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Runtime

Given a problem class F , TA,F is the worst-case runtime of algorithm A.
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Lower Bounds

Given a problem size n ∈ N, for all algorithms A, TA,F ≥ f (n).
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Adversarial Problems
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Adversarial No Free Lunch

Theorem (Informal)

If F is a class of games closed under permutation, then for any algorithms A and B a,

Ef∼Unif(F ) [TA,f ] = Ef∼Unif(F ) [TB,f ]

aWe use the different query model compared with previous work [WM05].
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Polynomial-Solvable vs Non-Polynomial Solvable Class

How can we classify the problem class in two-player zero-sum games with unique NE?

Two-Player Zero-Sum Games with Unique NE

Non-polynomial Solvable 
Class

Polynomial Solvable 
Class
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Adversarial Black Box Lower Bound: Black Swan

Two-Player Zero-Sum Games with Unique NE

Non-polynomial Solvable 
Class

Polynomial Solvable 
Class

“Black Swan Events”

Theorem (Informal)

Consider any game f : {0, 1}n × {0, 1}n → R with a unique Pure Nash equilibrium where∣∣∣∣∣
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∣∣∣∣∣ ≤ εn implies f (x, y) = f (x, y ′).

Let F = {f (x, y ⊕ z) | z ∈ {0, 1}n}. Then all algorithms A have runtime TA,F = eΩ(n).
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Co-Evolutionary Arms Races

Two-Player Zero-Sum Games with Unique NE

Non-polynomial Solvable 
Class

Polynomial Solvable 
Class

“Black Swan Events” “Diagonal Games”

Theorem

The Diagonal game has black-box complexity Θ(n).
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Conclusion

Take-home message: You can benefit from competition, but only if the game has a
certain structure

if the game has no structure (closed under permutation),
then your choice of algorithm does not matter (No Free Lunch).

all algorithms are inefficient against games with ”black swan” structure

there are games that allow efficient algorithms through co-evolutionary arms races.

Lehre & Lin (UoB) NeurIPS 2024 2024.11.12 9 / 11



End of the Presentation

Thank you for your attention!
Welcome to our poster presentation!
Any questions?

(a) Paper (b) Me (c) Group

Figure: Theory of Evolutionary Computation UoB at Lisbon
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