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What’s Asymmetric Combinatorial-Continuous 

zEro-Sum (ACCES) games?

IM with uncertain 

weights

Patrolling game

1

2

3

4

5

1 2 3 4 5

Facility location with 

unknown effect

Challenges in ACCES Games

• Does the Nash Equilibrium (NE) exist?

• Is there any algorithm that can converge to NE?

• Is there a practical algorithm that we can actually implement in 

the real world?

Contributions

• First paper to summarize and define ACCES games. 

• Prove the existence of mixed NE in ACCES games.

• Propose the CCDO and CCDO-RL framework:

• Novel convergence guarantee of two algorithms.

• CCDO-RL: First practical algorithm to solve ACCES games.

• Two-player zero-sum game with dynamics of simultaneous move and 

static form. 

• Player 1 has a combinatorial strategy space and player 2 owns an 

infinite and compact strategy space with a continuous utility function.

Algorithms

CCDO Convergence Analysis (Theorem 2):

1. When the stopping criterion 𝝐 = 𝟎, CCDO possibly iterates in an 

infinite number of iterations. However, every weakly convergent 

subsequence in the subgame equilibrium sequence {𝑝𝑘
∗ , 𝑞𝑘

∗}

converges to the equilibrium of the whole game.

2. When the stopping criterion 𝝐 > 𝟎, CCDO converges to an 𝝐-

equilibrium in a finite number of epochs.

CCDO-RL Convergence Analysis (Theorem 3):

1. When stopping criterion 𝝐 = 𝟎, if the approximate response oracle for 

Player 2 has a uniform lower bound for every mixed strategy, CCDO-

RL must converge to an 𝝐 + 𝝐𝟏 + 𝝐𝟐 -equilibrium in a finite 

iterations.

2. When stopping criterion 𝝐 = 𝟎 and CCDO-RL iterates infinite rounds, 

every weakly convergent subsequence converges to an 𝝐𝟏- equilibrium.

3. When the stopping criterion 𝝐 > 𝟎, CCDO-RL converges to an 

𝝐 + 𝝐𝟏 + 𝝐𝟐 -equilibrium in a finite number of epochs.

Experimental Results

Exploitability metric:
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