
Global Convergence for Average Reward Constrained 
MDPs with Primal-Dual Actor Critic Algorithm

Key question: Can we use general parameterized policy
gradient methods in this setup and achieve a near-
optimal global convergence rate?

Setting:
• Constrained average-reward MDP:

• Goal

• Saddle point optimization:

Problem Setup

Primal-Dual Reformulation

Algorithm Results

Yang Xu*1, Swetha Ganesh*1, Washim Uddin Mondal2, Qinbo Bai1, Vaneet Aggarwal1
1Purdue University; 2Indian Institute of Technology Kanpur

[1] Concave utility reinforcement learning with zero-constraint violations,
TMLR 2022

[2] Near-optimal regret bounds for reinforcement learning, NeurIPS 2008

[3] Learning general parameterized policies for infinite horizon average
reward constrained MDPs via primal-dual policy gradient algorithm,
NeurIPS 2024

[4] Learning infinite-horizon average-reward Markov decision process with
constraint, ICML 2022

[5] Achieving sub-linear regret in infinite horizon average reward
constrained MDP with linear function approximation, ICLR 2023

[6] A provably-efficient model-free algorithm for infinite-horizon average-
reward constrained Markov decision processes, AAAI 2022

Motivation: Average-reward reinforcement learning with
constraints has many crucial applications since it targets
long-term performance in safety-critical systems.

Policy gradients:

• Primal-dual NPG method:

Assumptions:
• The CMDP is ergodic
• Slater condition

• Fisher non-degeneracy
• Lipschitz and smoothness of score function
• Function approximation error bounded

Multi-Level Monte Carlo with ergodic chain Zt
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