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Introduction
This work surveys the collaborative
dimension of LLM-based Multi-Agent
Systems (MASs) and introduces an ex-
tensible framework for understanding
and designing multi-agent collaboration
towards artificial collective intelligence.

• Collaborative Aspects and Mecha-
nisms

• General Framework for MAS

• Real-World Applications

• Lessons Learned and Open Prob-
lems
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Figure: Our Proposed Framework for LLM-based Multi-Agent Collaborative System (MAS)

Multi-Agent Collaboration Mechanisms
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Figure: Collaboration Types
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Figure: Collaboration Structures

a) Rule-​based: majority 
voting

b) Role-​based: software 
project

Product 
Manager

Developer

Solution 
Architect

Quality Assurance

c) Model-​based: playing 
game

Figure: Collaboration Strategies

Lessons Learned
• Effective Collaboration Channels

• Collective Domain Knowledge

• Adaptive and Scalable Role and
Collaboration Channel Assignment

Open Problems

• Road to Artificial Collective Intelli-
gence

• Comprehensive Evaluation and
Benchmarking

• Ethical Risk and Safety

Application Domains
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Figure: 5G/B6G and Industry 5.0
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Figure: Question Answering / Natural Language
Generation

Simulating Communities 
Using MAS

 - Norm Violation Detection
 - Policy Testing
 - Human In-​place Replacement
 - (and more)

Social
Applications

 - Cross-​Cultural Understanding
 - Cultural Knowledge Extraction
 - Simulating Cultural Evolution
 - (and more)

Cultural
Applications

- Theory of Mind
- Social Contract Theory
- Non-​verbal Action Inference
- Game Theory

Agentic Analysis

Figure: Social and Cultural Domains
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