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Abstract. Nowadays, due to globalization, many domestic manufacturers have gone bankrupt after foreign
manufacturers’ products entering their market. Obviously, pricing on products plays a crucial role in maintaining
the market share and proﬁt of the domestic manufacturers. In this paper, a Stackelberg game using the bi-level
programming model approach is presented in order to analyze a pricing problem in which two manufacturers,
one foreign and one domestic, compete. The domestic and foreign manufacturers sell their products in a
competitive environment considering three different market segments, respectively with high, medium and low
income levels of customers. Also, the domestic manufacturer plays the role as the game leader and foreign
manufacturer the follower. In this problem, mill price and quality of product are considered as effective factors
on customers’ utility in each market. Furthermore, the customers’ buying tendency from each manufacturer in
each market is captured by the multinomial logit model. To solve the proposed model, a hybrid method based on
Lambert-W function and Path-Following method has been used. Then, in order to investigate the domestic
manufacturer’s proﬁt versus the foreign manufacturer’s proﬁt, the optimal prices of manufacturers are calculated
by using different instances, based on product’s price and product’s quality of each manufacturer. Finally, the
results conclude that the market segmentation with respect to the income levels leads to an increase in the proﬁt
of the domestic manufacturer. The proposed method can improve the competitive advantage of the domestic
manufacturer vis-à-vis the foreign manufacturer.
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1. Introduction
In twenty ﬁrst century, the number of manufacturers who
sell similar products to customers is increasing. Thereby,
we are witnessing an everyday growth of competitive
environment amongst manufacturers for gaining their
shares and proﬁts of the markets. Therefore, considering the
severe competitive environment, manufacturers inevitably
need pay more attention to designing their strategies and
also precisely estimating the customers’ requirements such
as product quality, price and after-sales services, etc. For
example, Li et al [1] investigated how to get more market
share in the computer microprocessor industry by setting
appropriate pricing on products. The authors chose Intel
company for their research. They showed that Intel can get
more proﬁt by market segmentation based on customers’
preferences. Then, they considered some features that are
important for the customers of this industry. They also
stated that one of the most important features is pricing
problems on the products so that customers, with different
levels of willingness to pay, buy Intel products.
*For correspondence

In order to precisely analyze the inclination of customers
towards each manufacturer, the effective factors need to be
properly included to reﬂect the utility functions of each
manufacturer. It is noteworthy to point out that, manufacturers cannot determine the suitable strategy only by analyzing the market and forming utility functions. This is due
to the fact that, determining a suitable sell strategy is highly
dependent on the rivals’ strategies and also the general
policy of governments who are present in a particular
market. For example, some governments set tariffs on
products of foreign manufacturers in order to protect the
domestic human resources and also limit the outgoing of
foreign currency. In fact, by practicing this method, the
government limits the chances of a foreign manufacturer to
compete in a market which is controlled by the government.
On the contrary, some governments seek free and competitive market in which foreign and domestic manufacturers can readily compete with each other. The motivation
of this policy is that, by freeing the market the competition
between manufacturers increase and consequently their
quality of products and after-sale services increase.
Therefore, researchers propose different expressions for the
utility function in order to sufﬁciently describe the share of
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each manufacturer in a particular market with the consideration of other competitors’ strategies. In the literature, the
most important ones are Multinomial Logit (MNL) model
function and Multiplicative Interaction (MCI) model which
are widely used as a share determiner in competitive markets. Actually, both of these models are introduced as
suitable models for market share modeling. But, there are
some differences between them, such as the MNL model is
known as an exponential function and the MCI model is
known as a fractional function. Also, the MCI model
assumes that the elasticity of market attributes, such as
price and quality decreases with increasing the values of
these variables, while in the MNL model the elasticity
grows up to a certain level and then declines.
Another inﬂuential factor in the selling strategy can be
referred to the society’s median income level in the target
market as well as the willingness of the market to buy
domestic or foreign goods. Obviously, when the customers
of the market have low incomes, customers’ sensitivity to
price and quality of goods is different from the situation of
high incomes. Also, when customers have more willingness
to buy domestic commodities, the condition of the domestic
and foreign manufacturer in order to enter the market is
totally different compared with the situation that customers
have more willing to buy foreign commodities. Therefore,
it seems that each manufacturer must ﬁrst achieve complete
information about the capabilities of its own and competitors in manufacturing technology, customer’s income level,
and also the inclination rate of customers towards manufacturers’ products (sense of patriotism toward the domestic’s products), in order to examine the effects of these
factors on its sell strategy and subsequently determine the
best sell strategy.
By taking the above-mentioned points into consideration,
in this paper, a bi-level model is applied based on a
Stackelberg game. To better express, a domestic manufacturer and a foreign manufacturer compete with each
other in order to gain more market share. Such that the
domestic manufacturer acts as the leader (upper level) and
the foreign manufacturer acts as the follower (lower level).
Indeed, the foreign manufacturer reacts with the best
response against the domestic manufacturer’s power of
pricing in order to gain more market share and proﬁt. In
order to increase their proﬁtability, these two manufacturers
seek to determine the most proper selling strategy in three
different markets. Such that these markets consist of customers with different sensibility coefﬁcient towards price
and quality of products. In fact, manufacturers are facing
three kinds of customers with low level, medium level and
high level incomes. Also, in this paper, price and quality are
considered as major factors which affect the purchase rate
of customers. Or alternatively, the utility function of
manufacturers is based on each manufacturer’s product
quality and price. Obviously, the sensitivity toward price
and quality are different in each market. Note that, in this
paper price is known as a decision factor and product
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quality is known as an exogenous factor. Therefore, manufacturers will offer their products at different prices in
each market, with the aim to gain the maximum proﬁt
considering the sensibility coefﬁcient towards price in each
market. Also, it is noteworthy that in this paper, different
sensibility coefﬁcients are used to indicate the customers’
willingness to buy from domestic and foreign manufacturer.
By considering this assumption, the patriotic feeling of the
customers of each market towards domestic and imported
goods can be examined. The above-mentioned method is
exploited in a variety of different industries practically,
e.g., McDonald’s has different prices to sell its products in
varying markets [2]. The method in which variant prices are
chosen for different markets or facilities is referred to as
mill pricing. In order to determine the share of each manufacturer in each market, the MNL function is used in this
study.
It should be noted that, since the government who is
present in markets can provide information and legislative
support to domestic manufacturer, the domestic manufacturer is considered as the leader of the proposed problem.
Also, regarding the foreign manufacturer intends to enter a
market where the domestic manufacturer is working there,
therefore ﬁrst the foreign manufacturer monitors the sales
strategy of the domestic manufacturer, then decides how to
enter the market in order to obtain maximum proﬁt. This
means that, practically the foreign manufacturer reacts with
the best response against the domestic manufacturer’s
power of pricing in order to obtain market more proﬁt. In
fact, given that the domestic manufacturer performs the ﬁrst
move and then the foreign manufacturer decides how to
react with that strategy, thereby the assumption of the
domestic manufacturer is leader and the foreign manufacturer is follower can be more reliable. It is important to
point out this fact that, in this paper bi-level programming
models have been used, considering the problem settings in
this study.
Especially this study will propose a model and answer
the following questions:
What strategy is considered as optimal for a domestic
manufacturer in a market where a foreign manufacturer
offers an imported product?
What is the effect of customers’ sensitivity towards the
price of the product on the optimal decision of manufacturers, and subsequently their proﬁts and shares in each
market?
What is the effect of the society’s median income level
on optimal decisions of each manufacturer?
What is the best pricing strategy for each manufacturer,
in order to gain maximum share and proﬁt in each market,
when customers have a sense of patriotism toward the
domestic manufacturer’s product?
The main contribution of this paper can be divided into
three perspectives: First, as far as we are concerned, there
are a small number of papers using the bi-level programming solution to design a pricing model in a Stackelberg
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game. In this paper, we exploited a new bi-level optimization model to tackle this leader–follower competitive
pricing model, which includes mill pricing and competition.
Also, we applied the MNL model in order to examine
customer behavior better. In addition, we divided market
into three parts based on customers’ median income level.
So that customers with different income levels have different sensitivities to the price and quality of products.
Second, some appealing ﬁndings and managerial insights
pertaining to pricing strategies are derived by examining
different aspects of the proposed model. Indeed, the
mathematical model is analyzed based on some important
parameters such as products’ quality, and products’ cost.
Then, changes in manufacturers’ pricing strategies, market
share, and proﬁts of each of them have been studied and
researched. For example, model behavior has shown market
segmentation based on society’s income level can help the
domestic manufacturer to increase its proﬁt against the
foreign manufacturer. Third, a hybrid method based on
Lambert-W function and Path-Following method has been
presented. In fact, two solution approaches which are
Lambert-W function and Path-Following method have been
used at some papers separately (please see references [3–5]
and [6]). But, this hybrid method which uses both methods
are novel and also we have not seen this hybrid method in
any other article. It is noteworthy that, these type of
methods are used in order to solve the model in many
papers in this area which has a single level objective
function. But since our model is a bi-level programming,
we used this hybrid method and the results show that this
approach could solve the problem and be reliable.
The rest of this paper is arranged as follows: Section 2
presents a short literature review. In section 3, the problem
is deﬁned and its mathematical formulation is introduced.
To address the proposed model, a hybrid method is introduced in section 4. Section 5 delivers the computational
experiments and illustrates the ﬁndings. Finally, the conclusions and the proposed future researches are given in
section 6.

2. Literature review
In recent years, papers have been published so that the
competition between manufacturers has been addressed
regarding various aspects such as supply change network
design, pricing and revenue management, attracting suppliers, competitive locating, etc. Amongst above-mentioned
issues pricing and revenue management have been paid
more attention in the last few years. The main concentration
of this paper is on pricing policies in a global platform.
Hence, the literature review mainly focuses on three major
issues including pricing competition between manufacturers, bi-level programming and also the impact of multibrands of a single product on the market share of each
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brand. It should be noted that, the focus was more on the
articles that have examined these issues in the ﬁeld of
global supply chain.

2.1 Pricing competition between manufacturers
Product pricing is actually one of the most important
aspects of strategy due to the effects of product’s price on
attracting customers. Also, nowadays we are witnessing
severe competition in products pricing because of the
emergence of global competition between foreign and
domestic manufacturers. In recent years many studies have
analyzed the competition between manufacturers regarding
their pricing decisions, with the following studies partly
connected to our paper. Choi [7] has studied the competition between two manufacturers and a retailer who sells the
products of these manufacturers. The study focuses on three
non-cooperative games pertaining different power structures between the two manufacturers and their retailer, i.e.,
two Stackelberg and one Nash games. The study outcome
shows that the less distinguished the products, the higher
the prices and proﬁts of the supply chain members.
Anderson and Bao [8] have analyzed the effect of price
competition on the optimum decision and proﬁt of members
of supply chain while considering linear demand function,
in both centralized and decentralized situations. The results
show that, a proper level of price competition will ensure a
superiority of decentralized systems compared to centralized systems. Xiao et al [9] have studied an outsourcing
decision-making model considering two manufacturers
with competition on retail price and product quality. They
studied the effect of varying elements such as production
cost on the optimal outsourcing decisions. Xiao et al [10]
has designed a model based on the game theory including a
competition between a supply chain and an outside manufacturer. The competitive elements include pricing and
lead-time, which have an effect on attracting the customers.
Recently, Li and Chen [11] have developed a model based
on the Stackelberg game considering two quality-differentiated manufacturers, i.e. with low and high quality products, and also a retailer. The retailer is introduced as the
leader and possesses three choices to integrate with the
manufacturers of low and high quality. Considering
nowadays domestic market with globalization and presence
of foreign products, a growing amount of foreign manufacturers have appeared in national markets. Meixel and
Gargeya [12] have studied the effect of patriotic sentiment
on perception of the customers regarding the imported
products, by presenting a literature review paper on global
supply chains. In other words, they have shown that,
patriotism of the customers can have an enormous effect on
the market share and proﬁt of domestic and foreign manufacturers. For example, people who are more sensitive and
more concerned with the economic power of their region,
will view buying foreign produced products an unfavorable
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action and blame it for unemployment of the domestic labor
force. Elliot and Cameron [13] have studied the inclination
of the customers considering the effect of product quality
and also country-of-origin. Interested readers can refer to
studies [14–16] for further details on this issue. The
emergence of foreign manufacturers can have a substantial
effect on pricing strategies and consequently on share and
proﬁt of domestic manufacturers. However, to the extent of
our knowledge, pricing strategy in a global scale has not
been attended sufﬁciently. Amongst other papers in the
literature, the below-mentioned ones are pertinent to our
study: He and Xiao [17] have designed a supply chain
model in a global setting, by considering a competition
between two foreign manufacturers and one monopolized
supplier in which pricing decisions are based on a no-cooperation assumption. Seppälä et al [18] by exploiting
invoice-level data for a single product on a global scale,
have studied logistics costs and transfer-pricing issue in a
supply chain operation. Also, de Matta and Miller [19] have
presented a model to maximize the proﬁt based on a
multinational supply chain, for a ﬁrm who operates globally. Their model considers all the factors which are
important in designing a global manufacturing network,
such as transfer price, simultaneously. These factors are
dependent on exchange rate and tax in relevant countries.
Nagurney and Li [20] have deﬁned a game model with
quality and pricing competition featured with globalization.
Additionally, they have surmised, in their model, that
products are distinguished by various brands including a
possibility for outsourcing. Recently, Huang et al [21] have
studied the competition between manufacturers and parallel
importers, so as to determine distribution and pricing
strategies of manufacturers. By considering a multinational
ﬁrm, Niu et al [22] have designed a new model to investigate trade-offs between channel decentralization loss and
global tax-planning gains.

2.2 Bi-level programming
The second arm of pertinent literature considers the bi-level
programming approach deliberated by many researchers,
among which only a limited number of them have considered pricing problems. Gao et al [23] have designed a
nonlinear bi-level programming model for a pricing problem in which, the buyer plays the role of the leader and the
vendor plays the role of the follower. In addition, Sadigh
et al [24] have developed two bi-level models using the
Stackelberg game in a supply chain producing different
products. In the ﬁrst model, manufacturer acts as the leader
and in the second model the retailer acts as the leader. They
have considered price and advertising cost as effective
factors in each product’s demand. Also, Mokhlesian and
Zagordi [25] have proposed a nonlinear bi-level model, by
focusing on coordinating the inventory-pricing decisions in
a bi-level supply chain with multi-products which includes
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a manufacturer and multiple retailers. Zhang et al [26] have
designed two bi-level pricing models in order to study the
optimal price and replenishment decisions in a leader–follower supply chain for high-tech products, in which the
buyer acts as the leader and the vendor acts as the follower.
By exploiting two bi-level programming models, Ma et al
[27] have formed a joint lot sizing and pricing model in two
supply chains consisting of the leader–follower approach.
In recent years, Wang et al [28] have formed a bi-level
programming model based on the Stackelberg game
framework to obtain the optimal decisions on ordering,
pricing, advertising, and environmental efforts respectively
with a vender-led supply chain and buyer led-supply chain
with multiple products. In addition, Amirtaheri et al [29]
have investigated a supply chain led by manufacturer to
study the optimal pricing and advertising solution by
applying a bi-level optimization approach.

2.3 Multi-brands of a single product
Nowadays, manufacturers offer same products with different brands to the market. Therefore, this difference in
brands ensures an inevitable effect on market share of each
manufacturer [30, 31]. For example, a manufacturer can
design its selling strategy based on offering low prices and
with less concern on product quality. Such a manufacturer
can attract customers with low level income, but it has no
competition chance in the markets with high level income
customers. Consequently, different characteristics of various brands of a product, have a substantial effect on the
market share of each brand. Choi and Coughlan [32] have
studied retailer’s decision problem by considering quality
and product features and also the difference between
manufactured brands. Recently, Giri et al [33] have optimized the pricing and quality decisions of a single retailer
by considering various brands and multiple manufacturers
competing to well-establish their brands and gain more
market share. Pang and Tan [34] have designed based on
differential games in which two manufacturers are competing against each other by producing the same product
with different brands in a supply chain. They have analyzed
the proﬁt of ﬁrms under four different conditions, in order
to understand the strategies of optimal quality.
Generally speaking, in order to determine the outcomes
of market share of each competing manufacturer, studies
have applied various methods considering the effective
factors such as price, quality, etc. [35]. Multiplicative
Interaction (MCI) model [36, 37] and Multinomial Logit
(MNL) model [38] are among the most developed and
popular used ones in the literature of marketing and economy. In addition, MNL model is a well-established and
commonly used customer decision model [39]. In this paper
in order to express the inﬂuence of the price and quality in
the market share of each manufacturer, MNL model has
been used. The following works are partly related to our
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study. Huang [40] has designed three transport pricing
models in which the mode choice behavior is formulated
using the MNL model. Hence, the demand for the transportation system is found to be elastic. Lüer-Villagra and
Marianov [3] have designed a pricing and hub location
problem. In their work, two transportation companies are
competing against each other in order to gain the market
share. From their vantage point, MNL model has been used
to create a model of customers’ behavior, more speciﬁcally
to determine the percentage of the attracted customers by
each transportation company. Zhang [4] has designed an
optimization model of pricing and location in a competitive
environment including retailers. The study has used MNL
function in order to demonstrate the effect of travel cost and
mill price on the market share of each retailer. Also, it has
used path-following method in order to ﬁnd a solution for
the proposed problem. Recently, Gandomi and Zolfaghari
[41] have designed an MNL model in which two manufacturers are competing against each other. While one
offers lower prices, the other offers some rewards in three
different levels, according to the loyalty of its customers.
According to the literature review, it is fairly obvious
that, there is no presented study on the competition for
pricing between a domestic manufacturer and a foreign
manufacturer who are producing different brands in markets with different levels of income, in the Stackelberg
game framework using bi-level programming method. In
addition, very few researches have considered patriotic
sentiments of customers towards domestic manufactured
products. Therefore, this paper attempts to ﬁll this research
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gap. Also, in order to determine the market share of each
manufacturer MNL model has been utilized.

3. Problem deﬁnition and mathematical model
Nowadays due to the increase of similar products with
varying qualities produced by different manufacturers in a
special market, there is an intense competition engrossing
manufacturers. Therefore, the necessity to devise a proper
selling strategy in any desired market for attracting customers seems inevitable. As discussed previously, the most
important factors in attracting customers is to determine a
proper price and deliver the proper quality in accordance to
market’s potential and the decisions of other competing
manufacturers. For instance, in a market with lucrative
customers, the quality of the products becomes the main
issue instead of pricing. Also in a market with low income
customers, the price of a products plays the crucial role in
attracting the desired customers. Consequently, manufacturers have different prices for their products in any market.
According to the above mentioned, this research has
investigated the competition among two manufacturers that
one is a domestic manufacturer and the other is a foreign
manufacturer who aims to achieve the maximal proﬁts in
the markets consisting of customers with different income
levels.
In summary, this paper has tried to implement an
important real-world problem based on a mathematical
model by considering the competition on pricing problem

Figure 1. The perceptual structure of two competing manufacturers.

110

Page 6 of 21

Sådhanå

between domestic and foreign manufactured goods that
today many companies are involved with this problem. For
this purpose, the following aspects are considered for the
model environment: (A) Designing Stackelberg game
between domestic and foreign manufacturer that the
domestic manufacturer is considered as a leader and the
other one is known as a follower. (B) Using the bi-level
programming so that the domestic and foreign manufacturers are considered as the upper level and the lower level
of the model, respectively. (C) Considering price and
quality factors as inﬂuential factors in the market share of
each manufacturer. (D) Implementing MNL function to
determine the utility of each manufacturer. (E) Considering
markets based on customer’s income level. (F) Considering
mill pricing approach for each market. (G) Applying an
exponential function in order to determine part of production cost that depends on the quality.
The following section has discussed in detail these
assumptions and also why these assumptions are
considered.
As it is shown in ﬁgure 1, two manufacturers named F
and D, are considered in this paper, with D - a Domestic
Manufacturer and F - a Foreign Manufacturer selling
imported goods.
It is vital to point out that, the main purpose of this paper
is to determine a proper pricing strategy by manufacturer D
which will lead them to get more market share against
manufacturer F and achieve maximal proﬁt. To achieve this
purpose, a mathematical model has been designed, using
the concept of the Stackelberg game on the basis of bi-level
programming (ﬁgure 2). As you know in the real world, the
market share of manufacturers depends not only on their
own decisions but also on the decisions of their competitors
on product quality and prices. Hence, the need to apply an
appropriate utility function to determine the market share of
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each manufacturer will be made more sense. In this paper,
in order to determine the share and the proﬁt of each
manufacturer, MNL model has been exploited. It should be
noted that this type of modeling method is usually used
when we want to investigate the market share of each
competitor based on some discrete features like price,
quality, etc. Actually, this method has been used by many
researchers to determine the market share of companies.
Readers interested in these related issues can refer to the
articles by Lüer-Villagra and Marianov [3], Zhang [4] and
Hanson and Martin [42]. It is noteworthy to consider that,
in this paper the quality of manufacturers’ products is
hypothesized as an exogenous factor. The notation for the
proposed bi-level programming model for the leader-follower competitive pricing problem (BLFCP) is as follows:
Set:

M

Set of markets (M={Low-income,
Medium-income, High-income})
the index of market set

j

Parameters:

dj
0

b

QD
QF
CD
CF

Figure 2. Proposed bi-level model.

Potential demand at market jth
Sensitivity parameter of the customers to the
product quality
Quality of product the domestic manufacturer
Quality of product the foreign manufacturer
Purchase ﬁxed cost of the product for the
domestic manufacturer
Purchase ﬁxed cost of the product for the
foreign manufacturer
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hFj

Pmax
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Sensitivity parameter of the customers at
market jth to the product price of the domestic
manufacturer
Sensitivity parameter of the customers at
market jth to the product price of the foreign
manufacturer
Maximum price of the each manufacturer’s
product due to government control policies

Decision Variables:
Figure 3. Cost function of quality.
pj
qj
uj
uuj
xj
zj

product price of the domestic
manufacturer at market jth
product price of the foreign
manufacturer at market jth
The utility of a customer from the
domestic manufacturer at market jth
The utility of a customer from the
foreign manufacturer at market jth
Market share of the domestic
manufacturer at market jth
Market share of the foreign
manufacturer at market jth

In this paper, the expenses concerning the products of
domestic and foreign manufacturers are stated in the form
of expressions (1) and (2).
CDtotal ¼ e

QD

CFtotal ¼ e

QF

þ CD
þ CF

8j 2 M
8j 2 M

Therefore, expressions (3) and (4) describe the utility
function of each manufacturer based on customers’ inclination towards each manufacturer and also customers’
sensitivity toward price and quality at each market.
0

uj ¼ b eQD  ðhDj  pj Þ 8j 2 M
0

uuj ¼ b eQF  ðhFj  qj Þ

ð4Þ

0

where b , hDj and hFj are positive parameters.
Considering the effective factors in attracting the customers by every manufacturer, the MNL function, which is
used to calculate the probability of attraction of market’s
customers of each manufacturer, is stated as:
xj ¼

ð1Þ
zj ¼

ð2Þ

As it is notable in expressions (1) and (2), the costs of
producing the product in each manufacturing consist of two
parts: ﬁrst, varying costs which depend on quality of every
product; second, ﬁxed costs which depend on manufacturing technology, labor cost, set-up cost and also R&D (Research and Development) unit related costs. Furthermore,
the foreign manufacturer must take into account the tariffs
and customs fees for its goods as ﬁxed costs. Since in most
reality cases, increment of product’s quality in lower level
is less costly than the higher level, e.g. from 0.5 to 1 is less
expensive than 1.5 to 2, in this paper an exponential
function is used to calculate the quality depending costs
(ﬁgure 3) [43].
In this paper, potential customers of the market can
decide to buy from whichever manufacturer that they
desire. Moreover, two effective factors with an effect on
customer’s decision have been considered. (i) The product
mill price in the market, and (ii) Product’s quality.

8j 2 M

ð3Þ

euj

euj
þ euuj

8j 2 M

ð5Þ

euj

euuj
þ euuj

8j 2 M

ð6Þ

Expressions (5) and (6) measure the desire of customers
towards the products of domestic and foreign manufacturers, respectively. In other words, xj and zj show the manufacturers’ market share.
Finally, in order to ﬁnd the optimal competing price for
each manufacturer, the bi-level problem is formulated as
follows:
X
FD ¼ Max
dj :ðpj  CDtotalÞ:xj
ð7Þ
j2M

S.T.
pj  Pmax

8j 2 M

pj  0 8j 2 M
X
FF ¼ Max
dj :ðqj  CFtotalÞ:zj
j2M

ð8Þ
ð9Þ
ð10Þ
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S.T.
qj  0 8j 2 M

ð11Þ

The objective (7) and constraints (8) and (9) depict ULP;
whereas the objective (10) and constraint (11) indicate LLP
of the model. Objective functions FD and FF are aimed to
maximize the proﬁt of domestic and foreign manufacturer
respectively (expressions 7 and 10). Constraints (8)
demonstrates that, the proposed prices of domestic manufacturers cannot be higher than a predetermined price. This
is due to long term policies of government which are
designed to regulate the market. Finally, constraints (9) and
(11) manifest the positivity and continuousness of every
manufacturer’s prices.

4. Solution method
In this paper, a pricing competitive model based on bi-level
programming problem (BOP) has been designed. Many
researchers have used BOP in different ﬁelds such as
Hierarchical planning, Pricing, Transportation, Economics
Machine Learning, Stackelberg game and Electricity, with
different proposals of solution methods [44]. Generally
speaking, solving these types of models is categorized into
two main types, Classical Approaches and Evolutionary
Approaches [44]. The Classical Approaches are then subcategorized into four subsections, single-level reduction,
descent methods, penalty function methods, and trust-region methods, whereas Evolutionary Approaches are subcategorized into three subsections as nested method, singlelevel reduction and meta modeling-based methods. We
refer the successful methods for solving BOPs to studies
[5, 45–50] for details.
We have to decide two things in the BLFCP model: ﬁrst
pricing decision of the domestic manufacturer in the ULP,
and second pricing decision of the foreign manufacturer in
the LLP, with continuous pricing variables. To tackle this
problem, ﬁrst single-level reduction has been used and the
problem becomes a single level problem (see section 4.1).
Afterwards, to solve the single level problem, the pathfollowing method has been used in section 4.2. It is
important to consider that, the path-following method is
practical and common to solve problems containing MNL
function.

4.1 Reformulation of the pricing problem
In the bi-level models and Stackelberg game, every decision maker has controlled only over its own decision
variables whereas decision variables of other decision
makers are assumed to be constant. Thus, in the proposed
BLFCP model, decision variables of the ﬁrst level are
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assumed
to be constant in the second level which are
 
n^o
^
and uj
. Hence, if gj is deﬁned as:
Pj
j2M

j2M


^

gj ¼ e ¼ e
uj

eb

0 QD
e



^



 hDj Pj

8j 2 M

ð12Þ

Using expression (12), foreign manufacturer’s objective
function in LLP will be shown as follows:
!
X 
 QF

euuj
FF ¼ Max
dj : qj  e þ CF :
^
ð13Þ
euuj þ euj
j2M
8j 2 M

Therefore, by performing differentiation on expression
(13) with respect to qj and putting the expression equal to
zero, the optimum price of foreign manufacturer is as
follows:
oFF
¼0
oqj

8j 2 M

ð14Þ

Then:
qj ¼

1 þ hFj  CFtotal  ð1  zj Þ
hFj  ð1  zj Þ

8j 2 M

ð15Þ

Noting the linear nature of utility functions of domestic
and foreign manufacturer (expressions 3 and 4) and also
considering the exponential nature of foreign manufacturer’s market share (expression 6), it is observable that
expression (15) results a function of price. Nevertheless, it
is possible to obtain an optimum solution by using Lambert-W function [3, 6]. The foreign manufacturer’s optimum price at each market is stated in the next theorem.
Theorem 1 The optimal price of foreign manufacturer at
each market is calculated as follows:


0 QF
1 þ W g1  e1þðb e ÞðhFj CFtotalÞ
j
qj ¼ CFtotal þ
ð16Þ
hFj
8j 2 M
Proof

See Appendix.

It should be noted that, Lambert-W can be deﬁned as the
inverse function of f ðwÞ ¼ wew . Therefore, based on Theorem 1 the proposed bi-level model can be reformulated to
a single-level model which is presented as following:
0
1
uj
X
e
A
ð17Þ
dj :ðpj  CDtotalÞ:@
FD ¼ Max
^
uu
j2M
u
j
j
e þe
S.T.
pj  Pmax

8j 2 M

ð18Þ
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¼ CFtotal þ
8j 2 M

1þW
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0

1 1þðb eQF ÞðhFj CFtotalÞ
gj e

hFj

0

QD
gj ¼ e b e ðhDj pj Þ

8j 2 M

pj  0 8j 2 M


ð19Þ

ð20Þ
ð21Þ

4.2 Optimizing single-level problem
In this section, we will try to solve the single level model
indicated in section 4.1. We determine the optimal price
and share of domestic manufacturer in each market. Also,
with a given pricing strategy of domestic manufacturer, we
examine the optimal decision of foreign manufacturer about
its products in the market. In order to solve the obtained
single level model, the path-following method has been
used.
Considering that the objective function of the problem
(expression 17) is an MNL proﬁt function model, common
approaches, like Newton’s method and gradient descent,
will result in local optimum. It is due to the fact that, the
nature of these functions in relation with price, is not
concave [42, 51]. Therefore, Hanson and Martin [42] have
presented a novel method, named path-following method,
in order to solve this type of functions and overcome their
non-concavity feature. The main idea of this method is to
shape a price ‘‘path’’ from the global optimum of an
associated, but concave logit proﬁt function, to the global
optimum of the true (but non-concave) logit proﬁt function. The study result showed that their proposed method
has a better functionality comparing to other existing
methods.
Path-following method is based on two principals [4].
First, if some changes are applied to utility function (expression 3) as follows, expression 17 will become concave.
The following function is called modiﬁed utility function.
 0


0
8j 2 M
ð22Þ
uj ¼ tk b eQD  ðhDj  pj Þ
whereas t is a parameter varying in the period of (0,1], and
also k is a positive parameter. Hanson and Martin [6]
proved that t always exists, even in very small fractions, in
order to have a obtain concave expression (22). In another
words, there always exists a valuable t which considering it,
the above-mentioned t (in expression 22) has a global
optimum solution. It is important to note that given t ¼ 1
the modiﬁed utility function transforms to the expression
(3)’s utility function.
Second, in the path-following approach, a ‘‘path’’ of
prices can be obtained from modiﬁed utility function which
can be a local or even global optimum solution for nonconcavity utility function. Then, using an iterative

110

algorithm, this approach is launched until t ¼ 1, which
drives to a local or even global domestic manufacturer’s
prices.
Albeit adequate settings were presented for path-following solution to develop a result to ﬁnd a global optimal
solution (it might not be the singular global optimal solution), it is nearly impracticable for a problem to determine
if the provisos can be fulﬁlled or not [42]. Consequently,
the solution obtained using the path-following method is in
many cases merely a rather well local optimal solution. It is
important to note that, in every repetition of the path-following algorithm, in this paper, the gradient descent
method has been used to ﬁnd the local optimum solution.
To use gradient descent method, it is necessary to calculate
vector of domestic manufacturer’s pricing objective function. Therefore, equations (23) to (26) are used to calculate
vector of domestic manufacturer’s pricing objective
function.
oFD ðp; q Þ
oxj
¼ dj :ðxj þ pj  CDtotalÞ:
opj
opj
0 QD

xj ¼
oxj
¼
opj

eb e
0 QD
ðhD

eb e

hDj  euj 

j pj Þ



ðhDj pj Þ
0 QF
ðhF

þ eb e


j qj Þ

8j 2 M

8j 2 M

ð23Þ

ð24Þ



 

oq
ð1  hDj Þ  euj þ 1 þ opjj  euuj


ðeuj þ euuj Þ2

8j 2 M

ð25Þ


oqj
¼
opj



0 QF
 e 1þðb e ðhFj CFtotalÞ  euj


0 QF
ð26Þ
1 þ W g1  eð1þðb e ÞðhFj CFtotalÞ

gj  W

1
gj

j

8j 2 M
Considering the above-mentioned arguments, in this
section, ﬁrst the domestic manufacturer optimal price is
determined by using path-following method. Afterwards,
noting these prices, the foreign manufacturer optimum
price in each market is determined. Finally, the optimum
proﬁt of each manufacturer is calculated in accordance with
their respective functions.

5. Computational results
The main purpose of this section is to analyze the proposed
model and solution method. Also, in order to have a better
understanding of the model behavior, a sensitivity analysis
conducted for different parameters of BLFCP model so that
a managerial insight is obtained in this study.
In order to analyze the share and the proﬁt of each
manufacturer in each market, we deﬁne aj , which is a
determiner of the effect of each market on the proﬁt of each
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Table 1. Computational results for the proposed model.

Parameters

Instance
1

2

3

0

bj

Market

Low income
d1 ¼ 100000
Medium income
d2 ¼ 200000
High income
d3 ¼ 50000
Low income
d1 ¼ 100000
Medium income
d2 ¼ 200000
High income
d3 ¼ 50000
Low income
d1 ¼ 100000
Medium income
d2 ¼ 200000
High income
d3 ¼ 50000

Price

ðhDj ; hFj Þ ðQD; QFÞ ðCD; CFÞ

0.7 (1,1)

(1,1)

(8,8)

aj

ðpj ; qj Þ

0.29(12.44,11.72)

0.6 (0.9,0.9)

0.57(12.56,11.84)

0.5 (0.8,0.8)

0.14(12.70,11.99)

1.5 (1,1)

(1,1)

(8,8)

0.29(12.33,11.72)

1.3 (0.9,0.9)

0.57(12.44,11.83)

1.1 (0.8,0.8)

0.14(12.59,11.98)

0.7 (0.7,0.7)

(1,1)

(8,8)

0.29(12.81, 12.18)

0.6 (0.5,0.5)

0.57(13.36, 12.81)

0.5 (0.3,0.3)

0.14(14.66, 14.37)

manufacturer. This parameter is obtained based on the
population of customers in each market, in proportion to the
population of all the customers.
dj
aj ¼ P
j

8j 2 M

dj

ð27Þ

Therefore, the proﬁt of each domestic and foreign manufacturer in each market, are calculated respectively:
DMj ¼ aj  FD

8j 2 M

ð28Þ

FMj ¼ aj  FF

8j 2 M

ð29Þ

Also three different markets are representing customers
with different income ranges, meaning: low income, medium income, high income (ﬁgure 1). It is fairly obvious that,
the market with low income level customers is more sensitive towards products’ price whereas the market with high
income costumers is more sensitive towards the quality of
the products. Therefore, in this paper, the parameters of
sensitivity coefﬁcient are deﬁned as follows, regarding the
quality and price of each market.
hD1  hD2  hD3 and hF1  hF2  hF3
0

0

0

b1  b2  b3

ð30Þ
ð31Þ

As it is shown in expressions (30) and (31), regarding the
nature of utility functions and also market share equations
of each manufacturer (expressions 5 and 6), in increasing

Market share and Proﬁt in
each market





xj
DMj

0:97
167837:4

0:96
354782:9

0:95
94447:9

0:94
151163

0:92
320453:6

0:91
85689:6

0:91
192129:3

0:85
450757:5

0:75
149338



Proﬁt

zj
FMj

0:03
2934:7

0:04
8544:1

0:05
3138

0:06
6321

0:08
16589:7

0:09
5499

0:09
12281:4

0:15
62037:2

0:25
44594:5

FD

FF

617068.214616.8

557306.228409.7

792224.8118913.1

hDj and hFj indicates that costumers are more sensitive
0
towards price, whereas decreasing bj indicates that customers are more sensitive towards the quality of product.
We also note that, in order to use the path-following
method, this paper sets k ¼ 10 and also the initial t as
t0 ¼ 0:001, which are similar to Zhang [4]. Also in order to
determine the steps of path-following approach, the equation ti ¼ t0 þ i  ð1  t0 Þ=20 is used as stated by Hanson
and Martin [42]. Or in short, considering the mentioned
equations, in order to achieve a solution, 21 steps should be
gone through.
Due to lacking of real data in the literature of studied
problem, a number of random problems are generated to
analyze the proposed model. The mentioned solving algorithm is implemented on Matlab 2012a and ran on a PC,
featuring a 2.9 GHz Intel Core i5 processor and 8 GB 2133
MHz LPDDR3 internal memory.
It is worthwhile to mention, the authors of this paper
believe that this model is almost practical in the ﬁeld of
auto parts industry and electronic home appliances industry
in the real world. This belief stems from the fact that in
these domains and other similar industries, manufactures
always compete to each other in foreign and domestic
market in order to get more market share and proﬁt. So that
in any country can be seen all kinds of domestic and foreign
products of these industries. In addition, it can be seen at
each country there are different kinds of customers with
various income levels that have different sensitivities to the
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Table 2. Analysis of the effect of products’ price on the domestic and the foreign manufacturer.

Parameters

Instance
4

5

6

7

8

Market

Low income
d1 ¼ 200000
Medium income
d2 ¼ 150000
High income
d3 ¼ 30000
Low income
d1 ¼ 200000
Medium income
d2 ¼ 150000
High income
d3 ¼ 30000
Low income
d1 ¼ 200000
Medium income
d2 ¼ 150000
High income
d3 ¼ 30000
Low income
d1 ¼ 30000
Medium income
d2 ¼ 150000
High income
d3 ¼ 200000
Low income
d1 ¼ 30000
Medium income
d2 ¼ 150000
High income
d3 ¼ 200000

0

bj

Price

ðhDj ; hFj Þ ðQD; QFÞ ðCD; CFÞ

0.7 (0.6,0.6)

(1,1)

(8,8)

aj

ðpj ; qj Þ

0.53(13.03, 12.43)

0.6 (0.4,0.4)

0.39(13.84, 13.37)

0.5 (0.2,0.2)

0.08(16.30, 16.37)

0.7 (0.8,0.8)

(1,1)

(8,8)

0.53(12.65, 11.98)

0.6 (0.6,0.6)

0.39(13.05, 12.44)

0.5 (0.4,0.4)

0.08(13.86, 13.39)

0.7 (0.3,0.6)

(1,1)

(8,8)

0.53(15.36, 12.39)

0.6 (0.2,0.4)

0.39(16.78, 13.26)

0.5 (0.1,0.2)

0.08(21.47, 16.07)

0.7 (0.6,0.6)

(1,1)

(8,8)

0.08(13.03, 12.43)

0.6 (0.4,0.4)

0.39(13.84, 13.37)

0.5 (0.2,0.2)

0.53(16.30, 16.37)

0.7 (0.45,0.45)

(1,1)

(8,8)

0.08(13.56, 13.04)

0.6 (0.3,0.3)

0.39(14.65, 14.33)

0.5 (0.15,0.15)

0.53(17.92, 18.39)

price and quality of the product of these industries. Furthermore, these industries have the same behavioral of cost
function of quality as this paper assumed (see ﬁgure 3). For
example, when auto parts manufacturer wants to improve
the quality of its product, it faces behavioral of an exponential cost function. These examples show that proposed
model assumptions can be almost aligned to these real
world cases.

5.1 Problem instance generation
In this section, in order to illustrate the mathematical
model, in some of the important parameters the behavior
of the proposed model in three different random instances
has been studied. Hence, changes in the value of sensitivity parameter of the customers to the product quality

0

Market share and Proﬁt in
each market





xj
DMj

0:88
408637:3

0:80
374387:7

0:68
114716:7

0:94
364746:2

0:89
312615:5

0:81
76946:4

0:98
911951:1

0:93
848867:5

0:80
258006:9

0:88
61295:6

0:8
374387:7

0:68
764777:8

0:81
69091:8

0:73
433034:9

0:64
931524:7



Proﬁt

zj
FMj

0:12
40457:1

0:20
80163:5

0:32
53444:8

0:06
15093:1

0:11
27715:5

0:19
14746:6

0:02
6575:6

0:07
25407:4

0:20
32208:7

0:12
6068:6

0:2
80163:5

0:32
356298:9

0:19
13243:8

0:27
144506:9

0:36
542685:1

FD

FF

897741.7 174065.4

754308.1 57555.2

2018825.564191.7

1200461.1442531

1433651.4700435.8

(bj ) and sensitivity parameter of the customers to the
product price (hFj and hDj ) are examined. For this purpose, in each instance the rest of the parameters of foreign
and domestic manufacturer are considered the same. Also,
table 1 indicates the results of optimal price, proﬁt of each
manufacturer in each market, total proﬁt of each manufacturer in selling their products and the effect of each
market on the total proﬁt of manufacturers for these
parameters.
Given that the leader performs the ﬁrst move, practically
the leader has a wider solution space than the follower. On
the other hand, given that the other parameters of the model
are the same in instances 1-3, the foreign manufacturer
(follower) will not always earn a better proﬁt than the
domestic manufacturer (leader). The correctness of this
rational behavior of the model is shown in table 1.
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Figure 5. Effect of products’ price on the domestic and the
foreign manufacturer in each market (instances 7 and 8).
Figure 4. Effect of products’ price on the domestic and the
foreign manufacturer in each market (instances 4 and 5).

Also, another point to be made in order to verify the
behavior of the model is that when the market has low
income level customers, the price sensitivity enhances.
Thus, Manufacturers have to apply lower prices on their
products in order to gain maximum proﬁt. The correctness
of this behavior is visible in the proposed model in
instances 1-3.
Some other points that can be inferred from table 1 are as
follows. First, as the quality sensitivity coefﬁcient increases
0
(bj ), the two manufacturers practically apply higher prices
on their products (see instances 1 and 2). Second, when the
customers show a more sensitive response regarding the
price of manufacturers’ products, (hFj and hDj ), two
manufacturers practically apply lower prices on their
products (see instances 1 and 3). In fact, with the decrease
0
of bj , markets will value the quality of product more than
its price, hence, manufacturers can maneuver more easily to
apply a higher price for their products. On the other, by
increasing hFj and hDj markets show more sensitivity to the

price of product therefore, manufacturers are forced to
apply lower prices. Both of these results show the manufacturers’ reasonable behavior towards the quality and price
coefﬁcients.

5.2 Sensitivity analyze according to products’
price in different markets
This section analyses the effect of sensitivity coefﬁcient
variation regarding the price of domestic and foreign
manufacturer product, on market share and proﬁt of each of
the manufacturer. In this section markets have been studied
considering three different scenarios: (i) when almost all of
the customers of the markets are low level income customers, (ii) when almost all the customers of the markets
are high level income customers and (iii) when customers
have a sense of patriotism toward domestic manufactured
product. It should be noted that, when it is stated that the
income level of markets’ customers is high or low, in fact it
has been studied from two different point of views: (i) the
population of each market (dj ) and (ii) the level of sensitivity towards products’ prices (hDj ; hFj ). As seen in the
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instances 7 and 8 are pertaining to the markets with high
level income customers. Instance 8 has a higher income
level due to less sensitivity toward prices comparing to
other instances. Instance 6 is patriot society because the
sensitivity coefﬁcient towards domestic product is lower
than foreign product in it thus it supports domestic manufacturer products.
Figure 4 compares instances 4 and 5 in each market. As it
is shown in ﬁgure 4a, when the customers of a society
become poorer, the proﬁt of the two manufacturer lessens.
There is an interesting point in comparing these two
instances and that is, considering this fact that in the
instance with lower income level practically the price
becomes the decisive factor and also domestic manufacturer has less pricing limits than foreign manufacturer, a
market with lower income level has more market shares of
domestic manufacturer than the other (ﬁgure 4b). In contrast, when the income level of customers increases, the
value of the products’ price parameter becomes lower and
consequently the competition between manufacturers in
order to obtain each market’s share and proﬁt, becomes
ﬁerce. This issue is depicted very well in comparison
between instances 7 and 8 in ﬁgure 5.
In ﬁgure 6a comparison between instances 6 and 4 is
done in each market. When customers have a sense of
patriotism towards domestic manufacturer’s product, the
domestic manufacturer obtains a bigger market share
comparing to before and thus has a monopoly on the market
and consequently, the proﬁt of the domestic manufacturer
increases substantially (ﬁgures 6a and 6c). As a result of
this monopoly, a negative side effect forms up in which
domestic manufacturer will offer very high process for
products with no noticeable improvements and also foreign
manufacturer, in order to save its market share, has to
decrease its marginal proﬁt ensuing a lower price for its
products (ﬁgure 6b). In order to avoid this negative side
effect, governments usually use the policy of pricing
threshold on domestic manufacturer’s product ( Pmax ) to
avoid the irrational price increment of domestic
manufacturer.

5.3 Sensitivity analyze according to products’
quality in different markets

Figure 6. Effect of products’ price on the domestic and the
foreign manufacturer in each market (instances 4 and 6).

table 2, instances 4 and 5 are pertaining to the markets with
more low level income customers comparing to others.
Even though, instance 5 has the lowest level income customers due to high sensitivity toward prices. In contrast,

In this section, the effect of changing quality of domestic
and foreign manufacturer’s products on market share and
proﬁt has been studied. As seen in table 3, instance 9 is
pertaining to a state in which the two manufacturers have
the same quality. Furthermore, instances 10 and 11 represent a state in which the product’s quality of the domestic
manufacturer is better than the foreign one and also
instances 12-14 represent a state in which the product’s
quality of the foreign manufacturer is better than the
domestic one.

(0.5,0.5)
(0.1,0.1)

0.5

0.2

(0.9,0.9)
(0.5,0.5)
(0.1,0.1)

0.8

0.5

0.2

(0.1,0.1)

(0.9,0.9)

0.8

0.2

(0.1,0.1)

0.2

(0.5,0.5)
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0.5
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(0.9,0.9)

0.8

(0.9,0.9)

(0.1,0.1)

0.2

0.8

(0.5,0.5)

0.5

(0.1,0.1)

0.1
(0.9,0.9)

(0.5,0.5)

0.5

0.8

(0.9,0.9)

ðhDj ; hFj Þ

0.9

bj

(1,2.5)

(1,2)

(1,0.1)

(2,1)

(1.5,1)

(1,1)

ðQD; QFÞ

(8,8)

(8,8)

(8,8)

(8,8)

(8,8)

(8,8)

ðCD; CFÞ

0.20
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0.30

0.20

0.50

0.30

0.20

0.50

0.30

0.20

0.50

0.30

0.20
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0.30

0.20
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aj

(11.41, 30.42)

(13.26, 22.18)

(17.43, 21.29)

(19.34, 25.98)

(13.28, 17.39)

(14.62, 16.50)

(21.15, 20.28)

(13.48, 11.32)

(12.45, 10.29)

(24.50, 20.82)

(18.05, 12.82)

(16.79, 11.96)

(21.80, 21.15)

(15.14, 12.82)

(14.15, 11.87)

(20.43, 21.69)

(13.38, 12.82)

(12.74, 11.85)

ðpj ; qj Þ

xj
DMj

0:97
296357:5

0:86
576388:7

0:49
477144:7

0:95
239673:7

0:86
576388:6

0:68
639305:9

0:86
182610:4

0:86
576388:7

0:89
816576:3

0:93
243050:2

0:86
600301:7

0:77
807843:4

0:998
584952:3

0:86
553203:8

0:02
19930:8

0:9998
1007982:5

0:86
550474:8

0:0007
55:1




zj
FMj

0:03
4154:5

0:14
71011:6

0:51
558621:6

0:05
7827:1

0:14
71011:6

0:32
328290:5

0:14
24611:7

0:14
71011:7

0:11
105266:3

0:07
12330:6

0:14
73121:1

0:23
252428:3

0:002
279:4

0:14
68819:8

0:98
1035418:2

0:0002
27:8

0:14
68558:4

0:9993
1023088:5





Market share and Proﬁt in each market

1558512.4

1158086.9

1651195.3

1575575.9

1455368.2

1349890.8

FD

FF

1091674.5

1104517.5

337880

200889.7

407129.2

633787.8

Proﬁt

Sådhanå

14

Low income
d1 ¼ 150000
Medium income
d2 ¼ 250000
High income
d3 ¼ 100000
Low income
d1 ¼ 150000
Medium income
d2 ¼ 250000
High income
d3 ¼ 100000
Low income
d1 ¼ 150000
Medium income
d2 ¼ 250000
High income
d3 ¼ 100000
Low income
d1 ¼ 150000
Medium income
d2 ¼ 250000
High income
d3 ¼ 100000
Low income
d1 ¼ 150000
Medium income
d2 ¼ 250000
High income
d3 ¼ 100000
Low income
d1 ¼ 150000
Medium income
d2 ¼ 250000
High income
d3 ¼ 100000

Market

Price
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13

12

11

10

9

Instance

0

Parameters

Table 3. Analysis of the effect of products’ quality on the domestic and the foreign manufacturer.
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Figure 7. Effect of products’ quality on the domestic and the foreign manufacturer in each market (instances 9-11).

In ﬁgure 7, a comparison between instances 9-11 has
been depicted. As it is shown in ﬁgure 7a, when the
domestic product’s quality is higher than the foreign one,
market share of domestic manufacturer increases in the
markets with high quality sensitive customers (Market 3).
In contrast, taking into notice that, increment of quality
ensues higher manufacturing costs, therefore, it is reasonable that, domestic manufacturer applies higher prices on
its products and consequently, loses its share in markets
with price sensitive customers (Market 1). But, due to high
level of competitiveness of domestic manufacturers comparing to foreign ones, with determining the right pricing
policy strategy, market share and proﬁt losses become less

effective than before (ﬁgure 7b). Also in ﬁgure 8 instances
9 and 12-14 are studied. As it is demonstrated in ﬁgure 8a,
as the quality of foreign manufacturer’s product increases,
like the above-mentioned point, market share of foreign
manufacturer increases in Market 3 and decreases in Market 1. However, with a comparison between instances 13
and 14 this interesting fact can be inferred that, if foreign
manufacturer increases its product’s quality more than a
certain point, its proﬁt decreases even in markets with high
quality sensitive customers (ﬁgure 8b). This is due to the
fact that, by increasing the quality, the foreign manufacturer cannot obtain noticeable market share thus unable to
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Figure 8. Effect of products’ quality on the domestic and the foreign manufacturer in each market (instances 9 and 12-14).

compensate for the quality increment costs and its proﬁt
decreases.
By studying and analyzing this section, an interesting
conclusion can be found that, manufacturers should consider the sensitivity of customers before entering a market

and determining the level of quality of their products.
Afterwards, they should consider the amount of market
proﬁt percentage proportional to total market share (aj ), and
this element depends on the population of each market. For
instance, when the population of high level income

Market segmentation Low income
d1 ¼ 150000
Medium income
d2 ¼ 250000
High income
d3 ¼ 100000
Overall market
dO ¼ 500000

Market segmentation Low income
d1 ¼ 150000
Medium income
d2 ¼ 250000
High income
d3 ¼ 100000
Overall market
dO ¼ 500000

Market segmentation Low income
d1 ¼ 150000
Medium income
d2 ¼ 250000
High income
d3 ¼ 100000
Overall market
dO ¼ 500000

16

17

Market

15

Instance

(0.1,0.3)

0.1

(0.5,0.3)
(0.1,0.3)

0.2
0.1
(1,1)

(1,1)

(10,8)

(10,8)

(8,10)

(8,10)

(8,8)

(8,8)
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(14.69,14.37)

1

(14.61,14.28)
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0.30 (13.92, 12.20)

1
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0.50 (15.36,14.73)

0.30 (14.85,13.72)

1

0.20 (21.33,23.62)
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0.30 (12.65,11.84)
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xj
DMj

0:97
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0:10


0:01
282:7

0:02
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0:03
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0.21 (0.61,0.41)

(1,0.8)

0.3

(1,1)

(0.3,0.5)

0.2

0.21 (0.41,0.61)

(1,1)

(0.8,1)

0.3

(0.1,0.1)

0.1
(1,1)

(0.5,0.5)

0.2

(1,1)

ðQD; QFÞ

0.21 (0.54,0.54)

(0.9,0.9)

ðhDj ; hFj Þ

0.3

bj

0

Parameters

Table 4. Comparison between the market segmentation and the overall market.
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Figure 9. Comparison between the market segmentation and the overall market (instances 15-17).

customers is not considerable, there is no practical and
economic reason for manufacturers to increase the quality
of their products which will result in loss of market share in
markets with low level income customers and losing a
substantial amount of their total proﬁt which depends on
this market.

150000  0:8 þ 250000  0:3 þ 100000  0:1
500000
¼ 0:41

hD ¼

ð32Þ
hF ¼

5.4 Model analysis in the overall market situation
The purpose of this section is to demonstrate the beneﬁts of
market segmentation with respect to the income level of
customers. Hence, in this section, the domestic manufacturers’ proﬁt in two modes, the overall market and the
market segmentation according to customer income level,
is compared. As seen in table 4, instance 15 is indicating a
state in which the two manufacturers have the same
parameters. In addition, instance 16 represents a state in
which the domestic manufacturer has better conditions than
the foreign manufacturer in terms of sensitivity parameter
to product price and ﬁxed costs. In contrast, instance 17
depicts a state in which the foreign manufacturer has better
conditions than the domestic manufacturer in the aforementioned parameters.
It is important to mention, in this section hD; hF and b
for the overall market are calculated through weighted
mean. For example, the parameters mentioned in instance
16 is calculated as follow:

b¼

150000  1 þ 250000  0:5 þ 100000  0:3
¼ 0:61
500000
ð33Þ

150000  0:3 þ 250000  0:2 þ 100000  0:1
¼ 0:21
500000
ð34Þ

As it is shown in ﬁgure 9, the domestic manufacturers’
proﬁt in all situations (instances) is improved when the
markets segmented with respect to the income level of
customers. In fact, the results show that market segmentation with respect to the income level leads to an increase in
proﬁt of the manufacturers. But this method can be one way
for the domestic manufacturer to raise its proﬁts. Indeed,
the domestic manufacturer can increase its competitive
advantage in selling products by this segmentation.
By studying this section, it is found that, manufacturers
before pricing on their products should divide markets with
respect to income level of customers. Practically, manufacturers can increase their chance to sell their products by
this method.
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6. Remarks and suggestions
Nowadays, the competition for gaining share and proﬁt in
different markets is ﬁerce. Due to this fact, manufacturers
pay more attention to effective factors such as price and
quality which play a crucial role in appealing the customers. This attention is paid to guarantee a sufﬁcient share
in the current competitive environment, by determining the
right price and quality. Hence, in this paper a competitive
pricing problem is presented in which, domestic and foreign manufacturers are competing in order to gain the
maximum share in three different markets consisting of
high, medium and low level income customers.
The proposed mathematical problem is modeled as a bilevel programming problem, by using Stackelberg game
concept. The domestic and foreign manufacturers play the
role of a leader and a follower respectively. In this paper,
the effective factors with an impact on the share of each
manufacturer, are assumed to be mill price and quality of
product. Also to determine the customers’ buying tendency
from each manufacturer, the MNL model has been used.
Meanwhile, with the consideration that the proposed model
is a bi-level model and the utility function is non-linear, a
hybrid method based on Lambert-W function and PathFollowing method have been used to solve the problem.
Our mathematical model conﬁrms that, in competitive
environment, obtaining the highest market share is highly
dependent on customers’ behavior and customers’ sensitivity to price and quality of the products. Considering
customers’ sensitivity brings new insights about the competitive pricing problem between domestic and foreign
manufacturers. We have shown how this customers’
behavior plays a crucial role on the optimal pricing decisions of the domestic and foreign manufacturers. Also, the
results indicate that when customers have patriotic sentiments towards purchase of the domestic product, the
domestic manufacturer has better opportunity to sell its
good in comparison to the foreign manufacturer. But, this
situation may lead to form a monopoly in the market by the
domestic manufacturer. Hence, governments should put a
price threshold on the domestic manufacturer’s goods to
avoid the formation of monopoly. In addition, the computational results discover that one alternative that the
domestic manufacturer can improve its competitive
advantage is to segment the market with respect to the
income level of customers.
In this paper, quality is considered as an exogenous
factor with an effect on the utility of the manufacturers. It is
proposed, for future works, to consider the product quality
as a decision variable which in fact means that it could be
considered as an endogenous factor. Also in order to make
the problem’s environment more realistic, some factors like
lead time and advertisement which affect the utility of each
manufacturer for the customers, can be considered. Furthermore, by adding the probabilistic nature of the
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customers’ demand in each market to the proposed mathematical model, a more realistic model can be designed.
Also the concept can be used in sustainable environment
including the main aspects of retail supply chain [52–56].

Appendix A
Proof of Theorem 1.
Expression (15) should be simpliﬁed to following:
qj ¼

1
þ CFtotal
hFj  ð1  zj Þ

8j 2 M

ðA  1Þ

By replacing equation (6) in (A-1) expression:
qj ¼

1

 þ CFtotal
uuj
hFj  1  eujeþeuuj

8j 2 M

ðA  2Þ

8j 2 M

ðA  3Þ

Then it is simpliﬁed as following:
0

qj

QF
1
eb e ðhFj qj Þ
¼
þ
þ CFtotal
hFj  gj
hFj

0

By multiplying (A-3) by hFj and then subtracting b from
both sides, it can be concluded that:
0 QF

0

ðhFj  qj Þ  ðb eQF Þ ¼
8j 2 M

eb e

ðhFj qj Þ

þ 1 þ ðhFj
gj
ðA  4Þ
0
 CFtotalÞ  ðb eQF Þ

Rewriting (A-4) we have:
0 QF

eb e

ðhFj qj Þ

0

 ðhFj  qj Þ þ ðb eQF Þ
gj
0
¼ 1 þ ðb eQF Þ  ðhFj  CFtotalÞ
8j 2 M

ðA  5Þ

By taking exponentials on both sides and dividing both
sides by gj , the following can be achieved:
 0 QF

0 QF
0 QF

b e ðhFj qj Þ
e
eb e ðhFj qj Þ e1þb e ðhFj CFtotalÞ
gj

¼
e
gj
gj
8j 2 M
If we assume W ¼
We ¼
W

e1þb

0
b eQF ðhFj q Þ
j
e

0 QF
e ðhFj CFtotalÞ

gj

gj

ðA  6Þ
, then we rewrite (A-6) as

. This expression and Lambert-W

are the same, considering the expression f ðwÞ ¼ wew , so:
!
0 QF
e1þb e ðhFj CFtotalÞ
W¼W
8j 2 M
ðA  7Þ
gj
Substituting for W, we ﬁnd:
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ðhFj qj Þ

gj
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0 QF

¼W

e1þb e

ðhFj CFtotalÞ

!
8j 2 M

gj

ðA  8Þ
Then, by exploiting the logarithmic property of the
Lambert-W function (i.e. lnðWðxÞÞ ¼ lnðxÞ  WðxÞ) and
taking the natural logarithms on both sides, the following
can be calculated:
0

0

b eQF  ðhFj  qj Þ  lnðgj Þ ¼ 1 þ b eQF  ðhFj
 CFtotalÞ  lnðgj Þ
0 QF

e1þb e

W

ðhFj CFtotalÞ

!

gj

8j 2 M
ðA  9Þ
Then, we have:

qj ¼

1 þ ðhFj  CFtotalÞ þ W

8j 2 M

0 QF
e ðhFj CFtotalÞ

e1þb

gj

hFj
ðA  10Þ

Which can be simpliﬁed (A-10) as follow:


0 QF
1 þ W g1 e1þb e ðhFj CFtotalÞ
j
qj ¼ CFtotal þ
hFj

8j 2 M
ðA  11Þ
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