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ABSTRACT

In the modern economy, where there is a strong correlation between business undertakings and
profit, the profit of a subject depends not only on its behaviour, but also on the behaviour of other
participants in the decision making process. Therefore, the decision maker should analyze the
strategies that have been chosen or will be chosen by his opponents, but also to perform analysis of
the strategies that other decision makers will choose in a response to the strategy which has yet to be
chosen. To select an optimal strategy, on the oligopolistic market, decision makers can use game
theory.

Game theory is a mathematical theory that is used for analysis and solving of conflict situations, in
which participants have opposing interests. The concepts of game theory provide a tool for
formulating, analyzing and understanding different strategies. It attempts to address the functional
relationship between the selected strategies of individual players and their market outcome, which
may be either profit or loss.

In this paper the key aspects of game theory have been used to show how it can be implemented for
understanding the development and functioning of the oligopoly market and how managers need to
think about the strategic decisions.
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1. INTRODUCTION

Game theory is a specific method of analysis of social phenomena and processes. It is one of the
possible ways of interpreting human behaviour and choice in conflict and partially conflict situations.
These involve all the situations in which the final solution depends not only on one party, i.e. a player
who makes the decision, but also on the decisions made by other participants. These behaviours are
interdependent, they exert influence both on one another and on the final result of the decision making
process.

One of the forms of the market structure is oligopoly. It is a market in which only a few companies
compete, with products that can be differentiated but are not necessarily so. Another important feature
of oligopoly markets is that there are barriers to entry for new companies. The monopoly power and
profitability of the oligopoly companies depend in part on the interaction between the companies. If
they cooperate, companies can charge prices well above marginal cost and, thus, can earn large profits.
If they compete aggressively, this will result in low prices and, consequently, in lower profits. Why do
companies in some oligopolistic markets collaborate and in others compete fiercely? How do
companies set prices? The answers to these questions will be obtained through the application of game
theory, which has made a significant contribution to the analysis of strategic decision making in
oligopoly companies.
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2. THE BASIC CONCEPTSOF GAME THEORY

Game theory is a mathematical theory that is used for the analysis and resolution of conflict situations
in which parties have opposing interests. The concepts of game theory provide a tool for formulating,
analyzing and understanding different strategies. It attempts to address the functional relationship
between the selected strategies of individual players and their market outcome, which may be either
profit or loss.

A game is any situation in which players, i.e. participants in the game, make strategic decisions, taking
into account actions and reactions of others. A strategy is a rule or plan of action for playing the game.
For example, for an oligopoly company which needs to determine the price of its products, a possible
strategy is “to maintain a high price as long as that is how my competitors act, but when some of the
competitors lower their price, to lower my price even further [3]

The main objective of game theory is to determine the optimal strategy for each player. The optimal
strategy is defined as a strategy that maximizes the expected return of the player. The mechanisms of
game theory allow a study of a large number of possible strategies, from a total agreement to a conflict
of interest. Also, the economic game in which companies participate can be cooperative, when
participants in the game may enter into binding contracts that allow them to plan mutual strategies and
achieve greater profit, and non-cooperative in which there can be no negotiations or implementation of
mandatory agreements between players.

In addition to these games there are repeated games (an infinite number of times - pricing of products)
and games that are not repeated (decisions made only once).

In the contemporary economic conditions the most important element of each game is setting strategic
objectives, especially in those games that are repeated an infinite number of times, such as, for
example, determining the price of a product.

3. ANOLIGOPOLY ASA MARKET STRUCTURE

Oligopoly is a prevalent form of market structure. This is one of the intermediate forms between pure
competition and pure monopoly. The characteristics of oligopoly markets are to harbour a few
businesses and that the entry of new companies is limited. Products can be differentiated (as in the
automotive industry), but not necessarily so (as in the steel industry). The scope of the monopoly
power of companies partially depends on the interaction that exists between them. In some
oligopolistic industries, companies cooperate, and in others they implement aggressive competition,
and consequently achieve lower profits. In decision making in an oligopolistic market, one must take
into account possible reactions of the competitors. In addition, we assume that companies, as subjects,
act rationally, that is, think about the consequences of their actions.

Game theory is widely applied in oligopolistic market situations research. In fact, many of the central
problems of oligopoly depend on strategic reciprocal relations that exist between the market
participants. The issue of the strength of the above mentioned reciprocal connections is especially
important, and game theory models provide answers to this question.

For this paper purposes, we will simplify the analysis of an oligopoly market and, therefore, consider
the case of duopoly, or the existence of only two companies in the market. Each company has only one
competitor that must be taken into account when making its decisions. By an example of duopoly
(company A and company B) we will show how companies, by choosing price as a strategic variable,
can achieve an advantage in the market.

4. EQUILIBRIUM IN AN OLIGOPOLY MARKET

A duopoly in an oligopolistic market is comprised of two companies, which may or may not produce
differentiated products. Let us assume that there are two companies that produce a homogeneous
product. Then there will be four variables that may be of interest for us. These are the prices (pi, p2)
which are determined by each company and the quantities (q;, qz) produced by each company. The
company should first decide on the strategic variables with which it wants to achieve a competitive
advantage.

If two companies make decisions simultaneously on the amount they need to produce, whereby the
market determines the price, then we talk about the Cournot duopoly model. If one company decides
on the quantity or price before the other company, it becomes a leader either in quantity or price,
which is explained by the Stackelberg duopoly model. When both companies make decisions
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simultaneously on the price of their product, with the amount determined by the market, we talk about
the Bertrand duopoly model. Each company determines the price by which it will maximize profits,
according to the given choice (price) of the other company.

When the market is in equilibrium, the companies operate as best as they can and have no reason to
change prices or production quantities. The competitive market is in equilibrium when the total supply
equals total demand. Then each company operates as best as it can, because it sells all it produces and
maximizes its profits. A monopolist is in equilibrium when marginal revenue equals marginal cost.
Then the monopolist achieves the maximum profit.

In an oligopolistic market, a company determines the price and quantity taking into account the
behaviour of its competitors, whereas the competitors’ decisions depend on the decisions of the
company. Is there equilibrium in an oligopolistic market at all? When is oligopoly equilibrium
achieved? Yes, oligopolistic market equilibrium exists and is known as Nash equilibrium. Nash
equilibrium is based on the fact that every company operates as best as it can, considering the
performance of its competitors. When companies are in Nash equilibrium, neither of the companies
has incentive to disturb it, because each operates as best as it can, that is, achieves the highest profits
(as well as its competitor) with the strategy chosen.

5. APPLICATION OF GAME THEORY IN AN OLIGOPLY MARKET
One of the strategies that can be applied by an oligopoly company is pricing of products, whereby the
demand for the products of a company depends on the price of the product of that company as well as
the price of the product of the competing company (we will assume that these products do not differ in
other characteristics, so that only a change in price determines changes in demand for that product).
For each company the possibility of playing either with a high or a low price is available, while the
demand for the product of a company depends not only on its chosen strategy, but also on the strategy
chosen by the opponent. A change in demand will lead to changes in profits. If a company increases
the price, and the other retains a lower price, then the first company loses a part of the profits, because
it loses part of its market, whereas another company increases its market share and profits. If both
companies decrease the prices of their products, a decline in profits in both companies occurs (no
change in the market share, and the price is reduced).
Example 1. Let us assume that there are two companies (company A and company B) which are to
decide on the strategy about the price to be applied. The payoff matrix shows the outcomes, that is, the
value of the profits that companies A and B can achieve depending on their and their competitors’
strategies.

Matrix 1. Payoff matrix

Company B
Price 5 8
>
g 5
g < (50, 50) (80, 35)
S 8
© (35,80) (70,70)

The payoff matrix shows us that if the two companies charge the price of €5, they will both earn a
profit of €50, and if both charge a higher price - €8, they will both achieve a profit of €70. If company
A charges €5 for its products and company B raises the price of its product to €8 then company A will
make a profit of €80, and company B a profit of €35. Conversely, if company B chooses the strategy
of lower prices and charges €5 for its products, and company A charges €8, then company B is more
profitable. So, the strategy of raising prices may pay off only in the situation where both companies
consistently apply the strategy of price increase. If the companies make decisions on price increase
independently, they will, according to such a payment matrix of the game, choose the strategy of
lower prices and, thus, find themselves in a position where both lose share of profits.

Why don’t companies cooperate? Because the agreement is illegal. And why don’t they cooperate
without an explicit agreement? Because the competitor is unlikely to choose the price at the agreed
level, since it will benefit more if it chooses a lower price, even if it knows that you will determine the
price at the agreed level. The problem is that each company earns more with the price of € 5 regardless
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of the actions of the competitor. As can be seen from the payoff matrix, if company A charges 5€,
company B is more profitable if it charges the price of €5 (€50 compared to €35, which they would
accrue if they charged €8 for their products). Also, if company B charges €5 for its products, it pays
off most for company A to charge the same price of €5, because in such a way it is more profitable. As
a result, unless the companies can sign a binding agreement to charge €8 both, neither of them can
expect of the competitor to charge €8, and thus will both charge the price of €5.

Game theory explains this phenomenon through the “prisoner’s dilemma” and oligopoly companies
very often find themselves in this dilemma. Oligopoly companies must decide whether to apply
aggressive pricing (lowering the price to the level of marginal costs) or to cooperate (passive
competition through high prices). If companies apply passive competition, set high prices and limit
their production, they will earn higher profits than when compete aggressively. Just like “prisoners*
each company has an incentive to breach the agreement and drop the price below the competitor’s
pricing, although each of them knows that the competitor has the same incentive. The companies are
in the “prisoner’s dilemma“where neither of the companies could trust its competitor that it will
choose higher pricing.

In our example, the Pareto equilibrium is (70, 70), while the companies pursuing the private interest
reach a Nash equilibrium and thus gain less profit (50, 50). Does the “prisoner’s dilemma” condemn
oligopolistic companies to aggressive competing and generating low profits? Can a company find a
way out of the “prisoner’s dilemma®. This serious problem can be overcome in the games that are
repeated, where the players recognize the necessity of mutual cooperation. Most companies determine
the price (and the quantity) many times, with constant monitoring of the competitors’ behaviour. In
reality, companies play a repetitive game. If a game is played only once, then a Nash solution proves
optimal. If the game is repeated indefinitely, then a Pareto solution is optimal.

6. CONCLUSION

Game theory is used in all those situations in which there are partially or completely conflicting
strategic interests of the participants in the game, and in all those situations where the final result
depends not only on the procedures and decisions of one player, but also on the actions of the other
participants in the game.

The game played by companies in oligopolistic markets, in order to achieve monopoly profits, is
similar to that played in the “prisoner’s dilemma” by prisoners. If oligopolists make decisions
individually about the price of their products they will be guided by Nash equilibrium, which means
charging lower prices and lower profit generation. If they cooperate, or passively compete by charging
high prices, higher profits will be realized. The “prisoner’s dilemma” describes many real life
situations and shows that cooperation is sometimes difficult to achieve, even when for both players it
is better to play together.
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