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Introduction to Static Games and Nash
Equilibrium

In game theory, a static game refers to a strategic interaction where players make
decisions simultaneously or without knowledge of other players' choices. The outcome
depends on the combination of strategies selected by all participants. Analyzing such
games involves understanding the payoff matrix, identifying best responses, and
determining the stable strategy profiles known as Nash equilibria.

A Nash equilibrium is a set of strategies where no player can improve their payoff by
unilaterally changing their strategy, assuming other players' strategies remain unchanged.
Finding all Nash equilibria in a game provides insights into possible stable outcomes and
strategic behavior patterns.

This article discusses the process of analyzing a specific static game, with a given payoff
matrix involving multiple strategies and payoffs, and systematically identifying all Nash
equilibria.

---

Understanding the Payoff Matrix

The game under consideration has the following payoff matrix:

| | Player 2: Strategy A | Player 2: Strategy B |
|--------------|------------------------|---------------------|
| Player 1: Strategy 1 | (lrt10, 615) | (4b5, 030) |
| Player 1: Strategy 2 | (5, ? ) | (?, ?) |

Note: The payoff entries provided seem to contain some typographical errors or
abbreviations. For clarity, let's interpret the key data points:

- The matrix entries seem to be pairs of payoffs, with Player 1’s payoff listed first, Player



2’s second.
- The entries are: lrt10, 615; 4b5, 030; 5 (and possibly other entries).

Given the ambiguous notation, to proceed systematically, we will assume a simplified,
representative payoff matrix with numerical values that reflect the structure described:

| | Player 2: Strategy A | Player 2: Strategy B |
|--------------|------------------------|---------------------|
| Player 1: Strategy 1 | (10, 15) | (5, 30) |
| Player 1: Strategy 2 | (4, 5) | (30, 5) |

Note: This simplified matrix allows us to demonstrate the process of finding Nash
equilibria. If actual data differ, similar methods can be applied.

---

Step-by-Step Process for Finding Nash Equilibria

To identify all Nash equilibria, follow these systematic steps:

1. Identify Best Responses for Each Player

- For each strategy of Player 1, determine Player 2’s best response.
- For each strategy of Player 2, determine Player 1’s best response.

2. Find Strategy Pairs Where Both Players Are
Responding Optimally

- These are strategy profiles where each player's choice is a best response to the other's.

3. Check for Pure Strategy Nash Equilibria

- Strategy profiles where neither player can improve unilaterally.

4. Explore the Possibility of Mixed Strategy Equilibria

- If no pure strategy equilibria exist, analyze mixed strategies, involving probability
distributions over strategies.

---



Applying the Process to the Simplified Payoff
Matrix

Let's analyze the simplified matrix:

| | Player 2: A | Player 2: B |
|--------------|--------------|--------------|
| Player 1: 1 | (10, 15) | (5, 30) |
| Player 1: 2 | (4, 5) | (30, 5) |

---

Step 1: Find Player 2’s Best Responses

- When Player 1 chooses Strategy 1:
- Player 2 compares payoffs:
- A: 15
- B: 30
- Best response: Strategy B (since 30 > 15)

- When Player 1 chooses Strategy 2:
- Player 2 compares payoffs:
- A: 5
- B: 5
- Best response: Both are equal; Player 2 is indifferent.

---

Step 2: Find Player 1’s Best Responses

- When Player 2 chooses Strategy A:
- Player 1 compares:
- Strategy 1: 10
- Strategy 2: 4
- Best response: Strategy 1 (since 10 > 4)

- When Player 2 chooses Strategy B:
- Player 1 compares:
- Strategy 1: 5
- Strategy 2: 30
- Best response: Strategy 2 (since 30 > 5)

---



Step 3: Identify Nash Equilibria in Pure Strategies

Based on best responses:

- Profile (Strategy 1, Strategy B):
- Player 1: best response to Player 2’s B (since 5 vs. 30, Player 1 prefers Strategy 2)
- Not an equilibrium because Player 1 would deviate to Strategy 2.

- Profile (Strategy 2, Strategy B):
- Player 1: best response to Player 2’s B — yes, Player 1 prefers Strategy 2.
- Player 2: best response to Player 1’s Strategy 2 — B (since 30 > 15).
- Are both players responding optimally? Yes.
- Conclusion: (Strategy 2, Strategy B) is a Nash equilibrium.

- Profile (Strategy 1, Strategy A):
- Player 1: prefers Strategy 1 if Player 2 plays A (since 10 > 4).
- Player 2: prefers Strategy B if Player 1 plays Strategy 1 (since 30 > 15).
- Not a Nash equilibrium because Player 2 would deviate to B.

- Profile (Strategy 2, Strategy A):
- Player 1: prefers Strategy 1 (since 10 > 4), so would deviate.
- Player 2: prefers B (since 30 > 15), so would deviate.
- Not a Nash equilibrium.

Final pure strategy Nash equilibrium:

- (Strategy 2, Strategy B)

---

Summary of Findings

- The game has one pure strategy Nash equilibrium at (Strategy 2, Strategy B), where
Player 1 chooses Strategy 2 and Player 2 chooses Strategy B.
- The stability of this equilibrium is confirmed because neither player can improve their
payoff by unilaterally changing their strategy.

---

Considering Mixed Strategy Equilibria

In some cases, games may lack pure strategy Nash equilibria or have multiple. When no
pure strategies are stable, players can randomize over strategies, leading to mixed
strategy equilibria.

In our simplified example, since a clear pure strategy equilibrium exists, we can conclude



that the game’s primary stable outcome is at (Strategy 2, Strategy B). However, for
completeness, exploring mixed strategies involves:

- Assigning probabilities to each strategy for both players.
- Calculating expected payoffs.
- Solving equations where players are indifferent between strategies.

For more complex or ambiguous matrices, this process involves solving systems of
equations derived from indifference conditions.

---

Conclusion and Practical Implications

Understanding how to find Nash equilibria provides valuable insights into strategic
decision-making, especially in economic, political, or competitive scenarios. In this specific
game, the equilibrium at (Strategy 2, Strategy B) suggests that rational players would
settle on strategies where Player 1 prefers Strategy 2 and Player 2 prefers Strategy B,
based on their respective payoff incentives.

Practitioners and students should approach payoff matrices systematically—by identifying
best responses and checking for mutual stability—to accurately determine all possible
Nash equilibria. This process applies broadly across various strategic interactions, from
market competition to negotiations.

---

Further Considerations

- Incomplete or Ambiguous Data: When payoff entries contain unclear or typographical
errors, clarifying or obtaining accurate data is crucial before analysis.
- Dynamic or Sequential Games: While this analysis focuses on static games, many real-
world scenarios involve sequential moves, requiring different solution concepts like
subgame perfect equilibrium.
- Multiple Equilibria: Some games possess multiple pure or mixed equilibria, necessitating
equilibrium selection criteria based on stability, fairness, or other factors.

By mastering these techniques, analysts can interpret complex strategic interactions,
anticipate opponents' behavior, and design optimal strategies.

---
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Frequently Asked Questions

What is the given payoff matrix for the static game?
The payoff matrix is: (L,R): 10, 6; (L, B): 5, 0; (R, R): 4, 5.

How do you identify Nash equilibria in a static game?
Nash equilibria are strategy profiles where no player can improve their payoff by
unilaterally changing their strategy, given the other players' strategies.

What are the strategies available to the players in this
game?
Assuming two players, Player 1 chooses between strategies L and R, while Player 2
chooses between R and B.

How can we determine if a strategy pair is a Nash
equilibrium in this payoff matrix?
By checking if each player's payoff is maximized given the other player's choice; if neither
can improve their payoff by changing strategies unilaterally, the pair is a Nash
equilibrium.

What are the potential Nash equilibria in this game?
By analyzing the payoff matrix, potential Nash equilibria are strategy profiles where
players have no incentive to deviate; for example, (L, R) or (R, B), depending on payoffs.

Can there be multiple Nash equilibria in this static
game?
Yes, some games have multiple Nash equilibria, including pure strategy and mixed
strategy equilibria; the given matrix may have more than one pure strategy equilibrium.

How do you verify if (L, R) is a Nash equilibrium in this
payoff matrix?
Check if Player 1's payoff is highest when choosing L given Player 2 chooses R, and if



Player 2's payoff is highest when choosing R given Player 1 chooses L. If both conditions
hold, (L, R) is a Nash equilibrium.

What is the significance of finding all Nash equilibria in
this game?
Identifying all Nash equilibria helps understand the stable outcomes where players'
strategies are mutually best responses, guiding predictions of actual play.

Are there any mixed strategy equilibria in this game,
and how are they found?
If no pure strategy equilibria satisfy the best response conditions, mixed strategy
equilibria may exist. They are found by solving for probabilities where players are
indifferent between strategies, given the opponent's mixed strategy.

Additional Resources
Onsider a Static Game With The Following Payoff Matrix: Find All Nash Equilibria

In the realm of game theory, understanding the strategic interactions between players
often begins with analyzing payoff matrices to identify Nash Equilibria. These equilibria
represent stable states where no player can improve their payoff by unilaterally changing
their strategy. In this guide, we will carefully analyze a static game defined by a specific
payoff matrix:

| | Strategy B1 | Strategy B2 | Strategy B3 |
|------------|-----------------|-----------------|-----------------|
| Strategy A1 | (10, 615) | (4, 5) | (030, 5) |
| Strategy A2 | (5, 0) | (5, 0) | (5, 0) |

Note: The notation (x, y) indicates the payoffs for Player 1 and Player 2 respectively, with
the first number representing Player 1's payoff and the second Player 2's.

This article will walk you through the process of identifying all Nash equilibria in this
game, providing a comprehensive and detailed analysis suitable for students, enthusiasts,
or professionals delving into strategic decision-making.

---

Understanding the Payoff Matrix

Before diving into the analysis, it’s crucial to interpret the payoff matrix accurately:

- Player 1 has three strategies: A1, A2, and A3 (though the third column seems to have a
typo, probably intended as "030" or "30").
- Player 2 has three strategies: B1, B2, and B3.
- Payoffs are ordered as (Player 1, Player 2).



Based on the matrix provided:

| | B1 | B2 | B3 |
|--------------|----------------|----------------|----------------|
| A1 | (10, 615) | (4, 5) | (30, 5) |
| A2 | (5, 0) | (5, 0) | (5, 0) |
| A3 | Not specified| Not specified| Not specified|

Note: There seems to be an inconsistency or typo with the third row and third column
entries; for this analysis, we will assume the matrix is as above and focus on the given
entries, considering a simplified 2x3 matrix for clarity.

---

Step 1: Clarify the Game Structure

Given the apparent inconsistencies, let's assume the game is a 2x3 matrix with strategies:

- Player 1 (rows): A1, A2
- Player 2 (columns): B1, B2, B3

and payoffs:

| | B1 | B2 | B3 |
|--------------|----------------|----------------|----------------|
| A1 | (10, 615) | (4, 5) | (30, 5) |
| A2 | (5, 0) | (5, 0) | (5, 0) |

We will proceed with this simplified, corrected matrix for clarity.

---

Step 2: Identifying Best Responses

The core concept behind Nash equilibrium is that each player's strategy must be a best
response to the other player's strategies.

Player 1's Best Responses

- When Player 2 chooses B1:
- Player 1's payoffs: A1 = 10, A2 = 5 → Best response: A1 (since 10 > 5).
- When Player 2 chooses B2:
- Player 1's payoffs: A1 = 4, A2 = 5 → Best response: A2.
- When Player 2 chooses B3:
- Player 1's payoffs: A1 = 30, A2 = 5 → Best response: A1.

Player 2's Best Responses

- When Player 1 chooses A1:
- Player 2's payoffs: B1 = 615, B2 = 5, B3 = 5 → Best response: B1.
- When Player 1 chooses A2:



- Player 2's payoffs: B1 = 0, B2 = 0, B3 = 0 → Indifferent, any B1, B2, or B3.

---

Step 3: Find the Nash Equilibria

A Nash equilibrium occurs at strategy profiles where both players are playing best
responses simultaneously.

Strategy Profiles and Corresponding Best Responses

| Strategy Profile | Player 1's Best Response | Player 2's Best Response | Is It a Nash
Equilibrium? |
|-------------------|---------------------------|---------------------------|---------------------------|
| (A1, B1) | Yes (A1 responds to B1) | Yes (B1 responds to A1) | Yes |
| (A1, B2) | No (A1 prefers B1) | Yes (B2 responds to A2) | No |
| (A1, B3) | No (A1 prefers B1) | Yes (B3 responds to A1) | No |
| (A2, B1) | No (A2 prefers A1) | Yes (B1 responds to A1) | No |
| (A2, B2) | No (A2 prefers A1) | Yes (B2 responds to A2) | No |
| (A2, B3) | No (A2 prefers A1) | Yes (B3 responds to A1) | No |

Conclusion on Equilibria

- The only strategy profile where both players are playing best responses is (A1, B1).

---

Step 4: Confirming the Nash Equilibrium

- Player 1's payoff at (A1, B1): 10
- Player 2's payoff at (A1, B1): 615

Since both players are choosing their best responses given the other's choice, (A1, B1) is a
Nash equilibrium.

---

Step 5: Considering Potential Mixed-Strategy Equilibria

In some games, pure strategy Nash equilibria do not exist, or players might randomize
strategies to maximize expected payoffs. However, in this case, the dominant strategies
are clear:

- Player 1 prefers A1 when Player 2 chooses B1 or B3.
- Player 2 prefers B1 when Player 1 chooses A1.

Given the payoffs, the equilibrium (A1, B1) is dominant, and no mixed strategies are
necessary.

---



Final Summary: All Nash Equilibria

The game has a single pure strategy Nash equilibrium:

- (A1, B1)

This equilibrium is stable because neither player can improve their payoff by unilaterally
changing strategies when the other is committed to their part of the equilibrium.

---

Additional Insights and Considerations

Strategic Dominance

- Player 1's strategy A1 dominates A2 because it yields higher payoffs when Player 2
chooses B2 and B3.
- Player 2's B1 is strictly better when Player 1 chooses A1, but indifferent when Player 1
chooses A2.

Implications for Strategy Selection

- Player 1's dominant strategy is A1.
- Player 2's best response to A1 is B1.
- The game underscores the importance of understanding dominant strategies and best
responses to predict outcomes.

Limitations and Assumptions

- The analysis assumes the payoff matrix is accurate and complete.
- The game is static; dynamic considerations or repeated interactions could alter strategic
choices.
- The payoff entries are assumed correct; any typos or inaccuracies could change
equilibrium predictions.

---

Conclusion

By carefully analyzing the payoff matrix and applying fundamental principles of game
theory, we've identified the sole Nash equilibrium for this static game: (A1, B1). This
outcome exemplifies how dominant strategies and best response analysis serve as
powerful tools for predicting strategic stability. Whether you're a student learning game
theory or a strategist applying these concepts in real-world scenarios, understanding how
to find all Nash equilibria is essential for navigating complex strategic environments.

---

Remember: The key steps involve clarifying the payoffs, identifying best responses, and
checking for mutual best responses to confirm equilibria. With practice, this process
becomes more intuitive, enabling you to analyze more complex games with confidence.
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