are shown
in [Table 1].

Table 1 Representation of related symbols

symbol Meaning
Ji Retailer i's profit function
Xy () Retailer i's competitive share in market k
Qi Retailer i's first-order profit margin in market k
Qix Retailer i's second-order profit margin in market k
by Retailer i's first-order marginal cost in market k
By Retailer i's second-order marginal cost in market k
Gy () Retailer i's business reputation in market k

For retailers, the main purpose is to maximize profits. The decision on advertising
investment depends on the behavior of competitors as well as various factors in the current
market. Retailers can gain market share through the amount of advertising investment. How to
allocate between the two markets in the presence of competition and advertising investment
has become the key to solving the current problem.
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The objective function of retailer | is as follows:
—-pt 1 2 1 2
Ji=|0Te Z (CIik X (t) + EQikxik (0% — by - A (t) — EBik Ay (t) ) D
k=r,e

Where the amount of advertising investment A;, is the decision variable, and p is the
discount rate of the retailer. In the period 0~T, the retailer’s profit is deducted from its
advertising input cost from its sales revenue.

The first consideration for consumers when choosing a product is the reputation of the
product, that is, business reputation. Studies have shown [11][12] that the amount of advertising
investment directly affects the product’s commercial reputation. Assuming that the cost
function of advertising is C(A) = bA + 12 BA%?, where A is the amount of advertising
investment, b and B are their first-order and second-order cost factors, respectively. The
dynamic evolution differential equation of advertising input A and business reputation G(t) is:

dGciikt(t) = ady — PGy (t),G(0) =Gy >0 @

Where a is the influence factor of advertising investment on brand business reputation, and
B is the attenuation coefficient of business reputation. In the actual market sales link, whether
it is the traditional retail market or the electronic direct sales market when a brand has a good
business reputation, consumers tend to associate with the brand's products, which is a positive
promotion for the retailer itself. It harms the sales market of competitors' products. Consumers
often have a sense of trust and preference for brands with good business reputations, reflecting
those changes in business reputation directly affects the retailer's market share.

For the 2x2 structure environment, to simplify the research problem, suppose that there are
only two retailers selling products in the market. Retailer 1 and retailer 2 are in a mutually
competitive relationship. Therefore, in a particular market, their market share x;;, (k = r,e)
is valid for any time t and market k. The fluctuation of business reputation has a direct impact
on the market share. This article improves the dynamics of the market share in the original
competitive environment. Model:

Pisk _ G () = VoG (O)
7_ Yil,k il,k t _]/iz,k iz,k t + (3)

Ay, (Oxi, k0 — Ak (Ox;, &

Where iy,i, = 1,2,i; # i,;y represent the degree of influence of business reputation on
market competition share, and G;;, > 0.

To solve the problem and obtain the optimal objective function, construct the Hamilton
present value function of each retailer in different markets, and introduce the dynamic
competition share model under the influence of business reputation, and construct the Hamilton
function of retailer i in the k market. for:
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For the optimal solution of the quadratic equation, the Pontryagin principle of maximal value
is used, and its control variables satisfy:

O0H;,
0A;x

Obtain the control variable as:

=0,i=12;k=r,e (5)

J0H;
_ Aik(l - xik(t)) + aGLk % bik
Ay (0) = e Pt B, "By (6)

It can be seen from the above expression that the linear equation of advertising investment
is related to the cost coefficient and changes in business reputation. For the optimal open-loop
strategy, the dynamic equation of the Lagrange multiplier is:

. oH!
Aik=—m,l=1,2;k=’h€ (7)
L
The simple calculation is:
= rt(QLk, + Qlk xlk) + z ik * Z A_]k (8)

j=1,j#i

It is combined into a coupled equation system formed by x;, (t). And the Langrangian
multiplier appears in the linear equation of the decision variable advertising input, that is to say,
the market share in a certain time state can affect the decision-making by affecting the dynamic
marginal benefit in a certain period. The value of the variable ultimately affects the maximum
value of the objective function. The retailer's advertising strategy is a function of the current
variable time. The two retailers face the same game, so they can be analyzed and discussed
from the perspective of static feedback balance (to simplify the expression, the time t is omitted
in the subsequent analysis).

As for the decision analysis of the amount of advertising investment mentioned above, it is
related to the parameter of the influence degree of business reputation on market competition,
S0 it is necessary to analyze the related formula of business reputation. Here is the reference of
Hamilton-Jacobi-Bellman Equation, for the retailer, the optimal profit function H' (G, + G.)
must satisfy the following HIB equation:
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1
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1
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Solve the first-order equation on the right side of the above formula about the advertising
investment A;,, and substitute them together, and set H' (G, + G.) = C,Gi + C,Gio + C5,
combined and sorted out:

p(Cchir + CZGie + C3) = (Air VYir — Clﬁ)Gir +
1

(Aie * Vie — C2P) Gie + (Qikxik + EQikxizk — by

Cia — by + A (1 — x3) B

Blk
1 {C a— blk + Alk(l - xlk)}
- +
2 Bk (10)
< by + Alk(l Xik) =) —
Cia —bip + A (1 —x
jk Jk( Jk) — Gy +
C; b + A 1—x;
< i — Dig lk( xlk)-Qa),iqu
Bix

Compare the coefficients of the G;,- and G;, terms on the left and right sides of the above
formula, and find the parameter value of the optimal profit function:

Air “Yir Aie *Yie
C, = ,Cp = 11
YT op+B TP p+B (11

Substituting the above formula (11) into the advertising input formula (6), we can get:

Lk Yik
N _Aik(l xzk)‘l‘m a_bﬂ a2
e e~Pt - By B

Analyzing the above conclusions, it can be seen that in the dual-channel system under the

influence of business reputation, the decision variables of the retailer’s optimal advertising

differential strategy are related to the retailer’s market share and business reputation in a

particular market at the current moment. The influencing parameters are related. When the

retailer’s market share in a certain market decay, he should increase his advertising investment

in that market. When a brand’s business reputation has a greater impact on the market’s market

share, he should increase the brand’s market share. Advertising investment; otherwise, it should
be reduced.

112 Mayur Qumer Collins and Estrella Galbraith



International Journal of Smart Business and Technology
Vol.9, No.2 (2021), pp.107-118

3. Data analysis

According to the theoretical analysis of the dual-channel dynamic control model under the
influence of business reputation, this chapter uses specific numerical values to study and
analyze the model. The initial conditions assume that a certain specific time is t = 0 and the
period is T = 8. When in this specific time, the model shows different vector diagrams for
specific analysis, due to the mutual relationship between the two retailers in the market The
antagonism is mainly discussed with the vector diagram of retailer 1 in the traditional retail
market, in which the values of various parameters in [Table 2].

Table 2. Parameter values

Parameter Value Parameter Value
¢ 0.8 0 0.70
Q1 0 Q; 0
by 0 b, 0
B, 0.50 B, 0.60
o 0.05 D> 0.05
iy 0.60 Aoy 0.60
Me 0.50 Aze 0.50
Yir 0.25 Yar 0.20
Yie 0.05 Y2e 0.05
o 0.30 ay 0.40
B 0.01 B 0.01

Based on the analysis based on the data in [Table 2], the impact of the Lagrange multiplier
on the retailer's profit is obtained, as shown in [Figure 2]. It can be seen from [Figure 2] that
over time t, the marginal benefit of retailer i(i = 1) in the traditional retail market and the
electronic network direct sales market's Lagrangian multiplier, that is, the market share, has
gradually increased. As its advertising investment increases and its commercial reputation
improves, it further affects the size of its market share, thereby increasing the efficiency of
market competition. As time evolves, the marginal benefit of market competition will rise and
eventually stabilize.

0.6+

Lagrange multiplier

2
X
I

0.0 T T T T

Figure 2. The influence of parameter A on retailer's profit
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[Figure 3] shows the time evolution of retailer 1’s market share in the traditional retail
market. It can be seen that with retailer 1’s continuous advertising investment in the market, its
product’s market share continues to increase and eventually tends to the maximum. 1.
Analyzing the growth trend in [Figure 3], on the one hand, it is concluded that advertising
investment has a positive effect on market share. On the other hand, it is indirectly inferred that
advertising investment drives the improvement of brand business reputation and further
promotes the growth of market share. For retailers, the size of the market share reflects the
amount of profit. An appropriate advertising investment strategy is a necessary means for

retailers to make profits.

0.2/

0.0 T T

Figure 3. X — t dynamic vector diagram

As shown in [Figure 4], the dynamic graph of the relationship between advertising
investment and profit in retailer 1's traditional retail market in a specific environment. As can
be seen from the figure, with the increase in advertising input in the first half of the period, the
market share has gradually increased, and the profit has continued to increase. When the
increase is greater than a certain peak, an optimal profit value will be obtained, and when this
extreme value is exceeded the profit function decreases as the amount of advertising input
increases. For the retailer to increase the amount of advertising investment in a specific market,
it will positively promote the retailer’s business reputation and market competition in the
market. With the increase in advertising investment and the continuous improvement of market
competition, the retailer’s profit with increase, when the amount of advertising investment

reaches a certain value, after the retailer's market share in the market reaches saturation, with
the increase of advertising investment, accompanied by an increase in costs, the profit function

shows a downward trend.
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Figure 4. ] — A dynamic vector diagram

Under the dual-channel dynamic control model under the influence of business reputation
provided in this article, two factors, the brand's business reputation, and the retailer's market
competition will have an impact on the differential decision of advertising investment. Then
this article changes the value of the business reputation influence coefficient y and the marginal
benefit A of market competition, taking retailer 1 as an example to study the influence of
business reputation and market competition on the optimal advertising decision Alr. When the
value of y is large, A4, increases with the increase of A, and when the value of y is small, A,
decreases with the increase of 1. When the brand's business reputation is good, it will have a
positive effect on market competition and make the retailer's competition in the market more
effective. Then the amount of advertising investment in the market should be increased. The
good reputation of the brand's business reputation makes the marginal revenue of competition
large, and the market with large marginal revenue will gain more market share for the same
amount of advertising investment, so for retailers, what the market needs to do is to increase
advertising investment quantity.

For retailers, the ultimate profit is the most concerned and important. Under the model of
this article, by changing the amount of advertising input and market share in the objective
function, the relationship between profit and advertising differential decision-making and
market competition is analyzed from the perspective of static feedback equilibrium. When a
retailer has a larger share in a particular market, profits will decrease as the amount of
advertising investment increases. When a retailer has a small share in a particular market,
profits increase with the increase in advertising input. Regardless of whether it is the traditional
retail market or the electronic direct sales market, for a retailer, when the retailer has a dominant
position in the competition in the market, then his advertising investment can be relatively
reduced in the market and the other Increase investment in relatively less competitive markets.
Assuming that the retailer's brand business reputation and market share have been maximized,
then continuing to increase the amount of advertising investment will only bring about an
increase in costs. On the contrary, when the retailer's brand business reputation is small and the
market share is small, because there is more room for value-added, the increase in advertising
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investment at this time will increase the business reputation and market share, which will
positively promote profits. increase.

Advertising, as the most direct marketing method for companies to compete for the market,
has been valued since ancient times. Companies have been constantly adjusting their
advertising investment strategies to increase their competitiveness. In real life, consumer
consumption tends to be word-of-mouth, and a brand with a good reputation is more trusted
and favored by customers. In the research of the market, retailers should learn more about
factors such as product business reputation and market share. Whether it is the offline
traditional retail market or the online electronic direct sales market, according to the actual
situation, if the product has a higher marginal benefit and market space in the market, the
retailer should make a suitable advertising investment strategy to improve the product The
business reputation of the company attracts more consumer groups, gains more market share,
and maximizes profits. On the contrary, when a product has poor marginal benefits or market
saturation in a certain market, retailers should make corresponding adjustment plans and
consider other market channels to obtain the best decision-making results. The research results
of this paper can help companies analyze market competition in a certain sense, integrate
various factors, and formulate the optimal advertising investment to help companies achieve
the goal of maximizing profits. Given the characteristics of dual-channel competition, the
following opinions and suggestions are put forward: Strictly abide by the principle of fair
market competition. Healthy competition among enterprises. Pay attention to business
reputation, constantly improve themselves, and win word of mouth. Advertise strategically,
analyze market conditions carefully and rationally, and make reasonable arrangements.

4. Conclusion

With the development of network technology, electronic network sales have entered the
world of consumers and impacted the traditional retail market. More and more companies have
begun to look for broader business opportunities in the new market structure. Reasonable
allocation of resources in the structure has become a difficult problem for current enterprises.
To study the advertising investment of two retailer brands in the mixed dual-channel supply
chain of electronic direct sales and traditional retail, this paper constructs a dual-channel supply
under the influence of business reputation. Chain brand competition advertising strategy model.
Using the Hamilton-Jacobi-Bellman equation, analyze the advertising investment and
influencing factors under competitive conditions. The research results show that: First of all, in
the dual-channel supply chain, the optimal differentiation strategy of advertising is not only
affected by market competition but also related to the intensity of the influence of business
reputation on market competition. Secondly, when the retailer's market share in a certain market
is smaller, its sales volume will be restricted. It should increase advertising investment in this
market, increase the retailer's market share in this market, and increase the margin of the
market. Benefits should be reduced on the contrary. Finally, when a brand's commercial
reputation has a greater impact on the market's market share, the advertising investment for the
brand should be increased, thereby increasing the brand's commercial reputation in a specific
market and promoting the retailer's market share. Possession ability, on the contrary, should be
reduced. The research results of this paper can provide a reference for the dynamic advertising
investment decision of the dual-channel supply chain under the influence of business
reputation.
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