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Motivation

• The economy is inherently a multi-agent system

• Multi-agent modeling and simulation is the most 
natural approach for economic analysis

• Deep Reinforcement Learning (DRL) enables agents 
to learn in complex environments through 
trial-and-error

• Large Language Models (LLMs) can enhance 
decision-making, communication, and behavioral 
modeling in MADRL frameworks



Fundamentals of Multi-Agent Deep 
Reinforcement Learning

• Key Concepts in RL: State, Action, Reward, 
Policy

• Architectures: Centralized and Decentralized

• Algorithms: Value-Based, Policy Gradient, 
Actor-Critic

• Challenges: Non-Stationarity, Coordination, 
Scalability



Fundamentals of Multi-Agent Deep 
Reinforcement Learning



LLM-Augmented MADRL Frameworks

• Enhancing Agent Decision-Making with LLMs

• Facilitating Communication and Coordination 
with LLMs

• Modeling Behavioral Diversity and 
Heterogeneity with LLMs

• Potential Applications in Economic Policy 
Simulation



Developing a Simple MADRL Framework

• Overview and Building 
Blocks

• Environment

• Agents

• Controller

• Training

High-Level Skeleton of Simulation
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Developing a simple LLM-Augmented 
MADRL Framework

• Methodology
• Architecture: World, 

Agents, Actor-Critic 
Networks in an RL-based 
GPTeam, Memories, Plan 
Executor

• Sample Simulation: 
4-Sector Economy with 
Heterogeneous 
Households

• Agents Loop: Observe, 
Plan, React, Act, Reflect

High-Level Skeleton of an LLM-augmented RL agent



Developing a simple LLM-Augmented 
MADRL Framework



Limitations and Risks

• Simplification and Abstraction

• Data Availability and Quality

• Computational Complexity

• Bias and Fairness

• Misinterpretation and Overreliance



Challenges

• Non-Stationarity

• Alignment with Economic Principles

• Uncertainty and Ambiguity

• Scalability and Efficiency

• Interpretability and Explainability



Conclusion

• MADRL and LLM-augmented MADRL offer 
potential for advancing economic policy 
simulation

• Limitations, risks, and challenges need to be 
addressed

• Future research directions: framework 
refinement, diverse agents, advanced LLMs, 
empirical evaluations

• Multidisciplinary collaboration is crucial for 
development and real-world adoption
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