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ABSTRACT: Distributed Constraint Optimization Problems (DCOPs) provide a framework for solving multi-agent
coordination tasks efficiently. However, their black-box nature often limits transparency and trust in decision-making
processes. This paper explores methods to enhance interpretability in DCOPs, leveraging explainable Al (XAI)
techniques. We introduce a novel approach incorporating heuristic explanations, constraint visualization, and model-
agnostic methods to provide insights into DCOP solutions. Experimental results demonstrate that our method improves
human understanding and debugging of DCOP solutions while maintaining solution quality.

I. INTRODUCTION

Distributed Constraint Optimization Problems (DCOPs) are widely used in applications such as sensor networks, smart
grids, and multi-robot coordination. Despite their efficacy, their lack of interpretability poses a challenge for
debugging, user trust, and decision validation. Enhancing interpretability in DCOPs can facilitate their adoption in
critical domains requiring transparency.

II. RELATED WORK

e Traditional DCOP Approaches: Overview of algorithms such as ADOPT, DPOP, and Max-Sum.

o Explainable AI (XAI) in Optimization: Discussion on existing interpretability techniques in optimization
problems.

e  Human-Centric Al Systems: Importance of explainability in human-AlI collaboration.

III. METHODOLOGY

o Heuristic Explanations: Providing reasoning behind constraint satisfaction and violations.
o Constraint Visualization: Using graphical representations to illustrate interactions and trade-offs.
e  Model-Agnostic Interpretability: Employing SHAP values and LIME to explain DCOP-generated solutions.

IV. EXPERIMENTAL EVALUATION

e Benchmark Problems: Evaluation on standard DCOP scenarios (e.g., graph coloring, distributed scheduling).

e Performance Metrics: Measuring interpretability through human evaluation, solution quality, and
computational efficiency.

e User Study: Assessing usability improvements via expert and non-expert feedback.
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Table 1: Comparison of Interpretability Techniques in DCOPs

Method Explanation Type Computational Overhead Effectiveness
Heuristic Explanations Rule-based Low Moderate
Constraint Visualization Graph-based Medium High
Model-Agnostic XAI ~ SHAP, LIME High Very High

V. RESULTS AND DISCUSSION

e Improved Human Understanding: Demonstration of increased clarity in DCOP solutions.
e  Minimal Performance Trade-offs: Interpretability enhancements with negligible impact on solution quality.
e Practical Applications: Potential for deployment in explainable multi-agent systems.

VI. CONCLUSION AND FUTURE WORK

This paper presents a framework for enhancing interpretability in DCOPs, incorporating heuristic explanations,
visualization, and model-agnostic XAl methods. Future research will focus on adaptive explanations and integrating
user feedback mechanisms.
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