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• Cyclic behavior appear in multi-agent adversarial 

games. This is a major limitation of Gradient 

Descent Ascent when solving saddle point (Nash 

Equilibriums) problems.

• OGDA/ OMD can solve oscillation with distributed 

agent-wise computation.

• More flexible design then uniform optimism 

parameter through agents for further 

optimization as well as implementation under 

certain constraints.

Motivation: Cycling in Adversarial Games

Problem Studied: Bilinear Multi-agent Game

Conclusion

• Our model gives insight about designing algorithms 

under adversarial settings with partial damping. It has 

the potential of being integrated into more 

complicated algorithms that suffer from cyclic behavior 

in adversarial learning.

• Our Experiment gives insight about how part of the 

agents can help regularize a game in pure zero-sum 

setting. Contributing to stability of the system may 

bring profit for agents themselves.

• More work can be done in Stochastic analysis.

• More work in cooperation in subset of agents, and fully 

explore the potential of the optimism matrix design.

Potential Applications, Future Work and References
Method: OGDA with matrx-valued Optimism

• Standard OGDA step update for each agent:

• Concatenated step update for OGDA with 

matrix valued optimism (M):

Experiment: No Noise

• Cumulative utility of agents. Highlight bare corresponds to agents with m_i>0

• Certain multi-agent systems under pure zero-sum adversarial setting can achieve 

convergence with spectral damping.

• The boundary offers a much more flexible algorithm design, including partial 

damping or cooperation in small groups

• Contributing to stability of the overall systems benefit individuals in terms of 

cumulative utility.

• We find a sufficient bound for convergence for the system. The left-hand side depends on 

the spectral properties of optimism matrix M and interaction matrix D. The right-hand side 

can be bounded by norm.

Experiment: Setup

Theoretical Result: Sufficient Bound for Convergence
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• N agents. Scalar strategy state.

• Skew symmetric interaction matrix D (zero-sum).

• Bilinear Utility

Experiment: Noised

• Cumulative utility of agents. Highlight bare corresponds to agents with m_i>0

• N=8, eta=0.01.

• The skew-symmetric interaction matrix $D$ is built from an all-ones strict upper triangle 

with two modified entries, D_{03} = 2 and D_{47} = 1.5.

• The tested M are as follows:
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