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In view of the problem of competitive facility location in urban planning, the response of competitors to the new facility is
considered. We use Huff’s probability model to describe the market share of all facilities which depends on its service quality and
its distance from customers. To maximize the market share of facilities, a two-stage method (quality decision stage and location
decision stage) is adopted, which takes into account the responses of competitors. In the stage of quality decision, the competitive
decision-making process is simulated as a game process and solved by Nash equilibrium. )e solution of the quality decision
process can be expressed as a function of the new facility’s location which can be obtained by polynomial approximation. In the
location decision stage, we apply the interval analysis based on branch and bound algorithm to determine the optimal location of
new facility. )en, we use the randomly generated numerical experiment to verify the effectiveness of the model and algorithm.
Finally, we apply this model and algorithm to the location of a new shopping mall in Putuo district, Shanghai.

1. Introduction

Since the reform and opening-up, China’s economy has
developed rapidly, and its urbanization process has also
accelerated significantly. A common problem in China’s
urban construction is the layout of various facilities in the
city, including public facilities and commercial facilities.
)is type of urban facility layout issues not only include
specific facilities such as schools, hospitals, security and
disaster-prevention facilities, and shopping malls, but also
abstract facilities such as bus lines. As the largest developing
country in the world, China’s urban development is very
rapid, and a large number of facilities are newly built, put
into use, or die out every day. )ere are a lot of competitive
problems in the layout of urban facilities in China, because
there are many existing competitive facilities in urban space.
)e location of new facilities will affect the market share and
profits of existing competitors in the market. How to

increase their market share and profits in the process of
competition is very important.

)e competitive facility location problem was first
proposed by Hotelling [1], which studied how two manu-
facturers locate on the line segment and assumed that the
customers always choose the nearest facility. Drezner [2] and
Hakimi [3–5] investigated the competitive facility location
on the plane and in a network, respectively. Huff [6, 7]
proposed a more reasonable and realistic model, in which
the facilities compete for market shares. In this model, it is
assumed that the patronage behavior of customers is
probabilistic. )at is, each customer allocates its purchasing
power among the facilities in the market according to their
attractiveness. Drezner [8] and Salhi et al. [9] used the Huff
market share model to analyze the location problem based
on the known quality of the new facilities. Fernandez et al.
[10], Tóth et al. [11], and Redondo et al. [12] further con-
sidered the issue of competitive facility location including

Hindawi
Mathematical Problems in Engineering
Volume 2020, Article ID 6759520, 12 pages
https://doi.org/10.1155/2020/6759520

mailto:zwang@geo.ecnu.edu.cn
https://orcid.org/0000-0003-1137-7586
https://orcid.org/0000-0003-3160-693X
https://orcid.org/0000-0001-8883-8286
https://orcid.org/0000-0001-8567-1839
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2020/6759520


quality decisions. However, most of them did not consider
the response of existing facilities in the market.

In recent years, with the increasing globalization of
market competition, the location of competitive facilities had
attracted the attention of many scholars [13–17]. For example,
Saidani et al. [15] considered the responses of competitors in
the market, constructed the facility’s market share as a Huff-
like probability model, and proposed a new global two-stage
method. )is model used a simple linear function as the
damping factor of the attraction of the facilities, and its
calculation is simple but not in line with reality.

In fact, the existing literature mostly adopts linear form
of the damping factor when considering the attraction
function of the facilities. Although the linear damping factor
has the advantage of being simple and easy to understand,
the customer’s behavior of choosing a facility is not based on
the distance of the direct distance, but it shows an expo-
nential decline. )erefore, we use the Wilson model [18] to
redefine the damping factor of attraction function of the
facility. In addition, the density and broad market of
commercial outlets in the cities of China have further
stimulated the development of various competitive facilities.
It is of great practical and theoretical significance to study
the layout of such competitive urban facilities.

)erefore, on the basis of previous studies, this paper
studies the location and design of competitive urban facil-
ities with competitors’ response in the context of new
commercial facilities in Putuo district, Shanghai. Consid-
ering the damping factor ofWilson’s form, Huff’s model and
Nash equilibrium are constructed. Finally, a global two-stage
heuristic method is used to solve the problem.

)e rest of this paper is organized as follows. In Section
2, we develop the competitive facility model to determine the
market share and service quality of the new facility. In
Section 3, we design the two-stage approach and make an
equilibrium analysis and then propose the polynomial ap-
proximation of quality function and interval branch and
bound algorithm. )e effectiveness of the proposed model
and algorithm is verified by the random examples in Section
4, and a practical case is given in Section 5. Finally, Section 6
summarizes our findings and conclusions.

2. Model Construction

Given the high cost of relocating existing facilities, we as-
sume that competitors can only compete with new facilities
by improving their own service quality level to minimize the
loss of market share. Fernandez et al. [10] and Tóth et al. [11]
have studied the location and design of Huff’s competitive
facilities, but this study did not consider the response of
competitors to market share loss. )e basic principle of
Huff’s model is the spatial interaction force.)e attraction of
facilities to consumers and the resistance of customers to
facilities jointly determine the scale of facilities. In short, the
service quality of a facility is directly proportional to its
attractiveness to customers and inversely proportional to the
distance from customers to the facility.

)e problem can be described as how to maximize
market share or profits by finding a new position in a
competitive market with multiple existing facilities. On the
other hand, the existing facilities can maximize their market
share or profit level by updating their service quality level. In
this problem, each demand point represents customers lo-
cated in a small area around this point. Each demand point
has a purchasing power, which represents the joint pur-
chasing potential of all customers at this demand point. In
order to estimate the market share of each facility, this study
adopts the model proposed by Huff [7]. )e behavior of
customers seeking services from facilities in the market is
probabilistic, or the facilities in the market divide the
purchasing power of each customer in proportion to their
attractiveness. Furthermore, we assume that the quality level
of the new facility is given [8, 19]. For modelling conve-
nience, we define the following notations (Table 1).

In this work, we choose the Euclidian distance for the
distance between demand point and facilities, so we have dij
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. As for damping factor in attractive
function, most existing researches define it as gi(dij) � λidij

(for example, [15]). We believe that the linear form of the
damping factor cannot really express the characteristics of the
space. In this study, we use Wilson’s model [18] to define the
damping factor as gi(dij) � exp λidij . In our study, λi is the
facility distance weight of ith demand point (while inWilson’s
model, we call it the spatial damping coefficient).

How to set the spatial damping coefficient in Wilson
model? Li et al. [20] calculated the damping coefficients of
tourism space interactions at four scales: province, prefec-
ture, county, and township. )e results showed that the
spatial damping coefficient increases with the decrease of
domain scale, and the spatial damping coefficient at adjacent
scales has a proportional relationship of about 3.18 times. In
this study, the service distance of facilities is obviously
smaller than that of township, which can be regarded as
community scale. )erefore, we set the spatial damping
coefficient of the Wilson model in this study to 0.05.

To determine the profit function of the facility, it is nec-
essary to determine the market share of each facility.)erefore,
we split the overall market demand into different facilities to
determine the market share of the new and existing facilities.
According to the Huff model, the attractiveness of each facility
to a demand point is proportional to its quality level and
negatively exponential to the distance from facility to demand
point. According to the previous attraction formula, themarket
share of the new facility can be expressed as
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)e market share of the jth facility can be expressed as

Mj x, α0, α1, . . . , αm(  � 

n

i�1

wiαje
− λidij

α0e
−λidi0 + 

m
k�1 αke

−λidik
, j � 1, . . . , m.

(2)

In this study, the goal of the new facility is to maximize
its profit by choosing the best location and best quality level.
However, due to the inertia of existing facilities, existing
facilities cannot change their locations but rather adjust their
best quality level to minimize their loss of market shares or
profits.

For all facilities, the profit is determined by their market
shares and costs, so the profit function of the jth facility can
be expressed as

πj x, α0, α1, . . . , αm(  � F Mj x, α0, α1, . . . , αm(   − G αj .

(3)

Here, the nondecreasing function G(αj) gives operating
cost of the facility with quality level value of αj. In this
model, we consider the linear operating cost function
G(αj) � βjαj. F(·) is a strictly increasing function that
translates market share into expected sales revenue.
According to Fernandez [10], we let profit function be
F(Mj(x, α0, α1, . . . , αm)) � cMj(x, α0, α1, . . . , αm). Under
the above assumptions, the profit function of the new facility
can be described as follows:
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)e profit function of the jth existing facility in the
market is
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)erefore, the location and quality design of the new
facility can be summarized as follows:

max π0 x, α0, α1, . . . , αm(  � c 

n

i�1

wiα0e
− λidi0

α0e
−λidi0 + 

m
k�1 αke

−λidik
− β0α0

s.t.

di0 ≥ dmin, ∀i ∈ I,

α0, αj ≥ αmin, ∀j ∈ J,

α0, αj ≤ αmax, ∀j ∈ J,

x ∈ S⊆R2
,

(6)

where S represents the planar area that can be used as the
location of the new facility.

Formula (6) gives only the location and quality design
formula for the new facility. )e quality level of existing
facilities in the market will change with competition as new
facilities enter the market.)e process of competition will be
described in detail in the equilibrium analysis section.

3. Algorithm Design

3.1. Two-Stage Approach. Due to the high cost of relocate
existing facilities, the existing facilities in the market can
only increase their market shares by improving the quality
level. In addition, the location of the new facility does not
change the quality level of the existing facility. )erefore, at

Table 1: Notations.

Symbols Description
I )e set of demand point, indexed by i and |I| � n.
J )e set of existing facility, indexed by j and |J| � m.
pi � (p1

i , p2
i ) Location of the ith demand point

wi Purchasing power of the ith demand point
fj � (f1

j , f2
j) Location of the jth existing facility

x � (x1, x2) Location of the new facility
α0 > 0 Quality level of the new facility
αj
′, αj > 0 Old and new quality level of the jth existing facility, respectively

β0,βj Upgrade cost for unit quality level of the new and jth existing facility, respectively
ci Quality weight of the ith demand point
λi Distance weight of the ith demand point
dmin Minimal distance between demand point and facility
dij Distance between the ith demand point and the jth existing facility
di0 Distance between the ith demand point and the new facility
[αmin, αmax] Quality level range for all facilities
gi(·) Nonnegative and nondecreasing damping factor in attractive function
αij/gi(dij) Attraction that the ith demand point has for the jth facility
αi0/gi(di0) Attraction that the ith demand point has for the new facility
c Income from the sale of unit goods
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each stage, each facility needs to make a decision to max-
imize its own profit, resulting in two stages of location
decision and quality decision. )erefore, this study adopts a
two-stage approach to solve the problem.

)e two-stage approach adopted in this study is quite
different from the existing studies [21, 22]. Firstly, the
existing studies aim to locate a new manufacturing plant on
the network and determine its production level, shipment
quantity, and price. )e objective of this study is to find the
location of a new retail facility on the plane and determine its
service quality. Secondly, in the two-stage approach of
quality decision and location decision, this study proposes a
generally effective method for competitive facility location
and design problem, which is not achieved in the existing
studies. In addition, the partial derivatives generated by
sensitivity analysis are used in former study to linearly
approximate the response function of competitors. )is
method is effective only when the response function is linear
or approximately linear. In this study, considering the high
nonlinearity of the response function, the polynomial ap-
proximation algorithm canmore effectively approximate the
response function.

3.1.1. Quality Decision Stage. In the quality decision-making
stage, for any given location of new facilities, each facility
seeks its optimal quality level as a response to other facilities’
quality decision. )e quality decision process of the facility
can be modelled as a game model, and the competitive
decision is reflected in this process. In the competitive fa-
cility location problem, the game process means that all the
facilities in the market choose strategies from their own
perspective to maximize their own market shares or profits.
)e game process is shown in Figure 1: the new facilities
enter the market and make decisions on the location and
quality level, while the existing facilities in the market only
choose the quality level. In this way, all the facilities in the
market repeatedly receive information from the market and
make behavioral decisions, finally reaching a steady state.
)e solution of the game can be given by the Nash equi-
librium equation regarding the location of the new facility.
Based on the equalization analysis of all facilities in the
quality decision stage, the optimal quality of new facilities is
determined by maximizing their market shares or profits. In
the stage of location decision, the optimal location is ob-
tained by the interval based on the global optimization
algorithm.

In this study, the existence of Nash equilibrium is tested
when there is already one or more facilities in the market. If
there is only one facility in the market, the optimal-quality
decision of all facilities can be obtained by Nash equilibrium
analysis. When there are multiple existing facilities in the
market, the best-quality decision of all facilities cannot be
obtained directly. )erefore, the polynomial approximation
method can be used to approximate the best-quality decision
of all facilities. Tobin et al. [21] and Miller et al. [22] adopt
this approximate approach and point out that a company
seeking to establish new production facility on the network
characterized by competition or oligopoly competition

needs an economic equilibrium model to describe the
existing competition on the network according to the
equilibrium price, demand, production level, and shipment
quantity.

)e two-stage approach [21, 22] consists of four steps: (1)
find the equilibrium and solve the variational inequality; (2)
apply the sensitivity analysis method of variational in-
equality to solve the economic equilibrium model; (3) use
the partial derivative generated by sensitivity analysis to
linearly approximate the competitor’s response function;
and (4) the response function is incorporated into the profit
function to solve the profit maximization problem and
determine the optimal location of the new facility. )is
method is demonstrated by an example of Cournot–Nash
oligopoly model.

For any given feasible location of the new facility, each
facility makes the best-quality decision to maximize its
market share or profit by considering the quality choices of
its competitors. At this stage, we model the competitive
decision-making process of the facility as a noncooperative
game, whose solution is given by Nash game equilibrium
and can be used as the position function of the new facility,
which is called the quality function of facility.

3.1.2. Position Decision Stage. )e second stage of the two-
stage approach is the location decision stage, which deter-
mines the best location for the new facility. )e position
decision problem can be obtained by changing the quality
variable (α0 and αj) of the corresponding quality function of
all facilities obtained in the quality decision stage. )e
problem obtained in this stage is a continuous nonlinear
programming with two variables (x1 and x2). To solve this
problem, we use the branch and bound algorithm based on
interval analysis to solve the nonlinear facility location
problem on the plane.

3.2. EquilibriumAnalysis. )e competitive decision-making
process of the facility can be modeled as a noncooperative
game (abbreviated as quality game hereafter), and the so-
lution of the game can be obtained through the equilibrium
analysis of the new facility’s position equation. First, we set
the quality level range of each facility as [αmin, αmax]. In the
competitive noncooperative game, existing facilities will
minimize their loss of market share by changing their service
quality, so the quality decision of each facility is the best
response to the quality decision of all other facilities
(competitors). For our problem, there is always a Nash
equilibrium that can be expressed as a function of new
facility’s position. In competitive environment, equilibrium
accords with the best-quality decision of all facilities, and
this function is then called the best-quality function of fa-
cilities, or simple quality function.

In the competition process, the best-response method
can be derived from Nash equilibrium. According to Nash
equilibrium, the optimal value of facility equality satisfies the
first-order conditions [23]: the first-order partial derivatives
of the profit function with respect to the quality variable
must be zero, so we have (zπj/zαj) � 0(j � 0, . . . , m).
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Debreu [24] proved that general equilibrium always exists in
perfectly competitive markets. To ensure the existence of
Nash equilibrium, we have the following two theorems.

Theorem 1 (see [24]). For each player in a game, if its
strategy space is compact and convex, and its profit function is
continuous and quasiconcave with respect to its own strategy.
İen, there exists at least one pure strategy Nash equilibrium in
the game.

Since any closed interval in the one-dimensional Eu-
clidean space is compact and quasiconcave, we consider the

interval [αmin, αmax] as the strategy space of each player. And
the profit functions πj(j � 0, 1, 2, . . . , m) are continuous and
quasiconcave with respect to each player’s quality strategy.

Theorem 2. @e profit function of each facility is concave
with respect to its quality strategy; then it is quasiconcave.

Proof. To verify the concavity of the profit functions, we
only need to prove that the second derivative of each profit
function is negative. According to the profit function of the
new facility, its second-order partial derivative with respect
to quality variable can be calculated as follows:

z
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According to the profit functions of the existing facilities,
their second-order partial derivatives with respect to their
quality variables can be calculated as follows:

z
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)e second-order partial derivatives of all profit func-
tions are negative, because the income c, the distances, the
buying power, and the qualities α0, αj are all positive.
)erefore, the profit functions of all facilities are concave
with respect to its quality variable.

According to )eorems 1 and 2, the equilibrium of
competitive game process considered in this study always
exists. In the case of multiple existing facilities in the market,
it is difficult to obtain the best quality of the closed form
(analytic expression) in the Nash equilibrium. To obtain the

best quality of the facility, we need to solve the following
equations:

zπ0
zα0

� 0,

zπj
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� 0, j � 1, . . . , m.
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2 − βj � 0, j � 1, . . . , m.

(10)

Since the above equations are highly nonlinear, it is
difficult to solve the equation for m≥ 2. )erefore, we use
polynomial approximation to find an approximate expres-
sion of the quality function of all facilities, rather than
solving the equations accurately. □

3.3. Polynomial Approximation of Quality Function. To
overcome the difficulty in solving the above equations, we
choose a polynomial to approximate the quality function.
Firstly, a large number of new facilities are generated ran-
domly. According to the equation set (9), the equation set
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corresponding to the optimal facility quality can be obtained.
Second, we consider polynomial interpolation, especially
multivariate Lagrange polynomial interpolation [25, 26].
Finally, we choose polynomial approximation that uses the
least squaremethod tominimize the sum of squared residuals.

Since the specific form of the equation is unknown, the
polynomial has the characteristics of simple form and good
approximation, and the order of the polynomial determines
the form of the polynomial. )erefore, we choose the order of
the polynomial to minimize the error. In addition, we assume
that the data can be used as a typical sample of the entire data.

To evaluate the correlation between the approximate
polynomial and the quality function, we first randomly gen-
erate 100 points and then calculate the approximate error.)is
error is a function of the order of the approximate polynomial
and can be used as an evaluation criterion for the approximate
model. To improve the approximation effect, we study the
choice of polynomial order. Figure 2 shows the trend of
maximum error varying with polynomial order under random
experiment involving two existing competitive facilities and a
new facility. As can be seen from Figure 2, the maximum error
shows a trend of decreasing-stable-rising, so there may be an
optimal order to minimize the maximum error.)erefore, this
study proposes a heuristic algorithm (as shown in Figure 3) to
determine the optimal order of polynomial, where err,
ε,deg(P), and Nmax are the maximum approximate error, the
maximum acceptable error, the actual polynomial order, and
the maximum polynomial order allowed, respectively.

3.4. Interval Branch and BoundAlgorithm. We substitute the
quality function obtained in the quality decision-making stage
for the best quality of all facilities in the Nash equilibrium and
then derive the profit function from model (6). However, the
objective function of this model is neither convex nor concave
and usually has multiple local optimal solutions.)erefore, an
appropriate global optimization technique is needed to obtain
the global optimal solution of the nonlinear programming.
)e interval analysis is usually used to solve such problems.
Most of the interval methods of global optimization are based

Facility 1 (α1)′

New facility (α0)

New facility (α0)

Facility 1 (α1)

Facility 1 (α1)

Facility m (αm)

Facility m (αm)

New facility (α0) Facility 1 (α1) Facility m (αm)

Facility 2 (α2)′ Facility m (αm)′

Initial
market

equilibrium

New facility

…

…

Game
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Receive information and behavioral decision

Receive information repeatedly and behavioral decision

Receive information without changing quality level

…

…

Final
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equilibrium

Figure 1: Flowchart of game.
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on the branch and bound principle.)ese methods divide the
search interval into subintervals (i.e., branches) and eliminate
the subintervals without global minimum by using the bound
of the objective function.

Interval analysis method can give the bound of the
objective function in the subinterval, but it does not nec-
essarily provide an exact range, and a subinterval is required
to ensure that the range is included. It is a key problem in
interval analysis to find a clearer bound of objective function
with appropriate computation.

)emain steps of interval branch and bound method are
as follows:

Step 1. Set Y � Y0 and initialize the interval list
LW � ∅, LS � ∅, where Y0, LW, LS are the optimal
domain, interval list with subdivided spaces, and so-
lution list that satisfy the termination criteria,
respectively.

Step 2. Choose a coordinate direction to split Y.
Step 3. According to the number of subdivisions, divide
Y in the chosen direction and get the subspace
Y1, Y2, . . . , Ys.
Step 4. Determine whether each subspace contains an
optimal solution. For each Yi, perform the following
steps.

(4.1) Remove Yi if it does not contain the optimal
solution or reduce Yi if a part of Yi contains the
nonoptimal solution.
(4.2) If Yi is not removed, then save it (whole or
reduced) to the interval list LW.

Step 5. Stop the loop if the interval list is empty (i.e.,
LW � ∅).
Step 6. Select a space from the interval list and remove
it. Let Y represent the space that can be selected.

Randomly generate positions for large
number of new facilities

Solving Nash equilibrium for each
position to obtain all facilities’ quality

Set the order of polynomial as deg (P) = 1

Calculate approximate polynomial by
least square method for each facility

Approximate polynomial with order
Nmax

deg (P) = deg (P) + 1

Select the polynomial with the
smallest error

No
deg (P) >= Nmax

err < ε

Yes

Yes

No

Figure 3: Flowchart of heuristic algorithm.
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Step 7. If Y satisfies any stopping conditions, add Y to
the solution list LS and return to step 5. Otherwise
return to step 2.

)e branch and bound algorithm adopted in this paper is
detailed by Fernandez et al. [10]. However, it should be noted
that their competitive facility location model does not take
into account the responses of existing competitors in the
market.

4. Computational Experiments

To evaluate the performance of our approach in multifacility
competitive market, a random case with two existing fa-
cilities and ten demand points is generated. )e data of
random cases are shown in Tables 2 and 3.

)e new quality level of all facilities is solved by Nash
equilibrium, and the approximate quality function of all
facilities is calculated by polynomial approximation method.
)e best order of approximation polynomial for quality level
of two existing facilities is 4 and 2, respectively. )e sum of
squared residuals (SSR) for two existing facilities is 5.79e− 7

and 0.04014, respectively.)e approximate quality functions
of two existing facilities can be expressed as follows:
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− 5.987x
2
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3
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2
1x2

+ 2.39x1x
2
2 + 0.6615x

3
2

− 0.136x
4
1 + 0.0498x

3
1x2 − 0.2034x

2
1x

2
2

− 0.1619x1x
3
2,

α2 x1, x2(  � 0.6711 + 0.2241x1 + 0.2723x2 − 0.04434x
2
1

− 0.01724x1x2 − 0.06469x
2
2.

(11)

)e best order of approximation polynomial for quality
level of the new facility is 3 and the sum of squared residuals
(SSR) is 0.02389. )e approximate quality function of the
new facility can be expressed as follows:

α0 x1, x2(  � 0.2402 + 0.592x1 − 0.09393x2

− 0.01691x
2
1 − 0.152x1x2

− 0.009308x
2
2 − 0.2984x

3
1 + 0.145x

2
1x2

− 0.1387x1x
2
2 − 0.1681x

3
2.

(12)

)e best location of the new facility obtained by interval
branch and bound algorithm is (2.3057, 7.8245) and its
service quality level is 0.8562.

To further analyze the performance of the proposed
method, we consider the number of existing facilities in the
market as 2, 5, and 10, respectively. We randomly generate
competitive markets with demand points of 20, 50, and 100.
Since there is no exact algorithm to solve the competitive
market with many existing facilities, we use the proposed
approach in this study and the partial enumeration method

to solve these random cases. )e basic idea of partial
enumeration is to evenly select a large number of points
within the area to which the new facility belongs and find the
best location for the new facility among these points.

In order to eliminate the randomness of the experiment,
we performed a large number of repeated experiments in each
case. Table 4 gives the average and maximum value of the
relative error of the new facilities obtained by our method and
partial enumeration methods, where the relative error is the
error between our method and partial enumeration method
divided by the result of partial enumeration method. As can
be seen from Table 4, the average andmaximum relative error
of our method to partial enumeration are all less than 8%,
which shows that the approximate effect of our method is
acceptable. Given the number of demand points (20, 50, and
100), when there are few existing facilities (m� 2), the cal-
culation time of partial enumeration method is no more than
4 times that of our method. When the number of existing
facilities is 10, the calculation time of partial enumeration
method rapidly increases to 10, 50, and 60 times that of our
method. )is shows that the proposed method is much better
than the partial enumeration method in computational ef-
ficiency and has practical application advantages.

5. Case Study

5.1. StudyArea andData Source. In this study, Putuo district
of Shanghai in China is selected as the research area, which
covers an area of 55.47 square kilometers. According to the
sixth census bulletin of Putuo district, the resident pop-
ulation of Putuo district was 1288881 on November 1, 2010.
We replaced residential areas with simplified 406 residential
areas; that is, there were 406 demand points in Putuo district.
We can obtain the location, longitude, and latitude of 22
existing large shopping malls (including shopping square
and department stores) in Putuo district of Shanghai from
Google Maps. )e residential areas and existing shopping
malls in this study area are shown in Figure 4.

Table 2: Coordinates and purchasing power of demand point.

p1
i p2

i wi

7.36518 3.605484 3.96117
2.033675 4.043937 7.861077
7.681604 2.257801 7.810835
2.412801 6.690571 9.651489
6.137335 9.572128 6.129031
3.457718 4.316651 6.476555
7.226318 8.038142 4.28583
1.172231 7.981892 4.091928
1.807884 9.95241 6.399892
1.938645 2.118044 5.730661

Table 3: Information of existing facilities and new facility.

f1
j f2

j βj αj
′ β0 c

4.849665 0.38252 19.28745 1.138694 14.07342 1.794732
6.556503 1.899228 15.8298 3.643078 — —
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In this study, the competitive facility location problem
considers the response of existing facilities in the market to
new facilities entering the market (that is, changing their
service quality to reduce the loss of market share).)erefore,
only the location information of shopping malls is not
enough to use the model in this study, and the existing
service quality and other data of shopping mall are also
needed. As shopping mall refers to a group of buildings,
which is a combination of commercial shopping facilities,
rather than a single store or enterprise store, its quality level
cannot be directly obtained. Shopping malls are service-
oriented facilities, and their quality level can be measured by
their service to customers, which is reflected in the actual
number of customers served by shopping malls and the
actual sales of shopping malls. Under the same conditions,
customers tend to be closer to the shopping malls.)erefore,
the quality level of shopping malls can be obtained by
customers’ or residents’ consumption in these shopping
malls.

Assuming that the initial service quality of all facilities is
equal, along with the lapse of operating time, residents will
choose the nearest shopping mall according to the distance.

)e passenger flow of different shopping malls is different,
and the shopping mall will also improve its service quality
according to the passenger flow to meet the needs of all
customers. )rough the consumption choice of residents
and the improvement of the service quality of shopping
malls, the market can reach a relative steady state. )erefore,
we can obtain the original service quality of existing
shopping malls in the market according to the purchasing
power of residential areas and the distance to shopping
malls.)e calculation formula is shown in equation (13), and
the calculation result is shown in Figure 5:

αj
′ × c � β. 

n

i�1
wi exp −λidij , (13)

where λi is the facility distance weight of demand point i,
which is called the spatial damping coefficient in Wilson’s
model. Here, we set λi � 0.05,∀i � 1, . . . , n in this study. β is
a constant, which can be calculated by the summation of
purchasing power of demand points equal to summation of
profits of the facilities and equation (13). )e formula of β is
as follows:

Table 4: Comparison of the two methods.

m n
Relative error (%) Average time (second)

Average Maximum Our method Partial enumeration

2
20 1.72 2.71 221.34 236.48
50 1.5 3.32 354.05 895.1
100 1.86 5.43 631.58 2301.41

5
20 2.91 3.96 325.61 1504.2
50 4.32 6.33 497.04 5143.82
100 5.1 7.23 759.4 8954.71

10
20 4.12 6.32 531.8 5481.04
50 5.02 6.58 804.37 40592.57
100 7.14 7.85 1058.09 63851.6

N

Residential area
Existing shopping mall

0 1 2 km

ID

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

En. name

MTR city plaza
118 plaza
Bailian plaza
IMAGO
Asia new life plaza
Weilu fashion plaza
Global harbor
Yingong building
Huirong plaza
Hongji plaza
New space
Guosheng plaza
Belle life plaza
Friendship store
Caoyang mall
Anjulanting plaza
Parkside joy city
Xianledu life plaza
Modern city plaza
Maojing building
Fanghui plaza
Changshou plaza

Figure 4: Distribution of residential areas and existing shopping malls in Putuo district.
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N

Old quality of existing shopping mall

58189–58746
56739–58188
54089–56738
51230–54088
49741–51229

Purchasing power of residential area

7457–12993
4588–7456
3021–4587
1732–3020
0–1731

0 1 2 km

ID

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

En. name

MTR city plaza
118 plaza
Bailian plaza
IMAGO
Asia new life plaza
Weilu fashion plaza
Global harbor
Yingong building
Huirong plaza
Hongji plaza
New space
Guosheng plaza
Belle life plaza
Friendship store
Caoyang mall
Anjulanting plaza
Parkside joy city
Xianledu life plaza
Modern city plaza
Maojing building
Fanghui plaza
Changshou plaza

Figure 5: Purchasing power and original service quality in Putuo district.

N

New quality of existing shopping mall

New shopping mall

58716–59234
58614–58715
58517–58613
58325–58516
58247–58324

Purchasing power of residential area

7457–12993
4588–7456
3021–4587
1732–3020
0–1731

0 1 2 km

ID

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

En. name

MTR city plaza
118 plaza
Bailian plaza
IMAGO
Asia new life plaza
Weilu fashion plaza
Global harbor
Yingong building
Huirong plaza
Hongji plaza
New space
Guosheng plaza
Belle life plaza
Friendship store
Caoyang mall
Anjulanting plaza
Parkside joy city
Xianledu life plaza
Modern city plaza
Maojing building
Fanghui plaza
Changshou plaza

Figure 6: Location of new shopping mall and new quality of existing facilities.
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β �


n
i�1 wi


m
j�1 

n
i�1 wi exp −λidij 

. (14)

In this study, we define the quality of service in a
shopping mall as the total number of customers that a
shopping mall can serve. )e total purchasing power of 406
demand points in Putuo district is 201269.948 million. )e
average purchasing power of the 406 demand points in
Putuo district is 1561.58, so we have c� 1561.58.

After obtaining the data of all settlements and shopping
malls, we need to set the parameters in the model. In real life,
the distance between large shopping malls and residential
buildings is usually no less than 100m. )erefore, we set the
minimum distance between the demand point and the fa-
cility to 100m, so we have dmin � 100. To maintain their
market shares, the quality level of facilities cannot be infi-
nitely improved or decreased. We take the minimum and
maximum quality levels of all existing facilities as standards
and define the minimum and maximum quality levels of all
facilities as αmin � min αj

′ /2 and αmax � 2 · max αj
′ . In

addition, the maximum order of polynomial approximation
and the maximum acceptable error are set as Nmax � 10
and ε � 0.05.

5.2. Results. After setting the parameters, the competitive
facility location model of this study is used to solve the
problem. )e quality level of the new shopping mall is
calculated to be 53451, and the location of the new shopping
mall is shown in Figure 6. Figure 6 also shows the new
quality levels for all existing facilities.

As can be seen from Figure 6, the new shopping mall is
located near the Hongji Plaza numbered 10. )e new
shopping mall is not located in the northeastern part of
Putuo district, which has relatively little purchasing power.
Because Hongji Plaza is adjacent to three bus stations and
west railway station, this area has a large purchasing power,
convenient transportation, and large population flow, which
is very suitable for residents to go shopping. )ere is cur-
rently only one large shopping mall in this area; therefore, it
makes sense for the new shopping mall to be located there.

6. Conclusion and Discussion

Aiming at the competitive facility location problem in urban
planning, the response of existing facilities to new entry
facility is considered to improve the attractiveness of the
facilities in the model. )e Huff probability model is used to
describe the market share of each facility in the market. In
order to maximize the profit of the new facility, a two-stage
approach (quality decision stage and location decision stage)
is adopted, that takes into account the competitors’ response.
As an application result, the model and algorithm in this
study are applied to solve the location problem of a new large
shopping mall in Putuo district of Shanghai. )e results
show that the model and algorithm have good practicability.

)ere are also has some limitations in this study. When
selecting the location of new facilities, it is assumed that only
one new facility is set up without considering the

simultaneous establishment of multiple new facilities.
Allowing multiple new facilities to enter the market at the
same time will make the problem of this study more
complicated. )is is also the direction of further research.
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