game theory practice problems

Game theory practice problems are essential for understanding the strategic
interactions among rational decision-makers. Game theory, a mathematical
framework used for analyzing competitive situations, is widely applicable
across various fields, including economics, political science, psychology,
and biology. By solving practice problems, one can grasp the underlying
principles of game theory, such as Nash equilibrium, dominant strategies, and
mixed strategies. This article will explore various types of game theory
practice problems, strategies for solving them, and their applications in
real-world scenarios.

Understanding Game Theory

Before diving into practice problems, it's crucial to have a clear
understanding of the fundamental concepts of game theory.

1. Definitions and Key Concepts

— Game: A situation involving players making decisions to maximize their
outcomes, with rules and payoffs defined.

— Players: Individuals or groups making decisions in the game.

- Strategies: Plans of action players might take in response to the actions
of others.

— Payoffs: The outcomes or rewards received by players based on the chosen
strategies.

— Nash Equilibrium: A situation where no player can benefit by changing their
strategy while the others keep theirs unchanged.

2. Types of Games

— Cooperative vs. Non-Cooperative: Cooperative games involve players forming
coalitions and making binding agreements, while non-cooperative games do not
allow for such agreements.

— Zero-Sum Games: A type of game where one player’s gain is exactly balanced
by the losses of another player.

— Simultaneous vs. Sequential Games: In simultaneous games, players make
decisions without knowing the other players' choices, while in sequential
games, players make decisions one after the other, with later players having
knowledge of earlier decisions.

Practice Problems in Game Theory

Now that we have established a foundation, let us explore some practice
problems that illustrate key concepts in game theory.



1. Dominant Strategy Problem

Problem: Consider two firms, Firm A and Firm B, that can choose to either
advertise (A) or not advertise (N). The payoff matrix is as follows:

— Determine if either firm has a dominant strategy.

Solution Steps:

1. Analyze Firm A's Strategies:

- If Firm B chooses A, Firm A gets 2 by choosing A and 1 by choosing N. So, A
is better.

— If Firm B chooses N, Firm A gets 3 by choosing A and 0 by choosing N. So, A
is better.

— Conclusion: Firm A has a dominant strategy to choose A.

2. Analyze Firm B's Strategies:

— If Firm A chooses A, Firm B gets 2 by choosing A and 1 by choosing N. So, A
is better.

— If Firm A chooses N, Firm B gets 3 by choosing A and 0 by choosing N. So, A
is better.

— Conclusion: Firm B has a dominant strategy to choose A.

Nash Equilibrium: Both firms will choose to advertise (A, A) with payoffs (2,
2) .

2. Mixed Strategy Problem

Problem: Two players, Player 1 and Player 2, are playing a game of rock-
paper-scissors. If Player 1 plays Rock, they win against Paper but lose
against Scissors. Each player has three possible strategies: Rock (R), Paper
(P), and Scissors (9).

— What is the optimal mixed strategy for both players?
Solution Steps:

1. Payoff Matrix:
— The payoffs can be summarized as follows:

- R vs. R: (0, 0)
- Rvs. P: (1, -1)
- R vs. S: (-1, 1)
- P vs. R: (-1, 1)
- P vs. P: (0, 0)
- P vs. S: (1, -1)
- S vs. R: (1, -1)
- S vs. P: (-1, 1)
- S vs. S: (0, 0)

2. Finding Mixed Strategies:

- Let \( p \) be the probability that Player 1 plays Rock, \( g \) for Paper,
and \( r \) for Scissors such that \(p + g+ r =1 \).

— The payoffs must give each player the same expected value regardless of the



opponent's strategy. This leads to a uniform distribution of 1/3 for each
strategy as the solution.

Conclusion: Both players should play Rock, Paper, and Scissors with equal
probability (1/3 each) to ensure no player can predict the other's strategy.

3. Sequential Game Problem

Problem: Consider a sequential game where Player 1 must decide whether to
invest (I) or not invest (N) in a project. If Player 1 invests, Player 2 can
decide to cooperate (C) or not cooperate (N). The payoffs are as follows:

- (I, C): (5, 5)
- (Il N): (Ol 3)
- (N/ c): (2/ 2)
- (N, N): (1, 1)
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— Determine the optimal strategies for both players.

Solution Steps:

1. Backward Induction:

- If Player 1 invests, Player 2 will choose C (5 > 3).

- If Player 1 does not invest, Player 2 will choose C (2 > 1).

2. Player 1’s Decision:
- If Player 1 invests, the payoff is 5 (from C).
- If Player 1 does not invest, the payoff is 2 (from C).

Conclusion: Player 1 should invest (I), leading to the outcome (I, C) with
payoffs (5, 5).

Applications of Game Theory Practice Problems

Understanding game theory through practice problems has significant real-
world applications in various domains.

1. Economics

— Market Competition: Firms can analyze their competitors' strategies to
determine pricing, production, and advertising strategies.

— Auctions: Game theory helps bidders strategize to maximize their chances of
winning while minimizing costs.

2. Political Science

— Voting Systems: Game theory models can predict outcomes of elections based
on voters' strategies.

— International Relations: Countries can use game theory to strategize on
issues such as arms races and trade negotiations.



3. Biology

— Evolutionary Strategies: Game theory explains
animal behavior in competitive scenarios, such as
mating or resource acquisition.

4. Psychology
— Decision Making: Game theory provides insights into
how individuals make choices in social situations.

Conclusion

Game theory practice problems offer wvaluable insights
into strategic thinking and decision-making. By
understanding and solving various types of problems,
individuals can develop a deeper comprehension of
competitive interactions in multiple fields. Whether
in economics, political science, or psychology, the
principles of game theory help illuminate the
complexities of human behavior and strategic choices.
Engaging with these practice problems not only
strengthens theoretical knowledge but also enhances
practical application in real-world situations.

Frequently Asked Questions

What is game theory and how is it applied in practice
problems?

Game theory is a mathematical framework for analyzing
situations in which players make decisions that are
interdependent. It is applied in practice problems to
model competitive situations, understand strategic
interactions, and predict outcomes based on players'
choices.



Can you provide an example of a basic game theory
practice problem?

A classic example is the Prisoner's Dilemma, where
two criminals are arrested and interrogated
separately. Each has the option to either betray the
other or remain silent. The outcomes depend on their
combined choices, demonstrating the conflict between
individual rationality and collective benefit.

What is Nash Equilibrium and how can it be
illustrated with a practice problem?

Nash Equilibrium is a situation in a game where no
player can benefit by changing their strategy while
the other players keep theirs unchanged. An example
practice problem could involve two firms competing in
price; the Nash Equilibrium occurs when neither firm
can lower prices without losing profit.

How do mixed strategies differ from pure strategies
in game theory?

In game theory, a pure strategy involves making a
specific choice consistently, while a mixed strategy
involves randomizing choices based on a probability
distribution. A practice problem might ask players to
determine their optimal mixed strategy in a game
where their opponents also randomize their moves.

What role does payoff matrix play in solving game
theory problems?

A payoff matrix is a table that describes the payoffs
for each player based on their strategies. It helps



in visualizing the outcomes of different strategy
combinations and is essential for analyzing and
solving practice problems in game theory.

What is the difference between cooperative and non-
cooperative games?

Cooperative games allow players to form binding
commitments and coalitions, while non-cooperative
games do not. A practice problem could involve
analyzing a situation where players must decide
whether to cooperate for a common goal or compete
against each other.

How can you apply game theory to real-world scenarios
like business competitions?

Game theory can model interactions in business
competitions, such as pricing strategies or product
launches. Practice problems may involve analyzing how
firms react to each other's decisions, helping to
predict market outcomes and optimal strategies.

What are dominant strategies, and how are they
identified in game theory practice problems?

A dominant strategy is one that yields a higher
payoff for a player, regardless of what the other
players do. To identify dominant strategies in
practice problems, players can analyze their payoffs
across different scenarios to see if one strategy
consistently performs better.
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