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In the realm of strategic decision-making within economics, understanding the dynamics
of competition over time is crucial. One of the most insightful frameworks for analyzing
such interactions is the repeated game model, especially when the interactions extend
infinitely. When two firms engage in an ongoing contest, their strategies are influenced
not only by immediate payoffs but also by future consequences, reputation effects, and
potential cooperation. This article delves into the intricacies of an infinitely repeated game
played between two firms, focusing on the specific payoffs for firm 1 and how these
influence strategic choices, equilibrium outcomes, and the potential for cooperation or
collusion.

Understanding the Structure of the Repeated
Game

Before exploring the strategic nuances, it is essential to understand the basic structure of
an infinitely repeated game and how it differs from a one-shot game.

The Concept of an Infinitely Repeated Game

Definition: An infinitely repeated game involves players engaging in the same
strategic interaction an unlimited number of times, with the game continuing
indefinitely.

Importance in Economics: Such models capture real-world scenarios where firms
compete repeatedly over time, such as in price-setting, market entry battles, or
advertising wars.

Key Assumption: Future payoffs are discounted, meaning players value future gains
less than immediate ones, typically modeled with a discount factor (δ), where 0 < δ <
1.

Payoff Structure for Firm 1



In the context of this specific game, the payoffs for firm 1 are explicitly listed, which
influences the strategic landscape.

Understanding these payoffs allows us to analyze potential equilibrium strategies,
such as cooperation, punishment, or defection.

Payoffs are often represented in a matrix form, where each entry corresponds to the
payoff for firm 1 and firm 2 under different strategic combinations.

Analyzing Payoff Matrices and Strategic
Incentives

The payoff structure is fundamental in determining the strategic options available to each
firm and predicting the likely outcomes.

Payoff Matrices and Their Components

Matrix Elements: Each cell represents a combination of strategies (e.g., cooperate
or defect) and the resulting payoffs for firms 1 and 2.

Significance of Payoffs: Higher payoffs incentivize certain strategies; for example,
if firm 1's payoff from cooperating exceeds defection, cooperation becomes more
stable.

Example: Suppose the payoffs for firm 1 are as follows:

Cooperate / Cooperate: 3

Cooperate / Defect: 0

Defect / Cooperate: 5

Defect / Defect: 1

Strategic Incentives and the Role of Discounting

Immediate vs. Future Payoffs: Firms weigh immediate gains from defection
against the long-term benefits of cooperation.



Discount Factor (δ): A higher δ (closer to 1) means future payoffs are valued more,
encouraging cooperation.

Trigger Strategies: Strategies where a firm cooperates until the other defects, after
which it punishes by defecting indefinitely.

Equilibrium Concepts in Infinitely Repeated
Games

The analysis of equilibrium strategies is central to understanding what outcomes are
sustainable in the long run.

Subgame Perfect Equilibrium (SPNE)

Definition: An equilibrium where strategies constitute a Nash equilibrium in every
subgame of the repeated interaction.

Relevance: Ensures credibility of strategies like punishment or reward, as they are
optimal at every stage.

Application: Firms can sustain cooperation if the threat of future punishment
outweighs the short-term gains from defection.

Folk Theorem and Its Implications

Statement: The Folk Theorem indicates that a wide range of payoff vectors can be
sustained as equilibrium outcomes in infinitely repeated games, provided players are
sufficiently patient.

Significance: It highlights the possibility of sustaining collusive agreements or
cooperative behavior in markets where short-term incentives would suggest
defection.

Conditions: The discount factor δ must be high enough; otherwise, defection
becomes more tempting.



Strategies for Achieving Cooperation Based on
Payoffs

Achieving cooperation in an infinitely repeated game depends heavily on the payoff
structure and strategic design.

Trigger Strategies and Their Effectiveness

Definition: Strategies that involve cooperating until a defection occurs, after which
the firm switches to punishing strategies.

Benefit: These strategies can sustain cooperation if the threat of punishment deters
defection.

Example: "Grim Trigger" strategy where a firm cooperates until the other defects,
then defects forever.

Conditions for Sustaining Cooperation

Payoff Comparison: The discounted value of cooperating must exceed the payoff
from defecting plus the discounted punishment phase.

Mathematical Condition: For firm 1, cooperation is sustainable if:

Vcooperate ≥ (1 - δ) payoffdefect + δ payoffpunishment

Implication: The higher the δ, the more likely cooperation can be sustained because
future punishments are valued more.

Implications for Firm Strategy and Market
Outcomes

Understanding the strategic landscape shaped by payoffs and repeated interactions has
significant implications for firms' behavior and overall market efficiency.



Potential for Collusion and Its Limitations

Collusion: Firms may tacitly or explicitly cooperate to sustain higher payoffs, akin to
collusion, which can lead to higher prices and reduced competition.

Legal and Regulatory Constraints: Collusive agreements may be illegal, so firms
often rely on informal strategies to sustain cooperation.

Role of Payoffs: The specific payoffs influence how easily collusion can be
maintained without detection or punishment.

Competitive Dynamics and Deviations

Deviations: A firm might defect to increase short-term profits, risking future
punishment or market retribution.

Detection and Punishment: Strategies need to be designed to detect deviations
and enforce credible punishments.

Market Stability: The structure of payoffs and the discount factor determine
whether the market remains stable or devolves into aggressive competition.

Real-World Applications and Examples

The theoretical insights from infinitely repeated games with specific payoff structures
have practical relevance across various industries and markets.

Oligopolistic Markets

Major firms often engage in repeated interactions, where strategies like tit-for-tat or
trigger strategies help sustain collusive pricing or output levels.

Payoff structures influence the likelihood of collusion, price wars, or stable
cooperation.

Entry Deterrence and Strategic Commitments



Incumbent firms may use strategic commitments, such as capacity pre-commitments,
to influence future payoffs and deter entry.

Repeated interactions and payoff considerations shape these strategic decisions.

Advertising and R&D Competition

Firms repeatedly investing in advertising or innovation can use strategic patience to
maintain competitive advantages or cooperation.

Payoffs from such investments affect the incentives to cooperate or compete
aggressively.

Conclusion

Analyzing an infinitely repeated game between two firms, especially with a clear
understanding of their payoff structures, provides profound insights into strategic
behavior, cooperation sustainability, and market outcomes. The specific payoffs for firm 1,
combined with discount factors and strategic punishments, determine whether firms can
sustain collusion, maintain stability, or fall into competitive chaos. Recognizing these
dynamics is essential for policymakers, regulators, and business leaders aiming to foster
competitive yet stable markets. By understanding the strategic implications of payoffs in

Frequently Asked Questions

What is the significance of the discount factor in an
infinitely repeated game between two firms?
The discount factor determines how future payoffs are weighted relative to current
payoffs. A higher discount factor means firms value future profits more, which can
promote cooperation and sustain collusive outcomes in the repeated game.

How can firms use the threat of punishment to sustain
collusion in an infinitely repeated game?
Firms can threaten to revert to a non-cooperative equilibrium if the other deviates, making
the short-term gain from deviation less attractive than the long-term benefit of
cooperation, thereby sustaining collusion over time.



What role do payoffs play in determining the
sustainability of collusive agreements in repeated
interactions?
Payoffs influence incentives; if the collusive payoff exceeds the payoff from deviation plus
the discounted future punishment, collusion can be sustained. Conversely, if deviation
yields higher immediate gains, collusion becomes less stable.

How does the nature of the payoff structure (e.g.,
Prisoner's Dilemma vs. Cournot competition) affect the
strategies in an infinitely repeated game?
The payoff structure determines the incentives for cooperation or defection. In Prisoner's
Dilemma settings, cooperation is hard to sustain without repeated interactions, whereas in
Cournot competition, firms may find it easier to maintain collusion due to potential payoff
benefits.

What are some real-world examples where firms engage
in infinitely repeated strategic interactions with known
payoffs?
Examples include airline companies coordinating on fare levels, oil producers managing
output to influence prices, and technology firms setting industry standards, where ongoing
interactions and payoffs influence strategic decisions.

Additional Resources
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Introduction

In the realm of industrial organization and strategic decision-making, understanding how
firms interact over time is essential for predicting market outcomes, pricing strategies,
and competitive behaviors. Traditionally, economists analyze these interactions through
the lens of game theory, which offers a structured way to model strategic decision-making
among rational agents. Among the many models, the concept of infinitely repeated games
stands out for its ability to capture ongoing interactions where firms anticipate future
repercussions of their current actions.

This article delves into the intricacies of an infinitely repeated game played between two
firms, with a focus on the specific payoffs involved when Firm 1 is listed. By exploring the
theoretical foundations, strategic equilibria, and real-world implications, we aim to
provide a comprehensive understanding of how such models inform competitive strategies



and market stability.

---

Theoretical Foundations of Repeated Games

What Are Repeated Games?

A repeated game involves the same strategic interaction played multiple times by the
same players. Unlike one-shot games, where the outcome is determined by a single set of
moves, repeated games allow players to condition their current actions on the history of
play. This history-dependent aspect introduces a rich set of strategic possibilities,
including punishment and reward mechanisms that can sustain cooperation or lead to
persistent conflict.

Infinite vs. Finite Repetition

- Finite repeated games have a predetermined number of repetitions, often leading to
backward induction reasoning that typically results in non-cooperative outcomes.
- Infinite repeated games, which are played ad infinitum, enable the possibility of
sustaining cooperation through strategies contingent on future punishments, since the
horizon is indefinite. This infinite horizon is crucial for the emergence of equilibrium
cooperation in many models.

---

The Model Setup: Payoffs and Assumptions

Consider two firms, Firm 1 and Firm 2, engaged in a strategic interaction such as price
competition, output decisions, or investment strategies. The game is infinitely repeated
with a common discount factor δ, where 0 < δ < 1, representing how future payoffs are
valued relative to present payoffs.

Payoff Structure

Suppose the stage game (single play) yields the following payoffs:

| | Firm 2 Cooperates | Firm 2 Defects |
|---------------|---------------------|----------------|
| Firm 1 Cooperates | (a, a) | (b, c) |
| Firm 1 Defects | (c, b) | (d, d) |

Where:

- a: Payoff when both cooperate.
- b: Payoff to Firm 1 when it cooperates but Firm 2 defects.
- c: Payoff to Firm 1 when it defects but Firm 2 cooperates.
- d: Payoff when both defect.

For the analysis, assume a > d and b, c > d, reflecting the idea that mutual cooperation is
collectively better than mutual defection, but unilateral defection may sometimes be



tempting.

---

Strategic Considerations in Infinite Repetition

Incentives for Cooperation

In an infinitely repeated setting, cooperation can be sustained if the discounted value of
future cooperative payoffs outweighs the short-term gains from defecting. Formally, for
Firm 1:

Cooperate if:

Expected present value of cooperating ≥ Expected value of defecting

Mathematically:

a / (1 - δ) ≥ (b + δ V')

where V' is the continuation value after the current period, which depends on the strategy
profile and possible punishment phases.

Similarly, for Firm 2, the incentives follow the same logic.

Strategies and Equilibria

- Trigger strategies: Firms cooperate until someone defects, after which punishment
strategies are enacted (e.g., reverting to mutual defection forever).
- Tit-for-tat: A firm mimics the opponent's previous move, rewarding cooperation and
punishing defection immediately.
- Grim trigger: Once defection occurs, the firm punishes forever, making defection less
attractive.

These strategies can sustain cooperation if the discount factor δ is sufficiently high,
meaning future payoffs are valued enough to deter short-term gains from defection.

---

Conditions for Sustained Cooperation

The Folk Theorem

The Folk Theorem provides a broad set of equilibrium payoffs that can be sustained in
infinitely repeated games, contingent on players' patience (high δ). Specifically,
cooperation can be sustained if:

- The discounted value of cooperation exceeds the temptation to defect.
- The punishment phase yields sufficiently low payoffs to deter defection.

Quantitatively, for Firm 1:



> a / (1 - δ) ≥ b + δ V_p

where V_p is the payoff during punishment. Similar conditions hold for Firm 2.

Rearranged, cooperation is sustainable if:

> δ ≥ (b - a) / (b - d)

assuming punishments are carried out forever.

Critical Discount Factor

The critical discount factor δ for cooperation to be sustainable can be derived from the
payoffs:

δ = (b - a) / (b - d)

If δ > δ, then cooperation is an equilibrium; otherwise, defection dominates.

---

Real-World Implications and Applications

Collusion and Cartel Stability

In markets where firms can infinitely repeat interactions—such as oligopolies—these
models shed light on how tacit collusion might be sustained. High patience (δ close to 1)
allows firms to sustain collusive prices by threatening punishment for deviation.

Price Wars and Competitive Strategies

Understanding the payoff structure helps firms evaluate whether engaging in aggressive
price cuts is beneficial or if maintaining cooperation yields higher long-term profits.

Regulatory and Policy Considerations

Regulators aiming to prevent collusion can leverage insights from repeated game theory
by introducing uncertainty or short-term punishments that make defection less attractive,
thus destabilizing collusive equilibria.

---

Limitations and Extensions

While the model provides valuable insights, several limitations warrant discussion:

1. Assumption of Rationality: Both firms are assumed to be perfectly rational, which may
not hold in practice.
2. Information Structure: Complete information about payoffs and strategies is assumed,
but real-world interactions often involve uncertainty.
3. Payoff Symmetry: The model often assumes symmetric payoffs, whereas real markets



exhibit asymmetries.
4. Finite Horizons and Discount Factors: When δ is low or the game horizon is finite,
sustaining cooperation becomes more difficult.

Extensions to the basic model include:

- Incorporating stochastic shocks.
- Allowing for incomplete information.
- Modeling asymmetric firms.

---

Conclusion

The analysis of an infinitely repeated game played between two firms with specific payoffs
reveals fundamental insights into strategic behavior, cooperation, and conflict in
competitive markets. The ability to sustain cooperation hinges critically on the discount
factor and the payoff structure, with the Folk Theorem providing a comprehensive
framework for understanding equilibrium outcomes.

In practice, firms' decisions are influenced by these theoretical considerations, but real-
world complexities often complicate the picture. Nonetheless, the principles derived from
repeated game models remain vital for understanding long-term strategic interactions,
cartel stability, and antitrust policy.

By examining the payoff parameters and strategic incentives, policymakers and business
leaders can better anticipate market dynamics and design mechanisms to promote
competitive behavior or prevent collusion. As markets evolve and new strategic options
emerge, the foundational insights of infinitely repeated games continue to provide a
robust analytical framework for understanding the persistent tension between cooperation
and competition.
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