
International Journal of Industrial Engineering & Production Research September 2020 Vol. 31, No. 3: 387-396 
DOI: 10.22068/ijiepr.31.3.387 
 

 
 
Two-Player Continuous Game Theory for Product Portfolio 
Management in a Competitive Manufacturing Market 

Ramin Sadeghian*1, Maryam Esmaeili2 & Maliheh Ebrahimi3 
 
Received 28 June 2019; Revised 25 April 2020; Accepted 13 July 2020; Published online 30 September 2020 
© Iran University of Science and Technology 2020 
 
ABSTRACT 
Nowadays, the variety of new products will run serious competitions among manufacturers. Product 
Portfolio Management (PPM) as an appropriate tool can influence the customer’s taste and increase 
the profit of firms. In this paper, the factors of PPM, production planning, and a two-player continuous 
game theory are considered simultaneously. Some constraints are also assumed including the 
availability of raw materials and demand of each product based on some specific criteria. Two firms 
have offered same products and competed with each other. The relationships between two producers 
are modeled by a non-zero two- player game. A numerical example is also presented. The proposed 
model is run within a single period with the inventory equal to zero at the beginning and end of this 
period. The objective functions show the profit of products and the constraints represent the utility of 
products for each customer, market's share as a function of the probability of customer selection for 
each section, type of distribution function for sale quantity, accessible quantity of the sum of used 
materials by two producers, etc. 
The results showed a change in demand would affect the profit of two players and the second player 
would be more vulnerable to this effect than the first one. In addition, a change in the sale price affects 
the profit of two players and the first player is more influenced by this change than the first one. The 
obtained data showed that with an increase in the extra sale price, the profit of the first player would 
increase while the profit of second player would remain approximately constant. 
 
KEYWORDS: Game theory; Product portfolio management (PPM); Bi objective programming. 
 

1. Introduction1 
Nowadays, choosing an optimum Product 
Portfolio (PP) is regarded a pivotal decision for 
each producer in a competitive environment 
because producing a suitable set of products 
plays a key role in the survival of a producer. Of 
note, making a decision about presenting a new 
product portfolio entails some risks; therefore, 
the concept of Product Portfolio Management 
(PPM) as a business concept can be taken into 
consideration to simultaneously analyze both 
power of production and potential of market. The 
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PPM can determine the best set of PP (Sadeghi et 
al., 2011). 
In recent studies, PPM has been surveyed as a 
theoretical, conceptual, and economical research 
interest.  
Some researchers investigated product 
management in some fields such as customer 
satisfaction, life cycle, and etc. (Back-Hock, 
1992; Calantone et al., 1995; Iribarren et al., 
2010; Xiang et al., 2013).  
Stettina et al. (2014) presented an empirical 
perspective for agile portfolio management. Zhu 
et al. (2014) introduced portfolio management 
with robustness in both prediction and decision. 
Ruiz et al. (2014) and zhao (2007) utlized 
dynamic portfolio management in practice. 
Moreover, there are other similar studies on 
portfolio management (Knight et al., 2014; Lu et 
al., 2013; Tudor, 2012; Metaxiotis et al., 2012; 
Killen et al., 2012; Smith et al., 2011). 
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Kraiczy et al. (2014) presented a method for 
product portfolio performance in family firms. 
Makinen et al. (2014) and Li et al. (2014) used 
the decision-making and design of product 
portfolio. The project portfolio management was 
also applied in many researches (Brook et al., 
2014; Gutierrez et al., 2014; Hyvari, 2014; 
Pajares et al., 2014; Alketbi et al., 2014; Kaiser et 
al., 2014; and Daniel et al., 2014). 
Zhao et al. (2013) presented a game between 
manufacturers and government in a cleaner 
production. Moreover, Ma et al. (2014) 
introduced a dynamic non-cooperative game 
model for closed-loop supply chain. Cooper et 
al., (1999), McNally et al., (2009), and Smith et 
al. (2011) also studied product portfolio 
management. 
Roshtin et al. studied the PP in pharmaceutical 
industry in the field of economic engineering and 
proposed a two-steps dynamic programming 
model (Roshtine et al., 1999). Jiao et al. inspected 
the PP selection by considering the dimensions of 
consumer absorption and product engineering 
(Jiao et al. 2005). Further, Sadeghi et al. used a 
discrete game theory for the PP selection in a 
competitive environment (Sadeghi et al., 2011). 
Of note, a wide variety of products can confuse 
customers. In this regard, Berry et al. evaluated 
the cost of product's variety and its marginal 
profits (Berry et al., 1999). Carlo et al. presented 
two concepts such as the width of change and 
extent of change to measure the PP's variety. 
They surveyed the effects of these concepts on 
the success or failure of PPs (Carlo et al., 2006). 
The effects of two factors such as dissolution and 
business on PP's variety were inspected by Srini 
et al. (Srini vasan et al., 2008). Closs et al. 
presented a model to examine the effects of PP or 
PPM on the value of profit (Closs et al., 2008). In 
addition, Salhieh (2007) presented a systematic 
method was presented for transforming a non-
homogenous portfolio into a homogenous 
portfolio. 
Some researchers have studied the inventory and 
production management regarding the game 

theory. For instance, Wang et al. used game 
theory for a single-period supply chain with three 
retailers (Wang et al., 1994). A dynamic and non-
dynamic game for inventory management with 
two players was proposed by Wu et al. (Wu et al., 
2011). Bai et al. presented a dynamic game for 
production scheduling (Bai et al., 1997).  
In a majority of articles, the competition between 
the salesmen and retailers have been studied, 
while the competition among several producers 
has been almost neglected. Generally, the studies 
on PPM have been limited to only PP selection 
and most of these papers have not considered 
several factors such as the quantities or 
constraints of production in the PP. In addition, 
game theory has been less used in PP selection 
and PPM. Therefore, the present study aims to 
examine the PP selection through a two-player 
continuous game and consider some constraints 
such as the rate of production, accessible 
resource, demand of each product, utility of each 
product for each customer, etc. For example, the 
utility of each product for each customer is 
evaluated based on the features of each product 
and customer.  
In the following, the proposed model, 
assumptions, parameters, decision variables, and 
their corresponding numerical example are 
presented.  
 

2. The Proposed Model 
2.1. Assumptions 

- The proposed model is run within a 
single period in which inventory is equal 
to zero at the beginning and end of the 
period. In other words, the productions of 
each period will be sold in the same 
period (Parlar et al., 2006). 

- The demand is well-known. 
- There are two producers whose products 

are similar, their product prices are  the 
same, but the costs of materials are 
different for each producer. 

 
2.2. The Parameters 

jD : The potential demand of product j 
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iQ : The market size of customer i   
m
jS : The quantity sold from product j by producer m  
m
jP : The price of product j for producer m 
m
jc : The setup cost of product j for producer m 
m
jr : The price of product j for producer m (This parameter is defined for products with no demand) 
m
jZ : The feature of product j for producer m 

ix : The feature of customer for section i 
m
iju : The utility of product j for producer m and section's customer i 
m
jf : The market share of product j for producer m  
m
jkf : The quantity of needed resource k of product j for producer m  

kB : The accessible quantity of resource k  
m
jL : The minimum production level of product j for producer m 
m
jV : The maximum selling potential of product j for producer m 

m
jPm : The cost of resource k for product j and producer m 

 
2.3. The decision variables 

m
jt : A binary variable (zero and one) for making 

a decision about producing or not producing 
product j of producer m  

m
jy : The quantity of production of product j for 

producer m 
 
 
 
 

2.4. The model 
Consider two producers who product similar 
products. They would like to select an optimum 
PP to maximize their profit. To this end, a bi-
objective programming model is designed. Each 
objective function shows the profit of each 
producer including the incomes, costs, and 
penalties. The proposed model can be written as 
follows:
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Equations (1) and (2) are the objective functions 
for each producer. Their first, second, and third 
parts show the selling income, production cost, 
and the profit of products with no demand, 
respectively.  
The Constraint (3) obtains the utility of products 
for each customer. The minus sign before 
absolute was used since m

iju  in Equation (4) was 

applied as exponential. 
Constraint (4) shows the market share (Tang et 
al., 2010; Jiao et al., 2005; and Sadeghi et al., 
2011). The market share is a function of the 
probability of customer selection for section i, 
product j, and producer m. The probability of 
customer selection can be defined as a matrix 
similar to that in Equation (13):        
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Since the strategy of the proposed model is 

continuous, 
m
jt is obtained with its related 

utilities to affect the market share and sale 
probability.     
Constraint (5) considers a bi-nominal distribution 
for sale quantity because the customer sells its 
products to a producer or its competitor. Based 
on the model assumptions, the demand of any 
product is well-known but producers are not 
aware of the sale quantity for their competition 
(Bai et al., 1997). To simplify this problem, the 
sale quantity can be replaced by the mean of sale 
quantity or mean of bi-nominal distribution: 
  

jjj DfS  11                                               (14) 

jjj DfS  22                                     (15) 

 
Therefore, the objective functions are reformed 
as shown below: 
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Constraint (6) shows that the sum of the used 
materials by two producers should not be more 
than the accessible quantity. This constraint is a 
function of both two producers.       
Constraint (7) is applied to cover the whole 
demand of product j on behalf of two producers. 
This constraint is also a function of both two 
producers.  

Constraints (8) and (9) are supposed to check the 
minimum and maximum potential of production. 
Constraints (10) and (11) demonstrate that the 
difference of the sale mean from production 
quantity should be positive.  
 

3. Numerical Examples 
Assume that two producers can produce four 
types of different products. They tend to find a 
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suitable PP and quantity of productions. Any 
product has its own specific demand and two 
producers should cover the total demands. The 
products may be supplied in four sections of a 
market with their customers and utilities. 
Obviously, the utility of any product affects any 
producer’s market share of. In addition, there are 
some limitations such as the potential of 
production, accessible materials, product 

demand, etc. The values of parameters are 
presented in the appendices.         
Since the proposed model is a bi-objective 
programming, the L-P metric method is 
employed to analyze the status of the problem. 
Table 1. shows non-dominated solutions obtained 
by L-P metric method for different P's. Their 
charts are also presented in the appendices. 

 
Tab. 1. Non-dominated solutions obtained by L-P metric method 

P x f1 f2 

P=2 x1 866 2040 

P=4 x2 2867 2036 

P=6 x3 2872 2031 

P=8 x4 203 933 

P=10 x5 764 1822 
 

With regard to Table 1. and concept of payoff 
dominance for determining Nash equilibrium, the 
obtained non-dominated solutions for P = 8, 10 
(i.e. x4, x5) cannot be Nash equilibrium, because 
their solutions are dominated by other solutions 
such as x1, x2, and x3.  

Berry et al. used the ranking methods to suggest 
the most proper solution (Berry et al., 1999), 
while through Nash equilibrium law, the second 
strategy (i.e. x2) can be a Nash equilibrium 
solution. Therefore, the quantities of production 
for all products can be seen in Table 2. 

 

Tab. 2. the quantities of production for strategy x2 
Profit Product 4 Product 3 Product 2 Product 1 Producers 
2867 60 18 11 0 Producer 1 
2036 0 22 39 60 Producer 2 

 
4. Discussions 

In this section, a sensitivity analysis on the 
objective functions is performed which entails the 
profit of players (producers) based on some 
parameters such as total demand, sale price for 
any product, and sale price for extra products. 
The obtained results are presented in Figs. (1-3).  

Figure 1 shows that demand changing affects the 
profits of two players, and the second player is 
more influenced than the first one. Therefore, 
uncertain demands are likely to damage the profit 
of the second player. In this case, profit stability 
is ensured for the first player; however, more 
precise methods for forecasting demand are still 
required.

 

 
Fig. 1. The effects of demand on the profit of players 
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Figure 2 demonstrates that the sale price 
changing affects the profit of two players, 
especially the first player. Therefore, uncertain 
sale price may damage the profit of the first 

player. Therefore in this case, the risk 
management techniques can be useful. In 
addition, though ensured, the profit of the second 
player is reduced under competitive conditions. 

 

 
Fig. 2. The effects of sale price on the players’ profit  

 
Figure 3 shows that with an increase in an extra 
sale price, the profit of the first player increases 
while the profit of second player remains 
constant. Hence the first player can increase his 

profit by increasing extra sale price; however, 
this idea may not be fruitful for the second 
player.

 

 
Fig. 3. The effects of extra sale price on the profit of players 

 

5. Conclusions 
The PP selection can be analyzed regarding 
selling and producing. In this paper, a continuous 
game theory approach with two players is used 
that entails a bi-objective programming with 
independent objective functions. Further, some 
characteristics of both product and customer were 
taken into consideration to describe the 
constraints and objective functions in detail. In 
the presented model, while the demand of any 
product is certain and well-known, the sale 
quantity is unknown. Since the model's 
environment is competitive with to participating 

two producers, it is assumed that the sale quantity 
is determined by bi-nominal distribution. To 
illustrate this issue, a numerical example is also 
presented below. This example is analyzed based 
on L-P metric method and Nash equilibrium. 
Then, a sensitivity analysis is performed on some 
parameters such as demand, sale price, and extra 
sale price.                    
 

6. Appendixes 
6.1. Appendix 1: Input data for numerical 
example

  

Tab. 3 The data of market share, total demand, sale price, and extra sale price 
 Customer 1 Customer 2 Customer 3 Customer 4 

Market Share 0.45 0.25 0.23 0.07 
Total Market Demand 60 50 40 60 
Sale Price 25 30 43 40 
Extra Sale Price 20 26 40 31 
Customer Attribute 1 3 2 6 
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Tab. 4. The setup cost of producers 
 Product 1 Product 2 Product 3 Product 4 

Setup Cost of Producer 1 3 2 2 3 
Setup Cost of Producer 2 3 8 2 5 
Product Attribute of Producer 1 1 4 2.5 6 
Product Attribute of Producer 2 1.5 3 2 4 

 
Tab. 5. The required materials and their unit cost for producer 1 

(Required Quantity , Unit 
Cost) Material 1 Material 2 Material 3 Material 4 Material 5 Material 6 

Product 1 (0.5, 1) (0.25, 1) (0, 0) (0, 0) (0, 0) (0, 0) 

Product 2 
(0.55, 
0.75) (0, 0) (0, 0) (1.5, 0.35) (0, 0) (0, 0) 

Product 3 (0.55, 1) (0, 0) (22.2, 
0.58) (0, 0) (0, 0) (0, 0) 

Product 4 (0.5, 0.65) (0, 0) (0, 0) (0, 0) (0.4, 2.2) (0.55, 0.5) 
 

Tab. 6. The required materials and their unit cost for producer 2 
(Required Quantity, Unit 

Cost) Material 1 Material 2 Material 3 Material 4 Material 5 Material 6 

Product 1 (1.5, 0.5) (0. 5, 0.55) (0, 0) (0, 0) (0, 0) (0, 0) 
Product 2 (1, 0.25) (0, 0) (0, 0) (0.45, 1.7) (0, 0) (0, 0) 
Product 3 (1.5, 0.5) (0, 0) (0.6, 1.7) (0, 0) (0, 0) (0, 0) 

Product 4 (0, 0) (0, 0) (0, 0) (0, 0) (0.2, 0.59) 
(0.75, 
0.55) 

 
Tab. 7. Accessible materials 

 Material 1 Material 2 Material 3 Material 4 Material 5 Material 6 
Accessible Quantity 1200 450 300 250 300 150 

 
6.2. Appendix 2: Output data from numerical example  

 
Fig. 4. Non-dominated solutions obtained from L-P metric 

 
Tab. 8. The obtained solutions by P = 4 

(Producer 1, Producer 2) Product 1 Product 2 Product 3 Product 4 
 ଵ (0, 0) (10, 26) (18, 18) (60, 47)ݕ
 ଵ (0, 0) (1, 1) (1, 1) (1, 1)ݐ
 ଶ (60, 60) (40, 24) (22, 22) (0, 13)ݕ
 ଶ (1, 1) (1, 1) (1, 1) (0, 1)ݐ
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