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In this paper, we construct a fully covered duopoly market model. In this market, two home-sharing platforms provide dif-
ferentiated rental services to consumers, respectively, and each platform has two strategies: short-term rental strategy and long-
term rental strategy. *is paper studies the pricing decisions and service investment of home-sharing platforms in a competitive
market. *e results show that, in the market equilibrium, how the platform chooses the strategy largely depends on the service
quality of competitors. Specifically, when the difference in service quality is small, it is better for the two platforms to adopt the
short-term rental strategy; otherwise, the two platforms are more inclined to adopt the long-term rental strategy. We also find that
the commission rate and service cost will also affect the profitability of the platform. Finally, we extend the model to the
uncovered market.

1. Introduction

In recent years, some online platforms have emerged in the
accommodation industry to promote home-sharing, such as
Airbnb, Homeway, Booking.com, and VRBO [1]. In these
home-sharing platforms, service provides rent idle homes to
consumers in need and obtain income [2]. *is satisfies the
needs of consumers and improves the overall utilization
efficiency of the house [3, 4]. *e most popular home-
sharing platform is Airbnb. Airbnb is valued at over $31
billion [5]. Airbnb has more than 6 million unique listings in
more than 99800 cities in more than 191 countries and
regions. As of May 2019, hosts on Airbnb have generated
over $65 billion in revenue [6].

*e latest development in the field of home-sharing is
several commercial operators to home-sharing platforms,
such as Pillow.com, Marriott Bonvoy, and Tujia. *ese
commercial operators collect the idle homes for unified
operation and management and then rent them through the
home-sharing platform. Different from the Consumer-to-

Consumer (C2C) home-sharing platform based on market
pricing, these commercial operators have pricing power.
*ey can set the prices on behalf of the hosts to maximize
their profits and share the profits with the owners according
to the predetermined proportion of income sharing [7].

For example, while most hosts on Airbnb are individuals,
commercial operators are becoming increasingly influential
[8]. In New York, 12 percent of Airbnb hosts are commercial
operators, which account for 28 percent of total rental in-
come, according to the data [9]. Meanwhile, more than 20
percent of listings are from hosts who own at least ten
properties, indicating that the platform controlling all idle
homes has become a phenomenon worthy of attention in the
field of home-sharing.

*e services provided by the platform often play a crucial
role in influencing the utility of consumers [10]. For ex-
ample, the platform can provide consumers with infra-
structure, cleaning services, and a feedback mechanism for
consumer evaluation. *ese services are important factors
that influence consumers’ purchasing decisions. *ese

Hindawi
Mathematical Problems in Engineering
Volume 2021, Article ID 3104478, 13 pages
https://doi.org/10.1155/2021/3104478

mailto:mapengfei@syccri.com
https://orcid.org/0000-0002-2062-2259
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/3104478


services play an important role in stimulating demand. In
addition, the pricing decision of the platform is very im-
portant, which plays a decisive role in the profitability of the
platform [11, 12]. *erefore, we pay special attention to
home-sharing platforms with pricing power.

Generally, each platform has two strategies to choose
from short-term rental strategy and long-term rental
strategy. Not all home-sharing platforms choose the short-
term rental strategy. If the platform chooses the short-term
rental strategy, it will have more customers sources and
wider geographical scope, but it also has the risk of a low
occupancy rate. If the platform chooses the long-term
leasing strategy, once the transaction is completed, it will
have fixed consumers who come from the region. Although
both the short-term rental strategy and the long-term rental
strategy can be observed in the home-sharing market, it is
difficult to judge which strategy should be chosen under
what conditions when the platform controls all listed homes.
*erefore, we focus on the following key issues:

(1) In the duopoly market, under what conditions will
the platform adopt the short-term rental strategy
better than the long-term rental strategy?

(2) How does the platform determine the optimal ser-
vice price and service level?

(3) How do the commission rate and service cost affect
the strategy selection of the platform?

*e purpose of this paper is to provide reference and
theoretical support for the operational decision-making and
strategy selection of competitive platforms. Based on the
practice of home-sharing platform, we consider that there
are two competing platforms in the market and provide
differentiated housing rental services, respectively. We an-
alyze four cases: Case SS, both platforms choose short-term
rental strategy; Case SL, platform 1 chooses the short-term
rental strategy, and platform 2 chooses the long-term rental
strategy; Case LS, platform 1 chooses the long-term rental
strategy, and platform 2 chooses the short-term rental
strategy; Case LL, both platforms choose the long-term
rental strategy. Firstly, based on the Hotelling model, this
paper constructs the profit maximization model of the
platform in four different cases. Furthermore, it gives the
optimal service price and service level in each case and
analyzes the influence of service cost and commission rate
on the optimal service price, service level, and profit. Finally,
by comparing the platform’s profits in different cases, we
discuss the conditions under which the platforms adopt
different strategies and under what conditions to achieve
equilibrium.

*e main contributions of this paper are as follows.
Firstly, this paper focuses on the optimal pricing decisions
and service investment of the home-sharing platform under
the competitive environment and examines the impact of
commission rate and service cost on the platform’s profit.
Existing studies have analyzed pricing models in the market
through the demand response management framework of
contract theory [13]. Our research can fill the gap of the
existing research. Secondly, through theoretical analysis, we

can gain some new conclusions. For example, under some
conditions, there may be two equilibria; that is, under dif-
ferent circumstances, both platforms can get the optimal
profits. *erefore, we also give the condition of dominant
equilibrium.

*e rest of this paper is as follows. Section 2 reviews the
relevant literature. Section 3 gives the problem description.
Section 4 gives the equilibrium price, service level, and profit
of the two platforms under four cases. In Section 5, we
analyze the market equilibrium and discuss the impact of the
service cost and commission rate on the profits of the two
platforms. In Section 6, we extend our analysis to markets
that are not fully covered and give the equilibrium results of
the two platforms. Section 7 summarizes the main con-
clusions and management implications of this paper and
gives future research. All the proofs are shown in Appendix.

2. Literature Review

*is study is related to two research streams: the business
model and the pricing decisions of the home-sharing
platform. Next, we review the existing research on these two
streams and discuss the interaction between our research
and the existing research.

With the application of Internet and mobile technology
[14, 15], home-sharing platforms have developed rapidly.
*ere is a large amount of literature that studies the business
models of housing sharing platforms. For example, Zhu et al.
point out that the current home-sharing platform has two
business models: the business model priced by the market
and the business model priced by the platform [7]. In the
study of home-sharing based on market pricing, Zhou et al.
find that the price is naturally determined by the supply and
demand in the market; the purpose is to maintain the
balance between supply and demand [16]. Moreover, Gibbs
et al. point out that the price of listings on Airbnb is de-
termined by the host based on the market price, and the
platform only collects commissions and does not enforce
pricing [17]. Zhu et al. point out that, compared with the
home-sharing platform priced by the market, in the home-
sharing platform priced by the platform, although it is still
owned by the individual owner voluntarily, the price is
determined by the platform, and the goal of the platform is
often to maximize its benefit [7]. Different from the above
research, we focus on the optimal pricing decision and
service level investment of home-sharing platforms under a
competitive environment. We analyze different situations:
both platforms adopt the short-term rental strategy, one
platform adopts the short-term rental strategy, and the other
adopts the long-term rental strategy; both platforms adopt
the long-term rental strategy. Furthermore, the conditions of
different strategies are further analyzed.

On the pricing decision of the home-sharing platform,
we can see that scholars have carried out some research
work. For example, Gal-Or studies the competition between
the home-sharing platform and traditional hotels, and the
results show that if the service fee of the platform is low
enough, the consumer surplus will increase [18]. Gal-Or
studies the impact of competition between home-sharing
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platforms on prices. *ey find that the competition can
reduce the fees that platforms can charge consumers [19].
Zhou et al. study the competition between home-sharing
platforms.*ey point out that, under certain conditions, two
platforms will adopt the same commission rate contract [16].
Li et al. conduct an empirical study on the pricing behavior
of experienced and inexperienced hosts on Airbnb.*ey find
that experienced hosts are more likely to earn higher in-
comes because they often adjust prices and respond to high
demand [20]. *e platform can analyze consumers’ pref-
erence for service quality by collecting data about transac-
tions [21–23]. Hong and Yoo study the relationship between
service price and pricing, and their findings deepen the
understanding of hosts’ pricing decisions [24]. Wang and
Nicolau point out the factors that affect the rental price of
Airbnb and also analyze the impact of the pricing of Airbnb
on hotel channel performance [10]. Zervas et al. find that
Airbnb hinders the development of low-end hotels and
hotels that do not cater to business tourists.*ey also believe
that, compared with hotels, the home-sharing platform has
the advantages of low marginal costs and a wide range of
services [25]. Barron et al. analyze the impact of home-
sharing on housing sales and rents through Airbnb’s
transaction data [26]. Different from the above research, we
consider both the optimal pricing decision and service level
investment for home-sharing platforms. We find that the
service price and service level are related to factors such as
the intrinsic value and commission rate of the services of its
competitors.

3. Problem Description

In this paper, we consider that there are two home-sharing
platforms (hereinafter referred to as “the platform”) to
collect individual hosts’ homes, respectively, carry out
unified decoration and management, and then for rental.
Each platform has two strategies to choose from the short-
term rental strategy and the long-term rental strategy. Each
consumer who chooses the short-term rental service can
only rent one day at most, and each consumer who chooses
the long-term rental service can only rent one period at
most. *e rental services of the two platforms are charac-
terized by quality attributes (i.e., vertical differentiation) and
suitability attributes (i.e., horizontal differentiation). All
consumers prefer high-quality service, but different con-
sumers have different preferences. Quality determines the
intrinsic value obtained by consumers from products, and
the suitability attribute describes the negative utility caused
by the inappropriate relationship between consumers’ ideal
service and their expected service.

For the convenience of analysis, the definition and de-
scription of related symbols and variables involved in this
paper are shown in Table 1, where i � 1, 2{ } and
k ∈ SS, SL, LS, LL{ }.

4. Model

In this paper, we build the model based on the Hotelling
model and assume that the market size is N. Each consumer

only needs one service from two platforms at most, and the
preferences of consumers are evenly divided in [0, 1], where
platform 1 is located at 0 and platform 2 is located at 1. A
consumer’s location represents his ideal service. If a service
does not exactly match the consumer’s preferences, then the
consumer incurs inappropriate costs, which increase with
the distance between his location and the given platform.
Assume that the inappropriate cost for consumers to choose
short-term rental service is λ. Since the rental time of long-
term rental service is long, the inappropriate cost of long-
term rental service is assumed to be βλ, where β> 1. *e
utility functions of consumers are as follows:

US1 � vS1 − p
k
1 + αx

k
1 − λt, (1)

UL1 �
vL1 − p

k
1

N
+ αx

k
1 − βλt, (2)

US2 � vS2 − p
k
2 + αx

k
2 − λ(1 − t), (3)

UL2 �
vL2 − p

k
2

N
+ αx

k
2 − βλ(1 − t). (4)

Next, we will analyze the different strategies adopted by
each platform.

4.1. Case SS: Both Platforms Choose the Short-Term Rental
Strategy. When both platforms choose the short-term rental
strategy, the utility of consumers choosing platforms 1 and 2
is equations (1) and (3), respectively, as shown in Figure 1.

*e goal of each consumer is to maximize their utility.
*erefore, the whole market is divided into (0, t0) and
(t0, 1). Consumers in (0, t0) prefer to choose the service of
platform 1 rather than that of platform 2. On the contrary,
consumers in (t0, 1) prefer the service of platform 2 rather
than that of platform 1. *e marginal consumers at t0 have
no difference in choosing the service of platform 1 and
platform 2.

By US1 � US2, we can obtain
t0 � ((λ − pSS

1 + pSS
2 + vS1 − vS2 + αxSS

1 − αxSS
2 )/2λ); then the

demand functions of platform 1 and platform 2 are D1
SS � t0

and D2
SS � 1 − t0, respectively.

Under Case SS, the profit functions of the platforms are,
respectively, in equations (5) and (6):

ΠSS1 � r1p
SS
1 D

SS
1 N − c x

SS
1 

2
, (5)

ΠSS2 � r2p
SS
2 D

SS
2 N − c x

SS
2 

2
. (6)

Each platform determines the optimal short-term rental
service price pSS∗

i and the service level xSS∗
i to maximize its

profit. *e optimal solutions can be obtained by substituting
t0 into equations (5) and (6), respectively. In this paper, we
assume that the second-order conditions are positive (i.e.,
8cλ − α2r1N> 0 and 8cλ − α2r2N> 0), which can ensure that
the demand functions of each platform are positive.

By solving the profit functions of platform 1 and plat-
form 2, the following lemma can be obtained.
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Lemma 1. 7e optimal short-rental price and the service level
of platform 1 and platform 2, are, respectively,

p
SS∗
1 �

2λ 6cλ − α2r2N + 2cvS1 − 2cvS2 

12cλ − α2r1N − α2r2N
,

x
SS∗
1 �

αr1N 6cλ − α2r2N + 2cvS1 − 2cvS2 

2c 12cλ − α2r1N − α2r2N 
,

p
SS∗
2 �

2λ 6cλ − α2r1N − 2cvS1 + 2cvS2 

12cλ − α2r1N − α2r2N
,

x
SS∗
2 �

αr2N 6cλ − α2r1N − 2cvS1 + 2cvS2 

2c 12cλ − α2r1N − α2r2N 
.

(7)

Furthermore, the demand and profit of platform 1 can be
obtained as

D
SS∗
1 �

6cλ − α2r2N + 2cvS1 − 2cvS2

12cλ − α2r1N − α2r2N
,

ΠSS
∗

1 �
r1N 8cλ − α2r1N  6cλ − α2r2N + 2cvS1 − 2cvS2 

2

4c 12cλ − α2r1N − α2r2N 
2 .

(8)

7e demand and the profit of platform 2 can be obtained
as

D
SS∗
2 �

6cλ − α2r1N − 2cvS1 + 2cvS2

12cλ − α2r1N − α2r2N
,

ΠSS
∗

2 �
r2N 8cλ − α2r2N  6cλ − α2r1N − 2cvS1 + 2cvS2 

2

4c 12cλ − α2r1N − α2r2N 
2 .

(9)

4.2. Case SL: Platform 1 Chooses the Short-Term Rental
Strategy, and Platform 2 Chooses the Long-Term Rental
Strategy. Under Case SL, we analyze the operational deci-
sions of the two platforms. *e utility obtained by con-
sumers using the services of platform 1 and platform 2 is
equations (1) and (4), respectively, as shown in Figure 2.

Similar to Case SS, the whole market is divided in (0, t1)

and (t1, 1). *e consumers in (0, t1) prefer to choose the
service of platform 1 rather than that of platform 2. On the
contrary, the consumers in (t1, 1) prefer the service of
platform 2 rather than that of platform 1. *e marginal
consumer at t1 has no difference in choosing the service of
platform 1 and platform 2.

By US1 � UL2, we can obtain t1 � ((N(vS1−

pSL
1 + βλ + αxSL

1 − αxSL
2 ) + pSL

2 − vL2)/Nλ(β + 1)); then the
demand functions of platform 1 and platform 2 are DSL

1 � t1
and D2

SS � 1 − t0, respectively.
Under Case SL, the profit functions of the platforms are,

respectively, in equations (10) and (11):

Table 1: Summary of notations.

Notations Descriptions
pk

i Service price (decision variable).
xk

i Service level (decision variables).
N *e number of days in a period.
vSi *e intrinsic value of short-term rental services.
vLi *e intrinsic value of long-term rental services.
xk

i Utility per unit of service level.
λ/βλ *e unsuitable cost for consumers to choose the short-term rental service/ the long-term rental service, where β> 1.
c Unit cost of services provided by the platform.
ri Commission rate.

1

U

t0 t0

US1 US2

Figure 1: Market segmentation under Case SS.
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ΠSL1 � r1p
SL
1 D

SL
1 N − c x

SL
1 

2
, (10)

ΠSL2 � r2p
SL
2 D

SL
2 − c x

SL
2 

2
. (11)

Each platform determines the optimal short-term rental
service price pSL∗

i and the service level xSL∗
i to maximize its

profit. *e optimal solutions can be obtained by substituting
t1 into equations (10) and (11), respectively. We assume that
the second-order conditions are positive (i.e., 4cλ + 4βcλ −

α2r1N> 0 and 4cλ + 4βcλ − α2r2N> 0), which can ensure
that the demand functions of each platform are positive.

By solving the profit functions of platform 1 and plat-
form 2, the following lemma can be obtained.

Lemma 2. 7e optimal short-rental price and the service level
of platform 1 and platform 2 are, respectively,

p
SL∗
1 �

λ(β + 1) 2cλN + 4βcλN − α2r2N
2

+ 2cNvS1 − 2cvL2 

N 6cλ + 6βcλ − α2r1N − α2r2N 
,

x
SL∗
1 �

αr1 2cλN + 4βcλN − α2r2N
2

+ 2cNvS1 − 2cvL2 

2c 6cλ + 6βcλ − α2r1N − α2r2N 
,

p
SL∗
2 �

λ(β + 1) 2βcλN + 4cλN − α2r1N
2

− 2cNvS1 + 2cvL2 

6cλ + 6βcλ − α2r1N − α2r2N
,

x
SL∗
2 �

αr2 2βcλN + 4cλN − α2r1N
2

− 2cNvS1 + 2cvL2 

2c 6cλ + 6βcλ − α2r1N − α2r2N 
.

(12)

Furthermore, the demand and profit of platform 1 are as
follows:

D
SL∗
1 �

2cλN + 4βcλN − α2r2N
2

+ 2cNvS1 − 2cvL2

N 6cλ + 6βcλ − α2r1N − α2r2N 
,

ΠSL
∗

1 �
r1 4cλ + 4βcλ − α2r1N  2cλN + 4βcλN − α2r2N

2
+ 2cNvS1 − 2cvL2 

2

4cN 6cλ + 6βcλ − α2r1N − α2r2N 
2 .

(13)

7e demand and profit of platform 2 are as follows:

D
SL∗
2 �

2βcλN + 4cλN − α2r1N
2

− 2cNvS1 + 2cvL2

N 6cλ + 6βcλ − α2r1N − α2r2N 
,

ΠSL
∗

2 �
r2 4cλ + 4βcλ − α2r2N  2βcλN + 4cλN − α2r1N

2
− 2cNvS1 + 2cvL2 

2

4cN 6cλ + 6βcλ − α2r1N − α2r2N 
2 .

(14)

4.3. Case LS: Platform 1 Chooses the Long-Term Rental
Strategy, and the Platform 2 Chooses the Short-Term Rental
Strategy. *e results of Case LS can be solved in the same
way as Case SL. Under Case LS, the utility obtained by
consumers using the services of platform 1 and platform
2, respectively, is equations (2) and (3), as shown in
Figure 3.

Similar to Case SL, by solving UL1 � US2, we can obtain
t2 � ((N(λ + pLS

2 − vS2 + α xLS
1 − αxLS

2 ) − pLS
1 + vL1)/Nλ

(β+ 1)); then the demand functions of platform 1 and
platform 2 are DLS

1 � t2 and DLS
2 � 1 − t2.

Under Case LS, the profit functions of the platforms are,
respectively, in equations (15) and (16):

ΠLS1 � r1p
LS
1 D

LS
1 − c x

LS
1 

2
, (15)

ΠLS2 � r2p
LS
2 D

LS
2 N − c x

LS
2 

2
. (16)

Each platform determines the optimal service price pLS∗
i

and the service level xLS∗
i to maximize its profit. *e optimal

solutions can be obtained by substituting t2 into equations
(15) and (16), respectively. We assume that the second-order

1

U

t0 t1

US1 UL2

Figure 2: Market segmentation under Case SL.

Mathematical Problems in Engineering 5



conditions are positive (i.e., 4cλ + 4βcλ − α2r1N> 0 and
4cλ + 4βcλ − α2r2N> 0), which can ensure that the demand
functions of each platform are positive.

By solving the profit functions of platform 1 and plat-
form 2, the following lemma can be obtained.

Lemma 3. 7e optimal short-rental price and the service level
of platform 1 and platform 2 are, respectively,

p
LS∗
1 �

λ(β + 1) 2βcλN + 4cλN − α2r2N
2

+ 2cvL1 − 2cNvS2 

6cλ + 6βcλ − α2r1N − α2r2N
,

x
LS∗
1 �

αr1 2βcλN + 4cλN − α2r2N
2

+ 2cvL1 − 2cNvS2 

2c 6cλ + 6βcλ − α2r1N − α2r2N 
,

p
LS∗
2 �

λ(β + 1) 2cλN + 4βcλN − α2r1N
2

− 2cvL1 + 2cNvS2 

N 6cλ + 6βcλ − α2r1N − α2r2N 
,

x
LS∗
2 �

αr2 2cλN + 4βcλN − α2r1N
2

− 2cvL1 + 2cNvS2 

2c 6cλ + 6βcλ − α2r1N − α2r2N 
.

(17)

Furthermore, the demand and profit of platform 1 are as
follows:

D
LS∗
1 �

2βcλN + 4cλN − α2r2N
2

+ 2cvL1 − 2cNvS2

N 6cλ + 6βcλ − α2r1N − α2r2N 
,

ΠLS
∗

1 �
r1 4cλ + 4βcλ − α2r1N  2βcλN + 4cλN − α2r2N

2
+ 2cvL1 − 2cNvS2 

2

4cN 6cλ + 6βcλ − α2r1N − α2r2N 
2 .

(18)

7e demand and profit of platform 2 are as follows:

D
LS∗
2 �

2cλN + 4βcλN − α2r1N
2

− 2cvL1 + 2cNvS2

N 6cλ + 6βcλ − α2r1N − α2r2N 
,

ΠLS
∗

2 �
r2 4cλ + 4βcλ − α2r2N  2cλN + 4βcλN − α2r1N

2
− 2cvL1 + 2cNvS2 

2

4cN 6cλ + 6βcλ − α2r1N − α2r2N 
2 .

(19)

1

U

t0 t2

UL1 US2

Figure 3: Market segmentation under Case LS.
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4.4. Case LL: Both Platforms Choose the Long-Term Rental
Strategy. Under Case LL, the utility obtained by the con-
sumers using the services of platform 1 and platform 2,
respectively, is equations (2) and (4), as shown in Figure 4.

Similar to Case LS, by solving UL1 � UL2, we can obtain
t3 � ((N (βλ + αxLL

1 − αxLL
2 ) − pLL

1 + pLL
2 + vL1 − vL2)/2βλ

N); then the demand functions of platform 1 and platform 2
are DLL

1 � t3 and DLL
2 � 1 − t3.

Under Case LL, the profit functions of the platforms are,
respectively, in equations (20) and (21):

ΠLL1 � r1p
LL
1 D

LL
1 − c x

LL
1 

2
, (20)

ΠLL2 � r2p
LL
2 D

LL
2 − c x

LL
2 

2
. (21)

Each platform determines the optimal service price pLL∗
i

and the service level xLL∗
i to maximize its profit. *e optimal

solutions can be obtained by substituting t3 into equations
(20) and (21), respectively. We assume that the second-order
conditions are positive (i.e., 8βcλ − α2r1N> 0 and
8βcλ − α2r1N> 0), which can ensure that the demand
functions of each platform are positive.

By solving the profit functions of platform 1 and plat-
form 2, the following lemma can be obtained.

Lemma 4. 7e optimal short-rental price and the service level
of platform 1 and platform 2 are, respectively,

p
LL∗
1 �

2βλ 6βcλN − α2r2N + 2cvL1 − 2cvL2 

12βcλ − α2r1N − α2r2N
,

x
LL∗
1 �

αr1 6βcλN − α2r2N
2

+ 2cvL1 − 2cvL2 

2c 12βcλ − α2r1N − α2r2N 
,

p
LL∗
2 �

2βλ 6βcλN − α2r1N
2

− 2cvL1 + 2cvL2 

12βcλ − α2r1N − α2r2N
,

x
LL∗
2 �

αr2 6βcλN − α2r1N
2

− 2cvL1 + 2cvL2 

2c 12βcλ − α2r1N − α2r2N 
.

(22)

Furthermore, the demand and profit of platform 1 are as
follows:

D
LL∗
1 �

6βcλN − α2r2N + 2cvL1 − 2cvL2

N 12βcλ − α2r1N − α2r2N 
,

ΠLL
∗

1 �
r1 8βcλ − α2r1N  6βcλN − α2r2N

2
+ 2cvL1 − 2cvL2 

2

4cN 12βcλ − α2r1N − α2r2N 
2 .

(23)

7e demand and profit of platform 2 are as follows:

D
LL∗
2 �

6βcλN − α2r1N
2

− 2cvL1 + 2cvL2

N 12βcλ − α2r1N − α2r2N 
,

ΠLL
∗

2 �
r2 8βcλ − α2r2N  6βcλN − α2r1N

2
− 2cvL1 + 2cvL2 

2

4cN 12βcλ − α2r1N − α2r2N 
2 .

(24)

5. Market Equilibrium

*e game is divided into three stages. First, platform 1 and
platform 2 simultaneously decide whether to adopt the
short-term or long-term rental strategy. Next, the two
platforms determine the service price and the service level at
the same time. Finally, consumers make purchase decisions
after obtaining market information (e.g., service price, the
rental strategy of the platform). In addition, due to the
complexity of the model of duopoly market, we also give
some numerical analysis to visually display the results to
obtain more management insights, in which the parameter is
set to vL1 � 309, vL2 � 306, vs1 � 10, vs2 � 9.8, β � 1.2,
λ � 13, α � 7, N � 30, r1 � 0.56, and r2 � 0.55.

In this paper, the equilibrium results under four different
cases can be obtained by backward induction. In each
subgame, we can obtain the optimal service price, service
level, and profit of the two platforms. Table 2 summarizes the
profits of the two platforms. By solving the payoff matrix in
Table 2, the following proposition is obtained.

Proposition 1. 7e market equilibria under different con-
ditions are as follows:

(i) ifΔV1 <T1, and ΔV2 <T2, Case SS is an equilibrium;
(ii) if ΔV1 <T3, and ΔV2 >T2, Case SL is an

equilibrium;
(iii) if ΔV1 >T1, and ΔV2 <T4, Case LS is an

equilibrium;
(iv) if ΔV1 >T3, and ΔV2 >T4, Case LL is an

equilibrium;

where ΔV � vS1 − vS2, ΔV1 � vL1 − NvS1 ΔV2 � vL2 − NvS2,

1

U

t0 t3

UL1 UL2

Figure 4: Market segmentation under Case LL.

Mathematical Problems in Engineering 7



T1 �
α2r2N

2
− 2cNΔV − 2βcλN − 4cλN + A1

2c
,

T2 �
α2r1N

2
+ 2cNΔV − 2βcλN − 4cλN + A2

2c
,

T3 �
α2r2N

2
− 2cNΔV − 6βcλN + 2cΔV2 + A3

2c
,

T4 �
2cΔV1 + 2cNΔV + α2r1N

2
− 6βcλN + A4

2c
,

A1 �
N 6cλ + 6βcλ − α2r1N − α2r2N  6cλ − α2r2N + 2cΔV 

����������

8cλ − α2r1N


12cλ − α2r1N − α2r2N 

����������������

4cλ + 4βcλ − α2r1N
 ,

A2 �
N 6cλ + 6βcλ − α2r1N − α2r2N  6cλ − α2r1N − 2cΔV 

����������

8cλ − α2r2N


12cλ − α2r1N − α2r2N 

����������������

4cλ + 4βcλ − α2r2N
 ,

A3 �
12βcλ − α2r1N − α2r2N  2cλN + 4βcλN − α2r2N

2
+ 2cNΔV − 2cΔV2 

���������������

4cλ + 4βcλ − α2rN



6cλ + 6βcλ − α2r1N − α2r2N 

�����������

8βcλ − α2r1N
 ,

A4 �
12βcλ − α2r1N − α2r2N  2cλN + 4βcλN − α2r1N

2
+ 2cNΔV − 2cΔV1 

����������������

4cλ + 4βcλ − α2r2N


6cλ + 6βcλ − α2r1N − α2r2N 

�����������

8βcλ − α2r2N
 .

(25)

Proposition 1 describes four possible conditions of market
equilibrium. Specifically, if the difference in the intrinsic values
of the service (ΔV1 and ΔV2) is small, then both platforms
choose to adopt the short-term rental strategy in equilibrium. If
the difference in the intrinsic values of the service (i.e.,ΔV1 and
ΔV2) is high enough, then the two platforms adopt the long-
term rental strategy. When the intrinsic value of the service of
platform 1 is high and and the intrinsic value of the service of
platform 2 is small, then the platform 1 adopts the short-term
rental strategy, while platform 2 adopts the long-term rental
strategy.

When choosing the rental strategy, the platform must
consider the intrinsic value of the services provided by com-
petitors. If there is a significant difference in the intrinsic value
difference between the services of the two platforms, the plat-
form with the high intrinsic value difference chooses to adopt a
long-term rental strategy in equilibrium, while the competitor
chooses to adopt the short-term rental strategy.When facedwith
competitors with higher quality services, services can attract
more consumers and expand the consumer base.*erefore, it is
more profitable to choose the long-term rental strategy for a
platform with high service quality. If the difference in the

intrinsic value of services of each platform is significant, there are
two situations: if the difference in the intrinsic value of services is
small, the two platforms adopt the short-term rental strategy
when in equilibrium; if there is a large difference in the intrinsic
value of services, the two platforms will adopt the long-term
rental strategy when they are in equilibrium.

However, when the quality difference between the long-
term rental service and the short-term rental service is
moderate, there are two equilibria in both cases, as shown in
Proposition 2.

Proposition 2. Table 3 summarizes the conditions under
which the two equilibria exist and the corresponding domi-
nant equilibria, as shown in Figure 5.

In Table 3, we can find that when the threshold of the
difference in service quality satisfies T1 <T3 and T2 <T4, there
may be two equilibria in some similar regions. As shown in
Figure 5(a), the region A-B-C-D is marked as SL/LS. We can
also find that when the threshold of the difference in service
quality satisfies T3 <T1 and T4 <T2, there are two equilibria in
some similar regions; that is, both platforms adopt the

Table 2: Equilibrium profits.

Platform 2
Short-term rental strategy Long-term rental strategy

Platform 1 Short-term rental strategy (ΠSS
∗

1 ,ΠSS
∗

2 ) (ΠSL
∗

1 ,ΠSL
∗

2 )

Long-term rental strategy (ΠLS
∗

1 ,ΠLS
∗

2 ) (ΠLL∗1 ,ΠLL∗2 )
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short-term rental strategy or the long-term rental strategy. As
shown in Figure 5(b), the region E-F-G-H is marked as SS/LL.
*is is because a platform’s competitors choose the short-term
rental strategy; there are two reasons for the platform to give up
the long-term rental strategy. One is the quality of its service,
and the other is to compete with it for more consumers. *e
more the competitor’s customer base, the greater the con-
sumer’s demand for rental services.*erefore, the platformwill
lose market share and exit the market.

Proposition 3

(i) If both platforms choose the short-term rental
strategy in equilibrium, when ri < (4cλ (12cλ −α2
rjN)/α2N(8cλ− α2rjN)), (zΠi /zri)> 0, and
(zΠi/zrj)> 0.

(ii) If the platform i chooses the short-term rental strategy
and the platform j chooses the long-term rental
strategy in equilibrium, when ri < (2cλ(1 +β) [6cλ
(1 + β) − α2rjN]/α2N(4cλ + 4βcλ − α2rjN)), (zΠi/
zri)> 0, and (zΠi/zrj)> 0.

(iii) If both platforms choose the log-term rental strategy
in equilibrium, when ri > (4βcλ(12βcλ − α2rjN)/α2
N(8βcλ − α2rjN)), (zΠi/zri)> 0, and (zΠi/zrj)

> 0, where i, j ∈ 1, 2{ }, i≠ j.

Proposition 3 shows that when both platforms choose
the short-term rental strategy or the long-term rental
strategy, the profit of platform i increases with the increase of
its commission rate (ri); no matter how ri changes, the profit
of platform i increases with the increase of commission rate
(rj) of the competitive platform. In other words, if any
commission rate increases, the profit of the platform will
increase. *e difference is that when the two platforms
choose different rental strategies, the profit of platform i

increases with the increase of its commission rate (ri); no
matter how ri changes, the profit of platform i decreases with
the increase of commission rate (rj) of competitive platform.

Proposition 4. In equilibrium, there are (zΠi/zc)> 0 and
(zΠj/zc)> 0, where i, j ∈ 1, 2{ }, i≠ j.

Proposition 4 shows that regardless of whether platform
i and platform j choose the short-term rental strategy or the
long-term rental strategy, the profits of platform i and
platform j increase with their service cost c increases. *e
platform can reduce service costs and make it more prof-
itable under the premise of ensuring service quality.

From Figures 6–9, we can find that the results of nu-
merical analysis are consistent with those of Proposition 4. It

can be seen from Figures 6–8 that, in the equilibrium state,
the profit of platform 2 is larger than that of platform 1 under
Cases SS, SL, and LS. In Figure 9, the profit of platform 1 is
larger than that of platform 2 under Case LL. Furthermore,
the platform can actually estimate the service cost of the
industry through sufficient market research.

6. Extension

In the previous sections, this paper assumes that the market
is fully covered. In this section, we relax this assumption to
explore the market strategy and operational decisions of
home-sharing platforms as local monopoly platforms.

6.1. Case SS: Both Platforms Are Local Monopolies and Both
Platforms Choose the Short-Term Rental Strategy. When the
market is not fully covered, both platforms are local mo-
nopolies. *e marginal consumers who choose the service of
platform 1 are at t1e � ((vS1 − pSS

1e + αxSS
1e)/λ), and the

marginal consumers who choose the service of platform 2
are at t2e � ((λ + pSS

2e − vS2 − αxSS
2e)/λ). *e consumers be-

tween [0, t1e] choose the short-term rental service of plat-
form 1, and the consumers between [t2e, 1] choose the short-
term rental service of platform 2, where t1e < t2e. In this
setting, these platforms do not directly compete with
marginal consumers. *erefore, the profit functions of
platform 1 and platform 2 are as follows: ΠSS1e � r1p

SS
1et1eN −

c(xSS
1e)2 and ΠSS2e � r2p

SS
2e(1 − t2e)N − c(xSS

2e)2. In equilib-
rium, the platforms determine the prices and the service
levels, respectively, to maximize the profits. According to the
first-order conditions of the profit functions on price and
service level, the price and service level of platform 1 under
equilibrium can be obtained as pSS∗

1e � (2cλvS1
/(4cλ − α2r1N)), pSS∗

1e � (2cλvS1/(4cλ − α2r1N)), and
xSS∗
1e � (αr1vS1N/(4cλ − α2r1N)). Furthermore, the demand

and profit of platform 1 can be obtained as
DSS∗

1e � (2cvS1/(4cλ − α2r1N)) and ΠSS
∗

1e � (cr1v
2
S1N/(4cλ −

α2r1N)). Similarly, we can get that the price and the service
level of platform 2 are pSS∗

2e � (2cλvS2/(4cλ − α2r2N)) and
xSS∗
2e � (αr2vS2N/(4cλ − α2r2N)). Furthermore, the demand

and profit of platform 2 are DSS∗
2e � (2cvS2/(4cλ − α2r2N))

and ΠSS∗2e � (cr2v
2
S2N/(4cλ − α2r2N)).

We need to ensure that 0< t1e < t2e < 1, so that both
platforms can act as local monopolies. To ensure t1e < t2e, 2c

[vS1(4cλ − α2r2N) + vS2(4cλ − α2r1N)]< (4cλ − α2r1N) (4c

λ − α2r2N) must be met. If this condition is not met, the two
platforms will directly complete with marginal consumers.

6.2. Case SL: Both Platforms Are LocalMonopolies, Platform 1
Chooses the Short-Term Rental Strategy, and Platform 2
Chooses the Long-Term Rental Strategy. When platform 1
chooses the short-term rental strategy and platform 2
chooses the long-term rental strategy, the marginal con-
sumers who choose the service of platform 1 are at
t1e � ((vS1 − pSL

1e + αxSL
1e )/λ), and the marginal consumers

who choose the service of platform 2 are at
t2e � ((βλN − αxSL

2e N + pSL
2e − vL2)/βλN). *e consumers

Table 3: Two equilibria.

Two equilibria Dominant equilibrium Parameter condition

SS and LL SS T3 <ΔV1 <T1 and
T4 <ΔV2 <T2

SL and LS — T1 <ΔV1 <T3 and
T2 <ΔV2 <T4
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between [0, t1e] choose the short-term rental service of
platform 1, and the consumers between [t2e, 1] choose the
long-term rental service of platform 2, where t1e < t2e. *e
profit functions of platform 1 and platform 2 are as follows:
ΠSL1e � r1p

SL
1e t1eN − c(xSL

1e )2 and ΠSL2e � r2p
SL
2e (1 − t2e) −

c(xSL
2e )2. According to the first-order conditions of platform

1’s profit function on price and service level, we can find that
the price and service level of platform 1 are
pSL∗
1e � (2cλvS1/(4cλ − α2r1N)) and xSL∗

1e � (αr1vS1N/(4cλ−

α2r1N)). *erefore, the demand and profit of platform 1 are
DSL∗

1e � (2cvS1/(4cλ − α2r1N)) and ΠSL
∗

1e � (cr1v
2
S1N/(4cλ

− α2r1N)). Similarly, the price and service level of platform 2
are pSL∗

2e � (2βcλvL2/(4βcλ − α2r2N)) and xSL∗
2e � (αr2vL2/

(4βcλ − α2r2N)), respectively. Furthermore, the demand
and profit of platform 2 are DSL∗

2e � (2cvL2/
(4βcλ − α2r2N)N) and ΠSL∗2e � (cr2v

2
L2/(4βcλ − α2r2N)N),

respectively.

We need to ensure that 0< t1e < t2e < 1, so that both
platforms can act as local monopolies. To ensure t1e < t2e,
2c[vS1(4βcλ − α2r2N)N + vL2(4cλ − α2r1N)]< (4cλ − α2r1
N)(4βcλ − α2r2N)N must be met. If this condition is not
met, the two platforms will directly complete with marginal
consumers.

6.3. Case LS: Both Platforms Are LocalMonopolies, Platform 1
Chooses the Long-Term Rental Strategy, and Platform 2
Chooses the Short-Term Rental Strategy. When platform 1
chooses the long-term rental strategy and platform 2 chooses
short-term rental strategy, the marginal consumers who
choose the service of platform 1 are at
t1e � ((αxLS

1e N − pLS
1e + vL1)/βλN), and the marginal con-

sumers who choose the service of platform 2 are at
t2e � ((λ + pLS

2e − αxLS
2e − vL2)/λ). *e consumers between

0
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LLSL SL

SL SL/LS

LS LS

LS

A B

D C
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T1 T3
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SS SS/LL

SS LS
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E F

H G

0
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T3 T1

T4

ΔV2

ΔV1
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Figure 5: Two equilibria.
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[0, t1e] choose the long-term rental service of platform 1, and
the consumers between [t2e, 1] choose the short-term rental
service of platform 2, where t1e < t2e. *e profit functions of
platform 1 and platform 2 are as follows: ΠLS1e � r1p

LS
1e t1e −

c(xLS
1e )2 and ΠLS2e � r2p

LS
2e (1 − t2e)N − c(xLS

2e )2. According to
the first-order conditions of platform 1’s profit function on
price and service level, we can find that the price and service
level of platform 1 are pLS∗

1e � (2βcλvS1/(4βcλ − α2r1N)) and
xLS∗
1e � (αr1vL1/(4βcλ − α2r1N)). *erefore, the demand and

profit of platform 1 are DLS∗
1e � (2cvL1/(4βcλ − α2r1N)N)

and ΠLS∗1e � (cr1v
2
L1/(4βcλ − α2r1N)N). Similarly, the price

and service level of platform 2 are pLS∗
2e � (2cλvS2/(4cλ −

α2r2N)) and xLS∗
2e � (αr2vS2N/(4cλ − α2r2N)), respectively.

Furthermore, the demand and profit of platform 2 are
DLS∗

2e � (2cvS2/(4cλ − α2r2N)) and ΠLS
∗

2e � (cr2v
2
S2N/(4cλ−

α2r2N)), respectively.
We need to ensure that 0< t1e < t2e < 1, so that both

platforms can act as local monopolies. To ensure t1e < t2e,

2c[vL1(4cλ − α2r2N) + vS2(4βcλ − α2r1N)N]< (4cλ − α2r2
N)(4βcλ − α2r1N)N must be met. If this condition is not
met, the two platforms will directly complete with marginal
consumers.

6.4. Case LL: Both Platforms Are Local Monopolies and Both
Platforms Choose Long-Term Rental Strategy. When plat-
form 1 and platform 2 choose the long-term rental strategy,
the marginal consumers who choose the service of platform
1 are at t1e � ((αxLL

1e N − pLL
1e + vL1)/βλN), and the marginal

consumers who choose the service of platform 2 are at
t2e � ((βλN − αxLL

2e N + pLL
2e − vL2)/βλN). *e consumers

between [0, t1e] choose the long-term rental service of
platform 1, and the consumers between [t2e, 1] choose the
long-term rental service of platform 2, where t1e < t2e. *e
profit functions of platform 1 and platform 2 are as follows:
ΠLL1e � r1p

LL
1e t1e − c(xLL

1e )2 and ΠLL2e � r2p
LL
2e (1 − t2e) − c

(xLL
2e )2. According to the first-order conditions of platform

1’s profit function on price and service level, we can find that
the price and service level of platform 1 are pLL∗

1e � (2βc

λvL1/(4βcλ − α2r1N)) and xLL∗
1e � (αr1vL1/(4βcλ − α2r1 N)).

*erefore, the demand and profit of platform 1 are DLL∗
1e �

(2cvL1/(4βcλ − α2r1N)N) and ΠLL∗1e � (cr1v
2
L1/(4βcλ−

α2r1N)N). Similarly, the price and service level of platform 2
are pLL∗

2e � (2βcλvL2/(4βcλ − α2r2N)) and xLL∗
2e � (αr2vL2/(4

βcλ − α2r2N)), respectively. Furthermore, the demand and
profit of platform 2 are DLL∗

2e � (2cvL2/(4βcλ − α2r2N)N)

and ΠLL∗2e � (cr2v
2
L2 / (4βcλ − α2r2N)N), respectively.

We need to ensure that 0< t1e < t2e < 1, so that both
platforms can act as local monopolies. To ensure t1e < t2e,
2c[vL1 (4βcλ − α2r2N) + vL2 (4βcλ − α2r1N)]< (4βcλ − α2
r1N)(4βcλ − α2r2N)N must be met. If this condition is not
met, the two platforms will directly complete with marginal
consumers.

7. Conclusion

In this paper, we examine a duopoly housing sharing
platform market, in which two platforms provide rental
services to consumers. Each platform can choose the short-
term rental strategy or the long-term rental strategy. When
two platforms make decisions, there are four cases (i.e., Case
SS, Case SL, Case LS, and Case LL). *e two platforms
determine the optimal price and service level to maximize
their own profits, based on the competitors’ observed de-
cisions. In this paper, the equilibrium price and profit are
given by using game theory, and the market equilibrium is
analyzed to determine the applicable conditions of each
strategy.

*e results show that whether the platform adopts the
short-term rental strategy or the long-term rental strategy
largely depends on the service quality of competitors.
Specifically, when the difference of service value is small, it is
better for the two platforms to adopt the short-term rental
strategy, and when the difference of services value is large,
the two platforms intend to adopt the long-term rental
strategy. We also find that there may be two equilibria under
certain conditions, and we also give the conditions of
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dominant equilibrium. In addition, we also find that the
commission rate of the two platforms will affect the profits of
the platforms, and when the service quality is fixed, the
platform can benefit from the decreasing service cost. Fi-
nally, we analyze the uncovered market and get the equi-
librium profits of the two platforms.

Our results can provide some important management
implications for the strategic choice of home-sharing plat-
forms in the competitive home-sharingmarket. First, when a
platform plans to choose the short-term rental strategy or
the long-term rental strategy, it needs to compare the service
quality with its competitors. Each platform should build its
own user base to improve profits. Second, when the platform
and the competitor have the same or almost the same level of
service quality, the platform will choose the strategy
according to the intrinsic value of the competitor’s service.
Finally, the commission rate or service cost will also affect
the profits of the platforms. *erefore, these management
implications provide a reference for home-sharing platforms
in different cases.

Future work can also be carried out in two aspects. First,
we focus on all listed homes on the commercial operator
control platform in this paper. In some home-sharing
platforms, commercial operators and individual hosts also
coexist. Second, the home-sharing platform holds a large
number of data, and the influence of data-driven on the
operational decision of the home-sharing platform can be
considered in the future.

Appendix

Proof . of Lemma 1.
By US1 � US2, we can obtain

t0 � ((λ − pSS
1 + pSS

2 + vS1 − vS2 + αxSS
1 − αxSS

2 )/2λ). Further-
more, D1

SS � t0 and D2
SS � 1 − t0. Substituting D1

SS and D2
SS

into equations (5) and (6), respectively, we can get

ΠSS1 � r1p
SS
1 D

SS
1 N − c x

SS
1 

2
,

ΠSS2 � r2p
SS
2 D

SS
2 N − c x

SS
2 

2
.

(A.1)

Let (zΠSS1 /zpSS
1 ) � 0, (zΠSS1 /zxSS

1 ) � 0, (zΠSS2 /zpSS
2 ) � 0,

and (zΠSS2 /zxSS
2 ) � 0, and solve them simultaneously; we can

get pSS∗
1 � (2λ(6cλ − α2r2N + 2cvS1− 2cvS2)/(12cλ − α2r1N

− α2r2N)), xSS∗
1 � (αr1N(6cλ − α2r2N + 2cvS1 − 2cvS2)/

2c(12cλ− α2r1N − α2r2N)), pSS∗
2 � (2λ(6cλ − α2r1N −2cvS1

+ 2cvS2)/(12cλ − α2r1N − α2r2N)), and xSS∗
2 � (αr2N(6cλ −

α2r1N − 2c vS1 + 2cvS2)/2c(12cλ − α2r1N − α2r2N)).
*rough the analysis, we know that they are the optimal

solutions of models (5) and (6) under the conditions of 8cλ −

α2r1N> 0 and 8cλ − α2r2N> 0.
*erefore, Lemma 1 holds.
*e proof process of the remaining lemmas is similar to

that of Lemma 1, which is not discussed here. □

Proof . of Proposition 1.

(i) When ΠSS
∗

1 >Π
LS∗
1 , ΠSS

∗

2 >Π
SL∗
2 , Case SS is an

equilibrium.
(ii) When ΠSL

∗

1 >Π
LL∗
1 , ΠSL

∗

2 >Π
SS∗
2 , Case SL is an

equilibrium.
(iii) When ΠLS

∗

1 >Π
SS∗
1 , ΠLS

∗

2 >Π
LL∗
2 , Case LS is an

equilibrium.
(iv) When ΠLL∗1 >Π

SL∗
1 , ΠLL∗2 >Π

LS∗
2 , Case LL is an

equilibrium.

We can solve (i)–(iv) separately and get the conditions of
each equilibrium.*e solution process will not be discussed.

*erefore, Proposition 1 holds.
*e proof process of the remaining propositions is

similar to that of Proposition 1, which is not discussed
here. □
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