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ABSTRACT

As e-commerce grows rapidly, frequent promotional activities on platforms lead to a surge in
orders, needing new corporate operational strategies. This paper develops a strategic rationing
decision-making model for e-commerce firms during major promotions, focusing on market demand
shifts and store-switching rates. It analyzes the impact of discounts, operating costs, and promotion
frequency on profits, consumer numbers, and reputation. The study reveals that the optimal
satisfaction rate decreases with higher discounts and is influenced by operating costs, while excessive
promotions and low satisfaction rates can damage reputation. Contributions include offering a new
perspective on e-commerce rationing, enhancing traditional theory with reputation considerations,
creating a realistic multi-period model, and validating the model's utility through numerical analysis.
This research aids e-commerce firms in strategic planning and enriches academic discourse with new
theoretical and empirical approaches.

Keywords: Strategic rationing, Market demand shifting, Store change rate, Loyalty, Discount

1. Introduction

As online shopping develops, the competition between the platforms of major e-commerce
enterprises has become increasingly fierce. In order to seize a larger market share, there are an
increasing number of e-commerce platforms taking advantage of various opportunities to carry out
promotional activities to attract more consumers. From the annual Double 11 Carnival, to the Double
12 Carnival, Goddess Festival, New Year's Day, a variety of e-commerce promotions seem to be
overwhelmed, and the volume of orders in each promotion will also increase dramatically compared
to the usual. According to Baidu, the real-time logistics order volume of 2020 Tmall Double 11 Global
Carnival Season broke 2.25 billion orders, approximately equal to the sum of the annual Chinese
Express volume in 2010, and in addition, as of 23:59 on November 11, JD Double 10 produced a total
of 264 brands with over 100 million sales, and over 10,000 brands with over 2 times the sales growth
in only one day. The above data shows that the order volume during promotional activities is usually
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huge, which leads to a surge in costs for e-commerce enterprises (hereinafter referred to as
enterprises), which in turn causes huge pressure in the operation process. Faced with a sudden surge
in orders during promotional activities, most companies are unable to match their operational capacity
and have to invest more, which in turn lead to a considerable increase of costs during the promotional
period compared with the regular price period. In the face of such problems, e-commerce companies
have adopted strategic rationing strategies during holidays in order to keep costs within a certain
range to maximize profits. However, due to insufficient consideration of market demand shifts and
store change rates, most enterprises fail to achieve the expected results.

In addition, it will attract some price-sensitive consumers, who may not have a need to shop, but
will decide to buy a certain amount of goods during the discount period when they are stimulated by
the price discounts, and these consumers are also one of the main target groups of e-commerce
platforms. These consumers are also one of the main target groups for price promotions. In both cases,
this can lead to a shift in market demand, which in turn affects the profitability of the company's final
out-of-stock strategy. In addition, when a firm adopts a rationing strategy, a portion of consumers'
needs are not met during the promotional period, causing a negative psychological impression on
consumers and affecting customers' loyalty to the firm. Curatman [1] states that customers'
commitment to a product, brand, or service is higher than that of competitors in the market, thus
causing loyalty behavior, which includes repeat purchases, recommendations to others, and increasing
the size or scope of purchases. Therefore, with the strategic rationing behavior of the company, there
will be a proportion of consumers subsequently reducing their repeat purchase behavior and choosing
to buy from other shops, resulting in a higher rate of shop switching and loss of profit for the company.
From the above analysis, it can be observed that both the shift in consumer demand and the change
in store change rate will have an influence on the final profit of the enterprise, so the company must
consider these two factors while making the final strategic rationing.

At present, some literatures have studied the strategic rationing behavior on e-commerce
platforms. Some studies have suggested that one of the factors leading to early purchase is consumers'
expectation of inventory shortage [2,3], and that out-of-stock has become more of a deliberate
strategic operating strategy for companies. Liu et al. have argued that it is beneficial for companies
to adopt strategies that deliberately create stockouts which encourage strategic consumers to buy early
[4]. However, these studies are only restricted to a short period and do not consider the negative
impact of the enterprise's strategic stockout behavior on consumer psychology in a long-term situation
on the subsequent sales of enterprise [5]. Cronin and Taylor pointed out that service quality, including
the level of commodity satisfaction, has a remarkable impact on customer repurchase [6]. The out-
of-stock behavior of enterprises tends to reduce the repurchase rate of customers, which in turn
increases the rate of customer switching and causes the loss of profit for the enterprises.

Therefore, this paper investigates the strategic rationing decision behavior of e-commerce firms
under the impacts of market demand shifts and store change rates in the long term. It can be concluded
that the optimal satisfaction rate decreases as the discount increases, and the optimal satisfaction rate
decreases as the maximum operating cost increases. In addition, if the promotion activities are too
frequent, the discounts are strong, and the product satisfaction rates are quite low during the
promotion period, it will negatively impact the enterprise's reputation, making its credibility decline.
Therefore, this paper further discusses the minimum reputation discount based on the optimal product
satisfaction rate, and finally makes a balance between profit, number of consumers attracted, and
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reputation to adopt the most superior strategy.
2. Literature Review

In traditional retail supply chains, inventory shortages are generally attributed to the inefficiency
of the supply chain [7-9]. However, with the rise of e-commerce, inventory shortages in online sales
have gradually evolved into a strategic behavior for companies to pursue higher profits [10]. E-
commerce platforms, in the fierce market competition, choose to carry out promotional activities
during holidays to attract consumers [11-12]. However, this is accompanied by a surge in order
volume and a significant increase in operational costs. To balance costs and stimulate consumer
enthusiasm for purchasing, e-commerce enterprises have begun to adopt strategic stockouts to
maximize profits [13].

The phenomenon of market demand shift triggered by promotional activities has attracted
widespread attention from scholars. Aviv and Pazgal have pointed out that consumers adjust their
purchasing timing according to different pricing strategies, leading strategic consumers to shift from
the regular pricing period to the discount period [2]. This demand shift significantly impacts corporate
profits. If companies consider consumers' strategic behavior when formulating strategies, it could
lead to a profit increase of about 20% [14-16]. This indicates that consumers' strategic behavior needs
to be deeply understood by companies and incorporated into strategic formulation to achieve profit
maximization.

Stockouts not only impose additional costs on consumers but may also lead to profit losses and
customer attrition for companies [17-19]. The negative impact of stockout strategies lies in the
potential damage to consumers' trust in corporate reputation and service quality [20], thereby
affecting customer loyalty. Studies have shown that loyalty, as a reflection of consumer attitudes,
significantly influences purchasing decisions [21-23]. A decline in customer loyalty and an increase
in the rate of switching stores can reduce a company's long-term profit benefits [24].

In e-commerce, due to the virtual nature of transactions and the intangibility of goods, corporate
stockout behavior is more likely to trigger distrust among customers [25]. Therefore, the platform's
reputation significantly influences customers' purchasing decisions and is an important consideration
for consumers when shopping online. Lo and her colleagues believe that the willingness to purchase
is a prerequisite for customers to make a purchase [26-28]. Hence, e-commerce platforms should
improve their credit evaluation systems to prevent customer attrition and profit decline due to poor
reputation [29-31].

Existing literature has preliminarily explored the formation mechanism of e-commerce
companies' intentional stockout strategies, but there is insufficient research on the various factors that
need to be considered when formulating strategies. In particular, most existing studies are based on a
single period and do not consider the formulation of corporate stockout strategies in the long term
and their negative impact on consumer psychology. This paper will fill this gap by analyzing the
strategic stockout decision-making of e-commerce companies under the influence of long-term
market demand shift and store-switching rate. It will also explore the impact of stockout strategy on
corporate reputation, considering the optimal product satisfaction rate, and ultimately make a trade-
off between profit, number of consumers attracted, and reputation, adopting the most advantageous
strategy.
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3. Analysis of Market Demand Shifting Mechanism and Store Change Rate Under
Promotion Strategy

3.1 Description of the Problem

This paper studies e-commerce firms selling general products that are price-stable, with adequate
and stable supply, and therefore do not consider the problem of stockouts due to insufficient inventory.
In addition, considering the different nature of products sold by different e-commerce enterprises,
their strategic rationing behavior will have different effects on consumer psychology and repeated
purchase decisions, thus resulting in variations in the final total profits of different enterprises in
multiple periods. Due to the different nature of the products sold by different e-commerce enterprises,
the types and number of substitutes for products, the number of stores selling similar products, and
the difference between consumers' product valuation and the actual product price are all different,
which will lead to different levels of customer loyalty to products. However, different loyalty and
different commodity satisfaction rates and discounts during the discount period will lead to different
store change rates, which will further affect the impact of strategic rationing on sales over multiple
future periods. Therefore, the strategic rationing behavior of different enterprises will have different
degrees of impact on the overall profits of enterprises. For instance, a stockout study conducted by
Roland Berger in the United States in 2001 showed that the retail shops in the area had 92.6% of on-
shelf rate on the shelves, meaning that the stockout rate of goods reached 7.4%. In the face of the
shortage of goods, 40% of consumers adopt the method of reducing consumption expenditure, that is,
postponing or canceling the purchase. The sales loss caused by the shortage may account for 3% of
the sales, equivalent to US$6 billion annually.

Similar to the loss caused by out-of-stocks in physical shops, out-of-stocks behavior in e-
commerce businesses will also lead to a proportionate reduction in sales. For instance, compared with
non-food products, food products are now more competitive, with strong substitutability between
brands, more choices for customers, and their brand awareness and loyalty to food products are far
lower than those of non-food products. Hence, the strategic rationing behavior of food e-commerce
enterprises will cause more customers to choose to change stores for purchase in the future, which
will result in a greater decline in sales of food e-commerce enterprises than non-food e-commerce
enterprises.

Furthermore, if the enterprise conducts frequent promotions with high discounts and low product
satisfaction rates, it will affect the image of the enterprise in the minds of customers and reduce its
credibility. Therefore, when specifying the discount and satisfaction rate, the impact of this decision
on the reputation of the enterprise should be considered.

Different e-commerce platforms can determine the loyalty of customers to their products they
sell by analyzing the scale of similar products, the number of competitors of similar products and the
customer's valuation of products, and then estimate the rate of store change and the impact on the
enterprise's sales profit when strategic rationing is adopted during the promotion period, and make
tradeoffs and comparisons under the comprehensive consideration of the impact of this strategy on
sales costs and enterprise reputation, to develop an appropriate discount period satisfaction rate and
discount to achieve the most superior strategy.

In summary, under the premise of considering strategic consumers and price discount sensitive
consumers, and based on the different customer loyalty, satisfaction rate and discount, which will
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form different store changing rates, and thus have different impacts on the overall profit of the

enterprise, this paper discusses the e-commerce enterprises' strategic rationing decision behavior
under the influence of market demand shifting and store changing rate in the long term, and further

evaluating the strategic superiority by making a trade-off between profit, cost and reputation.

Table 1. Description of relevant symbols

Symbol Description Unit
P Unit selling price of products in normal sales period $/unit
\ Consumer's valuation of purchased products $/unit
N Total number of fixed consumers of e-commerce enterprises p
a Operating cost appreciation $/unit
X Scale of similar products unit
y Number of competitors unit
z loyalty 0-1

Proportion of consumers who choose to change stores due to lack of goods
. during the promotion period of e-commerce enterprises (Shop change rate).m= o1
Number of people changing stores due to failure to obtain products during the
promotion period / Total number of consumers in promotion period
C1 Operating cost in positive price period $/unit
C2 Operating cost during promotion period $/unit
Profit (IT1 Profit in positive price period, I12 Profit during promotion
I $/period
period)
f Satisfaction rate (promotion period) 0-1
The consumer surplus of products purchased by consumers at stage j (j=1, 2),
U where j=1 represents the positive price sales period; j=2 represents a large $/unit
promotion period
b Consumer demand (D1 Demand in positive price period, D2 Demand in 0
promotion period)
Estimation of Product Availability in Promotion Period by Fixed Consumer
: Groups o
) Discount (promotion period) 0-1
h Reputation (percentage system) 1-100
S Ratio of days of promotion period to regular price period

The specific analysis process is as follows:

1. Determining the superiority of a decision is related to the profit 1, the credibility of the

enterprise h and the number of consumers attracted, N. Thus, in this paper, N, h and I1 are

analyzed.

2. The total number of consumers attracted, N, is the sum of the number of consumers in the
positive price period and the promotion period, and the total number of consumers attracted is related
to the discount strength of the enterprise. In real life, there is a saturation value for the total number

of consumers, set as Nmax, which also affects the total number of consumers, N.
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3. Total profit of the enterprise in the regular price period and promotion period II is always
related to the discount strength §, the satisfaction rate f in the promotion period, the total number
of consumers N, the commodity price P, the cost ¢ and the change rate m. Therefore, an
established model for the total profit of the positive price period and the promotion period /I which
comprises the total discount strength o, the model of promotion period satisfaction rate f, total
number of consumers N, commodity price P, cost ¢ and store change rate m.

4. The ratio of the enterprise's credibility h is related to the ratio of promotion period to regular
price period s, the discount 9§, the satisfaction rate f, so the credibility h model of enterprises is
established, which comprises the ratio of promotion period to positive price period s, the discount 9,
and the satisfaction rate f.

Due to the large price discount during the promotion period, the order quantity will increase
significantly compared with the regular price period. When the order quantity exceeds the current
operating capacity of the enterprise, e-commerce enterprises need to recruit more delivery personnel,
pay producers more overtime and hire more transport vehicles to cope with the increased order
quantity. Therefore, the unit operating cost of e-commerce enterprises at this time will increase to a
certain extent compared with the regular price period. When the order amount increases to a certain
extent, the cost increase will tend to be stable, as shown in Figure 1. Therefore, take the order increase
in the promotion period as the horizontal axis, when D > D1, the growth trend of C2 will be similar
to the arc tangent function, as shown in Figure 2.
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Figure 1. Relative operating cost vs. relative sales volume Figure 2. Arc tangent function graph

Therefore, its increase is recorded as
aOarctan(a * D + b) + aOarctan(aD1 + b) D)

The total cost during the promotion period can be expressed as
c2 = cl + a0arctan(a * D + b) + aOarctan(aD1 + b) (2)

The model is solved as follows:

For simple calculation, when the demand in the promotion period (satisfied part) is equal to the
demand in the positive price period, that is, when D2=D1, such that point corresponds to the abscissa
of the original arc tangent function -10, that is, Y(D1) = —10;

When the promotional period demand (satisfied part) reaches 10D1, the promotional period
cost C2 reaches the maximum Cmax, and /0D1 corresponds to the abscissa 10 of the original arc

35



Journal of Management Science and Operations (JMSO), 2024,2(2), 30-48.

tangent function, that is, Y(10D1) = 10;
Establish a linear function of the abscissa of the original tangent function with respect to the
demand (satisfied part) during the promotion period. From the above assumptions, we can get:

b+ aD1=-10 (3
b+ a(10D1) = 10 (4
As aresult,
a=20/9D1 (5)
b=-110/9 (6)

According to the properties of the primitive arc tangent function, Cmax — c1 = a0m, then a0 =
(Cmax — C1)/m,
To sum up: ¢2 = c1 + aOarctan(20/(9D1) * D —110/9) + aOarctan10, (D = D2f).

2.2 Analysis of market demand shifting based on consumer choice behavior

In the market, strategic consumers initially have two choices: First, to buy during the regular
price period, when they have to pay a higher price for the product but are guaranteed to receive 100%

of the product, and the consumer's remaining U1 = v — p; Second, to buy during the promotion

period, when the consumers can enjoy a lower price, but face the risk of out-of-stock. At this time,
consumers have D2 = vé — dp. When U1 <<U2, consumers will choose to purchase the product at
the time of promotion, otherwise, they will choose to purchase the product at the regular price sale
stage ¢. It obeys the uniform distribution on [0,1], so lemma 1 can be obtained.

Lemma 1 There is a unique critical value ¢" =1 - (1 — §)p/v, so that when strategic consumers
with rigid demand for products meet the expectation of product availability 0 < & < &, consumers
will choose to buy immediately, otherwise they will choose to postpone the purchase until the product
promotion period.

Lemma 1 shows that the greater the availability of goods in the promotion period, the greater
the discount, the greater the consumer surplus in the promotion period, and more consumers in the
original fixed consumer groups will choose to switch their purchase from the positive price period to
the promotion period.

In addition, some consumers who did not intend to buy before will buy goods during the
promotion, so the total number of consumers in the positive price period and promotion period will
increase, but when 6 reduces to a certain extent, there is a large gap between the commodity prices in
the positive price period and the promotion period, which will have a certain negative impact on
consumers' psychology. Besides, there will be some doubts about the product quality, the reputation
of the enterprise will decline, and then the total number of consumers will gradually decline. When
the discount is large enough, this is set to &,,;,. Attracted by huge discounts, the number of consumers
will gradually increase. Here we use inverse function and quadratic function to fit, and set this
function as N = NO[a/& + |-b5% + c6 + d|] (NO is the total number of customers without
promotion)

Without considering the influence of consumers who change shops to buy during the promotion
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+ (N — N0) Therefore, lemma 2 can be obtained.

period, D1 =[1-(1-8)p/v]NO , D2 = (1—6v)pN0

Lemma 2 When 6 = 0.1, then we can get N = Nmax. At this time, the influence of quadratic
function is ignored, because the influence of the inverse proportional function is far greater than that
of the quadratic function when § is very small, and the influence of the quadratic function can be
ignored, in other words N = N0a/§, Nmax = N0a/0.1, Solve these equations to get a = Nmax/10NO.

It is found that there is a minimum point of the function through the curve, that is, the minimum
value of the function. Here § = &,,;5,. It can be seen from the model function that this minimum value
is caused by the quadratic function. To facilitate the calculation, we set &,,;, = 0.4, and the axis of
symmetry of the quadratic function is 6= 0.7, bring in to get ¢ = 1.4b.

When § =1, N=NO(1+b —1.4b+d) = NO thend = 0.4b.

Finally, consider the impact of the quadratic function on the number of customers, that is, the
impact of coefficient b on the number of customers. Because in real life, when businesses carry out
promotional activities, the total number of customers in the promotion period and the positive price
period will certainly be greater than the number of customers without promotional activities, that is,
N > NO, so Nmax/N0 > Nmax/N can be obtained. Its function image is shown in the figure 3:

g X10°
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Figure 3. The influence curve of discount on customer quantity

For simple calculation, we choose & = 0.7, at this time, only the influence of quadratic function
is included, N = (—0.49b + 0.98b + 0.4b)NO = 0.89bNO, SO 0.89b = In(Nmax/NO), b = In(Nmax/N0)/
0.89 can be obtained.

Obtained from the above conditions:

a= Nmax/10NO
b =In(Nmax/N0)/0.89 @
¢ =1.4In(Nmax/N0)/0.89
d=04In(Nma x/N0)/0.89

When 6p - c2 < 0, the promotional period is unprofitable, and the enterprise will only sell in the
positive price period, at this time, § < c2/p, so when § = c2/p is the lowest cost discount.

2.3 Analysis of Store Change Rate

Loyalty reflects customers' attitude towards products to a certain extent. The stable entity school
believes that attitude is a relatively stable entity stored in memory, and the evaluation of a thing will

o [16-17

be associated with the overall evaluation and initial evaluatio 1 Tt can be seen that customer

loyalty to the store will greatly affect the customer's evaluation of the product, affect the customer's

37



Journal of Management Science and Operations (JMSO), 2024,2(2), 30-48.

purchase decision, and then affect the store change rate of the enterprise after the enterprise adopts
the out-of-stock strategy. Therefore, because customer loyalty is an important affecting factor on the
store change rate, it is necessary to analyze it in order to determine the exact value of store change
rate.

Since loyalty z will affect the size of m, we will discuss the value of loyalty z.

The size of loyalty z is related to the number of similar alternative products x, the difference
between the customer's evaluation of products and the actual price of similar stores y, and the ratio
(v —p)/p of the actual price. The larger the number of similar products x and similar shops y, the
greater the customer's choice and thus the lower the loyalty to the product. The greater the ratio
between the difference between the customer's valuation of the product and the actual price of the
product, the higher the customer's valuation of the product and the greater the utility of the product,
and consequently the less likely the customer is to change shops and the more loyal they are to the
product. Therefore, x and y are inversely correlated and positively correlated with

(v — p)/p.Therefore, the product parameter set (”;Tp) /(x =y) is made.

The impact of product parameters on customer loyalty
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Figure 4. Influence curve of product parameters on customer loyalty

For simplification, z belongs to (0, 1)
52

Z=1—e XV

®)

The model is solved as follows:
When the number of similar products in the market x = 10, the number of similar stores y =
10, w-p)/p=1 , that is, the product is irreplaceable, the store is irreplaceable, and the customer's
valuation of the product is twice the actual price of the product, the customer's loyalty to the product
will approach 1, so simply set the value to 0.99.
Z=1—-e" =099 9)
The solution shows that w = 460,
_460[@]
Z=1-—e x*y
When x = 1000, y = 100, (v—-p)/p = 0.1, that is, there are many similar products, many
competitors, and the customer's valuation is close to the actual price of the product, and the customer's

(10)
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loyalty is very low at this time. Using our model, we can get z = 0.00046. It can be seen that z is
so small, that is, the customer's loyalty is very low, which is consistent with the actual situation, so
the simplification of the model is reasonable.

This paper considers that the out-of-stock behavior will have a certain impact on consumer
psychology. Therefore, with the difference of customer loyalty to products, product satisfaction rate
and discount rate during the promotion period, a certain proportion (m) of consumers facing out-
of-stock during the promotion period will no longer buy from this store in the future for a period of
time and will choose to change stores. The rate of store change m, discountrate §, The satisfaction
rate f is related. The higher the loyalty of customers, the less likely they are to change to another
stores. The lower the store change rate is, the greater the negative impact of the lower product
satisfaction rate on customer psychology, and the higher the change rate will be; The greater the
discount rate, the greater the consumer surplus, so the lower the store change rate. To sum up, z and
f are inversely related § positive correlation.

010)S
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Figure 5. The curve of the influence of decision behavior on the rate of store change

When m is between [0,1], when the satisfaction rate f or loyalty z tends to 0, m will tend
to 1.

m=1-— e_f*_lj‘ (11)

The model is solved as follows:

When z = 0.1, f = 0.1, § = 1, that is, the customer's loyalty to the product is very low, the
product satisfaction rate of the merchant during the discount period is also low, and the discount
intensity is very small, then the probability of the customer changing store will be large, approaching
to 1. For simplicity, let m = 1.

From this, it can be concluded that:

00466
m=1—e 2/

(12)

When z =1, f =1,6 = 0.1, that is, there are many similar products, that is, customer loyalty
to the product is high, the satisfaction rate of the products during the discount period is also high, and
the discount intensity is large, then the probability of customers changing stores is very small. Using
our model, we can get m = 0.0046. It can be seen that m is very small, that is, the rate of store
change is very small, which is in line with the actual situation, so the simplification of the model is
reasonable.
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4. Profit Analysis of Strategic Rationing Decision of E-Commerce Enterprises
Under the Influence of Market Demand Transfer and Store Change Rate

4.1 Basic Assumptions of the Model

1. The price of this product is stable, the supply of goods is sufficient and stable, and the shortage
caused by insufficient inventory is not considered.

2. There are two types of consumers in the market: strategic consumers and price discount-
sensitive consumers.

3. Due to the different experiences of each consumer group, the estimation of stockout will also
be different. For the consumer group as a whole, ¢ is assumed to obey the uniform distribution on
[0,1]

4. Consumers at the same income level have the same valuation for the same commodity. This
paper only analyzes consumers at a certain income level.

5. Set the reputation h of the enterprise as the percentage system, 0 < h < 100.

3.2 Profit Estimation of Enterprise Strategic Rationing Strategy Considering the Influence of Store
Change Rate.

The profit of e-commerce enterprises in the positive price period of products is
nl(p —c)[1 - (1 —8)p/vINO (13)
Without considering the impact of store change rate, the demand of e-commerce enterprises

during the promotion period is D2, and the profit of enterprises can be written as
1-6)pN
72 = (6p — ¢2) %+(N—N0) f (14)

Considering the strategic rationing behavior of e-commerce enterprises, due to the loyalty, the
product satisfaction rate and discount rate of consumers who buy during the promotion period are
different, which in turn leads to different store change rates caused by the strategic rationing behavior.
During the promotion period, different proportions of consumers will no longer buy in the store,
which will have a certain impact on the sales and profits of enterprises. For simplicity, this effect is
reflected by multiplying the total sales profit of the two stages by a certain proportion m.

my =l + n2 —mn2 (15)
P sp— )« D2 1
=1 +(6p—c2)*xD2* fx(1—m)
=(p-—rcl) [1 _¢ _v(s)p] NO + (6p — c2) [M + (N — NO)]f * (e‘z%)
= (p — 1) [1 _¢ —va)p] NO + (8p — ¢2) [M + (N - NO)]f @I

The find function in MATLAB can be used to obtain I total maximum value and the
corresponding f,, value of m.

5. Reputation Evaluation under Enterprise's Promotion Activities and Shortage
Strategy

In modern economic society, reputation is not only a moral norm but also an important resource
that can bring economic benefits to enterprises. Online trust has played an important role in the growth
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of online market platforms over traditional incumbents in many service industries 7). Tahir Islam [**
concluded that customer satisfaction, corporate reputation, and customer trust are the key antecedents
of customer loyalty and purchase intention. From a game-theoretic perspective, information about a
seller’s reputation helps to promote buyer trust **). Besides, favorable reputations allow new ventures

t 401 Therefore, when enterprises carry out

to signal their quality and stand out in a crowded marke
promotion activities and formulate corresponding out-of-stock strategies to maximize profits, they
should also consider the impact on the reputation of enterprises. After discussing the optimal
satisfaction rate under the condition that enterprises pursue profit maximization, this paper takes
credit into account, so that enterprises can balance profit and credit.
Reputation h and the ratio of promotion period to positive price period s, discount rate §,

The satisfaction rate f is related. The higher the ratio s (0 < s < 1) of promotion period to the
regular price period, the lower the reputation of the enterprise, and the smaller the h; Discount rate
& the greater the satisfaction rate, the higher the reputation of the enterprise. To sum up, the reputation
of enterprises h is inversely related to s, and positively correlated with § and f, and these three
factors have similar impact on reputation. Therefore, set the factors of decision behavior as (6™f™s9),
in order to facilitate the calculation, the model is simplified, assumingthat n=1, f =1, g = — 1.
Reputation h maps 6"f™s4, as shown in figure.

The impact of decision-making behavior on reputation
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Figure 6. Influence curve of decision behavior on reputation

. . . —t(S[(DHDZf)]S/s
The curve is simulated to get the function: h = 100 [1 —e D

The model is solved as follows: when s =1, f =0.1, § = 0.05, that is, the number of
promotion periods is the same as that of regular price periods. During the promotion period, the
satisfaction rate of goods is very low and the discount is very strong. This will make consumers doubt
the products sold by the merchants, and the reputation of the merchants will be very low. For
simplicity, the reputation h is setto 0.1.

From this we can get h = 100 [1 - e_ts[w]3/s] =0.1
The solution is t = 0.12
_ (D1+D2f)
h =100 l1 _ o ]3/Sl (16)

When s = 0.01, f = 1,8 = 1, that is, the number of promotion periods is much smaller than
that of positive price periods. During the promotion period, the satisfaction rate of goods is very high
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and the discount is very small, almost no discount. Using our model, we can get h = 99.9955. It can
be seen that h is very large, approaching 100, that is, the reputation of merchants is very high,
consistent with the actual situation, so the simplification of the model is reasonable.

Reputation has a great impact on e-commerce enterprises, so we take the reputation h as the
minimum, which should not be less than 60, and the discount here is the minimum reputation discount.

6. Analysis of Strategic Superiorities

When formulating the optimal satisfaction rate, an enterprise should not only consider the
maximization of profits, but also the credibility of the enterprise and the number of consumers
attracted. Apparently, when the profits are larger, the credibility of the enterprise is higher, and the
number of consumers attracted is larger, the decision-making behavior will be more superior. Hence,
we set the quantitative index of superiority g to measure the decision-making behavior. When ¢ is
greater, the decision will be better.

Because profits I1, the reputation of the enterprise h and the number of consumers attracted
N will both affect the size of superiority ¢, and the degree of influence varies, so we assume that ¢ is

the power product of N, II, h,i.e.q = (é)”(i)m( 3

"GP, n,m, p according to the influence degree

of N, II, his set as 3, 2 and 1 respectively in this paper.

In the result, we can see the customer's loyalty to the product z and the store change rate m under
the given parameters, and then we can determine the parameter value of the best satisfaction rate f of
the product during the promotion period. On this basis, we can see the reputation of the merchant at
this time, and determine the minimum credit discount. The superiority of the shortage strategy is then
determined, considering the total customer quantity V, the minimum cost discount and the minimum
reputation discount, and then the appropriate satisfaction rate and discount during the discount period
are formulated. If P =100, v =120, s =0.15, ¢c1 =20, x =10, NO = 1000, § = 0.6, y = 10, Nmax =
10000, the results of numerical analysis are shown in Figure 7. It can be seen that the profit tends to
increase and then decrease relative to the satisfaction rate, and there is an optimal satisfaction rate
fm at this time.

Next, we can enter different parameter values to facilitate vertical comparison. The change in
profit relative to satisfaction rate will show different trends, as shown in Figure 7 - Figure 10.

_ x10° The impact of satisfaction rate on profit - x10° The effect of satisfaction rate on profit

0 0.2 0.4 06 08 1 0 0.2

04 06 08 1
satisfaction rate satisfaction rate

Figure 7. The impact of satisfaction rate on profit Figure 8. The impact of satisfaction rate on profit
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24 210° The effect of satisfaction rate on profit 35 210° The effect of satisfaction rate on profit
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Figure 9. The impact of satisfaction rate on profit Figure 10. The impact of satisfaction rate on

profit

7. Numerical analysis

To show the impact of changes in different influencing factors in the above decision-making
process on the final optimal satisfaction rate of the enterprise, the following categories are used for
relevant numerical analysis.

7.1 Discount Impact Analysis

Take P =100, v=120, s=015, ¢;=20, x=10, NO=1000, y =10, Nmax =10000, Cmax = 60
respectively.

When these parameter values are fixed, only the discount & is varied. Take § = 0.8, § = 0.7,
6 =0.65, § = 0.6 respectively for numerical analysis. We can see that the profit about the
satisfaction rate shows different trends, and with the increase of discount, the optimal satisfaction rate
will gradually decrease. The results of experimental values are consistent with that of theoretical

analysis, which is in line with the actual situation. The output results are shown in Figure 11 - Figure
14.

26 210° _ Impact of satisfaction rate on profit 22 10° . Impact of satisfaction rate on profit
24 2t
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%16 24
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1
08 08
*% 02 04 0.8 08 1 % 0.2 04 0.6 08 1
Satisfaction rate Satisfaction rate
Figure 11. Impact of satisfaction rate on profit Figure 12. Impact of satisfaction rate on profit
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Figurel3. Impact of satisfaction rate on profit Figure 14. Impact of satisfaction rate on
profit

7.2 Highest Cost Impact Analysis

Take P =100, v =120, s =0.15, ¢; = 20, x = 10, NO = 1000, y = 10, § = 0.6, Cmax = 60 respectively,
the output results are shown in Figure 15 - Figure 18. When the values of these parameters are fixed,
only the maximum operating cost Nmax is changed, and Nmax will be taken as 1000000, 100000, 50000,
and 5000 respectively for numerical analysis. We can see that the profit is on a different trend regarding
the satisfaction rate. The optimal satisfaction rate fm decreases first and then increases with the
increase of Nmax, which is consistent with the actual situation. When the total number of consumers
in the market is not large, the optimal satisfaction rate fm in the promotion period is low for the
consideration of the cost in the promotion period. However, when the total number of consumers in
the market increases to a certain level, more customers are attracted to the promotion, which to a
certain extent weakens the impact of the cost increase on profits, and the optimal satisfaction rate fm
in the promotion period gradually increases. The experimental results are consistent with the
theoretical analysis and conform to the actual situation.

105 ‘ Tmpact of satisfaction rate on profit 10% Impact of satisfaction rate on profit

nyord

05

0 0.2 0.4 0.6 0.8 1 5 .
Satisfaction rate 0 0.2 04 06 08 1
Satisfaction rate

Figure 15. Impact of satisfaction rate on | Figure 16. Impact of satisfaction rate on profit
profit
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Figure 17. Impact of satisfaction rate on profit Figure 18. Impact of satisfaction rate on profit

7.3 Impact of Total Market Consumers

Take P =100, v=120, s =0.15, ¢; =20, x =10, NO = 1000, y =10, § = 0.6, Cmax = 60 respectively.
When the values of these parameter are fixed, only the size of Nmax of the total number of consumers
in the market will be changed, and Nmax will be taken as 1000000, 100000, 50000 and 5000
respectively for numerical analysis. We can see that the profit has different trends with respect to
satisfaction rate. The optimal satisfaction rate fm decreases first and then increases with the increase
of Nmax, which is consistent with the actual situation. Because when the total number of consumers
in the market is not large, the optimal satisfaction rate fm in the promotion period is low due to the
cost in the promotion period. However, when the total number of consumers in the market increases
to a certain extent, more customers are attracted by the promotion activities, which to a certain extent
weakens the impact of increased costs on profits, and the optimal satisfaction rate fm in the
promotion period gradually increases. The experimental results are consistent with the theoretical
analysis, and conform to the actual situation. After inputting relevant parameters in the GUI window,
the output results are shown in Figure 19 - Figure 22.
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Figure 19. Influence of discount on the number of

customers

Figure 20. Influence of discount on the number of
customers
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8. Conclusion

Strategic rationing is a common decision-making behavior adopted by current e-commerce
enterprises and is the natural result of enterprises’ pursuit of profit maximization. Therefore, a
comprehensive analysis of the factors that enterprises need to consider when making out-of-stock
strategies will help enterprises make the most advantageous decisions and maximize the benefits in
the long run. This paper studies the strategic rationing decision behavior of e-commerce enterprises
under the influence of market demand shifting and store change rate in the long term, and evaluates
the superiority of the decision behavior by introducing the factor of credibility. The results show that
different parameters correspond to different optimal satisfaction rates. The optimal satisfaction rate
decreases with the increase of discount, the maximum operating cost and the total number of
consumers in the market. The optimal strategic rationing of an enterprise is to select the appropriate
discount and the corresponding optimal satisfaction rate under the given conditions, so that the
corresponding superiority value of the strategy is the maximum value under the influence of two
factors, namely, customer demand shifting and store change rate, combined with reputation evaluation,
and then the enterprise can obtain the maximum economic benefits. Therefore, under different market
conditions, enterprises can establish different discounts and select the corresponding optimal
satisfaction rate, and then compare the superiorities of each strategy combination on this basis to
select the most superior strategy combination to obtain the maximum economic benefits.

Market demand shift and consumer store-switching rate are innovatively incorporated as two
core factors affecting the strategic inventory decision-making of e-commerce enterprises. A decision-
making model that comprehensively considers both factors has been constructed, filling the gap in
existing literature that only considers single factors. This provides a theoretical basis for enterprises
to formulate more cost-effective promotional strategies. This paper not only considers the impact of
promotional frequency and product satisfaction rate on enterprise reputation but also further explores
the comprehensive effect of promotional discounts and consumer loyalty on reputation, enriching the
theoretical system of enterprise reputation management.

However, for the convenience of analysis, this paper only analyzes consumers at a certain
income level, whereas the valuation of the same good may vary across income levels. Therefore, the
following research can be carried out for consumers at different income levels. In addition, this paper
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only considers the estimation of product availability by fixed consumer groups during the promotion
period ¢. The distribution is uniform on [0, 1], but it is not necessarily uniform in real life, which is
also the direction of future research.
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