
Determine The Maximin And Minimax
Strategies For The Two-person, Zero-
sum Matrix Game. [1 1 2 5] The
Determine The Maximin And Minimax Strategies For The Two-person, Zero-sum
Matrix Game. [1 1 2 5] The analysis of strategic decision-making in two-
person, zero-sum matrix games is fundamental in game theory. These strategies
help players optimize their outcomes by considering the worst-case scenarios
(maximin) and the best-case responses from opponents (minimax). This article
provides an in-depth exploration of how to determine the maximin and minimax
strategies for such games, illustrating the concepts with practical examples,
including the matrix [1 1 2 5].

Understanding Two-Person, Zero-Sum Matrix Games

What Is a Two-Person, Zero-Sum Matrix Game?
A two-person, zero-sum matrix game involves two players (say, Player A and
Player B) whose interests are completely opposed. The sum of their payoffs
for any outcome is zero, meaning one player's gain is exactly the other's
loss. These games are represented using a matrix where:

Rows correspond to Player A's strategies.

Columns correspond to Player B's strategies.

The entries in the matrix specify Player A's payoff for each strategy
combination.

Example of a Payoff Matrix
Consider the matrix:

| | B1 | B2 | B3 | B4 |
|-------|-----|-----|-----|-----|
| A1 | 1 | 1 | 2 | 5 |
| A2 | | | | |

Suppose the full matrix is as follows:

| | B1 | B2 | B3 | B4 |



|-------|-----|-----|-----|-----|
| A1 | 1 | 1 | 2 | 5 |
| A2 | 3 | 0 | 4 | 2 |

(Note: For the purpose of this discussion, the matrix is [2x4], with specific
entries provided.)

Core Concepts: Maximin and Minimax Strategies

Maximin Strategy
The maximin strategy is a conservative approach where Player A aims to
maximize their minimum possible payoff. In other words, Player A evaluates
each of their strategies based on the worst-case payoff they might receive
and then selects the strategy that offers the best of these worst-case
outcomes.

Steps to determine Player A's maximin strategy:

Identify the minimum payoff for each of Player A's strategies across all1.
opponent strategies.

Choose the strategy that has the highest of these minimum payoffs.2.

Significance: This strategy ensures Player A's guaranteed minimum payoff,
regardless of Player B's actions.

Minimax Strategy
The minimax strategy pertains to Player B (the opponent). B aims to minimize
Player A's maximum possible payoff, effectively minimizing Player A's best-
case scenario.

Steps to determine Player B's minimax strategy:

Determine the maximum payoff Player A can obtain for each of Player B's1.
strategies.

Player B then chooses the strategy that minimizes these maximum payoffs.2.

Significance: This approach guarantees Player B a certain minimum level of
control, preventing Player A from gaining an overly advantageous position.



Methodology to Find Maximin and Minimax
Strategies

Step-by-Step Approach for the Given Matrix
Let's analyze the provided matrix:

| | B1 | B2 | B3 | B4 |
|-------|-----|-----|-----|-----|
| A1 | 1 | 1 | 2 | 5 |
| A2 | 3 | 0 | 4 | 2 |

1. Calculate Player A's Maximin Strategy

Find the minimum payoff for each of Player A's strategies:1.

A1: min = min(1, 1, 2, 5) = 1

A2: min = min(3, 0, 4, 2) = 0

Select the strategy with the highest minimum payoff:2.

Maximin = max(1, 0) = 1, corresponding to strategy A1.

2. Calculate Player B's Minimax Strategy

Find the maximum payoff for Player A for each of Player B's strategies:1.

B1: max = max(1, 3) = 3

B2: max = max(1, 0) = 1

B3: max = max(2, 4) = 4

B4: max = max(5, 2) = 5

Player B chooses the strategy that minimizes these maximums:2.

Minimax = min(3, 1, 4, 5) = 1, corresponding to strategy B2.



3. Interpretation of Results

- Player A's maximin strategy: Choose A1 to guarantee at least a payoff of 1.
- Player B's minimax strategy: Choose B2 to limit Player A's maximum payoff
to 1.

Determining the Equilibrium and Value of the
Game

Game Value and Saddle Point
The intersection point in the strategies signifies the game's value (the
expected payoff when both players are rational and strategic). If the maximin
equals the minimax, a saddle point exists, indicating a stable equilibrium.

In our case:

- Maximin = 1
- Minimax = 1

Since both are equal, the game has a saddle point at the strategy pair (A1,
B2), and the value of the game is 1.

Implications of the Saddle Point
- Player A can guarantee a payoff of 1 by choosing strategy A1.
- Player B can limit Player A's payoff to 1 by choosing strategy B2.
- Both players have no incentive to deviate unilaterally, as doing so would
worsen their position.

Mixed Strategies and Further Analysis

When No Saddle Point Exists
In more complex matrices where maximin and minimax do not coincide, players
resort to mixed strategies—probabilistic combinations of their pure
strategies—to optimize their outcomes.

Key steps include:



- Setting up linear programming problems to determine optimal mixed
strategies.
- Calculating the expected value of the game under these strategies.
- Ensuring the strategies are robust against the opponent’s moves.

Applying Linear Programming
For larger or more complex matrices, linear programming techniques facilitate
the calculation of mixed strategies by:

Formulating the problem to maximize/minimize expected payoffs subject to1.
probability constraints.

Solving the resulting LP to find the optimal probability distributions.2.

Practical Applications of Maximin and Minimax
Strategies

In Business and Economics
Companies often use these strategies when:

Assessing competitive moves in markets.

Making investment decisions under uncertainty.

Designing robust strategies in negotiations.

In Military and Defense Planning
Strategic planning often involves:

Preparing for adversarial actions.

Allocating resources to minimize potential losses.



In Artificial Intelligence and Machine Learning
Game-theoretic concepts guide decision-making algorithms, especially in:

Adversarial machine learning.

Multi-agent systems.

Conclusion
Determining the maximin and minimax strategies in a two-person, zero-sum
matrix game is essential for strategic decision-making under conflict or
competition. By analyzing the payoff matrix, players can identify optimal
strategies that safeguard their interests, whether through pure or mixed
strategies. The example provided demonstrates that, in some cases, a saddle
point exists, simplifying the decision process. In more complex scenarios,
linear programming and probabilistic approaches are employed to find
equilibrium strategies. Mastery of these concepts enables individuals and
organizations to navigate competitive environments effectively, ensuring
robust and rational strategic choices.

Summary of Key Points

The maximin strategy maximizes a player's minimum guaranteed payoff.

The minimax strategy minimizes the maximum payoff a player can concede.

A saddle point exists when maximin equals minimax, indicating a stable
equilibrium.

Linear programming is a vital tool for analyzing complex or non-zero-sum
games.

Frequently Asked Questions

What is the main goal when determining the
maximin and minimax strategies in a two-person,
zero-sum matrix game?



The goal is to identify the strategies that maximize a player's minimum
guaranteed payoff (maximin) and minimize the maximum potential loss
(minimax), ensuring optimal decision-making under uncertainty.

How do you find the maximin strategy in a zero-
sum matrix game with the given matrix [1 1 2 5]?

To find the maximin strategy, identify the minimum payoff in each row,
then choose the row with the highest of these minimum payoffs, ensuring
the best worst-case outcome for the player.

What is the significance of the minimax strategy
in the context of the matrix [1 1 2 5]?

The minimax strategy involves the opponent selecting a strategy that
minimizes the maximum payoff the player can achieve, helping the player
choose a strategy that minimizes potential losses.

How can linear programming be used to determine
optimal strategies in this matrix game?

Linear programming can be formulated to maximize the player's expected
payoff subject to constraints derived from the payoff matrix, allowing
calculation of the optimal mixed strategy for both players.

Given the matrix [1 1 2 5], what are the
equilibrium strategies for both players?

By analyzing the matrix, the player would select strategies that
maximize their minimum payoff (maximin), and the opponent would choose
to minimize the maximum payoff (minimax). The specific strategies depend
on solving the linear programming formulation, but generally, mixed
strategies balancing the payoffs are identified as the equilibrium.

Additional Resources

Determine The Maximin And Minimax Strategies For The Two-Person, Zero-



Sum Matrix Game [1 1 2 5]

Understanding strategic decision-making in competitive environments is
fundamental in game theory, especially within the context of two-person,
zero-sum matrix games. These games are characterized by a situation
where one player's gain is precisely the other's loss, and the
interactions are represented via a payoff matrix. The key concepts of
maximin and minimax strategies serve as foundational tools to analyze
optimal strategies, ensuring players minimize potential losses or
maximize their minimum guaranteed payoff. This detailed review explores
these strategies in depth, using the specific matrix [1 1; 2 5] as a
practical example.

---

Introduction to Two-Person, Zero-Sum Matrix
Games

A two-person, zero-sum matrix game involves two players, often called
Player A (the row player) and Player B (the column player), who choose
strategies simultaneously. The payoff matrix encapsulates the benefits
to Player A; Player B's payoff is the negative of Player A's, ensuring
the total payoff sums to zero.

Key features:

- Players: Two, with opposing interests.
- Strategies: Finite sets of options for each player.
- Payoff Matrix: An m×n matrix where each element represents Player A’s
payoff for a combination of strategies.
- Objective: Player A aims to maximize their payoff, while Player B aims
to minimize Player A's payoff.

---

Understanding Maximin and Minimax Strategies

These strategies are central to analyzing optimal play in zero-sum
games, offering a way for each player to safeguard against worst-case
scenarios.



Maximin Strategy

- Definition: The strategy that maximizes the minimum payoff a player
can guarantee regardless of the opponent's actions.
- Intuition: "Play it safe" by ensuring a guaranteed minimum payoff.
- Process: For each strategy, identify the worst-case payoff (minimum
payoff if that strategy is adopted), then choose the strategy with the
highest of these minima.

Minimax Strategy

- Definition: The strategy that minimizes the maximum payoff the
opponent can achieve against it.
- Intuition: "Minimize the opponent's maximum gain."
- Process: For each of the opponent's strategies, determine the maximum
payoff Player A might suffer if the opponent chooses that strategy.
Then, Player A chooses the strategy that results in the smallest such
maximum.

Relationship Between Maximin and Minimax

- Theoretical insight: In a fair game with perfect rationality, the
maximin value (Player A's best guaranteed minimum) equals the minimax
value (Player B's best guaranteed minimum for Player A).
- The Minimax Theorem: Established by John von Neumann, it states that
in finite zero-sum games, these two values are equal, ensuring the
existence of an optimal mixed strategy and a value of the game.

---

Applying Strategies to the Matrix [1 1; 2 5]

Let's analyze the specific payoff matrix:

| | Column 1 | Column 2 |
|---------|-----------|-----------|
| Row 1 | 1 | 1 |
| Row 2 | 2 | 5 |

This matrix represents the payoffs to Player A (row player).



---

Step 1: Determine the Maximin Strategy for Player
A

Method:

1. For each row (strategy), find the minimum payoff:
- Row 1: Min payoff = min(1, 1) = 1
- Row 2: Min payoff = min(2, 5) = 2
2. Choose the row with the maximum of these minima:
- Maximin value = max(1, 2) = 2 (corresponds to Row 2)

Interpretation:

- Player A's maximin strategy is to choose Row 2, guaranteeing at least
2 regardless of Player B's move.

---

Step 2: Determine the Minimax Strategy for Player
B

Method:

1. For each column (strategy), find the maximum payoff to Player A
(which Player B seeks to minimize):
- Column 1: Max payoff = max(1, 2) = 2
- Column 2: Max payoff = max(1, 5) = 5
2. Player B will choose the column with the minimum of these maxima:
- Minimax value = min(2, 5) = 2 (corresponds to Column 1)

Interpretation:

- Player B's minimax strategy is to choose Column 1, ensuring Player A's
payoff does not exceed 2.

---

Matching Strategies and the Value of the



Game

In this example:

- Player A's maximin is 2, ensuring at least this payoff.
- Player B's minimax is 2, limiting Player A's payoff to at most this
amount.

Since the maximin equals the minimax (both are 2), the value of the game
is 2. This indicates the game is fair with respect to these pure
strategies, and both players can adopt their respective strategies to
guarantee this payoff.

---

Pure Strategies vs. Mixed Strategies

While pure strategies (always choosing the same row or column) yield the
value of 2, players may benefit from mixed strategies, especially when
pure strategies are not optimal or when the game structure suggests that
equilibrium involves probabilistic play.

- Pure Strategies:
- Player A: Always choose Row 2.
- Player B: Always choose Column 1.
- Mixed Strategies:
- Each player assigns probabilities to strategies to make the opponent
indifferent.

---

Calculating the Optimal Mixed Strategies

Why consider mixed strategies?

- Pure strategies might be predictable.
- Sometimes, mixing strategies can lead to a more favorable expected
payoff or equilibrium.

Method:

- Let Player A choose Row 1 with probability p, and Row 2 with
probability (1-p).



- Player B chooses Column 1 with probability q, and Column 2 with
probability (1-q).

---

Step 1: Player A's Expected Payoff

Expected payoff to Player A:

\[
E_A = p \times [q \times 1 + (1 - q) \times 1] + (1 - p) \times [q
\times 2 + (1 - q) \times 5]
\]

Simplify:

\[
E_A = p \times (1) + (1 - p) \times [2q + 5(1 - q)]
\]

But it's clearer to analyze Player A's expected payoff against Player
B's mixed strategy:

- When Player B plays Column 1 with probability q:
- Player A's expected payoff:
- Using Row 1: 1
- Using Row 2: 2
- When Player B plays Column 2 with probability (1 - q):
- Using Row 1: 1
- Using Row 2: 5

Player A's expected payoff:

\[
E_A = p \times [q \times 1 + (1 - q) \times 1] + (1 - p) \times [q
\times 2 + (1 - q) \times 5]
\]

Simplify:

\[
E_A = p \times 1 + (1 - p) \times (2q + 5 - 5q) = p + (1 - p) \times (5
- 3q)
\]

Player A wants to choose p to maximize the minimum expected payoff,
considering Player B's strategy q.



---

Step 2: Player B's Expected Payoff

Similarly, Player B's expected payoff to Player A (which Player B aims
to minimize):

\[
E_A = q \times \left[\text{Payoff when Player B chooses Column 1}\right]
+ (1 - q) \times \left[\text{Payoff when Player B chooses Column
2}\right]
\]

From earlier:

- Column 1: Player A's expected payoff when Player A chooses Row 1 or 2:
- Row 1: 1
- Row 2: 2
- Column 2:
- Row 1: 1
- Row 2: 5

Player B chooses q to minimize Player A's expected payoff.

---

Finding the Equilibrium Strategies

Key idea: In equilibrium, Player A's mixed strategy should make Player B
indifferent between choosing Column 1 and Column 2, and vice versa.

Player A aims to find p such that:

- The expected payoff when Player B plays column 1:

\[
E_{A, C1} = p \times 1 + (1 - p) \times 2 = p + 2 - 2p = 2 - p
\]

- The expected payoff when Player B plays column 2:

\[
E_{A, C2} = p \times 1 + (1 - p) \times 5 = p + 5 - 5p = 5 - 4p
\
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