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Parity Games
Better Algorithms

Marcin Jurdzinski and Jens Vöge. “A discrete strategy improvement
algorithm for solving parity games”. In: Computer Aided Verification.
Springer, 2000, pp. 202–215

Upper bound1 : O
(
(n/d)d

)

Marcin Jurdzinski, Mike Paterson, and Uri Zwick. “A Deterministic
Subexponential Algorithm for Solving Parity Games”. In: SIAM
Journal on Computing 38.4 (Jan. 2008), pp. 1519–1532

nO(
√

n)

1see also Friedmann, “Exponential Lower Bounds for Solving Infinitary Payoff Games
and Linear Programs”.
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Mean Payoff Games
Payoffs

(ab)ω

Min pays 1
2 units to Max

a −2−−→b +3−−→a −2−−→b +3−−→a −2−−→b +3−−→a . . .

− 2 + 3 − 2 + 3 − 2 + 3 ∼ n(−2+3)
2n → 1

2

(acb)ω

Min pays −1
3 units to Max

a −1−−→c −2−−→b +3−−→a −1−−→c −2−−→b +3−−→a . . .

− 1 − 2 + 3 − 1 − 2 + 3 ∼ n(−1−2+3)
3n → 0

Generally

Min tries to minimize lim sup
Max tries to maximize lim inf

a

b

c

-2
-1

2 -2

-1

3

Min

Max
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Simple Stochastic Game
Values

v( ) = 1
v( ) = 0

v( ) = 1
2(v( ) + v( ))

v( ) = 1
2(v( ) + v( ))

v( ) = max{v( ), v( )}
v( ) = min{v( ), v( )}

1

1

1
2

1

0

1
2

1
2

1
2

1
2

These equations have a unique solution.
From state s -

has a strategy to reach with probability ≥ v(s)
has a strategy to reach with probability ≥ 1 − v(s)
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Complexity of solving games
Does Even win the Parity
Game?

Is the value of the Mean
Payoff Game ≥ 0

Is the value in the Simple
Stochasic Game ≥ 1

2
NP∩coNP

2

Open Problem
Is there a polynomial time algorithm for any of them?
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