Modern Management Engineering
Volume 10, Issue 4, Winter 2025
Article Type: Research

A Model for Determining the Equilibrium Point of Price-
Setting and Price-Taking Strategies in Oligopolistic Markets
Using Game Theory Approach

Reza Basiri’, Mansour Abedian?, Saeed Aqasi?, Zahra Dashtali*
Received: 24/02/2023 Accepted: 05/03/2024

Extended Abstract

Introduction

Competition in multi-firm monopoly (oligopoly) markets focuses on two
types of pricing strategies: price-taking and price-setting. The author
emphasizes the importance of the dynamics of competition, market structure,
and the role of game theory in analyzing firm behavior, noting that firms in
such markets must inevitably make decisions considering the reactions of
competitors. Market structure, depending on the number of sellers and buyers,
varies, with oligopoly being a prevalent structure at the center of attention. In
this market, firms either adopt competitive behavior based on past data (price-
taking) or determine prices by analyzing the behavior of competitors (price-
setting). Using game theory, especially dynamic games and Cournot models,
the author examines firms' strategic behavior in conditions of incomplete
information, markets with unstable demand, and complex competition.
Cooperative and non-cooperative games, as well as repeated and non-repeated
games, are also analyzed from the perspective of market structure and the
strategies employed. The paper’s goal is to analyze and compare the
profitability of the two strategies—price-taking and price-setting—and to
examine equilibrium in oligopoly markets. The main research questions focus
on how each of these strategies is determined, how equilibrium is reached,
and the profitability of each strategy using mathematical modeling within the
framework of game theory.Finally, the present research, focusing on Iranian
markets, aims to identify conditions under which firms, despite differences in
their strategies, achieve equilibrium and stability in the market, using a
combined approach of forward-looking analysis and retrospective learning.
Theoretical Background
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The Cournot model is one of the first formal models in the analysis of multi-
firm monopoly (oligopoly) markets, examining the strategic behavior of firms
in a setting where each firm makes its decision based on the production levels
of its competitors. The equilibrium in this model—Ilater known as Nash
equilibrium—is a state where no firm has an incentive to change its decision,
as each firm has made the best possible response to the strategies of its rivals.
Cournot emphasizes that in this equilibrium, prices are above marginal costs,
but market dynamics drive convergence toward this point. In the following
decades, other models, such as Bertrand (price competition) and Edgeworth
(limited capacity), emerged with different approaches, showing that prices
may oscillate or converge to a final price. Additionally, more dynamic and
evolutionary perspectives, such as the spider-web model and evolutionary
learning, suggested that over time, firms may deviate from the Cournot
equilibrium and approach a competitive equilibrium. Recent studies have
combined the Cournot theory with market dynamics, uncertainty, consumer
behavior, machine learning, Markov games, and other modern concepts.
Research like Anufriev and Kopanyi (2018) and Li et al. (2022) has
demonstrated that under certain conditions, the stability of the Cournot
equilibrium weakens, and behavioral factors, price competition, or
interactions between players can create new equilibrium patterns and market
behaviors.Overall, the Cournot theory serves as an important foundation for
analyzing strategic behavior in monopoly markets and, with the integration of
game theory, system dynamics, and modern computational methods, provides
new pathways for modeling and analysis for economists and system
engineers.

Research Methodology

This research uses the Cournot oligopoly model to analyze the competitive
behavior of firms. This model is one of the most classical in economic game
theory, where firms compete on the quantity of similar goods produced, and
each firm's decision depends on the behavior of its competitors. The present
study belongs to the literature of exploratory and dynamic game modeling,
especially those models that focus on gradual learning, adaptive behavior, and
bounded rationality. In this model, the market includes several firms divided
into two categories: price-taker firms (non-strategic) and price-setter firms
(strategic). Price-taker firms make decisions based solely on past experiences
and previous prices, without considering the behavior of other firms. In
contrast, price-setter firms, aware of the market structure, consider the
behavior of competitors and have more accurate predictions of future prices.
A key feature of this model is the dynamic analysis of firms' strategies; that is,
firms decide at the end of each period whether to adopt a price-taking or
price-setting behavior in the following period. Thus, the market structure and
the equilibrium within it can change and be analyzed over time. Moreover,
unlike many past studies that assumed market demand to be constant, this
paper emphasizes the variability of demand under real-world conditions (such
as seasonal changes, crises, wars, etc.). In summary, this research method
combines Cournot game theory, reinforcement learning approaches, and
behavioral modeling, making an effort to better understand market dynamics
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under real-world conditions and firms' behavior in the face of uncertainty and
competition.
Analysis

1. Market Equilibrium Depends on the Composition of Firms

o When the number of price-taker firms is low (e.g., n=0 to
n=3), the market is stable, and firms remain in the market.

o As the number of price-taker firms increases (e.g., n>5), the
market becomes unstable. This instability causes price-takers
to enter the game, incur losses, and either exit the market or
change their roles.

2. Price-Setters are Generally More Stable

o The model shows that in markets with price dynamics, firms
that set prices perform better and tend to remain in that role
for longer.

o On the other hand, price-taker firms, especially in larger
markets (e.g., N=10), tend to enter loss-making periods as
their numbers increase.

o In a Stable Market, Firms’ Profits are Optimal

o When the composition of firms is suitable (e.g., for N=3),
firms reach their highest average profit. This composition
includes a very limited number of price-taker firms.

o This situation leads to both higher profits for the firms and
increased production and consumer welfare.

3. Firms' Adaptive Reactions and Individual Learning

o Firms observe the behavior of others, and if they are incurring
losses, they change their roles (from price-taker to price-setter
or vice versa). This adds a dynamic learning aspect to the
model.

o Data shows that in most simulations, firms are reluctant to
remain in the price-taker role unless they are making high
profits.

4. Provides a Realistic Behavioral Model of the Market

o Unlike the Cournot model, which assumes all firms are price-
setters, this model considers a mix of behaviors that are more
commonly observed in reality.

o For instance, in the real world, small firms are often price-
takers, but if they observe that this role is unprofitable, they
may enter price competition.

The model shows that market stability, firm profitability, and consumer
behavior all depend on how roles are distributed among firms. The Cournot
equilibrium is stable and profitable under specific conditions, and if too many
firms attempt to deviate from this equilibrium (through price-taking), the
market becomes unstable and firms incur losses. This model has successfully
simulated and validated real-world market behavior with a mix of different
types of firms.
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Discussion and Conclusion

This paper examines the behavior of firms in oligopolistic markets from the
perspective of game theory, distinguishing between two strategic behaviors:
price-taking and price-setting. The findings show that firms can switch
between these two strategic behaviors depending on market structure and
competitor composition. In the proposed model, firms are either price-takers
(determining their production based on given prices) or price-setters
(determining production levels in a way that optimizes their profit,
considering competitors' behavior). The Cournot-Nash and Walrasian
equilibrium models were used to analyze the behavior of these firms. The
results demonstrated that the Cournot equilibrium is more stable than the
Walrasian equilibrium, as an increase in the number of price-taker firms leads
to a reduction in profits, making the price-taking behavior unstable.The study
also utilized adaptive learning by firms and showed, through simulations in
MATLAB software, that in unstable conditions, the market composition is
cyclical and dynamic. In these conditions, firms constantly switch between
price-setting and price-taking behaviors.Furthermore, the findings indicate
that relative profit, rather than absolute profit, plays the main role in the
survival of firms, and strategic behavior depends on multiple factors, such as
the type of learning (individual or social), firms' memory, and the degree of
rationality.Finally, it is suggested that in future studies, firms should be
analyzed heterogeneously with incomplete information within the framework
of leader-follower games, and the time delay in the transfer of information
should be considered as part of the dynamic model.
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Price-taking, Cournot equilibrium, Price-setting, Oligopoly
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