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Problem Definition: Scaling SPI to multi-agents systems
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Example on Multi-UAV Delivery
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Safe Policy Improvement

P(p(rr) = p(mo) —=¢) 21 —9
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Safe Policy Improvement: Goal

P(p(rr) = p(mo) —=¢) 21 —9
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MCTS-SPIBB: Problem

A.Castellini, F.Bianchi, E.Zorzi, T.Simao, A.Farinelli, M.Spaan. Scalable Safe Policy Improvement via Monte Carlo Tree Search (ICML 2023)
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MCTS-SPIBB: Problem
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Method: Factored Value MCTS-SPIBB (FV-MCTS-SPIBB)
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FV-MCTS-SPIBB
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FV-MCTS-SPIBB: Scalability

Coordination Graphs
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FV-MCTS-SPIBB: Scalability

Coordination Graphs

Q(a) = ZQz(ai) + ZQij(aiaaj)
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FV-MCTS-SPIBB: Safety
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FV-MCTS-SPIBB: Safety
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a* € B,,

— No value function update
— No policy improvement
+ Safety is guaranteed

Action selection in
FV-MCTS-SPIBB

Constrained Max-plus or
Constrained Var-El

Y

a* = arg max Q;(a;)

aq

+ Value function update
+ Policy improvement
+ Safety is guaranteed
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FV-MCTS-SPIBB: Sample scalability
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FV-MCTS-SPIBB: Theoretical analysis
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Results: Domains, Scalability, Safety
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Results: Domains

Multi-UAV Delivery

.'IE

Fa-

: e
X -

i o IR
A “ -
- § s

Significantly larger domains:
- Previous SPI works up to 25 states, 10 actions
- Our settings span 1030 to 104! states, 10° to 106 actions
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Results: Scalability

@ Behavior my I MCTS-SPIBB B FV-MCTS-SPIBB-Max-Plus B FV-MCTS-SPIBB-Var-El
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FV-MCTS-SPIBB can scale and compute the improved policy in multi-agent domains where other SPI
algorithms cannot work

[MCTS-SPIBB, Castellini et al., ICML 2023]
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Results: Safety

Behavior g —¥— FV-MCTS-Max-Plus —— FV-MCTS-SPIBB-Max-Plus
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FV-MCTS-SPIBB preserves the safety guarantees of SPIBB. It achieves the behavior policy performance
when the number of trajectories D is not large enough to improve the policy
[FV-MCTS-Max-Plus, Choudhury et al., AAMAS 2021]
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Thank you for your attention
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