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In recent years, the market economy has been booming, and the demand of consumers has begun to become diversified.
Consumers’ preferences for products, the sensitivity of product prices, and other factors can often affect the market demand and
also make enterprises realize the importance of consumer preferences. +e decision-making model of the supply chain with
consumer preference composed of a retailer and a third-party presale platform is established, and we analyze the implementation
of a single presale model, a single spot-sale model, and decision-making models under the “presale and sale” mode. +e
equilibrium strategy of centralized decision and decentralized decision under the mode of “presale and sale” is compared, and the
influence of the proportion of informed consumers and the exogenous variables of cross-period discount on supply chain decision
is further analyzed. +e coordination strategy of the decentralized decision supply chain under the mode of “presale and sale” is
put forward, and the coordinated operation among supply chain members is realized. +e results show that compared with other
sales models, the “presale and spot-sale” model is more beneficial to the profit of the supply chain.

1. Introduction

With the rapid development of the Internet, various
emerging sales models are emerging, especially in recent
years, the presale mode is more and more popular with the
merchants and consumers. Presale refers to a sales mode in
which the merchant provides a commodity or service
scheme, aggregates consumer orders in advance through the
presale platform, and provides goods and/or services to
consumers in accordance with the prior agreement after
a certain period of time. +e presale is usually to pay the
deposit first, pay the final payment after the official sale, and
then ship the goods. Products are often sold at a discount in
the presale period and at full price in the spot period [1, 2].
Consumers determine whether to buy or when to buy by
observing the price difference between the two periods.

+e “presale and spot-sale” model is often adopted by the
retailers when the supply of goods is lower than the demand.
Retailers can step up their stocking during the presale period
to meet the demand for the presale period to avoid the loss of
potential customers. For example, when Xiaomi company
launches new products, it is often highly sought after by
consumers, resulting in a situation of short supply. On
February 20, 2019, the Xiaomi 9 mobile phone was released.
At the beginning of the new product launch, the supply was
extremely scarce, and Xiaomi took a weekly limited pur-
chase; On March 22, Xiaomi company made a full presale of
Xiaomi 9 mobile phone and set the presale period to 3 weeks
(http://tech.ifeng.com/a/20190322/45585259_0.shtml).
Xiaomi company adopts the same price strategy of presale
price, and spot-sale price ([2, 3] also adopt this pricing
strategy in their research), and other scholars also adopt
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differentiated price strategy in their research: for example,
the presale price is higher than the on-the-spot price [4], and
the presale price is lower than the on-the-spot price [5, 6]. It
fully demonstrates that, in the context of short supply, when
the product supply capacity reaches a certain level, adopting
the form of “presale and spot-sale” is an effective sales
method.

A large number of cases show that consumers’ preferences
will affect the actual sales volume, so consumer preference is
also the focus of many enterprises. For example, when Huawei
chooses the presale platform in Switzerland, it takes the
consumer preference into consideration and chooses Digitec,
the largest online retailer in Switzerland, as its partner (https://
www.gsmarena.com/huawei_mate_30_pro_goes_up_for_
presale_at_major_swiss_retailer-news-40438.php). In ad-
dition, the cooperation among supply chain members
cannot be ignored.

A large number of studies show that cooperation in the
supply chain can be carried out in the form of contracts and
can obtain additional benefits or reduce certain costs, such as
Zhang et al. [7]; Johari et al. [8]; and Hosseini-Motlagh et al.
[9]. In the dual-channel supply chain, the coordinated
measures are often that the leaders of the positive and
negative supply chain (not the same) put forward their own
preferential prices to reach a lower retail price so as to
increase the demand and realize the increase of the profits of
the supply chain. +e coordination strategy can make the
decision efficiency of supply chain approach or reach the
ideal state of centralized decision-making so that the theory
can be combined with practice. So, it is necessary to study the
coordination strategy.

Based on the consideration of consumer preferences, this
paper studies the influence of different sales modes on the
supply chain. +is paper will answer the following two
questions:

(1) In case of insufficient supply to meet the demand,
how will the proportion of consumers’ knowledge
about presale and the cross-period discount affect
the decision-making of the supply chain?

(2) How to coordinate the supply chain so that decen-
tralized decision-making can achieve the same
profits and retail price as centralized decision-
making?

+e novelties of this paper are as follows:

(1) In the above literature studies, the majority of
scholars often studies the subjective preference of
consumers, without considering the objective
problem that consumers are not aware of the presale.
We classify the consumers according to whether they
are informed or not and consider their preferences in
our paper.

(2) We build four basic models and a coordination
model. In the above models, we study and com-
pare the decisions of the retailer and the third-
party platform, taking into account the possible
strategies adopted by members of the supply
chain.

+e remainder of the paper is as follows. In Section 2, we
make a brief literature review and put forward the main
contribution of the paper. Section 3 describes the model and
basic assumptions. We present five decision models of the
supply chain in Section 4. Section 5 presents a numerical
analysis, and we conclude this paper in Section 6.

2. Literature Review

+ere are four streams of literature that are closely related to
our work. (1) +e optimal pricing decisions of the supply
chain; (2) consumer preferences; (3) presale and spot-sale;
and (4) supply chain coordination.

2.1."eOptimal PricingDecisions of the Supply Chain. In the
research of supply chain pricing, Arya et al. [10] analyzed the
impact of dual-channel operations on remanufacturing
decisions. Ferguson and Toktay [11] analyzed the compe-
tition between new and remanufactured products produced
by the monopoly manufacturer, as well as the external
remanufacturing competition. José et al. [12] studied the
impact of interactive supply chains between freight for-
warders on public policy initiatives based on pricing and
incentives. Jadidi et al. [4] studied the dual price strategy of
the newsvendor product supply chain considering the in-
fluence of time and price sensitivity on demand. Wang et al.
[13] studied how the pricing strategy of the supply chain
affects profits and social welfare in the case of carbon
emission constraints. Sarkar et al. [14] built a supply chain of
retailers and two manufacturers that produce complemen-
tary products and studied pricing decisions in the supply
chain. Batarfi et al. [15] studied the influence of learning and
forgetting on the supplier’s production process in a two-level
dual-channel supply chain and analyzed the influence of
various factors on pricing decisions. RanjanVoigt and Jha
[16] also conducted similar research, focusing more on the
cooperation betweenmanufacturer and retailer in the supply
chain. +e above literature has a detailed study on the
pricing strategy of the supply chain. +is paper draws on the
research methods of the above literature and uses game
theory and pricing order to solve the pricing strategy of the
supply chain. +e above literature studies the impact of
various factors on supply chain pricing, but in view of the
presale under the new situation, the above literature cannot
be involved. +is paper innovatively studies the impact of
presale on supply chain pricing strategy and has a certain
degree of innovation in the research issues.

2.2. Consumer Preferences. Many scholars have studied
consumer preferences in supply chains. Conrad [17]
established a duopoly decision model based on consumers’
willingness to pay for product environmental attributes
and analyzed the impact of consumer environmental
awareness on member decision-making in the supply
chain. Ferrer and Swaminathan [18] hypothesized that
consumers have heterogeneous preferences for new and
remanufactured products and studied the optimal yield and
pricing decisions for multiple remanufacturing systems.
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Chitra [19] pointed out that companies should adopt
a more environmentally friendly market strategy to capture
consumers’ preference for green products, and Atasu et al.
[20] showed that green consumers like corporate rema-
nufacturing and are willing to buy remanufactured prod-
ucts to increase corporate profits. Guide and Li [21] and
other researchers pointed out that consumers’ willingness
to pay for remanufactured products and new products is
different, and this difference will have a greater impact on
manufacturers’ decision-making. Li and Zhang [22]
studied the influence of demand information on retailer’s
decision-making and found that accurate demand in-
formation may reduce the shortage of the product. Gan
et al. [23] considered consumer price preferences for new
products and remanufactured products and studied dual-
channel closed-loop supply chain pricing and coordination
decisions. Abbey et al. [24] analyzed the consumer’s risk
perception of remanufactured product quality on product
pricing and found that consumer quality perception plays
an important role in product pricing. Genc et al. [25] have
studied several consumers’ return behaviors for the used
products which are based on the product prices and re-
bates. In the research of consumer preferences, many al-
ternatives are often provided for consumers to choose. +e
research in the above literature provides consumers with
a variety of choices, such as new products and remanu-
factured products and different sales channels, but seldom
from the different periods of presale and spot-sale. +is
paper studies consumers’ preferences from purchasing
channels and retail prices and divides consumers into two
groups by whether they know the presale information or
not, which is different from the above literature studies.

2.3. Presale and Spot-Sale. Many scholars have studied
presale in supply chains. Guo and Villas-Boas [3] studied the
influence of strategic consumers’ choice of presale decision
on enterprise pricing strategy and also considered the effect
of product hoarding. Cho and Tang [26] studied three sales
strategies of a manufacturer who produces and sells seasonal
products under uncertain supply and demand conditions.
On the basis of consumer preference, Lim and Tang [5]
divided consumers into multiple types and examined the
impact of consumer’s expected valuation on seller behavior.
+e research shows that, in a downward market, the ex-
pected valuation decreases over time, and the seller prefers to
sell in advance. Prasad et al. [6] found that presale strategy is
not always optimal but depends on market factors and
consumer preferences such as market potential and un-
certainty or valuation, risk aversion, and heterogeneity. Mei
et al. [2], in their research, assumed that the manufacturer
did not publish the on-the-spot price in advance and studied
the mechanism of the presale price and the spot-sale price on
the supply chain. He et al. [1] studied the impact of the entry
of online grocery stores on physical stores. In the above
literature, presale is studied and modeled from the per-
spective of consumer preference, which gives some in-
spiration to this paper. However, the above literature has not
studied the impact of external conditions; this paper studies

the impact of the proportion of informed consumers and the
cross-period discount on supply chain decision-making.

2.4. Supply Chain Coordination. Dekker et al. [27] used
qualitative analysis to study the main factors of closed-loop
supply chain coordination and pointed out that pricing
decision plays an important role in reverse channel co-
ordination. Savaskan and Wassenhove [28] constructed
a pricing decision model for a closed-loop supply chain
consisting of an independent manufacturer and multiple
retailers with competitive relationships and designed
a contract to coordinate the closed-loop supply chain. Zhang
et al. [7] constructed a two-echelon supply chain model with
double-sided disruptions, proposed two coordination
models AQDP and CLPP, and explained the specific situ-
ation that this coordination model is suitable for application.
In the sustainable closed-loop supply chain, Johari and
Hosseini-Motlagh [8] proposed and verified the promotion
effect of two-way two-part tariff contract on collection rate,
consumer surplus, social welfare, and profits of all CLSC
members. Hosseini-Motlagh et al. [9] proposed two-part
tariff contract, which can improve the profits of the reverse
supply chain and its members and improved the environ-
ment. +e above literature provides us with ideas and
theoretical basis, and we adopt the coordinated thinking of
Savaskan et al. [29].

2.5. Research Gaps and Contributions. All the above works
do not consider the interactions among presale, spot-sale,
and consumer preferences, which is the focus of our paper.
+e main contributions of this paper are as follows: firstly,
we make up a consumption mix of presale and spot-sale for
consumers to choose. +e influence of consumers’ prefer-
ences on supply chain decision-making under the situation
of spot and presale is analyzed. Secondly, the existed liter-
ature studies have not considered the coordination problem
of the supply chain under the presale and sale modes. In this
paper, a two-part tariff contract is designed to coordinate the
decentralized decision supply chain under the mode of
“presale and sale,” and the coordinated operation among
supply chain members is realized.

3. Model Description and Basic Assumptions

Consider that a supply chain system consists of a monopoly
retailer (she) and an optional third-party presale platform
(he). +e retailer provides consumers with the same product
through the “presale” or “spot-sale” model. +e operation
mode of “presale and spot-sale” is as follows: first, presale
information including presale price and spot-sale price is
published on the third-party presale platform, and informed
consumers will make purchase or wait decisions based on
the disclosed information. For the sake of simplicity, con-
sumers who know presale information are called informed
consumers, and consumers who do not know presale in-
formation are called uninformed consumers in this paper.
+en, it is the spot-sale stage. +e retailer delivers goods to
the consumers who buy the products in the presale stage and
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starts to sell the products in large scale. At this time, the
uninformed consumers and the informed consumers who
do not buy the products in the presale stage make the de-
cision whether to buy or not. +e decision sequence of the
retailer and consumers is shown in Figure 1.

+e following assumptions are made to establish the
models.

Assumption 1. Suppose that the consumers in the whole
market are normalized to 1, in which the proportion of
informed consumers is λ, and 0< λ< 1. So, the proportion of
uninformed consumers is 1 − λ.

Assumption 2. Assuming that informed consumers are
more sensitive to the purchase opportunity and are keen to
pursue “new product launch,” they will obtain psychological
satisfaction when they purchase products in the presale
period. On the contrary, if you give up the purchase in the
presale period, you will lose this part of satisfaction. In this
paper, it is called the cross-period discount, which is
recorded as η, 0< η< 1. [30] makes a similar assumption and
calls it “per-period discount factor.” It is assumed that η is an
exogenous variable related to the properties of the product.

Assumption 3. Assuming that the market demand of the
product is composed of a group of heterogeneous con-
sumers, the reserved price of a consumer is v, which reflects
the degree of consumer preference for the product, and v is
evenly distributed on [0, 1]. Every consumer buys only one
item at most. For example, if a consumer purchases
a product e-ticket in the presale period, he will not buy the
product again in the spot-sale period.

Informed consumers who have purchasing behavior in
presale are represented by a. +e spot-sale period begins
immediately after the end of the presale period. Informed
consumers who do not buy in the presale stage enter the
market, choose to buy products or withdraw from the market.
Informed consumers who abandon purchase in the presale
period but purchase in the spot-sale period are represented by
b. Informed consumers and uninformed consumers who have
purchasing behavior in the spot-sale stage are represented by
c. +en, Assumption 4 is put forward.

Assumption 4. +e retailer prices presale and spot-sale
products differently, and the retail prices are denoted by p1
and p2, respectively. We record consumer utility as u.

After the presale information is disclosed, informed
consumers will evaluate the consumer surplus obtained by
purchasing products in the presale period and in the spot-
sale period. +e consumer surplus obtained in the presale
period is the difference between the reservation price and the
presale price, ua � v − p1; if consumers choose to buy in the
spot-sale period, they will lose part of satisfaction, that is to
say, there will be a cross-period discount, so the consumer
surplus of the products purchased in the spot-sale period is
ub � (v − p2)(1 − η); and the uninformed consumers have
missed the presale period, so there will be no cross-period
discount; so the consumer surplus of the products purchased
in the spot-sale period is uc � (v − p2).

Assumption 5. If the retailer carries out presale on the third-
party presale platform, the retailer must pay a certain
commission to the third-party presale platform for each
presale order completed. Here, the unit commission is
recorded as f, and f is the decision variable of the third-
party presale platform.

According to the above assumptions, the main symbols
in this paper are shown in Table 1.

Assumption 6. Suppose that all the consumers in the market
are strategic consumers, they will buy when the utility of
consumers is greater than 0 and when the utility of con-
sumers is the greatest.

According to the consumer utility theory, Proposition
1 can be obtained. +e proof process is shown in
Appendix.

Proposition 1

(i) Informed consumers whose reservation price is
within the range of [(p1 − p2 + ηp2)/η, 1] will buy
products in advance

(ii) Informed consumers whose reservation price is
within the range of [p2, (p1 − p2 + ηp2)/η) will buy
products in the spot-sale period

(iii) Uninformed consumers will only buy products in the
spot-sale period, and the reservation price will choose
to buy products in the range of [p2, 1]

Proposition 1 shows that the decision-making of in-
formed consumers is influenced by the reservation price,
presale price, spot-sale price, and the cross-period discount.
For informed consumers, the presale price and spot price are
uncontrollable. +erefore, the reservation price of informed
consumers has two thresholds p2 and (p1 − p2 + ηp2)/η.
When the reservation price is lower than p2, the consumer
utility is negative, and the consumer will not buy the product
and leave the market. When the reservation price is higher
than p2, (p1 − p2 + ηp2)/η will be the threshold for in-
formed consumers to choose to buy in the presale or spot-
sale period, and the presale price should be higher than the
spot-sale price.

According to Proposition 1, the purchase volume qa of
the informed consumer in the presale period, the purchase
volume qb of the informed consumer in the spot-sale period,
and the purchase volume qc of the uninformed consumer
can be obtained:

Decision of consumers

Decision of retailer

Informed consumers 
entering the market

Presale stage

Starting spot-sale

Buy or wait

Publishing
p1 and p2 

Spot-sale stage

Informed consumers 
entering the market

Buy or exit the market

Figure 1: Decision order in the “presale and spot-sale” model.
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qa � 
1

p1− p2+ηp2( )/η
dv � 1 −

p1 − p2 + ηp2

η
 λ,

qb � 
p1− p2+ηp2( )/η

p2

dv �
p1 − p2

η
 λ,

qc � (1 − λ) 
1

p2

dv � 1 − p2( (1 − λ).

(1)

According to the above, sales volume in different periods
is affected by presale retail price, spot retail price, the pro-
portion of informed consumers, and the cross-period dis-
count. +e sales volume qa of the presale period is positively
correlated with the proportion of informed consumers; the
sales volume qb of informed consumers is positively corre-
lated with the proportion of informed consumers in the spot-
sale period and negatively correlated with the cross-period
discount in the spot-sale period; and the sales volume of
uninformed consumers is negatively correlated with the
proportion of informed consumers, the cross-period discount
in the spot-sale period, and the spot-sale price.

4. Decision Models of the Supply Chain

+e following four decision models are considered: (1) re-
tailer’s spot-sale model (modelN), where the retailer only sells
spot-sale without preselling, while the third-party presale
platform does not participate in the supply chain. (2) Retailer
presale model (model R), where the retailer only presells and
abandons the spot link, and the supply chain composed of the
retailer and the third-party presale platform makes joint
decision. (3) Decentralized decision-making (modelD) under
the mode of “presale and spot-sale.” +e retailer and third-
party presale platforms make decisions in order to maximize
their profits. (4) Centralized decision-making (model C)
under themode of “presale and spot-sale.”+e retailer and the

third-party platform form a decision-making body and take
the optimal profit of the alliance as the goal to make decisions.

Symbolic representation: in this paper, the optimal so-
lution is denoted as ∗, and the related results of different
models are denoted as A, A ∈ N, R, D, C{ }.

4.1. Single Spot-Sale Model (Model N). In this model, the
retailer only carries on the spot-sale but does not carry on the
presale, and the third-party presale platform does not par-
ticipate in the supply chain.+e retailer’s profit comes from the
sales revenue at the stage of the spot-sale period. +e decision
variable is the product price of spot-sale p2. Consumers who
retain the price higher than the product price p2 will buy the
product. It is easy to know that the sales volume qN

c � (1 − p2)

at this time, and the retailer’s profit function is as follows:

max
N

r

p2(  � q
N
c p2. (2)

By substituting qN
c � (1 − p2) into (4), we can get


N
r (p2) � (1 − p2)p2, and intelligible (4) has a maximum

value. According to (zΠN
r /zp2) � 0, we can get the optimal

decision of the retailer and the optimal profit of the retailer
in the spot-sale model, as shown in Proposition 2.

Proposition 2. In the spot-sale model, the retailer can get the
maximum profit when the retail price is pN∗

2 � 1/2, and the
optimal profit is ΠN∗

r � 1/4.

Proposition 2 shows that, in the retailer’s spot-sale
model, the retailer will set a fixed retail price, which has
nothing to do with the cross-period discount and proportion
of informed consumers; however, the retailer’s optimal
profit is negatively related to the cross-period discount
because in this case, consumers only have to buy or give up
options, and the system lacks flexibility.

Table 1: +e description of the symbols.

Symbol Description

Subscript

r Retailer
p +ird party presale platform
T Overall supply chain
a Informed consumers who buy products during the presale period
b Informed consumers who buy products during the spot-sale period
c Uninformed consumers who buy products during the spot-sale period

Superscript

N Spot-sale model
R Presale model
D Decentralized decision-making model under the “presale and spot-sale” mode
C Centralized decision-making model under the “presale and spot-sale” mode
CM Supply chain coordination strategy

Decision variables pi i ∈ 1, 2{ } indicates the price of the product for the presale period and the spot period, respectively
f Unit product commission charged by the third-party presale platform

General variables

qi

i ∈ a, b, c{ }, the supply chain can meet the demand of class i consumers, that is, the actual purchases of class i

consumers
ui i ∈ a, b, c{ }, representing consumer utility for consumers
v Consumer reservation price
Πi i ∈ r, p  representing the profit of the retailer and third-party presale platforms

Constant
parameters

λ Proportion of informed consumers in the market
η Cross-period discount
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4.2. Single PresaleModel (Model R). In this model, the retailer
only carries on the presale process but does not carry on the
spot-sale. +e third-party presale platform participates in the
supply chain as the leader of the supply chain. +e retailer and
the third-party presale platform make decisions to obtain their
maximum profits. In this model, informed consumers make
decisions in the presale period, while consumers who do not buy
products in the presale period exit the market directly. +e
retailer’s profit comes from the sales revenue in the presale stage.
+e decision variable is the product price p1 in the presale
period. Informed consumers whose reservation price is higher
than the product pricep1 will buy the product. It is easy to know
that the sales volume qR

a � (1 − p1)λ at this time. +en, the
profit function of the retailer and the third-party presale plat-
form is



R

r

p1(  � q
R
a p1 − f( , (3)



R

p

(f) � q
R
a f. (4)

Proposition 3. In the retailer presale model (model R), when
the retailer’s retail price is pR∗

1 � 3/4 and the unit platform
commission charged by the third-party presale platform is
fR∗
1 � 1/2, both the retailer and the third-party presale

platform can obtain their maximum profits.

+e optimal profits of the retailer and the third-party
presale platform are ΠR∗

r � λ/16 and ΠR∗
p � λ/8, respectively.

Proposition 3 shows that, in the presale model, the profit of
the retailer and third-party presale platforms is positively
correlated with the proportion of informed consumers in the
market. +is is because the profit comes from the sales of in-
formed consumers, and the proportion of informed consumers
is directly related to the profit of the retailer and third-party
presale platforms. Comparing with Proposition 2 and Propo-
sition 3, we can see that pR∗

1 >pN∗
2 ,ΠR∗

r + ΠR∗
p <Π

N∗
r .

+erefore, compared with model N, model R has neither
economic nor social benefits.

4.3. Decentralized Decision-Making under the “Presale and
Spot-Sale” Mode (Model D). In the decentralized decision-
making model, the profit of the retailer comes from the sales
revenue of the presale period and spot-sale period, and the
revenue of the third-party presale platform comes from the
commission paid by the retailer. +erefore, the profit
functions of the retailer and the third-party presale platform
in the decentralized model are as follows:


S

r

p1, p2(  � qa p1 − f(  + qb + qc( p2,


S

p
(f) � qaf.

(5)

+e order of decision-making in this supply chain is the
third-party presale platform first announces the commission
of each unit product. According to the commission

determined by the presale platform, the retailer will make
decisions on the presale price and the spot-sale price and
evaluate the expected profit to decide whether to adopt the
“presale and spot-sale” model. If the profit of the “presale
and spot-sale” model is larger than that of the current model,
the retailer will adopt the “presale and spot-sale” model;
otherwise, the retailer will not carry out presale. +e game
process conforms to Stackelberg game.

Proposition 4. "e retailer will adopt the model of “presale
and spot-sale,” and in the decentralized decision-making of
“presale and spot-sale,” the optimal decision-making of the
retailer’s expected price and spot price is
pD∗
1 � (− 8 + 3η(− 2 + λ) + η2λ)/(4(− 4 + ηλ)) and

pD∗
2 � (8 − 3ηλ)/(16 − 4ηλ), respectively. "e optimal

commission per unit charged by the presale platform is
fD∗ � η/4.

Proposition 4 shows that the presale price is higher than
the spot-sale price in the decentralized decision-making
model, that is, pD∗

1 − pD∗
2 � (η(6 − ηλ)/4(4 − ηλ))> 0. +is

is because under the hypothesis of this paper, when the spot-
sale price is lower than the presale price, it can stimulate the
desire of consumers who are more sensitive to the price to
buy.+e unit commission charged by the third-party presale
platform is positively correlated with the cross-period
discount.

4.4.CentralizedDecision-Makingunder the “Presale andSpot-
Sale” Model (Model C). In the centralized decision-making
model, retailer and third-party presale platform cooperate
closely, and the information between them is fully shared,
and the goal is to achieve the maximum revenue of the
supply chain.+e profit of the supply chain comes from sales
revenue of the presale period and spot-sale period, so the
profit function of the centralized model supply chain as
a whole is as follows:


C

T

p1, p2(  � qap1 + qb + qc( p2. (6)

+e centralized decision-making is similar to that in the
decentralized model. +e retailer and the third-party presale
platform need to evaluate the overall profit of the supply chain.
When the overall profit of the supply chain is greater than that
of the retailer at the spot-sale model (Nmodel), the retailer and
third-party presale platforms will carry out the presale mode.

Proposition 5. In the centralized decision-making under the
“presale and spot-sale” mode, the equilibrium presale price and
spot-sale price decisions of the supply chain are pC∗

1 � 1 + ((2 −

η)/ (− 4 + ηλ)) and pC∗
2 � 1 + (2/(− 4 + ηλ)), respectively.

+e equilibrium solutions and profits of the above four
models are shown in Table 2 (the blanks are no such items).

Proposition 6. In different decision models, the presale price
of the product satisfies the following relationship: when 3 −�
5

√
< η< 1 or (2/3)< η< 3 −

�
5

√
and 0< λ< (2(3η − 2)/η2),
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there are pC∗
1 <pR∗

1 <pD∗
1 ; when 0< η< (2/3) or

(2/3)< η< 3 −
�
5

√
and (2(3η − 2)/η2)< λ< 1, there are

pC∗
1 <pD∗

1 <pR∗
1 .

"e spot-sale prices satisfy pC∗
2 <pD∗

2 <pN∗
1 .

Proposition 6 comparatively analyzes the relationship
between the equilibrium presale price satisfaction of different
decision models. +e presale price of the centralized decision
model (model C) is always smaller than the decentralized
decision model (model D) and the presale model (model R); it
overcomes the double marginal effect in the model D. +e
double marginal effect in decentralized decision-making allows
for lower prices. Hereinafter, 3 −

�
5

√
< η< 1 or (2/3)< η< 3 −�

5
√

and (2(3η − 2)/η2)< λ< 1 is regarded as a case where
cross-period discount is high; 0< η< (2/3) or (2/3)< η< 3 −�
5

√
and 0< λ< (2(3η − 2)/η2) is regarded as a case where

cross-period discount is low.When the cross-period discount is
high, the presale price in the decentralized decision model is
higher than the presale model (model R); when the cross-
period discount is low, the presale price in the decentralized
decision model is lower than the presale model (model R).

Proposition 7. For the above decision-making models, the
sales volume of products during the presale period satisfies
qC∗

a > qR∗
a > qD∗

a . We record the sales volume in the spot-sale
period as q2, and q2 � qb + qc. q2 in the three cases is related
as follows: qN∗

2 > qD∗
2 > qC∗

2 .

Proposition 7 analyzes the sales volume of products with
different sales cycles in different decision models. +e presale
volume of model C is always the highest followed by model R,
and model D is the lowest. +is is because the presale price in
model C is the lowest (Proposition 6), which is bound to
stimulate the sales volume during the presale periodmore than
other models.+e sales volume of the spot-sale period includes
the sales volume of two consumer groups, which will be af-
fected by the supply chain decision-making model.

Proposition 8. For the retailer, the profits are related as and
ΠC∗

T >Π
C∗
r >Π

D∗
r >Π

R∗
r ; for the third-party platform, the

profits are related as ΠC∗
T >Π

R∗
p >Π

D∗
p and ΠC∗

T >Π
R∗
p + ΠR∗

r .

Proposition 8 describes the profit comparison between the
retailer and the third-party presale platform under different
models. It can be seen from the comparison that the retailer has
the subjective initiative to invest in the presale and spot-sale
activity because the profit in the presale and spot-sale model is
greater than that in the single presalemodel and the single spot-

sale model. But, the decentralized spot-sale model cannot at-
tract the third-party presale platform because a single presale
model can obtain more profits. However, we can see that both
retailer and third-party platform can obtain excess profits in
presale and spot-sale decision-making under the centralized
decision-making. However, it is necessary to put forward
a coordinated decision so that both sides can accept it, which is
discussed in Section 4.5.

Proposition 9. "e total profit of the supply chain in the
three cases is related as follows: ΠC∗

T >Π
D∗
T >Π

N∗
T >Π

R∗
T .

Proposition 9 compares the optimal total profit of the
supply chain in different models. Compared with the spot-sale
model, using the “presale and spot-sale” model will be con-
ducive to the improvement of the total profit of the supply
chain. On the one hand, because the presale price of the
“presale and spot-sale” model is higher than the spot price, the
supply chain can obtain excessive profits; on the other hand,
the “presale and spot-sale” model can promote market de-
mand.+e total profit of centralized decision-making is always
higher than that of decentralized decision-making. Although
the presale price and spot price of the centralized decision-
making model are lower than those of decentralized decision-
making, the higher sales volume of the centralized decision-
making model is enough to make up for the gap in retail price
and make centralized decision-making obtain higher profits.

4.5. Supply Chain Coordination Strategy (CM Model).
Centralized decision-making can make the supply chain
obtain the best profit, social effect, and higher environmental
adaptability. But, in reality, companies in the supply chain
are often more beneficial to themselves when making de-
cisions, and at the same time, it is unavoidable to harm the
interests of other companies, so the above situation is more
in line with the decentralized decision model. It is difficult to
achieve the effect of the centralized decision mode. Two-part
tariff contracts are designed to coordinate the supply chain.
+e third-party presale platform determines a lower plat-
form commission fCM, which encourages the retailer to sell
at lower presale price and spot price to maximize the overall
profit and social benefit of the supply chain. At the same
time, the retailer needs to pay a fixed fee FCM to the third-
party presale platform to compensate. +ird-party presale
platform reduces the loss of platform commission. +en, the
decision-making problems of the third-party presale plat-
form and the retailer can be expressed as follows:

Table 2: Supply chain equilibrium results and profits in different models.

Results Model N Model R Model D Model C
p∗1 3/4 (− 8 + 3η(− 2 + λ) + η2λ)/(4(− 4 + ηλ)) 1 + ((2 − η)/(− 4 + ηλ))

p∗2 1/2 (8 − 3ηλ)/(16 − 4ηλ) 1 + (2/(− 4 + ηλ))

f∗ 1/2 η/4
q∗a λ/4 λ/(8 − 2ηλ) λ/(4 − ηλ)

q∗b λ(− 6 + ηλ)/4(− 4 + ηλ) λ/(4 − ηλ)

q∗c 1/2 − ((− 1 + λ)(− 8 + ηλ))/(4(− 4 + ηλ)) 2(− 1 + λ)/− 4 + ηλ
Π∗r 1/4 λ/16 (16 − 3ηλ)/(64 − 16ηλ) 1/(4 − ηλ)

Π∗p λ/8 ηλ/(32 − 8ηλ)
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CM

p

f
CM

  � qaf
CM

+ F
CM

, (7)



CM

r

F
CM

  � qa p1 − f
CM

  + qb + qc( p2 − F
CM

, (8)

s.t.
qafCM + FCM >ΠR∗

p

qa p1 − fCM(  + qb + qc( p2 − FCM >ΠD∗
r

pCM∗
1 � pC∗

1 , pCM∗
2 � pC∗

2 .

⎧⎪⎪⎨

⎪⎪⎩
(9)

From the constraints of (7), (8), and combination (9), it
is easy to know that the total profit of the supply chain in
model CM is equal to the optimal profit of the supply chain
under centralized decision. When the first two constraints of
(9) are satisfied, the retailer and the third-party presale
platform can obtain retained profits under single presale
model so that both parties have the motivation to participate
in the contract; the latter two constraints can guarantee the
same sales volume as that under the centralized model so as
to maximize the profits of the supply chain.

Proposition 10. In this coordination model, the unit com-
mission of the third-party presale platform fCM∗ � 0, and the fee
that the retailer has to pay to the third-party presale platform
meets the following requirement: (λ/8)≤FCM ∗ ≤ (3ηλ/(64−

16ηλ)).

Proposition 10 shows that, in the coordination model, the
third-party presale platform will not charge the unit com-
mission of the platform but directly charge the transfer
payment fee of the retailer, and the supply chain can still
obtain the optimal profit equal to the centralized decision-
making. At the same time, it also shows that the third-party
presale platform can obtain higher sales volume by using
lower retail price than by charging unit commission. Retailer
and third-party presale platform can obtain additional profits.
+e profit earned by the third-party presale platform depends
on the fixed fee paid by the retailer, which is related to the
decision-making influence of the third-party presale platform
in the supply chain. +erefore, the coordination strategy can
coordinate the supply chain well and achieve better economic
and social benefits.

5. Numerical Analysis

In order to more intuitively and effectively illustrate the
above analysis and verify the correctness of the above
analysis, this section combines with numerical examples to
verify the above analysis.

5.1.Model Comparison. We can know from Propositions 6–9
that, under the premise of η, λ ∈ (0, 1), there is always an exact
size relation, except for a special case: as shown in Proposition
6, when η and λ are in different ranges, the presale prices under
different models show different size relationships. As shown in
Figure 2, there is pD∗

1 <pR∗
1 in Zone 1, and pR∗

1 <pD∗
1 , in

Zone 2. +at is to say, the value of η ∈ ((2/3), 3 −
�
5

√
) can

make it representative. So, we make η � 0.7 in this interval.
Let η � 0.7, and the effects of the proportion of informed

consumers λ on the presale price, spot price, and profit
under different decision models are compared and analyzed.

As can be seen from Figure 3, when the proportion of
informed consumers is 0.7, cross-period discount will affect
sales to varying degrees. When the cross-period discount λ
increases, it will stimulate the sales volume in the presale
period and reduce the sales volume in the spot-sale period.
+is is because the cross-period discount is directly related to
the consumer utility of products purchased in the spot-sale
period: the increase of cross-period discount will signifi-
cantly reduce the satisfaction of consumers in the spot-sale
period, so they will be more inclined to purchase in the
presale period. In the presale period, the sales volume of the
centralized decision-making model is the highest, and the
increase rate with parameter λ is higher than that of
decentralized decision-making; in the spot-sale stage, the
sale volume in the decentralized decision-making model is
larger than that in the centralized decision-making model.

From Figure 4, we can see that both the presale price and
the spot-sale price will be affected by the cross-period discount:
the presale price will decrease with the increase of parameter λ,
while the presale price in model R and the spot-sale price in
model N are not affected by parameter λ. +is is because both
model N and model R operate in a single cycle, so the cross-
period discount will not have an impact. When λ remains at
a high level, consumers who give up buying in the presale
period will bear a greater loss of psychological comfort, so
consumers will bemore inclined to buy in the presale period; in
this case, the retailer can reduce the presale price slightly and
significantly reduce the spot-sale price to achieve profit opti-
mization. +e presale and spot-sale price of centralized de-
cision-making is always less than that of decentralized decision-
making, and the decrease rate with the increase of parameter λ
is always greater than that of decentralized decision-making.

From Figure 5, it can be seen that the probability of
informed consumers will affect the profits of modelD, model
C, and model R, which is independent of the profits of model

Zone 1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Pr
op

or
tio

n 
of

 in
fo

rm
ed

 co
ns

um
er

s λ

0.70.2 0.60.1 0.50.30 0.4 0.9 10.8
Cross-period discount η

Zone 2

Figure 2: +e size relationship between pR∗
1 and pD∗
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N. In the above decision models, the profits are increased
with the increase of parameter λ. +e total profit of model C
is always the highest, and the retailer profit of model D is
next. +is is because the centralized decision-making model
has high synergy, can overcome the double marginal effect,
make decisions on the difference between the presale price
and the spot-sale price, obtain unit profit higher than the
presale period, and achieve profit growth under the situation
of increasing the probability of informed consumers.
Compared with the rate of profit change of the supply chain
or supply chain members in the above different models,
retailer profit in model R increases fastest; this is because in
model R, the size of λ is directly related to the sales volume in

the presale period and has the greatest impact. +is phe-
nomenon shows that the retailer needs to carry out mul-
tichannel operation in order to obtain more profits and
increase the sales cycle to get more profits by using the
“presale and spot-sale” model.

5.2. Parameter Sensitivity Analysis. +is section will analyze
the impact of the cross-period discount and the proportion of
informed consumers on the equilibrium price and profit of the
supply chain under different decision-making situations.

From Figure 6, we can see that both centralized and
decentralized decision-making have the following
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characteristics: the proportion of informed consumers has
little effect on the presale price, and the increase of the
proportion of informed consumers can improve the presale
price to some extent, but the effect is not significant.
+erefore, the retailer needs to pay more attention to the
impact of cross-period discount when setting prices; more
recently, when ordering goods, they need to examine the
preferences of consumers and the attributes of goods.

Compared with the influence of parameter λ on prices,
the cross-period discount in the spot period has significant
effect on prices. By comparing Figure 6(a) and Figure 6(b),
we can see that the presale price of model D is higher than
that of model C in the same situation. +is is because model
C aims at maximizing the overall profit of the supply chain

and can set a lower price to promote sales volume so as to
maximize the overall profit.

From Figure 7, it can be seen that parameters η and λ
have an effect on both centralized and decentralized models,
and the influence of the two on the spot-sale price in the
centralized decision-making and decentralized decision-
making is similar. When the parameter λ or η (marked as λ/η
below) is determined, the spot-sale price decreases with the
increase of parameter λ/η, and the larger the parameter λ/η,
the faster the spot-sale price decreases. When parameters λ
and η are close to 0, the present price has the maximum
value. At this time, the situation is that the consumers in the
market are almost unaware of the retailer’s presale strategy,
and the retailer’s supply is very sufficient to meet the market
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demand. +is situation is similar to the spot model (N
model), so the present price is close to the optimal retail
price of model N.

As can be seen from Figure 8, the parameters η and λ can
affect the profits of the supply chain and supply chain
members in different decision models, and the parameters η
and λ under the same decision model have similar effects on

the same subject profit. When any one of η, λ increases, the
profit of the third-party presale platform of the decentralized
decision will increase, and the maximum profit will be
obtained when η and λ take the maximum value. Compared
with Figures 8(b) and 8(c), we can see that although the
third-party presale platform is the leader in model D, the
profit of the third-party presale platform in model D is
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always smaller than that of the retailer. +is is because the
profit of the retailer comes from the presale period and the
spot-sale period, while the revenue of the third-party presale
platform comes only from the platform commission col-
lected during the presale process.

6. Concluding Remarks

+is paper constructs a supply chain structure consisting of
a retailer and a third-party presale platform. Using the
Stackelberg game method, four supply chain decision
models are constructed including the presale model, spot-
sale model, decentralized decision-making model, and
centralized decision-making model under the “presale and
spot-sale” model. +e optimums of these four models are
compared and analyzed, and the influence of the proportion
of informed consumers and the cross-period discount on
supply chain decision-making is further analyzed. We can
obtain the following results:

(1) Compared with the single presale model and the
single spot-sale model, the “presale and spot-sale”
model is conducive to improving the profit of the
supply chain. In the “presale and spot-sale” model,
centralized decision-making is better than decen-
tralized decision-making in all respects, which shows
that centralized decision-making has lower presale
price and spot price, higher overall sales volume, and
higher total profit of the supply chain. In the retail
supply chain, the retailers need to expand their sales
channels properly to avoid the disadvantage of the
single channel.

(2) +e exogenous variables such as the proportion of
informed consumers and the cross-period discount
in the spot-sale period also have impacts on the
decision-making and profits of the supply chain. Any
increase in proportion of informed consumers or
cross-period discount will increase profits. So, when
the retailer sets prices, she needs to research the
market environment to meet the market demand.

(3) In the coordination strategy of the supply chain, the
third-party presale platform will be more inclined to
charge fixed platform fee from the retailer, and the
fixed platform usage fee is related to its own de-
cision-making influence in the supply chain, and the
coordination contract can coordinate the operation
of the supply chain. Supply chain members should
seek cooperation within the possible scope, co-
ordinate cooperation from the perspective of the
whole supply chain, and avoid fighting alone.

+e main contributions of this paper are as follows: firstly,
we make up a consumption mix of presale and spot-sale for
consumers to choose.+e influence of consumers’ preferences
on supply chain decision-making under the situation of spot-
sale and presale is analyzed. Secondly, a coordination contract
is formed to coordinate the decentralized decision supply
chain under the mode of “presale and sale,” and the co-
ordinated operation among supply chain members is realized.

+ere are still some shortcomings in this paper. Firstly,
the reservation price of consumers is considered as a uni-
form distribution. In fact, it is more realistic to describe the
retailer’s retail price distribution by normal distribution.
Secondly, the proportion of informed consumers is related
to the popularity of the third-party presale platform or
retailer’s advertising investment. In the future, we can an-
alyze the presale and spot-sale strategy from the perspective
of the impact of advertising investment on the proportion of
informed consumers.

Appendix

A. Proof of Proposition 1

Proof. +e conditions for informed consumers to choose to
buy products in the spot-sale period are ub > ua and ub > 0,
that is, (v − p2)(1 − η)> v − p1, (v − p2)(1 − η)≥ 0. +e
range of v is p2 ≤ v< ((p1 − p2 + ηp2)/η). If and only if
p2 < (p1 − p2 + ηp2)/η, the inequality has a solution, and
p1 >p2 is obtained. +erefore, on the premise of p1 >p2, the
consumers whose reservation price meets
p2 ≤ v< ((p1 − p2 + ηp2)/η) will purchase the products in
the spot-sale period.

Informed consumers choose to buy products in the
presale period under the condition of ua ≥ ub and ua ≥ 0, i.e.,
v − p1 ≥ (v − p2)(1 − η) and v − p1 ≥ 0. We obtain
v≥max (p1 − p2 + ηp2)/η, p1 . +is paper is discussed in
the case that both presale products and spot-sale products
have markets. Consumers’ purchase in the spot-sale period
on the premise is that p1 >p2. +en, it is easy to know that
max ((p1 − p2 + ηp2)/η), p1  � (p1 − p2 + ηp2)/η because v

is distributed on [0, 1] so that ((p1 − p2 + ηp2)/η)≤ v≤ 1.
+e purchase decision of uninformed consumers is

relatively simple. Uninformed consumers do not participate
in the presale process but only make decisions at the stage of
sale. Consumers will buy when their utility is not less than
zero, that is, v − p2 ≥ 0, and because v is distributed in [0, 1],
there is p2 ≤ v≤ 1. +e proof is complete. □

B. Proof of Proposition 3

Proof. +e decision-making sequence in model R conforms
to Stackelberg game and is solved by the inverse induction
method. Because the retailer is a follower in the supply chain,
it needs to solve first. By substituting qa � (1 − p1)λ into (3),
we can get 

R
r (p1) � λ(1 − p1)(p1 − f), and intelligible (3)

has a maximum value. According to zΠR
r /zp1 � 0, the re-

action function p1 � ((1 + f)/2) of p1 with respect to f can
be obtained. When (4) is taken as the maximum value, the
value fR∗

1 � 1/2 and pR∗
1 � 3/4. □

C. Proof of Proposition 5

Proof. +e Hessian matrix of ΠC
T for p1 and p2 in (9) is

− (2λ/η) ((2/η) − 1)λ
((2/η) − 1)λ − 2((1 + (1 − η)λ)/η)

 . +e matrix is nega-

tive definite, so (9) has a maximum value. According to
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zΠC
T/zp1 � 0 and zΠC

T/zp2 � 0, the simultaneous equation
p1 � 1 + ((2 − η)/(− 4 + ηλ)), p2 � 1 + (2/(− 4 + ηλ)) is ob-
tained. +e total profit of the supply chain can be calculated
as ΠC∗

T � 1/(4 − ηλ). □

D. Proof of Proposition 6

Proof. Comparing the results of Table 2, we can get pD∗
1 −

pC∗
1 � η(2 + (1 − η)λ)/4(4 − ηλ) and pR∗

1 − pC∗
1 � (4 − 4η+

λη)/(16 − 4ηλ). It is easy to see that the denominator and
molecule of both formulas are greater than zero, so we can
get pD∗

1 − pC∗
1 > 0 and pR∗

1 − pC∗
1 > 0. So, we need to

compare the relationship between pD∗
1 and pR∗

1 .
By calculating the spot-sale volume

pR∗
1 − pD∗

1 � (4 − 6η + η2λ)/(16 − 4ηλ), it is easy to know
that the denominator 16 − 4ηλ> 0, and we need to judge
whether the molecule 4 − 6η + η2λ is positive or negative.
After simple mathematical calculation, we can get the fol-
lowing formula:

4 − 6η + η2λ≥ 0, λ≥ −
4 − 6η
η2

,

4 − 6η + η2λ< 0, λ< −
4 − 6η
η2

.

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(D.1)

We record − ((4 − 6η)/η2) as Q, and then, we get zQ/zη �

((8 − 6η)/η3)> 0 by partial derivation. +en, Q is positively
correlated with η.

Q≤ 0, 0< η≤
2
3
,

0≤Q≤ 1,
2
3
≤ η≤ 3 −

�
5

√
,

Q> 1, 3 −
�
5

√
< η< 1.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(D.2)

By summarizing (D.1) and (D.2), we can get (D.3):

4 − 6η + η2λ≥ 0, (η, λ) ∈ 3 −
�
5

√
< η< 1, or

2
3
< η< 3 −

�
5

√
and

2(3η − 2)

η2
< λ< 1  

4 − 6η + η2λ< 0, (η, λ) ∈ 0< η<
2
3
, or

2
3
< η< 3 −

�
5

√
and 0< λ<

2(3η − 2)

η2
  

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

⎫⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎭

. (D.3)

By taking formula (D.3) into
pR∗
1 − pD∗

1 � (4 − 6η + η2λ)/(16 − 4ηλ), we can know the
size relationship of pR∗

1 and pD∗
1 .

Here, we prove the relationship between pN∗
2 , pD∗

2 , and
pC∗
2 : we can get pN∗

2 − pC∗
2 � (ηλ/(8 − 2ηλ))> 0;

pN∗
2 − pD∗

2 � (λη/(16 − 4ηλ))> 0; and pD∗
2 − pC∗

2 �

(λη/(16 − 4ηλ))> 0. So, the spot-sale prices are related as
pC∗
2 <pD∗

2 <pN∗
1 . □

E. Proof of Proposition 7

Proof. Comparing the results of Table 2, we can get
qC∗

a � 2qD∗
a > 0. By calculating the difference between pre-

sale model and decentralized decision-making model, we
can get qR∗

a − qD∗
a � λ(2 − ηλ)/4(4 − ηλ)> 0, thus the re-

lationship between qC∗
a , qD∗

a , qR∗
a is qC∗

a > qR∗
a > qD∗

a .
By calculating the spot-sales volume,

(qD∗
b + qD∗

c ) − (qC∗
b + qC∗

c ) � (λ(2 − ηλ)/4(4 − ηλ))> 0, so
the spot-sale volume of the centralized decision model is
always lower than that of the decentralized decision model,
and we need to compare the sales volume of model C, model
D, and model N. From qN∗

c − (qD∗
b + qD∗

c ) �

((2 − η)λ/4(4 − ηλ))> 0, we have qN∗
2 > qD∗

2 , so, the re-
lationship between qC∗

2 , qD∗
2 , qN∗

2 is qN∗
2 > qD∗

2 > qC∗
2 . □

F. Proof of Proposition 8

Proof. After simple mathematical calculation, we can easily
get ΠD∗

r − ΠN∗
r � (ηλ/(16(4 − ηλ)))> 0 and

ΠR∗
p − ΠD∗

p � ((4 − η − ηλ)λ/8(4 − ηλ))> 0, and then, we
can get the conclusion of ΠD∗

r >Π
N∗
r and ΠR∗

p >Π
D∗
p . Next,

we start to prove ΠD∗
r >Π

R∗
r as follows:

ΠD∗
r − ΠR∗

r �
η λ2 − 3λ  + 16 − 4λ

16(4 − ηλ)
. (F.1)

Because of λ, η ∈ (0, 1), we can easily find that the de-
nominator of (F.1) is positive. Next, we will discuss the
positive and negative properties of molecules in the fol-
lowing two cases:

① When η≤ (16 − 4λ)/(3λ − λ2), η(λ2 − λ)+

16 − 4λ≥ 0
② When η> (16 − 4λ)/(3λ − λ2), η(λ2 − λ)+

16 − 4λ< 0

We mark (16 − 4λ)/(3λ − λ2) as K and derive K to get
(zK/zλ) � − (4(6 − λ)(2 − λ)/(3 − λ)2λ2)< 0. +en, K de-
creases with the increase of λ. In the range of λ ∈ (0, 1), the
minimum value of K is Kmin � lim

λ⟶1
(16 − 4λ/3λ − λ2) � 6.

Because of η ∈ (0, 1), case②will not be satisfied, and case①

Mathematical Problems in Engineering 13



will always be satisfied. It can be concluded that the molecule
of (F.1) is positive, so there is ΠD∗

r >Π
R∗
r . □

G. Proof of Proposition 9

Proof. Because of Π∗T � Π∗r + Π∗p , which can be calculated
from Table 2, ΠN∗

T � 1/4,ΠD∗
T � (16 − λη)/(64 − 16λη),

ΠC∗
T � 1/(1 − λη),ΠR∗

T � 3λ/16. ΠD∗
T − ΠN∗

T � 3λη/(64−

16λη), and both the denominator and the molecule of this
are greater than 0, ΠD∗

T − ΠN∗
T > 0. Π

C∗
T − ΠD∗

T �

λη/(64 − 16λη), similar to the previous one, you can get
ΠC∗

T − ΠD∗
T > 0. So, we can get ΠC∗

T >Π
D∗
T >Π

N∗
T . And

because λ ∈ [0, 1], the maximum value of ΠR∗
T � 3λ/16 is

3/16, which is still less than ΠN∗
T , so we can get ΠR∗

T <Π
N∗
T .

In summary, ΠC∗
T >Π

D∗
T >Π

N∗
T >Π

R∗
T can be obtained,

and the proof is complete. □

H. Proof of Proposition 10

Proof. According to the solving process of model D, the
reaction functions of p1 and p2 with respect tof are p1(f) �

(− 2 + η(− 1 + λ) + f(− 2 + (− 1 + η)λ))/(− 4 + ηλ) and
p2(f) � (2 + fλ − ηλ)/(4 − ηλ), respectively. +e optimal
solution of fCM∗ � 0 can be easily obtained from the
constraints pCM∗

1 � pC∗
1 , pCM∗

2 � pC∗
2 . +en, the profits of

the retailer and the third-party presale platform can be
calculated as ΠCMp � FCM and ΠCMr � (1/(4 − ηλ)) − FCM,
respectively. Because the profits of the retailer and the third-
party presale platform after coordination are not less than
the retained profits, (λ/8)<FCM∗ < (3ηλ/(64 − 16ηλ)) can
be obtained by FCM >ΠD∗

p , (1/(4 − ηλ)) − FCM >ΠD∗
r . +e

proof is complete. □
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