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ABSTRACT Advance selling helps retailers who often face a newsvendor problem to reduce demand
uncertainty. With the development of e-commerce and online retailing, online retailers are no longer limited
to adopting single advance selling strategy. With the support of information technology and online payment,
the combined strategy of random reward promotion and advance selling becomes increasingly easy to apply.
In this article, the model of online advance selling with random rewards strategy is developed based on
single advance selling model. The result shows that there is a threshold which determines which of the two
strategies is optimal and the numerical analysis further verifies the research results, through comparison and
analysis of the advance selling price, consumer utility and retailer’s total profit of single advance selling
strategy and advance selling with random rewards strategy. Furthermore, the study also finds the effect of
the expected utility of random rewards on the advance selling price.

INDEX TERMS Newsvendor, online advance selling, random rewards, risk aversion, strategic consumer.

I. INTRODUCTION
The retailers face newsvendor problems in a market with
uncertain demands. Advance selling strategy is introduced in
service industries with limited supply and uncertain demand,
such as hotels and airlines, to reduce demand uncertainty. The
early studies of Xie and Shugan [1] and Shugan and Xie [2]
indicate that advance selling is generally applicable to mar-
kets with uncertain demand. Tang, Rajaram, Alptekinoğlu
and Ou [3] investigate the market of perishable goods with
a short life cycle and unpredictable demand and find that
advance selling can help retailers to accurately predict the
demand during the selling season.

It is estimated that the number of online shoppers in China
have reached 533 million in 2017, an increase of 14.3% from
2016, with online shoppers accounting for 69.1 percent of the
total Internet users, [4] which have supported the constant
innovation of marketing models and promotion methods.
Thus, advance selling has gained further attention and has
been widely applied. For instance, in 2018, the transaction
sum of China’s double 11 shopping carnival, which came
from 75 countries and regions, exceeded RMB 300 billion
in one day with more than one billion packages. During
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this event, 180,000 merchants from famous e-commerce
platforms such as Tmall, Taobao, Jing Dong, Su Ning and
Pinduoduo adopted advance selling strategy. The advance
selling period for Tmall and Taobao was from October 20 to
November 10. Thus, advance selling has always been a pop-
ular research object for scholars and a business practice for
continuous innovation.

As market competition intensifies, consumers’ buying
behaviour becomes increasingly rational. Thus, online retail-
ers should consider a number of factors concerningmarketing
strategy, such as strategic consumer, risk aversion and short-
sightedness, among others. Online retailers are no longer
restricted to adopting single advance selling strategy and
begin to explore the combination of advance selling strate-
gies. Under such background, random rewards (or sweep-
stakes promotion) is the one that cater to the psychological
needs of strategic consumers.

With the support of network and information technol-
ogy, random rewards promotion becomes increasingly easy
to apply. Random rewards exhibit functions on both plat-
forms of WeChat and Alipay, registered users’ number of
which has reached 1 billion and 0.87 billion respectively.
For example, the amount of money inside the ‘red envelope’
can be credited to a receiver’s bank account through the func-
tion of WeChat’s ‘random red envelope’. Random rewards
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promotion, including WeChat ‘random red envelope’ that
encourages interaction and participation, can increase the
expected utility of consumers [5] and can consequently stim-
ulate consumers’ purchasing enthusiasm and increase market
demand. Therefore, the advance selling strategy consider-
ing random draws is favoured by retailers. For instance,
during the double 11 shopping carnival in 2018, Alibaba’s
E-commerce platforms, Tmall and Taobao, have nearly
200,000 merchants to implement a combination strategy of
advance selling and random rewards. They announced that
the total value of random rewards could reach one billion,
and the wining amount of individual consumers could be as
high as RMB 1,111 during the advance selling period from
October 20 to November 10.

Although advance selling considering random rewards has
been widely applied, research on academic circles and related
literature focusing on such topic is rarely available.

This study focuses on whether there is threshold to deter-
minewhich strategy online retailers should adopt to obtain the
optimal profit by comparing and analysing the two strategies.
For the first time, we find that thresholds µ̄A and Ā exist,
where µ̄A and Ā are the thresholds of µA and A respec-
tively. When µA > µ̄A or A <Ā, where µA is defined as
expected number of consumers who arrive during the advance
selling period and A is defined as the expected value of
consumers randomly winning, retailers should adopt advance
selling strategy considering random rewards; when µA < µ̄A
or A > Ā, retailers should adopt a single advance selling
strategy.

This study is structured as follows. After the introduction
section, Section 2 presents a review of literature. Section 3
describes the model and lists the assumptions. Section 4 dis-
cusses advance selling without random rewards, whereas
Section 5 presents models and optimal solutions for advance
selling strategy considering random rewards. Section 6 com-
pares and analyses the two strategies, and Section 7 provides
a numerical analysis. Section 8 concludes the study. Lastly,
the Appendix lists all proofs.

II. THE OUTLINE OF RELATED LITERATURE
In this section, the related work of online advance selling and
random rewards are presented.

A. REVIEW ON THE ADVANCE SELLING
Shugan and Xie [6] prove that advance selling strategy can
be applied as long as consumers are uncertain about the value
of products or services. Following the study of Shugan, Xie
and Shugan further investigate that advance selling profit is
caused by reducing the uncertainty of demand and expand-
ing market demand. Relevant literature focuses on aspects
regarding forecasting demand, advance selling price, con-
sumers’ behaviour on the influence of advance selling and
the combination and application of advance selling strategy.

Tang et al. [3] concluded that adjusting demand through
advance selling information can accurately predict market
demand to increase corporate profit. Boyaci and Özer [7]

prove that the market information obtained from advance
selling can guide optimal production. Based on the find-
ings of Boyaci and Özer, Prasad and Stecke [8] demonstrate
that advance selling reduces uncertainty of market demand
and helps manufacturers to reasonably decide on the out-
put to reduce out-of-stock risk. Moreover, advance selling
can increase sales and profits by consumers’ uncertainty of
product valuations.

Gale and Holmes’ [9], [10] early study on advance selling
in the service industry mostly advocates discount pricing.
For instance, airlines could encourage consumers with little
difference in flight preferences to book ahead of time through
a low-price advance selling strategy in which passengers can
be transferred from peak routes to other flights to balance the
demand for different flights. Weng and Parlar [11] find that
the demand for products during the advance selling period
considerably depends on the discount price of the advance
selling period. You [12] analyses the ordering and pricing
of service products in an advanced sales system and finds
that the optimal ordering quantity and prices are derived via
closed-form solutions. Nocke et al. [13] also support discount
in advance selling, and they perceive that advance selling
can maximise profits with price discrimination. Based on
Xie and Shugan, Wang and Zeng [14] conduct an in-depth
study of the applicable conditions for advance selling when
capacity constraints and consumer heterogeneity to adopt
low, premium or normal price are evident.

B. REVIEW ON THE EXTENSION OF ADVANCE SELLING
Zhao and Stecke [15] consider loss-averse consumers and
study how the optimal strategy is chosen among the three
strategies, namely, no advance selling, moderate discount
advance selling and deep discount advance selling wherein
retailers release a new product. Swinney [16] notes that
through the research on the sales strategy of enterprises, the
value of quick response production model is generally lower
in the face of strategic (forward-looking) consumers than
of non-strategic consumers (short-sighted consumers). That
is, consumers’ decision-making patterns (whether strate-
gic or not) can influence the choice of presale strategies.
Nasiry and Popescu [17] discuss the advance selling model
strategy and enterprise profit by considering repentance con-
sumer behaviour. Lim and Tang [18] find the advance sell-
ing decision-making of monopoly retailers in the market
including short-term consumers, forward-looking consumers
and middlemen. Li [19] studies advance selling strategy
for a retailer who sells a newsvendor-type of fashionable
product in light of potential consumer opportunistic returns.
Li and Shan [20] explore that consumers may overestimate
the accuracy of their valuation forecasts and thus propose a
decision-making model about overconfidence in valuation.
Yu, Liu, Han and Chen [21] find that sellers’ selling strategies
are significantly affected by the relationship between valua-
tion bias and strategic consumers’ estimation of the bias.

Some scholars have studied the combination and expan-
sion of advance selling with other strategies. For example,
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Cachon and Feldman [22] study the impact of competition
on presale strategies among retailers. Tian and Wang [23]
investigate the advance selling problemwithin the framework
of rational expectation. In terms of extended applications,
McCardle, Rajaram and Tang [24] add competitive factors
among enterprises to discuss the conditions under which
advance selling discount items are uniquely balanced. Cho
and Tang [25] investigate the presale model of supply chain.
Furthermore, Cachon and Feldman [22] study the impact of
competition among retailers on advance selling strategies.
Certain research considers optimal service capacity alloca-
tion policy in an advance selling environment in a continuous
period [26].

C. REVIEW ON THE REWARDS PROMOTION AND ONLINE
ADVANCE SELLING
The Marketing Theory of 4Ps proposed by McCarthy pro-
vides an effective tool for enterprises to analyse and solve
marketing problems. Keller and Kottler [27] emphasised that
common consumer promotional tools include raffle, sweep-
stake, special promotions and coupons. Promotion plays an
important role in modern marketing strategies. Kahneman
and Tversky [28] propose prospect theory that provides a
theoretical framework for evaluating the attractiveness of
promotional methods. Prospect theory holds that the value
equation and the weight equation are independent of each
other in the effect on utility, whereas the overestimation
of small probability weight is the basic feature of weight
equation [29]. Ward and Hill [30] define raffle promotion
as an opportunity for consumers to win prizes designed to
promote goods or services. Following the study of Ward and
Hill, d’Astous and Landreville [31] study the factors affecting
the raffle effect and find that the factors regarding prize
attractiveness, prize and product match, prize valuation and
winning probability will affect consumers’ evaluation of the
attractiveness and satisfaction and will consequently impact
purchase decision. With the rapid internet-based develop-
ment and online payment progress in China, online shopping
has become an integral component in facilitating people’s
lives [4].

In addition to the promotion evaluation on economic
value, Chandon et al. [32] find that consumers’ evalua-
tion on random raffle is based on instrumental or economic
value, as well as entertainment value, which is an important
aspect of promotional evaluation. Smith, Dickhaut, McCabe
and Pardo [33] find that the value of a prize does not
directly affect the weighting equation but affects a con-
sumer’s subjective estimation of the probability of winning
by comparing the value of the prize with the value of the
purchased product. Chen and Jia [34] study the effective-
ness of two forms of promotion, namely, winning a grand
prize with a small probability and winning a small prize
with 100% probability. Khouja and Zhou [35] research on
channel and pricing decisions in a supply chain with advance
selling of gift cards. Wang examine optimal advance sell-
ing strategies using coupons in a monopoly market and

find that when the seller’s marginal cost is moderately
small, the profit gains from coupon buyers exceed the prof-
its loss from regular selling. [36] Recently, Yu et al. [37]
examine online promotions with gift rewards for a Chinese
tea retailer and illustrate how to improve gift allocation
based on the robust inventory solutions to increase retailer’s
profits. Referring to their research, this study extends the
sales strategy to the currently popular advance selling strat-
egy and extends gift rewards into random rewards. These
extensions are more in line with the facts of actual online
promotion.

In summary, the contribution on single advance selling
strategy has been extremely rich, and new progress in joint
strategy with advance selling is evident. However, the study
on advance selling strategy considering random rewards is
relatively new. As far as we know, our work is the first to
investigate on advance selling strategy considering random
rewards.

III. MODEL DESCRIPTION AND ASSUMPTIONS
In line with the literature review, retailers’ adoption of
advance selling strategies is modelled in two periods of time.
The first period is advance selling period, and the second is
the spot selling period. To attract consumers to buy, retailers
hold sweepstake promotions in the advance selling period to
provide random rewards for consumers who buy in advance.
In contrast, a retailer sells spot products in the selling period,
which is also the consumption period. Figure 1 illustrates the
entire process of the advance selling strategy.

During the advance selling period, a retailer announces
the advance selling price of a, the selling price of p and
random rewards. A retailer collects themoney at the price of a
but does not deliver the product during the advance selling
period. A consumer pays but does not receive the product;
thus, the valuation of the product is uncertain. A retailer
delivers and sells products during the selling period. The
number of customers arriving at themarket during both stages
is stochastic. A retailer calculates the total profit based on
revenue and cost and deducts the total random rewards from
the profit. The retailer and consumers’ assumptions related
to the model are detailed below. Table 1 lists the definitions
of the variables associated with the model.

A. RETAILERS
Suppose that only one monopoly retailer exists in the mar-
ket. The retailer’s sale is divided into two periods; the first
period is advance selling, which ends before the selling period
begins. The retailer announces a and p to consumers at the
beginning of the advance selling period. The retailer charges
a from a consumerwho buys in advance, but the product is not
delivered yet. The second stage is the selling period, where
the retailer delivers products to consumers who pay during
the first period and sells the products at the price of p. The
retailer pays c for unit product. For unsold goods at the end
of the selling period, the retailer will receive a residual value
of s per unit, apparently, s < c <a< p.
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FIGURE 1. Sale process and surpluses for consumer decisions.

TABLE 1. Notation.

When adopting the advance selling strategy consider-
ing random rewards, the retailer provides a free random
rewards opportunity to all consumers who buy in advance.

The rewards are random cash θ , and the largest reward is
max θ = θn, whereas the smallest reward is min θ = θ0 ≥ 0.
Evidently, max θ = θn is in accordance with the relevant
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provisions of the antimonopoly law. Retailers pay the win-
ning amount to customers on the spot through an electronic
payment platform, such as ApplePay or Alipay. The total
winning prizes will be deducted from the retailer’s profit
as a sales expense. The retailer also announces θ0, θn to
consumers at the beginning of the advance selling period.

The quantity of advance selling is marked by N1 with
mean µ1 and deviation σ 2

1 . The quantity in this period
equals the quantity of consumers who arrive during the
advance selling spot (online advance selling refers to con-
sumers who receive advance selling news). This study
assumes that a person buys one product. The sales volume
of the retailer in the selling period is marked by N2 with
mean µ2 and deviation σ 2

2 . The retailer updates the market
demand forecast on the basis of the advance selling infor-
mation. Whether random rewards are considered, the retailer
can ensure that product inventory meets market demand.
The retailer decides on the variables a,Q based on the
model.

B. CUSTOMERS
Suppose that consumers are strategic and homogeneous.
If the expected utility of buying in advance is greater than the
expected utility of waiting, then a consumer buys or chooses
to wait. Consumers who participate in the two stages are
stochastic.

Under the single advance selling strategy, consumers’
valuations of products are uncertain because they cannot
see and consume the product during the advance selling
period. The valuation of product follows a normal distribu-
tion, denoted as V . The cumulative distribution function of V
is F (v), and the probability density function is f (v), where
V ∼ N (µV , σ 2

V ), v∈[0, +∞ ) and µV>c. Consumers decide
whether to buy in advance or not by comparing the expected
utility of buying and waiting. A consumer who chooses to
buy in advance takes the risk that the expected utility may
be lower than the actual utility. If the consumer chooses to
wait, then the risks that the product may not be available
in the selling period due to shortages and the product price
may be higher than the advance selling price are present.
During the selling period, the value of the product can be
verified because the consumer receives the product imme-
diately. Consumers who do not buy in advance can decide
whether to buy the product at price of p. The number of
consumers arriving in the advance selling period is denoted
as NA, where NA ∼ N (µA, σ 2

A). The number of consumers
who buy in advance is denoted as N1, where N1 ∼ N (µ1, σ

2
1 ).

The number of consumers who buy the product during the
selling period is expressed as NS, where NS ∼ N (µs, σ 2

s ).
NA, N1 and NS follow normal distribution, wherein the cor-
relation coefficient of NA and NS is ρ.
Compared with the single advance selling strategy,

advance selling strategy considering random rewards differs
from the fact that consumers who buy in advance have the
chance to win prizes from random rewards promotions. The
random rewards are marked by θ , which follows an even

distribution; the largest prize is θn, and the smallest prize is θ0.
The utility of consumers’ winning prizes adopts the power
function of risk aversion.

IV. ADVANCE SELLING WITHOUT RANDOM REWARDS
If a consumer chooses to buy during the advance selling
period, then he/she must pay the selling price of a in advance.
The product valuation of V becomes a definite value v during
the selling season.When v ≥ a, the consumer obtains a utility
of v− a. In contrast, when v < a, the consumer loses a− v;
thus, the expected utility of the consumer is UA.

UA=
∫
+∞

a
(v−a) f (v) dv−

∫ a

0
(a−v) f (v) dv = µV − a

(1)

If a consumer chooses to wait during the advance selling
period, then he/she will make purchasing decisions until the
selling period. Strategic consumers do not make decisions
with negative utility. This assumption means that consumers
make purchasing decisions only when v ≥ p. If v ≥ p, then
consumers choose to buy at a utility of v − p; otherwise,
consumers will not buy at a utility of 0. The expected utility
of consumers’ choice to wait is UNA.

UNA = E[max (V− p, 0)] =
∫
+∞

P
(v− p)f (v)dv

Evidently, when UA ≥ UNA, the consumer decides to buy
in advance. Under the condition of UA ≥ UNA, we obtain
a ≤ µV −

∫
+∞

P (v− p) f (v) dv. The optimal advance selling
price for the retailer should be a∗.

a∗ = µV −
∫
+∞

P
(v− p) f (v) dv

=

∫ P

0
vf (v) dv+

∫
+∞

p
pf (v) dv (2)

Given that
∫ P
0 vf (v) dv <

∫ P
0 pf (v) dv, both sides add∫

+∞

p pf (v) dv. Thus, we can obtain:

a∗ =
∫ P

0
vf (v) dv+

∫
+∞

p
pf (v) dv

<

∫ P

0
pf (v) dv+

∫
+∞

p
pf (v) dv = p.

The advance selling price of a is lower than the selling price
of p, which is consistent with previous research.
Given that the advance selling price a meet UA ≥ UNA,

strategic consumers who arrive during the advance selling
period will choose to buy in advance. At this time, N1 = NA;
thus, µ1 = µA, σ1 = σA. The number of consumers entering
the market in the selling period is assumed as NS , where
NS ∼ N (µS , σ 2

S ). When v ≥ p, consumers will choose to
buy. Assume that the proportion of consumers who purchase
products is F̄ (p), then its quantity isN 2 = F̄ (p) ∗ NS , where
N2 ∼ N (µ2, σ

2
2 ). Thus, µ2 = F̄ (p) ∗ µS , σ2 = F̄ (p) ∗ σS .

The retailer knows the actual advance selling quantity after
the advance selling period, namely, N1 = n1. The retailer can
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update the demand forecast for the selling period and takes
advantage of conditional distribution N

′

2=(N2|N1= n1). The
updated demand in the selling period is marked as N

′

2,where
N
′

2 ∼ (µ′2, σ
′2
2 ).

Lemma 1: If X ∼ N(µ1, σ
2
1 ) and Y ∼ N(µ2, σ

2
2 ) are two

stochastic variables that follow a normal distribution with the
correlation coefficient ρ, then the conditional stochastic vari-
able (Y|X) is also as the normal distribution, with the mean
µ2+ ρ

(
σ2
σ1

)
(x − µ1) and the deviation σ 2

2 (1− ρ
2), namely,

(X|Y =x) ∼ N [µ2 + ρ
(
σ2
σ1

)
(x − µ1) , σ

2
2

(
1− ρ2

)
] [38].

Based on Lemma 1, µ′2 and σ ′2 can be drawn as the
following:

µ′2 = F̄ (p) µS + ρ
F̄ (P) σS
σA

(n1 − µA),

σ ′2 = F̄(p)σs
√
1− ρ2,

µ′2 and σ
′

2 are the mean and standard deviation of N
′

2, namely,

N
′

2 ∼ (F̄ (p) µS + ρ
F̄(P)σS
σA

(n1 − µA), F̄2(p)σ 2
s 1− ρ

2).
The retailer’s expected total profit is π , which is as follows.

π= EN1{aN1 + max EN ′2 [p min
{
Q− n1,N ′2

}
+s max{Q− n1 − N ′2, 0 } − cQ]}

This solution is a traditional newsvendor problem with
normally distributed demand [39].

Following the standard solution method, the optimal order
quantity Q and the optimal expected profit π are as follows.

Q∗ = µ′2 + kσ
′

2 + n1

= F̄ (p) µS + ρ
F̄ (P) σS
σA

(n1 − µA)

+kF̄ (p) σs
√
1− ρ2 + n1 (3)

Eπ∗ = EN1

{
aN1 + (p− c) µ′2 − (p− s) ϕ (k) σ

′

2 − cn1
}

= (a− c) µA + (p− c) F̄ (p) µS

− (p− s) ϕ (k) F̄ (p) σs
√
1− ρ2, (4)

where k = φ−1( p−cp−s ), φ(·) and ϕ (·) are the distribution
and the density functions of the standard normal distribution,
respectively.

Substituting a∗ into the profit expression, namely, substi-
tuting equation (2) into equation (4), the optimal expected
profit is:

Eπ∗ =
[
µV −

∫
+∞

P
(v− p) f (v) dv− c

]
µA

+ (p− c) F̄ (p) µS−(p− s)ϕ(k)F̄ (p) σs
√
1− ρ2

(5)

V. ADVANCE SELLING STRAGEGY CONSIDERING
RANDOM REWARDS
A. RANDOM REWARDS MECHANISM
The winning amount of the random rewards promotion
is stochastic, and whether a consumer can win the prize

is uncertain. The incentive design that strategic consumers
prefer must satisfy its utility maximisation in the face of
similar explicit factors, such as the promoted product, product
quality and reward category.

The winning amount is evenly distributed in the inter-
val of [θ0, θn], where θ ∼ U [θ0, θn] and 0 ≤θ0 < θn.
Subsequently, a consumer’s winning expectation is θn+θ0

2 ,
set A = Eθ = θn+θ02 . The total budget of retailers’ random
rewards promotion is A∗n1.

The winning prize utility of consumers adopts a power
function of risk aversion:

U (θ) = θλ, where 0< λ < 1 and λ is called risk aversion
factor.

Consumers’ expected utility of winning prize in random
rewards promotion is

EU (θ) =
∫ θn

θ0

1
θn − θ0

θλdθ (0 < λ < 1)

=
θλ+1n − θλ+10

(θn − θ0)(λ+ 1)
. (6)

B. ADVANCE SELLING WITH RANDOM REWARDS
Under the advance selling strategy considering random
rewards, consumers can obtain a random rewards opportu-
nity for free if they buy a product in advance. The wining
prize is random cash that can be encashed by consumers
on the spot through an electronic payment platform, such
as WeChat or Alipay. Thus, compared with single advance
selling strategy, the expected utility of consumers who choose
to buy in advance consists of two parts, namely, product
valuation utility and random rewards utility. The expected
utility of the consumer can be expressed as

ŨA =
∫
+∞

a
(v− a) f (v) dv−

∫ a

0
(a− v) f (v) dv

+

∫ θn

θ0

1
θn − θ0

θλdθ (0 < λ < 1)

= µV − a+
θλ+1n − θλ+10

(θn − θ0) (λ+ 1)
. (7)

A retailer sells spot goods during the selling period, during
which consumers can access the product; thus, the value of
the product can be determined. Strategic consumers will not
decide based on negative utility. When v ≥ p, the consumer
will choose to buy. Therefore, the expected utility of the
consumer when he/she chooses to wait can be expressed as:

ŨNA = E[max (V− p, 0)] =
∫
+∞

P
(v− p)f (v)dv (8)

The condition for consumers to purchase in advance is
ŨA ≥ ŨNA.
Given that ŨA ≥ ŨNA, then we obtain a ≤ µV +

θλ+1n −θλ+10
(θn−θ0)(λ+1)

−
∫
+∞

P (v− p) f (v) dv.
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The optimal advance selling price, which maximises the
retailers’ profit can be marked as ã∗.

ã∗ =
∫ P

0
vf (v) dv+

∫
+∞

p
pf (v) dv+

∫ θn

θ0

1
θn − θ0

θλdθ

(9)

Evidently,
∫ P
0 vf (v) dv+

∫
+∞

p pf (v) dv+
θλ+1n −θλ+10
(θn−θ0)(λ+1)

> 0.

In the ends of
∫ P
0 vf (v) dv <

∫ p
0 pf (v) dv, add

∫
+∞

p

pf (v) dv+
θλ+1n −θλ+10
(θn−θ0)(λ+1)

, then we can obtain the following
equation:∫ P

0
vf (v) dv+

∫
+∞

p
pf (v) dv+

∫ θn

θ0

1
θn − θ0

θλdθ

<

∫ P

0
pf (v) dv+

∫
+∞

p
pf (v) dv+

∫ θn

θ0

1
θn − θ0

θλdθ

= p+
θλ+1n − θλ+10

(θn − θ0)(λ+ 1)
.

Consequently, we can obtain

0 < ã∗ < p+
θλ+1n − θλ+10

(θn − θ0) (λ+ 1)
. (10)

When the advance selling price is set as ã∗, the expected
utility of the consumer who buys in advance is greater
than that of the consumer who chooses to wait. Therefore,
all strategic consumers who enter the market during the
advance selling period will choose to buy. If N1 = NA, then
(µ1 = µA, σ1 = σA) can be obtained.

During the selling period, the number of consumers enter-
ing the market is NS, which is NS ∼ N (µS, σ

2
S ). When v ≥ p,

a portion of consumers arriving during the selling period will
choose to buy. Assuming that the proportion of consumers
who purchase the product is F̄(p), we can obtain

N2 = NS · F̄ (p) , µ2 = F̄ (p) ∗µS, σ2 = F̄ (p) ∗σS.

During the end of the advance selling period, the retailer
can obtain the actual quantity of the advance selling n1,
namely, N1 = n1. The retailer can update the demand
forecast during the selling period through the advance sell-
ing data. The updated demand forecast is set as N

′

2, where
N
′

2 ∼ N (µ
′

2, σ
2′
2 ).

µ′2 = F̄ (p) µS + ρ
F̄ (P) σS
σA

(n1 − µA)

σ ′2 = F̄(p)σs
√
1− ρ2

The total amount of random rewards paid to consumers is
offset from the retailer’s profits as sales expenses. Therefore,
the total expected profit under the advance selling strategy
considering random rewards can be expressed as below:

Eπ̃ = EN1{aN1 + maxEN ′2 [−cQ+ p min
{
Q− n1,N ′2

}
+s max{Q− n1 − N ′2, 0}]} − A ∗ n1.

The optimal order quantity under the advance selling
strategy considering random rewards is set as Q̃∗. The fol-
lowing results can be obtained based on the newsvendor
model.

Q̃∗ = µ′2 + kσ
′

2 + n1

= F̄ (p) µS + ρ
F̄ (P) σS
σA

(n1 − µA)

+kF̄ (p) σs
√
1− ρ2 + n1. (11)

The optimal expected total profit can be expressed as follows.

Eπ̃∗ = EN1

{
aN1 + (p− c) µ′2 − (p− s) ϕ (k) σ

′

2

−cn1} − A ∗ n1
= (a− c) µA + (p− c) F̄ (p) µS

− (p− s) ϕ (k) F̄ (p) σs
√
1− ρ2 − A ∗ n1, (12)

where k = φ−1( p−cp−s ), φ(·) and ϕ (·) are the distribution
and the density functions of the standard normal distribution,
respectively.

Substituting the value of the optimal advance selling price
ã∗ into the profit expression, namely, substituting equation (9)
into equation (12), we mark the following expression for
optimal expected profit as π̃∗.

Eπ̃∗

=

[
µV +

θλ+1n − θλ+10

(θn − θ0)(λ+ 1)
−

∫
+∞

P
(v− p) f (v) dv− c

]
×µA + (p− c) F̄ (p) µS − (p− s) ϕ (k) F̄ (p) σs

×

√
1− ρ2 − A ∗ n1 (13)

VI. COMPARISON AND ANALYSIS RESULTS OF THE TWO
STRATEGIES
The following interesting results are obtained by comparing
and analysing the relevant variables of the two strategies.
Proposition 1: When the online advance selling strategy

considering random rewards is adopted, the expected utility
of consumers during the advance selling period is greater than
that of consumers when a single advance selling strategy is
adopted, which can be denoted as ŨA > UA.
Proposition 2: If the advance selling discount amount

under the single advance selling strategy is larger than the
consumer’s winning expectation, then under the advance sell-
ing strategy considering random rewards the online advance
selling price is smaller than the sales price; On the con-
trary, the online advance selling price is greater than the
sales price, which can be expressed as ã∗−p = (a∗ − p) +∫ θn
θ0

1
θn−θ0

θλdθ .
Proposition 3: When the advance selling strategy con-

sidering random rewards is adopted, the advance selling
price set by the retailer is higher than that when a single
advance selling strategy is adopted, which can be represented
as ã∗ > a∗.
Proposition 4: A threshold µ̄A =

An1(θn−θ0)(λ+1)
θλ+1n −θλ+10

exists.

When µA > µ̄A, retailers should adopt advance selling
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FIGURE 2. Expected utility of a consumer changes as µA changes.

FIGURE 3. Discount under the strategy considering random rewards changes with p.

strategy considering random rewards, whereas when
µA < µ̄A, the retailers should adopt a single advance selling
strategy.

Proposition 5: A threshold Ā = uA
n1

θλ+1n −θλ+10
(θn−θ0)(λ+1)

exists.
When A > Ā, retailers should adopt a single advance selling
strategy, whereas when A <Ā, retailers should adopt advance
selling strategy considering random rewards.

VII. NUMERICAL ANLYSIS
In this section, we examine the results of two different strate-
gies. To do so, numerical tests are constructed to illustrate
retailer will choose a strategy that is optimal.

We use the following values: µV = 30, p = 35, c = 17,
s = 3, a∗= 30, θn= 30, θ0= 0.5, λ = 0.5,σs = 1.5,A =
15,UAN = 2, µs = 37, µA = 55, n1 = 50, ρ = 0.4,
F̄ (p) = 0.85 and ϕ (k) = 0.0032. f (v) is the probability
density function of V, where k = φ−1( p−cp−s ), φ(·) and ϕ(·)

are the distribution and the density functions of the standard
normal distribution, respectively.

(1) The consumer’s expected utility of two strategies as the
change of product valuation is observed. Figure 2 illustrates
that the real line represents the ŨA, and the dotted line repre-
sents UA.

Keeping the other parameters constant and allowing µV to
change from 1 to 200, then we can observe in Figure 2 that
line ŨA is constantly above line UA. Evidently, ŨA is con-
stantly greater than UA.
Figure 2 indicates that ŨA and UA likewise increase with

the increase of µV . Thus, an increase in product valuation
reflects an increase of expected utility of a consumer who
buys in advance. In addition, we can observe that line ŨA
is parallel to line UA, which shows the similar marginal
utility under the two strategies. Only one constant difference
between ŨA and UA is evident, which is consistent with
proposition 1 in this paper.
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FIGURE 4. Advance selling price under the strategy of considering random rewards changes
with a∗.

FIGURE 5. Profit changes with µA.

(2) We let h =ã∗−p = (a∗ − p) +
∫ θn
θ0

1
θn−θ0

θλdθ .
Figure 3 shows that curve h is changed as p changes, when
the rest of the parameters remain unchanged.

Let p change gradually from 1 to 111. Figure 3 shows that h

decreases with the increase of p. If
∫ θn
θ0

1
θn−θ0

θλdθ and a∗ are

constant when p < 34, then h > 0. Therefore, retailers do not
take discount sales during the advance selling period under
the advance selling strategy considering random rewards.
If p > 34, then h < 0. Therefore, retailers take discount sales
during the advance selling period under the advance selling
strategy considering random rewards, and h < 0 indicates
that −(a∗ − p) >

∫ θn
θ0

1
θn−θ0

θλdθ . The numerical analysis
shows that the relationship between the amount of discount
and the size of the winning prize expectation under single
advance selling strategy determines whether the retailer takes
discount sales under the advance selling strategy considering
random rewards, thereby validating proposition 2.

(3) Let ã∗ = a∗ +
∫ θn
θ0

1
θn−θ0

θλdθ (θ > 0, 0 < λ < 1).

Figure 4 illustrates that curve ã∗ changes as a∗ changes with
the rest of the parameters unchanged.

Figure 4 shows that the curve ã∗ increases with the increase
of a∗. The slope of curve ã∗ is positive, thereby indicating that
ã∗ is always greater than a∗. That is, ã∗ > a∗. This finding is
consistent with proposition 3.

(4) The change of profit as product valuation changes
under the two strategies is analysed numerically. When other
parameter values remain unchanged, let µAchange gradually
from 100 to 400. The solid line represents π̃∗, whereas the
dotted line represents π∗.
Figure 5 illustrates that when µA < 202, then π̃∗ < π∗;

when µA > 202, then π̃∗ > π∗. Notably, 202 is a thresh-
old. Figure 5 shows that a threshold µ̄A =

An1(θn−θ0)(λ+1)
θλ+1n −θλ+10

exists. When µA > µ̄A, retailers should adopt an advance
selling strategy considering random rewards, whereas when
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FIGURE 6. Profit changes with A.

µA < µ̄A, retailers should adopt a single advance selling
strategy. This finding is consistent with proposition 4.

(5) We keep the other parameter values constant and
observe the change of curve 1π as A changes from 1 to

20, according to 1π = π̃∗ − π∗=µA
θλ+1n −θλ+10
(θn−θ0)(λ+1)

− A · n1.
Figure 6 demonstrates this profit change.

Let A change gradually from 1 to 20. Figure 6 illustrates
that 1π decreases with the increase of A, and the slope of
curve1π is negative.WhenA < 4.2, then1π > 0. Thus, the
profit under the advance selling strategy considering random
rewards is greater than that under single advance selling strat-
egy. When A > 4.2, then 1π < 0. Thus, the profit under the
advance selling strategy considering random rewards is less
than that under the single advance selling strategy. Numerical
analysis shows that threshold Ā exists. When A > Ā, retailers
should adopt a single advance selling strategy, whereas when
A <Ā, retailers should adopt an advance selling strategy
considering random rewards. This finding is consistent with
proposition 5.

VIII. CONCLUSION AND FUTURE WORK
Advance selling can help retailers reduce the uncertainty of
demand, while online advance selling with random rewards,
such as sweepstakes and WeChat’s ‘random red envelope’,
further cater to the utility maximization pursuit of strategic
consumers and are increasingly favoured by online retail-
ers. Therefore, online advance selling with random rewards
strategy is more popular than single advance selling strategy.
With the attempt to set up the random rewards mechanism
as realistic as possible by adopting power function of risk
aversion for the utility of consumers winning prize, we estab-
lish the model of advance selling strategy considering ran-
dom rewards based on the single advance selling model,
subsequently solving the variables under the two strategy
models. This study aims to compare and analyse the two
strategies to provide valuable managerial insights for retailers

who practice advance selling strategy considering random
rewards.

We find that thresholds µ̄A =
An1(θn−θ0)(λ+1)
θλ+1n −θλ+10

and Ā =

uA
n1

θλ+1n −θλ+10
(θn−θ0)(λ+1)

exist. When µA > µ̄A and A <Ā, retailers

should adopt advance selling strategy considering random
rewards. When µA < µ̄A and A > Ā, retailers should adopt
a single advance selling strategy.

Results comparison and analysis reveal that when the
advance selling strategy considering random rewards is
adopted, the advance selling price set by the retailer is higher
than that when a single advance selling strategy is adopted.
This result is consistent with the expected utility of con-
sumers. Moreover, the relationship between the amount of
discount and the size of the winning prize expectation under
single advance selling strategy determines whether a retailer
takes discount sales under the advance selling strategy con-
sidering random rewards.

Several research issues deserve further examine, such as
setting the winning amount and advance selling price as deci-
sion variables. Furthermore, future research should examine
the complex relationships among retailers, including multiple
retailers who compete with one another and provide different
random rewards.
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APPENDIX: PROOFS A
PROOF OF PROPOSITION 1
Given that UA = µV − a and ŨA = µV − a+∫ θn
θ0

1
θn−θ0

θλdθ , we have ŨA − UA =
∫ θn
θ0

1
θn−θ0

θλdθ . Given

that
∫ θn
θ0

1
θn−θ0

θλdθ =
θλ+1n −θλ+10
(θn−θ0)(λ+1)

> 0(θ > 0, 0 < λ < 1);
thus, ŨA > UA.

VOLUME 8, 2020 169119



L. Peng et al.: Optimal Strategies for Online Advance Selling With Random Rewards—Case From China

APPENDIX B
PROOF OF PROPOSITION 2
From Eq. (9) ã∗ =

∫ P
0 vf (v) dv+

∫
+∞

p pf (v) dv +∫ θn
θ0

1
θn−θ0

θλdθ and p =
∫ P
0 pf (v) dv+

∫
+∞

p pf (v) dv,

then we obtain ã∗−p =
∫ P
0 vf (v) dv+

∫
+∞

p pf (v) dv +∫ θn
θ0

1
θn−θ0

θλdθ −
∫ P
0 pf (v) dv−

∫
+∞

p pf (v) dv,
where

ã∗−p =
∫ P

0
vf (v) dv−

∫ p

0
pf (v) dv+

∫ θn

θ0

1
θn − θ0

θλdθ

=

∫ P

0
(v− p) f (v) dv+

∫ θn

θ0

1
θn − θ0

θλdθ

=
(
a∗ − p

)
+

∫ θn

θ0

1
θn − θ0

θλdθ.

When p−a∗ =
∫ θn
θ0

1
θn−θ0

θλdθ , we have ã∗= p.

When p−a∗ <
∫ θn
θ0

1
θn−θ0

θλdθ , we have ã∗ > p.

When p−a∗ >
∫ θn
θ0

1
θn−θ0

θλdθ , we have ã∗ < p.

APPENDIX C
PROOF OF PROPOSITION 3
Based on Eq. (2) and Eq. (9) we obtain ã∗ − a∗ =∫ θn
θ0

1
θn−θ0

θλdθ =
θλ+1n −θλ+10
(θn−θ0)(λ+1)

, where θ > 0, 0 ≤ θ0 ≤
θn, 0 < λ < 1.

Given that we have θλ+1n − θλ+10 > 0, (θn − θ0) (λ+ 1) ≥

0, and
θλ+1n −θλ+10
(θn−θ0)(λ+1)

> 0; hence, we have ã∗ > a∗.

APPENDIX D
PROOF OF PROPOSITION 4
Set1π as the difference in profit between the two strategies,
then

1π = π̃∗ − π∗=µA
θλ+1n − θλ+10

(θn − θ0) (λ+ 1)
− A·n1.

Let µ̄A =
An1(θn−θ0)(λ+1)
θλ+1n −θλ+10

.

When µA > µ̄A, then1π > 0. Therefore, retailers should
adopt advance selling strategy considering random rewards.
When µA < µ̄A, then 1π < 0. Therefore, retailers should
adopt a single advance selling strategy.

APPENDIX E
PROOF OF PROPOSITION 5
Set1π as the difference in profit between the two strategies,
then

1π = π̃∗ − π∗=µA
θλ+1n − θλ+10

(θn − θ0) (λ+ 1)
− A · n1

Let Ā = uA
n1

∫ θn
θ0

1
θn−θ0

θλdθ .
When A <Ā, then 1π > 0. Therefore, retailers should

adopt advance selling strategy considering random rewards.
When A >Ā, then 1π < 0. Therefore, retailers should

adopt a single advance selling strategy.

REFERENCES
[1] J. Xie and S. M. Shugan, ‘‘Electronic tickets, smart cards, and online

prepayments: When and how to advance sell,’’ Marketing Sci., vol. 20,
no. 3, pp. 219–243, Aug. 2001.

[2] S. M. Shugan and J. Xie, ‘‘Advance selling for services,’’ California
Manage. Rev., vol. 46, no. 3, pp. 37–54, Apr. 2004.

[3] C. S. Tang, K. Rajaram, A. Alptekinoğlu, and J. Ou, ‘‘The benefits of
advance booking discount programs: Model and analysis,’’ Manage. Sci.,
vol. 50, no. 4, pp. 465–478, Apr. 2004.

[4] Z. Zhao, J. Wang, H. Sun, Y. Liu, Z. Fan, and F. Xuan, ‘‘What factors influ-
ence online product sales? Online reviews, review system curation, online
promotional marketing and seller guarantees analysis,’’ IEEE Access,
vol. 8, pp. 3920–3931, 2020.

[5] C. H. Lien and Y. Cao, ‘‘Examining WeChat users’ motivations, trust,
attitudes, and positive word-of-mouth: Evidence from China,’’ Comput.
Hum. Behav., vol. 41, pp. 104–111, Dec. 2014.

[6] S. M. Shugan and J. Xie, ‘‘Advance pricing of services and other impli-
cations of separating purchase and consumption,’’ J. Service Res., vol. 2,
no. 3, pp. 227–239, Feb. 2000.

[7] T. Boyacı and Ö. Özer, ‘‘Information acquisition for capacity planning via
pricing and advance selling: When to stop and act?’’ Oper. Res., vol. 58,
no. 5, pp. 1328–1349, Oct. 2010.

[8] A. Prasad, K. E. Stecke, and X. Zhao, ‘‘Advance selling by a newsvendor
retailer,’’ Prod. Oper. Manage., vol. 20, no. 1, pp. 129–142, Jan. 2011.

[9] I. L. Gale and T. J. Holmes, ‘‘The efficiency of advance-purchase discounts
in the presence of aggregate demand uncertainty,’’ Int. J. Ind. Org., vol. 10,
no. 3, pp. 413–437, Sep. 1992.

[10] I. L. Gale and T. J. Holmes, ‘‘Advance-purchase discounts and monopoly
allocation of capacity,’’ Amer. Econ. Rev., vol. 81, no. 1, pp. 135–146,
Mar. 1993, doi: 10.1016/0167-7187(92)90005-J.

[11] Z. Kevin Weng and M. Parlar, ‘‘Integrating early sales with produc-
tion decisions: Analysis and insights,’’ IIE Trans., vol. 31, no. 11,
pp. 1051–1060, Nov. 1999.

[12] P.-S. You, ‘‘Ordering and pricing of service products in an advance sales
system with price-dependent demand,’’ Eur. J. Oper. Res., vol. 170, no. 1,
pp. 57–71, Apr. 2006.

[13] V. Nocke, M. Peitz, and F. Rosar, ‘‘Advance-purchase discounts as a price
discrimination device,’’ J. Econ. Theory, vol. 146, no. 1, pp. 141–162,
Jan. 2011.

[14] X. H. Wang and C. Zeng, ‘‘A model of advance selling with consumer
heterogeneity and limited capacity,’’ J. Econ., vol. 117, no. 2, pp. 137–165,
Mar. 2016.

[15] X. Zhao and K. E. Stecke, ‘‘Pre-orders for new to-be-released products
considering consumer loss aversion,’’ Prod. Oper. Manage., vol. 19, no. 2,
pp. 198–215, Mar. 2010.

[16] R. Swinney, ‘‘Selling to strategic consumers when product value is uncer-
tain: The value of matching supply and demand,’’ Manage. Sci., vol. 57,
no. 10, pp. 1737–1751, Oct. 2011.

[17] J. Nasiry and I. Popescu, ‘‘Advance selling when consumers regret,’’
Manage. Sci., vol. 58, no. 6, pp. 1160–1177, Jun. 2012.

[18] W. S. Lim and C. S. Tang, ‘‘Advance selling in the presence of speculators
and forward-looking consumers,’’ Prod. Oper. Manage., vol. 22, no. 3,
pp. 571–587, May 2013.

[19] Y. Li, L. Xu, T.-M. Choi, andK. Govindan, ‘‘Optimal advance-selling strat-
egy for fashionable products with opportunistic consumers returns,’’ IEEE
Trans. Syst., Man, Cybern., Syst., vol. 44, no. 7, pp. 938–952, Jul. 2014.

[20] Y. Li, M. Shan, and M. Z. F. Li, ‘‘Advance selling decisions with overcon-
fident consumers,’’ J. Ind. Manage. Optim., vol. 12, no. 3, pp. 891–905,
Jul. 2016.

[21] Y. Yu, J. Liu, X. Han, and C. Chen, ‘‘Optimal decisions for sellers consid-
ering valuation bias and strategic consumer reactions,’’ Eur. J. Oper. Res.,
vol. 259, no. 2, pp. 599–613, Jun. 2017.

[22] G. P. Cachon and P. Feldman, ‘‘Is advance selling desirable with competi-
tion?’’ Marketing Sci., vol. 36, no. 2, pp. 214–231, Jun. 2017.

[23] Z. Tian and Y. Wang, ‘‘Advance selling with preorder-dependent customer
valuation,’’ Oper. Res. Lett., vol. 44, no. 4, pp. 557–562, Jul. 2016.

[24] K.McCardle, K. Rajaram, andC. S. Tang, ‘‘Advance booking discount pro-
grams under retail competition,’’Manage. Sci., vol. 50, no. 5, pp. 701–708,
May 2004.

[25] S.-H. Cho and C. S. Tang, ‘‘Advance selling in a supply chain under
uncertain supply and demand,’’ Manuf. Service Oper. Manage., vol. 15,
no. 2, pp. 305–319, May 2013.

169120 VOLUME 8, 2020

http://dx.doi.org/10.1016/0167-7187(92)90005-J


L. Peng et al.: Optimal Strategies for Online Advance Selling With Random Rewards—Case From China

[26] H. I. Mesak, H. Zhang, and J. M. Pullis, ‘‘On optimal service capacity
allocation policy in an advance selling environment in continuous time,’’
Eur. J. Oper. Res., vol. 203, no. 2, pp. 505–512, Jun. 2010.

[27] K. L. Keller, P. Kotler, Marketing Management, 14th Global Edition,
London, U.K.: Prentice-Hall, 2011.

[28] D. Kahneman and A. Tversky, ‘‘Prospect theory: An analysis of decision
under risk,’’ Econ., J. Econ. Soc., vol. 47, no. 2, pp. 263–291, Mar. 1979.

[29] D. Kahnelrlan and A. Tversky, ‘‘Choices, values, and flames,’’ Amer.
Psychol., vol. 39, no. 4, pp. 341–350, 1984.

[30] J. C. Ward and R. P. Hill, ‘‘Designing effective promotional games: Oppor-
tunities and problems,’’ J. Advertising, vol. 20, no. 3, pp. 69–81, Sep. 1991.

[31] A. d’Astous and V. Landreville, ‘‘An experimental investigation of factors
affecting consumers’ perceptions of sales promotions,’’ Eur. J. Marketing,
vol. 37, nos. 11–12, pp. 1746–1761, Dec. 2003.

[32] P. Chandon, B. Wansink, and G. Laurent, ‘‘A benefit congruency frame-
work of sales promotion effectiveness,’’ J. Marketing, vol. 64, no. 4,
pp. 65–81, Oct. 2000.

[33] K. Smith, J. Dickhaut, K. McCabe, and J. V. Pardo, ‘‘Neuronal substrates
for choice under ambiguity, risk, gains, and losses,’’Manage. Sci., vol. 48,
no. 6, pp. 711–718, Jun. 2002.

[34] R. Chen and J. Jia, ‘‘Consumer choices under small probabilities: Over-
weighting or underweighting?’’ Marketing Lett., vol. 16, no. 1, pp. 5–18,
Jan. 2005.

[35] M. Khouja and J. Zhou, ‘‘Channel and pricing decisions in a supply chain
with advance selling of gift cards,’’ Eur. J. Oper. Res., vol. 244, no. 2,
pp. 471–489, Jul. 2015.

[36] G. Wang, ‘‘Optimal advance selling strategies using coupons in a
monopoly market,’’ in Proc. ICSSSM, Tianjin, China, Jun. 2011, pp. 1–6,
doi: 10.1109/ICSSSM.2011.5959410.

[37] H. Yu, Y. Shi, Y. Yu, J. Liu, F. Yang, and J.Wu, ‘‘Business analytics: Online
promotion with gift rewards,’’ Ann. Oper. Res., vol. 193, no. 3, pp. 1–16,
Mar. 2019, doi: 10.1007/s10479-019-03193-3.

[38] E. A. Silver, D. F. Pyke, and R. Peterson, Inventory Management and
Production Planning and Scheduling, vol. 3. New York, NY, USA: Wiley,
Jun. 1999, p. 30.

[39] P. J. Bickel and K. A. Doksum, Mathematical Statistics: Basic Ideas and
Selected Topics, 2nd ed. Upper Saddle River, NJ, USA: Prentice-Hall,
2001.

LIANGJUN PENG received the bachelor’s degree
from Peking University and the double mas-
ter’s degree in business administration from the
Guangdong University of Foreign Studies and
Guangxi Normal University. He had been engaged
in the management of information technology in
the enterprise for 12 years, and then has been
working as a Lecturer with the Guangzhou Col-
lege of Technology and Business for seven years.
He has published fifteen refereed journal articles.

His research interests include information systems, computer networks, and
network neutrality.

GANG LU received the Ph.D. degree in pure
mathematics from ChongnamNational University,
South Korea, in 2011. He is currently a Vice Pro-
fessor with the Guangzhou College of Technology
andBusiness. He has publishedmore than 30 refer-
eed journal articles. His research interests include
the stability of functional equations and inequal-
ities, fixed point theory, optimization theory, and
quantum computing.

XINLI CHEN received the bachelor’s degree
in mathematics from Hebei Normal University,
in 1992, and the master’s degree from the College
of Mathematics, Nankai University, in 2004. He is
currently a Lecturer with the School of Science,
Tianjin University of Commerce, and has pub-
lished 12 articles. His research interests focus on
optimization methods, Lie groups and differential
geometry, and dynamical systems.

YUSHU CHENG received the Ph.D. degree in
law from the Macao University of Science and
Technology, Macao, in 2018. She is currently an
Assistant Researcher with Sun Yat-Sen Univer-
sity. Her research interests include open econ-
omy macroeconomics, convention of international
trade, and free trade area.

VOLUME 8, 2020 169121

http://dx.doi.org/10.1109/ICSSSM.2011.5959410
http://dx.doi.org/10.1007/s10479-019-03193-3

