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Logistics Warehouse automation Transportation Agriculture

Mining SpaceSurveillance Military
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Complex
environment
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Joint state and action



Challenges
 N coupled optimizations Complex information structure 8/27

?

In general, NEXP!
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Zero-sum Mean-Field Team Games
- Large-population
- Generalization of zero-sum games
- Mixed collaborative-competitive setting

Overview of Results

 Identical Team Strategy Approximation
 Equivalent Two-Player Game
 𝜖-optimal performance

=> Scalable MARL algorithm: MF-MAPPO



 Key Intuition:
Large population + homogeneous agents
=> Approximate system behaviors by agent distributions

 Mean-field: fraction of agents on each state

 Weak coupling through state distribution

 Two major fields of research:
- MFG: Selfish agents

- MFC/MFT: Collaborative agents

 Mean-Field Equilibrium considers single-agent unilateral deviation

Mean-Field Literature
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 Mixed collaborative and competitive setting:
- Team level: competitive
- Within each team: collaborative

 Optimization Objective
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team strategy

Mean field

Key Challenges
 Team-level Deviation Non-identical strategies
> Complexity scales exponentially with the number of agents
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Mean-Field Sharing
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Blue Agent Strategy:

Red Agent Strategy: Common Information

Local Information

Local Information

Local Information Common Information

Challenge: Different agents (especially Opponents) can apply different strategies

blue team strategy

Optimization Objective



Approximation Lemma

Key Takeaway

The set of identical team strategy is rich enough to approximate team distributions induced by non-
identical team strategies when team size is large
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Solve at the infinite-population limit with identical strategies
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Common information

Coordination strategies

Local strategies

There is a one-to-one correspondence
between and

identical



Can be solved via DP

⋮ ⋮⋮ ⋮
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Main Theorem

The optimal identical coordinator strategy obtained from the infinite-population coordinator game
induces an 𝜖-optimal Blue team strategy in the finite-population game

where .

‘Finite population

Red team uses non-identical policy to exploit

Key Takeaway

Mean-field team games can be solved considering only identical team strategies
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 Two-node example
 Optimal Blue team strategy is to match distribution Feasible only in infinite-population Finite-population Blue optimal strategy is non-identical
 Exploitability is bounded by the predicted theoretical guarantee

Coordinator game value
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Exploitability vs. # of agents



Conventional Approach

Key limitations of MARL + CTDE
 Large amount of information to critic
 Individual agent has individual actor

MF-MAPPO

Mean-field Team-Game results: Value only depends on mean-field Identical team policy

Realistic Large-scale Scenarios

19/27



MF-MAPPO
Mean-field Team-Game results: Value only depends on mean-field Identical team policy

Minimally-informed Critics
 PPO/value-based critic Only mean-fields as input Complexity does not scale with
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MF-MAPPO
Mean-field Team-Game results: Value only depends on mean-field Identical team policy

Shared Team-Actor
 Centralized training Simultaneous update
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MF-MAPPO
Mean-field Team-Game results: Value only depends on mean-field Identical team policy

Shared Team-Actor Decentralized execution
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Equilibrium Distribution

 MF-MAPPO converges to analytical equilibrium DDPG-based approach failed due to deterministic policies
⇒ Mixed team policies are essential for convergence

Extends RPS to population game
 Agent state space
 Action space
 Running reward , where
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 Blue team reaches the target locations (blue) Red team defends the targets
 Agent gets deactivated based on numerical advantage at each cell
⇒ Teams must learn to avoid deactivation while attack/defend target

Game
Setup

Learned
Policy

Red team learns
to block the
corridors

Blue team learns to
fake an attack1

2

1

2
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Blue team begins moving
towards the nearest
targets

Red team quickly
reallocates
agents

Red team uses
numerical advantage to
deactivate Blue agents

Key Takeaway
 Mixed team policies ensure convergence Mixed identical team policies can still generate heterogeneous behaviors 25/27
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Summary
 Mixed Collaborative-Competitive Team Game ––– ZS-MFTG
 Mean-Field + Common information⇒ Identical team strategy
 MF-MAPPO Algorithm

- Minimally-informed critic using common information
- Shared Team-Actor
- Tractable learning for large-population teams
Future Work

 Limited/Partial observability Heterogeneous agents and sub-team roles/behaviors
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