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Abstract The location affects the competitiveness andmarket share of a newentry enterprise,
especially for a retail enterprise. This study focuses on the competitive location of new chain
stores. In this paper, a bi-level model is proposed to formulate the competitive location
problem. And the model also considers the pricing game between the new entry enterprise
and the existing competitor. The model optimizes the location by maximizing the benefit
on the principle of the Nash equilibrium. A heuristic algorithm is proposed to solve the
model. Results show the feasibility of the proposed model and provide managerial insights
for decision makers to determine an appropriate location.

Keywords Competitive facility location ·Bi-level model · Pricing game ·Nash equilibrium ·
Chain stores

1 Introduction

Facility location problem is a significant problem for a business company, especially for a
retail enterprise. When a new retail enterprise with a number of chain stores enters a market,
the enterprise will face certain problems, which includes location schemes, competitors, price
of substitute goods and so on. The optimization of competitive facility location for chain stores
is of great importance to a new retail enterprise. It affects the competitiveness and market
share of a new entry enterprise. However the optimization is complex due to the complicated
factors. Therefore there is a potential need to study the optimization of competitive facility
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location for chain stores. For example, KFC and McDonald’s are two main fast food retail
enterprises selling alternative products. The entry of these two enterprises in a specific city
is not always simultaneously. Sometimes KFC has entered a city with many stores for years
but McDonald’s still does not entry the city. So McDonald’s is a new enterprise for the city
comparedwith the KFC. IfMcDonald’s wants to enter the city to get profits andmarket share,
the locations of stores are of importance. In the case of the KFC and the McDonald’s, the
prices of alternative products are the same and cannot be changed in a large selling area (e.g.,
China). But in the case of other enterprises, the prices of products may vary from different
cities. Indeed, there are many Chinese food chain stores enterprises such as Zhengongfu in
China have different prices varying from their locations, not one same price within a country.
Moreover, even for a large chain store enterprise (such as KFC), it may has different prices
in downtown and suburb in an indirect way like discounting. Thus, when a retail enterprise
enters a new market, the locations of its stores are not the only factor decision makers need
to consider, but also the prices of alternative products.

As we all know, if an enterprise with chain stores wants to enter a new market, it should
consider the competitors and demand distribution in the market. In this paper, we combine
the classical competitive location model with the principle of Nash equilibrium to optimize
the facility location of two enterprises. That means a pricing game is inevitable between the
two enterprises, and the pricing game will finally reach a Nash equilibrium (Nash 1951). In
this paper, the Nash equilibriummeans that both of the competitors are satisfied with the final
values of price and the prices of alternative goods will not change any more, considering the
other one’s thinking and next action. Note that the pricing game between the new and the
existing enterprises proceeds after the specific locations of stores are given.

The pricing process in this paper is a location pricing process. Location pricing is a pricing
strategy wherein the same product is offered at different prices across locations, despite the
same production costs. For example, seats in a movie theater are priced differently. Front
row seats are sold cheap, while the rear seats are comparatively expensive. The movie played
(product) is the same for the entire crowd, irrespective of this discrimination. There are no
extra costs incurred by the theater owner with respect to seat placements. However, viewer
convenience and better visibility determine the price.1

The main contributions of this paper to the literature can be summarized as follow. This
paper not only focuses on the optimization of competitive location problem for new chain
stores but considers the price gaming between two competitive enterprises. Furthermore,
a bi-level model is proposed to solve the kind of problem; and the case study shows the
feasibility of the model.

This paper is organized as follows: in Sect. 2, related work in the field of competitive
facility location problem is presented. Section 3 presents the competitive location problem
considering the pricing game. Section 4 provides the mathematical bi-level model and Sect. 5
gives the solving algorithm. In Sect. 6, a case study and sensitivity analysis are presented.
Section 7 concludes the paper and provides an outlook on future work.

2 Literature review

Facility location problems deal with the location of facilities in a given space that opti-
mizes a certain objective (Drezner and Hamacher 2002; Francis et al. 1992). Considering
the number of competitors, the facility location problem can be divided into competitive

1 http://www.explainz.com/explanations/business/location-pricing.
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and non-competitive location problems. In non-competitive location problems, the decision
maker faces a market without competitors or facilities. In reality, competitive facility loca-
tion problems, however, are more common, which differ from the classical facility problems.
Competitive facility location problems take the competition of facilities into account. Thus,
the new facility or facilities, which will be located later, need to compete with the facilities
existed in the market.

A simple facility location problem is theWeber problem, in which a single facility is to be
placed. The objective of the simple facility location problem is tominimize the total distances
from a given set of point sites. More complex problems considered in this discipline include
the placement of multiple facilities, constraints on the locations of facilities, and more com-
plex optimization criteria (Weiszfeld 1937; Hakimi 1964; Cooper 1963, 1964). In the 1980s,
because of the increase of uncertainty in construction cost, demand distribution and travel
time, more studies focused on competitive location problems and stochastic location prob-
lems instead of location problems with deterministic factors. Weaver and Church (1983),
Mirchandani et al. (1985) and Louveaux (1986) set demand and travel time as stochastic
variables. Berman and Odoni (1982) and Berman and LeBlanc (1984) concentrated on the
location-relocation of mobile facilities on a stochastic network. Larson (1974) first combined
facility location problemwith queuing theory. Furthermore, Brandeau and Chiu (1990) intro-
duced a general class of single-server network location model considering stochastic queue,
which minimize the total time taking the travel time and queuing delay into consideration.
Eiselt (1992) discussed the various applications of location models from 1980 to 1990. Brim-
berg and ReVelle (2000) analysized the problem proposed in Revelle and Laporte (1996),
which tried to maximizing the return-on-investment plant location. Aikens (1985) reviewed
some of the significant contributions which have been made to the relevant and current state
of knowledge. Model formulations and solution approaches, which address the issue vary
widely in terms of mathematical and computational complexity. Morris et al. (1988) investi-
gated facility location problems based on operation research and considered the interaction
between candidate facilities, not only the interaction between the existing facilities and can-
didate facilities.

In reality, competitive location problems are more realistic. The study of competitive
location problems was first proposed in the work of Hotelling (1929), which studied the
location and pricing strategy of two competitors on a finite line, in which customers are
uniformly distributed in a liner market and customers choose the closet vendor. The results
showed that, given two vendors, both of themwill choose to locate at the middle of the beach,
called the “main street” effect.

A large number of studies investigated into this field (Eiselt 1993; Eiselt and Laporte 1989,
1996; Eiselt et al. 1993; Friesz et al. 1988; Hakimi 1986; Hamacher and Nickel 1998; Plastria
2001; Slater 1975). Competitive location models were applied to realistic location problems.
Bell et al. (1998), Jain and Mahajan (1979) and Nakanishi and Cooper (1974) applied the
competitive models to the location of grocery stores. Huff (1964) extended them to furniture
and clothing stores.Drezner (2006) andDrezner andDrezner (2002) applied them to shopping
malls. Goodchild and Noronha (1987) applied them to the location of gas stations, and
Drezner (2011) applied them to hotel industries. Eaton andLipsey (1975) andGraitson (1982)
reviewed the development in competitive location problems. Economides (1986)modified the
model in 19 considering equilibrium price between duopoly enterprises. Friesz et al. (1989)
proved the existence of a solution to the combined location-equilibrium problem. Serra and
ReVelle (1999) extended the Hotelling model to a network and proposed the competitive
location pricing problem,where an new entering retail firm seeks optimal location and pricing
decisions to compete against the existing firm. In their study, the customers are assumed to
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make decision based on both transportation cost and purchase cost, and the model is solved
by a heuristic algorithm since it is a NP-hard problem. Meanwhile, the shortcoming of this
model is that it neglects the response of the existing firm.

Furthermore, somemodels focus on other components, as a new trend in this field. Drezner
and Eiselt (2002) concentrated on the customer characteristics and facility attributes. The
facility attributes is also called utility or attractiveness, has been used tomeasure the attraction
a customer feels for a facility. Stochastic customer behavior is used to formulate a two
stage model to find the market share (Lu et al. 2010). Customers’ behavior is modeled as
a probability distribution according to location, price and waiting time in Pahlavani and
Saidi-Mehrabad (2011). The competitive location and pricing problem can be extended to
more complex one where the assumptions and factors of real customers are fully considered
(Küçükaydın et al. 2012; Wagner et al. 2009; Şahin and Süral 2007). Although the models
can yield optimal solutions viamathematical analysis, they are limited in capturing the spatial
interactions between participants in the presence of competition (Drezner andEiselt 2002). So
lots of the models were solved by heuristic algorithms such as hybrid tabu search (Serra and
ReVelle 1999; Lu et al. 2010; Pahlavani and Saidi-Mehrabad 2011; Küçükaydın et al. 2012).

In terms of the solution space, competitive location problems can be classified in planar
continuous space (Plastria 1995, 2002) and discrete space (Current et al. 2002; Daskin
2008). In the former, they seek the location of facilities anywhere from the infinite number
of locations in the space, while in the latter, the candidate locations of facilities are assumed
to be finite and pre-set.

Although many researchers focused on the competitive location problem, the competitive
location problem with pricing game can be further studied, such as considering the price
gaming between competitive enterprises and proposing appropriate model to solve the spe-
cific problems. In this paper, the proposed bi-level model is formulated based on a discrete
space to solve the competitive facility location problem. This paper not only focuses on the
optimization of location problem for new chain stores but considers the price gaming between
two competitive enterprises. The traffic distance and price of product are considered in the
utility function to measure the attraction of facility. In addition, the price is changeable in
the proposed model to suit for the price gaming model.

3 Problem description

For simplicity and generality, a simple market is given in Fig. 1 to describe the competitive
location problem with the pricing game.

In this example, there are 5 communities, which can also be seen as demand points, one
competitive store and two candidate stores. A new retail enterprise tries to enter the market
by opening chain stores. But one enterprise (e.g., enterprise B) has already existed in the
market with one store (e.g.,m in Fig. 1). The new enterprise has a number of candidate stores
(e.g., a, b in Fig. 1) by the market investigation, which considers the demand, traffic and so
on. Note that the final location scheme possibly cannot contain all of the candidate stores
because of the budget line. In other words, competitive stores in Fig. 1 represent the existing
chain stores of the competitor, where the candidate stores represent feasible locations of the
new enterprise’s chain stores after a market investigation. Lines represent the network and
the distance of links in this example.

Consumers in the communities consume in stores on the principle of utility. That is,
consumers determine which stores to satisfy their demand by a utility function. The utility
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Fig. 1 A simple network of the
market

m

a

b
3

2

5

4

1

Community

Competitive stroes

Candidate stores

function is given in Sect. 4, which calculates each store’s utility to each community (refer
as demand point). When a new enterprise enters the market, a pricing game is inevitable.
Enterprises change the prices of products to adjust the utilities of its stores to demand points.
That is, enterprise B is the monopoly enterprise before the new enterprise’s entry, so the
new enterprise with alternative products may lower the price of its products to fight for the
market share. The existing enterprise (enterprise B) will fight back by decreasing its prices
of products. Since the prices of products in different enterprises and the locations of stores
vary from each other, the pricing game and location schemes will lead to a different market
share for the new and existing enterprises, which will definitely influence their benefits. The
pricing game will finally end up with Nash equilibrium, which can be accepted by both sides.

This paper aims to optimize the locations of chain stores and determine the price of
products by a process of pricing game between the two enterprises (the new and the existing
enterprise).

4 Model formulation

4.1 Assumptions

Throughout this paper, the following assumptions aremade for the proposedmodel as follows:

Assumption 1 The new enterprise can only choose their locations from a number of can-
didate points, which have been given by a market investigation. In addition, the location,
capacity and fixed construction cost of each candidate point are known.

Assumption 2 The demand and location of each demand point in the market are known.

Assumption 3 The twoenterprises sell the sameproduct in their chain stores. Thedifferences
of the product to customers are the selling price and travel cost. In this paper, we study only
one kind of product selling in two enterprises’ stores.

Assumption 4 The same product can have different prices in different cities or different
markets, and the same product has the same prices in all locations of the same city or the
same market.
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4.2 Notations

For simplification, the new entry enterprise is defined as enterprise A, where the existing
enterprise is defined as enterprise B. The following notations are defined and used in the
mathematical formulation:

I Set of stores, I = IA ∪ IB , where IA denotes the set of candidate stores of
the enterprise A and IB denotes the set of stores of the enterprise B

J Set of demand points
pA Sales price of product in enterprise A
pB Sales price of product in enterprise B

Pi =
{
PA , if i∈IA
PB , if i∈IB sales price of product in store i, i ∈ I

Si Maximum supply of store i , i ∈ IA
bi Construction cost of store i , i ∈ IA
m j Demand of demand point j , j ∈ J
di j Distance between store i and demand point j, i ∈ I, j ∈ J

ui j Utility of store i to demand point j, ui j = ea−b×pi−c×di j

q Marginal cost of product
V Budget of enterprise A for opening new stores
fi j Probability of demand j choosing store i for consumption
xi =1, if the candidate store i is selected to be opened; 0, otherwise, i ∈ IA

4.3 Model

In location-pricing problem (seemore in Sect. 1), the location decision should comebefore the
pricing game. The result of the pricing game (prices of the product in the two enterprises),
however, affects the optimization of location decision in turn. Thus, a bi-level model is
proposed to solve the competitive location problem in this paper. A simple diagram is given
(depicted in Fig. 2) to describe the bi-level model.
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Fig. 2 Diagram of the bi-level model

123



Ann Oper Res (2019) 273:187–205 193

4.3.1 The upper-level optimization problem

The upper model aims to maximize the benefit of the new enterprise (enterprise A). Thus,
the upper level problem can be formulated as:

(U) max
(
pA − q

) ∑
i∈IA

∑
j∈J

m j × fi j −
∑
i∈IA

xi × bi (1)

subject to
∑
i∈IA

xi bi ≤ V (2)

∑
j∈J

fi j − xi ≤ 0 ∀i ∈ IA (3)

∑
i∈I

fi j = 1 ∀ j ∈ J (4)

∑
j∈J

m j × fi j ≤ Si ∀i ∈ I (5)

xi ∈ {0,1} ∀i ∈ IA (6)

The objective function (1) maximizes the total benefit of enterprise A, where the first part
represents sales benefit and the second part defines the total fixed construction cost of stores
in a planning horizon. pA is the price of product in enterprise A’s stores and is given by
the lower-level model, presented in Sect. 4.3.2. Note that PA is deterministic in the upper
model but variable in the lower level. fi j = ui j×xi∑

k∈IA
uk j×xk

defines the probability of consumer

j choosing store i for consumption. Constraint (2) ensures that enterprise A can only open
a number of stores within the budget. Constraint (3) represents the fact that demand point j
can select store i to meet its demand only if store i is selected to be opened by enterprise
A. Constraint (4) is the basic constraint of probability. Since ui j = ea−b×pi−c×di j > 0,
fi j > 0 all the time and this constraint can be omitted. Constraint (5) is a capacity constraint,
representing that stores can not only offer service beyond their capacities. Note that the value
ofm j × fi j is rounded since the demand should be integer. Constraint (6) defines the decision
variable.

4.3.2 The lower-level pricing game problem

The lower-level problem is a pricing game problemwhen the locations of stores are determin-
istic. Customers choose their stores based on the utility (related to the price of product and
distance between stores and consumers) of stores. The utility function (ui j = ea−b×pi−c×di j )

is determined by the price of product and the distance between consumers and stores. Since
the locations of stores (xi ) are deterministic, price is the only factor to affect the value of
utility. In this model, the pricing game between the two enterprises is seen as static game
with complete information. The lower-level model can be formulated as below:

(L) min

⎛
⎜⎝pA −

∑
i∈IA

xi × bi

∑
j∈J

∑
i∈IA

fi j × m j
− pB

⎞
⎟⎠

2

(7)
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subject to:

pA ≥ q (8)

pB ≥ q (9)∑
j∈J

fi j − xi ≤ 0 ∀i ∈ IA (10)

∑
i∈I

fi j = 1 ∀ j ∈ J (11)

∑
j∈J

m j fi j ≤ Si ∀i ∈ I (12)

The objective function (7) is aimed to minimize the distance of unit benefit (benefit divided
by sales volume) of both enterprise A and B, which obeys the principle of Nash equilibrium.
Constraint (8) and (9) ensure that the sales price should be higher than the marginal price,
which avoids peer cut-throat competition. Constraints (10)–(12) are the same as constraint
(3)–(5). Note that in the lower-level model, only pA and pB are decision variables, where
fi j is related to price (pA and pB) and xi is deterministic.

5 Algorithm

To solve the bi-level model, a heuristic algorithm (Hagan et al. 1996; Yao et al. 2013, 2016;
Kennedy 2011; Yu et al. 2015, 2010, 2016; Suykens and Vandewalle 1999; Karaboga and
Basturk 2007) is more appropriate. A Tabu Search Algorithm (Glover 1989, 1990; Yu et al.
2011; Yao et al. 2016) is designed in this paper. The method sets an initial price of product
and then generates an initial feasible solution, which meets the constraints in the upper-
level model. The initial feasible solution represents the scheme of stores’ locations, and this
scheme will be the preset of the lower-level model. The lower-level model will then figure
out a pair of price for the two enterprises, which is the final solution from the pricing game.
This pair of price will be returned to the upper-level model for obtaining the benefit of the
new enterprise.

The steps will be repeated until the solution meets the end condition of the algorithm.
These steps can be described as below:

Step 1 Set the initial price and generate an initial feasible solution x0, which meets the upper-
level constraints. Then, set the parameters of the Tabu search algorithm. Set x0 as the optimal
solution and the current point. Meanwhile, Empty the Tabu list;

Step 2 The optimal solution is regarded as the preset of the lower-level model. Solve the
lower-level model to get a pair of prices which meets Nash equilibrium. If the result meets
the end condition of the algorithm, then terminate. Otherwise, go to Step 3;

Step 3 Calculate the objective function according to the Nash equilibrium price from Step 2;

Step 4 Set the current solution fromStep 2 as the optimal solution. Generate the neighborhood
of the current solution, and then select the candidate solutions;

Step 5 If there is a candidate solution satisfying the amnesty rule, set the optimal candidate
solution as the current solution, update the optimal solution and the Tabu list, and then go to
step 7. Otherwise, go to Step 6;
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Step 6 Select the optimal solution, which has not been banned in the Tabu list, as the current
solution and update Tabu table;

Step7 If the termination rule of the upper-levelmodel is satisfied, then go toStep 2.Otherwise,
go to Step 4.

6 Case study

In this section, a case study with a network of communities and stores is designed to illustrate
the validity of the model. And the sensitivity analysis on three parameters is performed to
make a better location scheme. At last, to test the performance of the proposed model and
algorithm, the proposed algorithm is applied on three cases with different scales.

In order to verify the feasibility of the model and the algorithm, a case study is carried
out.
Enterprise A is a new enterprise selling sporting goods. To enter the sporting goods market,
a number of chain stores will be opened. In the market, however, competitor enterprise B has
established a number of chain stores, which has occupied the whole sporting market.
Enterprise A sells the same sporting goods as enterprise B, so a pricing game for the price
of the same product is inevitable when A enters the market. This case study shows how
enterprise A figures out the optimal location for its stores through a series of pricing games.

The information about the market and community (refer as demand point) is given. The
whole market is divided into 30 communities, and these communities are regarded as 30
demand points. “Appendix 1” shows the demand of each community in a planning horizon.
Enterprise A assumes that the market demand is completely inelastic. In addition, enterprise
A also conducts an investigation and finally find out 10 candidate stores (a–j). The network
of stores and communities is shown in Fig. 3.

The number on each lines in Fig. 3 represents the distance between two points. Grey points
represent 30 communities, where Squares A–D are four stores of the existing enterprise B.
Each store has a capacity of 2000. Diamonds a–j are ten candidate stores of enterprise A,
which reflects the acquirement after the market investigation (Table 1). The information of
the ten candidate stores is listed as follows:

The budget of opening stores is 7000 yuan and the initial sales prices in enterprise A and
B are the same. The marginal price in the two enterprises is 40 yuan. Before enterprise A
entering the market, the initial sales price in all enterprise B’s stores is 60 yuan.

6.1 Results

To solve the bi-level model in this paper, the parameters of the utility function should be
firstly determined. The calibration of the parameters in the utility function is based on the
investigation of theNationalNatural Science Foundation ofChina project (50278011), named
“the Study on the Distribution of Commercial Center and Its Impact on Urban Traffic”. Then
we acquired the original values of these parameters (please see “Appendix 2”). According to
the results of questionnaires, we use the average value: parameter a = 100, price parameter
b = 1.0, and distance parameter c = 0.2. Note that the network is shown in Fig. 3, and it
can be seen that the distances between a community and a store are shown on the lines.

In addition, based on the numbers of experiments, the parameters of Tabu Search algorithm
are set, where the Tabu length equals to 3, the number of iterations equals to 25 and the size
of neighborhood equals to 250. Since the values of most parameters have been given, the
model can be solved and the results are presented in Table 2 and Fig. 4.
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Table 1 Fixed cost and capacity of ten candidate stores of enterprise A

Candidate store a b c d e f g h I j

Fixed cost (bi ) 1400 1690 1300 1780 1440 1670 1940 1850 1220 1660

Capacity 1500 2000 1500 2000 1600 1000 1500 1500 1600 1000

Table 2 Results of solving location-pricing model

Location scheme of A Price of A Benefit of A Price of B Benefit of B

a, f , h, j 50.43 29, 820.70 52.27 32, 711.82

Through a series of pricing games, four stores are finally selected to be opened. Specific
demand-supply pairs are shown in dashed circles. Note that the results are acceptable for
both of the two enterprises according to the Nash equilibrium.

To test the effect of the solutionmethod in this paper, 10 times of calculations are conducted
and Fig. 5 depicts the convergence of the calculations with different colors. It can be learned
that the benefit of the new enterprise increases rapidly from the first to 17th iteration. And
then it changes smoothly from the 18th to 22th iteration. Finally, it converges at about 32,000
yuan and hardly changes again. This implies that the solution method used in our paper could
solve the competitive-location problem effectively. It shows certain stability and reliability
during the calculation.
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6.2 Sensitivity analysis

In this section, a sensitivity analysis is conducted by varying the following parameters: (1)
the budget of enterprise A; (2) the initial price of enterprise B; and (3) the value of the price
parameter in the utility function.

6.2.1 The budget of enterprise A

The budget of opening stores is changeable, and Table 3 tells that higher budget does not
mean higher benefits. In fact, when enterprise tries to occupy more market share by opening
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Table 3 The scheme of different budgets

Budget Location scheme Price of A Benefit of A Price of B Benefit of B

7000 a, f, h, j 50.43 29, 820.70 52.27 32, 711.82

8000 a, c, f, h, j 49.38 30, 381.02 51.38 23, 636.26

9000 a, c, f, h, j 49.38 30, 381.02 51.38 23, 636.26

10000 a, c, d, f, h, j 48.95 30, 964.05 50.74 17, 366.58

12000 a, c, d, f, h, j 48.95 30, 964.05 50.74 17, 366.58

15000 a, c, d, f, h, j 48.95 30, 964.05 50.74 17, 366.58

Table 4 The effect of monopoly price

Monopoly price Location scheme Price of A Benefit of A Price of B Benefit of B

45 a, f , h 43.89 17, 018.23 44.03 13, 093.47

50 a, f , h, j 48.26 22, 247.40 48.72 23, 247.52

55 a, f , h, j 50.43 29, 820.70 52.27 32, 711.82

60 a, f , h, j 50.43 29, 820.70 52.27 32, 711.82

more stores, enterprise B will decrease its price for resistance, which will definitely reduce
the total benefit of A and B. As shown in Table 3, when the budget increases from 8000 to
9000 and 10000 to 12000, the optimal location scheme does not change, resulting from the
construction cost of new stores and pricing game with competitor.

6.2.2 The initial price of enterprise B

The market is a perfect monopoly market before A’s entry. This section is aimed to find out
the effect of changing initial price of product in the existing enterprise.

As is seen in Table 4, when monopoly price is high, the location scheme and price of A
are changeless. The benefits of the two enterprises, however, will decrease if the monopoly
price is lower than 55. It can be expected that if the enterprise B sets up a lower price (price
barrier), enterprise A will not enter the market because this entry is not profitable. The price
barrier by reducing the price will result in both loss of profits, and this behavior possibly
violates antitrust laws and regulations.

6.2.3 The value of the price parameter in utility function

The value of the price parameter in utility function means the price sensitivity of customers.
Large value of cmeans that customers feel the price of the product more significant than other
factors (e.g., travel distance). According to the results in Fig. 6, the value of price parameter
does not affect the optimal location scheme significantly. Location scheme is a, f, h, g all
the time. But this value is of importance for enterprises’ prices and benefits. It can be seen,
when the value of this parameter increases, the prices of the product will decrease, closing
to their marginal price. Since enterprise can only attract more customers by decreasing price
of product, customer is the sole victor of this price battle.
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6.3 Test of sizes

To evaluate the runtime performance of the heuristic algorithm in this paper, three cases
are carried out (with the one in Sect. 6.1), in which the instance sizes vary. As expected,
doubling the number of stores and communities approximately doubles the numbers of rows
and columns of the demand matrix; in addition, the number of scheme of candidate stores
enlarges exponentially. That is, the larger network produces many more schemes due to the
increased number of candidate points. Case 1 is extended from the network in Fig. 1 with 5
communities and 3 stores. The case in Sect. 6.1 above with 30 communities and 14 stores is
set as the Case 2, and Case 3 contains 30 communities and 17 stores (see “Appendix 3”).

The results of Case 1 and Case 3 are briefly given in Fig. 7, where the results of Case 2 are
already illustrated in Fig. 4. In Case 1, the candidate store “a” is finally chosen to open since
if “b” is chosen, the existing store “m” will probably monopolize the demand of community
“2 and 5”. And store “a” attracts more consumers compared with store “b”. The schemes of
Case 2 and Case 3 are similar to each other, probably resulting from the similar locations of
candidate stores and existing stores. The schemes, however, are not the same at the top-right
area of the networks. The difference between the final results of Case 2 and Case 3 shows
the “main street” effect, which means the competitive stores tend to locate together. Overall,
the proposed model can be solved with a reasonable solution to provide effective decision
support.

7 Conclusions

This paper combines competitive location facility problem with game theory. A bi-level
model is proposed to solve competitive location problem considering the price of products.
The upper level aims to maximize the benefit of the new enterprise, and the lower level aims
to figure out the solution of Nash equilibrium. A utility function is used to define the criterion
of customer’s selection. The model was tested and analyzed with a case, and the results show
that the model is feasible. Sensitivity analysis is given for decision makers to make a better
location scheme.

Themodel in this paper can bemodified to optimize the facility location formore products.
We just need to enlarge the set of p and demand matrixes of different products. Furthermore,
the model can be extended to diversify the price of the same product. But for a large enter-
prise, the prices of one product in its stores usually are the same. In this paper, the demand
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Fig. 7 Location schemes of the enterprise A in Case 1 and 3. a Location scheme of the enterprise A in Case
1. b Location scheme of the enterprise A in Case 3

and capacity of supply are fixed. Further study will add dynamic demand into the model.
And we only consider the case that new retail enterprise does not have existing stores in
this paper. Further study will consider the case where new retail enterprise has existing
stores. Meanwhile, the utility function will be diverse with more parameters to make it more
realistic.
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Appendix 1

See Table 5.

Table 5 Demands of communities

Community Demand Community Demand Community Demand

1 112 11 126 21 120

2 360 12 181 22 148

3 186 13 332 23 265

4 378 14 235 24 169

5 221 15 287 25 167

6 189 16 245 26 149

7 198 17 128 27 315

8 129 18 166 28 130

9 238 19 138 29 149

10 137 20 344 30 214

Appendix 2

See Table 6

Table 6 Parameters in models

Parameter Description Value

bi Fixed cost of stores See Table 1

Si Capacity of stores See Table 1

V Budget line 7000

m j Demand of communities See “Appendix 1”

di j Distance from i to j See Fig. 2

q Marginal cost of the product 40

a Adjust parameter in utility function 100

b Price parameter in utility function 1.0

c Distance parameter in utility function 0.2
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Appendix 3

See Fig. 8
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