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Games

Players Strategies

Randomize!

Payoffs



Games

Players Strategies

Nash (1950):
There exists a (stable) state where no player gains by 
unilateral deviation.

Nash equilibrium (NE)

Randomize!
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Our focus: Two-player games
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NE: No unilateral deviation is beneficial

Randomize

Alice Bob
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2-Nash Characterization
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 Max possible payoff: 
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 Max possible payoff: 

 achieves max payoff iff

Complementarity
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Polyhedra

max-payoff max-payoff 



Sum of payoffs
At least the sum of 
max payoffs



Sum of payoffs

1. is a NE
2. are the max payoffs 

Complementarity

At least the sum of 
max payoffs
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  if and only if is a NE. 



1. is a NE
2. are the max payoffs 

Sum of  payoffs

max:

2-Nash

s.t. Complementarity

At least the sum of 
max payoffs



max:

2-Nash linear programming

s.t.

Theorem. If is zero-sum, i.e., , then



max:

2-Nash linear programming

s.t.

Theorem. If is zero-sum, i.e., , then



Theorem. [von Neumann’28] (max-min = min-max)  Game 
Wrt , Alice is a maximizer and Bob minimizer

& the max-min is NE.




