
Deterministic Policies for Constrained 
Reinforcement Learning in Polynomial Time

Jeremy McMahan



Why Deterministic Policies?



Why Deterministic Policies?

• Cheap [1]



Why Deterministic Policies?

• Cheap [1]

• Multi-agent coordination [2]



Why Deterministic Policies?

• Cheap [1]

• Multi-agent coordination [2]

• Trust-worthy [3]



Why Deterministic Policies?

• Cheap [1]

• Multi-agent coordination [2]

• Trust-worthy [3]



Why Deterministic Policies?

• Cheap [1]

• Multi-agent coordination [2]

• Trust-worthy [3]

• Predictable



Why Deterministic Policies?

• Cheap [1]

• Multi-agent coordination [2]

• Trust-worthy [3]

• Predictable



Why Deterministic Policies?

• Cheap [1]

• Multi-agent coordination [2]

• Trust-worthy [3]

• Predictable

• Optimal for modern constraints [4]
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 belongs to a family of criteria including 
expected, almost-sure, and anytime criteria
C
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Challenges

• Problem is NP-hard

• Feasibility is NP-hard for > 1 constraint

• Problem is not continuous

• Dynamic programming fails



Can useful constraints be 
approximated efficiently?
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Result

We design an additive and relative FPTAS for general cost 
criteria, including expectation, almost-sure, and anytime.

Yes!

*Only chance constraints are left out, which are provably inapproximable
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Impact
Answers three long-standing open questions. 

Open for nearly 25 years!

• Almost-sure-constrained policies

• Anytime-constrained policies

• Deterministic, expectation-constrained policies

Polynomial-time approximability is possible for:



Thank you!
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