The quality-price competition models’ analysis: equilibrium solutions and cooperation 
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First, we examine the basic game-theoretical model of product differentiation [Ronnen, 1991; Tirole, 1997; Kuzyutin & Zhukova, 2007] or the “quality-price” 2–firm competition model. The research is based on the following assumptions.

· Each consumer can estimate the quality of the product he buys; all consumers range the substitute goods in the same way when their prices are equal.

· All consumers are characterized by a parameter [image: image2.png]t:t € [0,1]



 which is uniformly distributed on the segment [0, 1] and shows their willingness to pay for quality increasing.

· Fixed costs: [image: image4.png]FC(q) = 5



. Variable production costs are constant for the firms and assumed to be equal to zero for simplicity.

· Each consumer’s strategy is maximizing his utility function of the following form:
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· The purpose of each firm is maximizing its profit: [image: image7.png]I1,(qy, Py, 92.P;) = p;D; — FC(q;)



 where [image: image9.png]


 is the corresponding market share of the firm.

The competition between firms takes place in a two-staged game. In the 1-st stage they decide on the quality [image: image11.png]q;,i=12



  to produce (let [image: image13.png]q; <q,



). At this stage each firm faces R&D fixed costs. In the 2nd stage the firms choose simultaneously their prices [image: image15.png]p;,i=1,2



. The solution concept traditionally used in similar models is a subgame perfect equilibrium which can be constructed using the backwards induction procedure [Petrosyan & Kuzyutin, 2008]. 

We’d like to mention the Pareto inefficiency of the constructed subgame perfect equilibrium and to suggest some kind of firms’ cooperation which can improve the constructed equilibrium solutions.  The cooperative behavior can appear either in the very beginning of the game or at the second stage (price competition), when the rivals communicate with each other and decide to form some kind of cartel. In this case the firms can use an appropriate profit allocation procedure to split the summarized profit.

We also explore the “2–dimentional” competition model [Kuzyutin & Zhukova, 2007] that takes into account both vertical and horizontal differentiation features. The following additional assumptions are involved:

· The supply side of the market is presented by three firms, two of which supposed to be located on the ends of a segment – “linear city” [Hotelling, 1929; Tirole, 1997], and the third one has a fixed position in the middle of the interval. All consumers are uniformly distributed within the interval.

· The market is completely covered i.e. each consumer buys one unit of product from one of the firms.

· Travel costs of the consumer are supposed to be in direct proportion to the distance between the location of the consumer and the firm.

Each consumer’s strategy in this 2–dimentional competition model is to maximize his utility function of the following form: 
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.

Here  [image: image19.png]s:5 € [0,1]



 – a scalar parameter that characterizes consumer’s spatial position on the segment (“linear city”); [image: image21.png]


 – the consumer’s travel costs parameter. From intuitive assumptions and on purpose to make the examined model clearer we suggest that the consumers from the segment [image: image23.png]


 only select between buying either product of quality [image: image25.png]a,



 or the product of quality [image: image27.png]q;



; and consumers from the segment [image: image29.png]


 only select between buying product of quality [image: image31.png]q;



 or [image: image33.png]q3



. 
Thus we can determine “marginal consumers” [image: image35.png]ty(s)



 and  [image: image37.png]t5(s)



:
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Consumers’ behavior described above leads to self-segmentation of the consumers and unambiguously determines the market shares of the firms (see Fig. 1). 
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Fig.1. Market shares in 2–dimentional competition model (with vertical and horizontal differentiation).
The area below the line [image: image42.png]ty(s)



 is the low-quality seller’s market share: [image: image44.png]


. The area above the line [image: image46.png]t5(s)



 is the high-quality seller’s market share: [image: image48.png]


.  The market share of the 2nd firm is:          [image: image50.png]


. 
The backwards induction procedure allows to find the subgame perfect equilibrium in a proposed 3-firms competition model. At the second stage of the game (the stage of price competition) we construct both Nash and Stackelberg equilibrium solutions in order to compare them. When optimal prices [image: image52.png](ps,p:.p3)



 are determined (as the functions of chosen qualities) we can return to the 1st stage of the game (quality competition). The equilibrium vector of qualities [image: image54.png](91,93.93)



 satisfies the  3rd – order equality system which can be numerically solved.

Thus we managed to construct the subgame perfect equilibrium in a 2–dimentional product differentiation model (for three active firms in the market). The results of sensitivity analyses and some cooperation opportunities which can improve the constructed equilibrium solutions are discussed. 
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