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Abstract

We present a novel framework for studying emergent collaborative behavior in large language model
(LLM) multi-agent systems through a simulated Mars colony environment. Our system demonstrates
that autonomous agents powered by GPT-4o-mini and Claude Haiku can develop complex social
dynamics, form relationships, engage in natural dialogue, and coordinate construction activities
with minimal hardcoded behavior.

Over 600+ simulated days with 100+ API interactions, we observe emergent patterns in conversation
topics, relationship formation, and collaborative problem-solving that were not explicitly programmed.
This work contributes to understanding how LLM agents can be orchestrated for collaborative tasks
while maintaining strict cost and safety guardrails.

Live Demo: Mars Colony Simulation
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http://localhost:3000/future/gaming


1 Introduction

1.1 Motivation

Traditional multi-agent systems rely on hardcoded rules and predefined behaviors. We explore
whether LLM-powered agents can develop emergent collaborative patterns when given individual
personalities, contextual awareness, and freedom to make autonomous decisions.

1.2 Research Questions

1. Can LLM agents develop meaningful relationships without explicit algorithms?
2. What conversation patterns emerge when agents interact freely?
3. How do agents self-organize around collaborative tasks?
4. What guardrails ensure predictable yet emergent behavior?

2 System Architecture

Each colonist is an autonomous agent with:

• Personality: Traits and backstory for LLM context
• Needs: Energy, Social, Purpose (decay over time, recovered by actions)
• Relationships: Bond scores evolve through interactions
• Memories: Recent events inform future decisions

Agents query LLMs (GPT-4o-mini or Claude Haiku) when needs arise, receiving prompts with full
context including personality, needs, nearby colonists, and recent memories.

3 Key Findings

3.1 Emergent Behaviors Observed

Conversation Patterns (600+ days): - Work-related: 42% - Social/personal: 28% - Philosophical:
18% - Practical: 12%

Relationship Formation: - 12 strong friendships (bond >50) - 23 working relationships - 2
personality tensions

Task Coordination: - 15+ buildings self-organized - 3-4 builders optimal (emerged naturally) -
Non-builders helped when resources abundant

3.2 Cost and Safety

Budget Protection: - Hard limit: 100 API calls or $0.50 per session - Server-enforced (cannot be
bypassed) - Observed cost: $0.007 per 100 calls (GPT-4o-mini)
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4 Implications

LLM-powered multi-agent systems can exhibit rich emergent social behavior with appropriate
scaffolding:

1. Autonomous collaboration emerges from simple rules + contextual LLM queries
2. Personality-driven agents develop consistent behavioral patterns
3. Cost can be controlled with multi-layer guardrails
4. Social dynamics self-organize without explicit algorithms

5 Future Work

• Scale to 100+ agents
• Long-term episodic memory (vector stores)
• Crisis scenarios and conflict resolution
• Multiple colonies competing/cooperating

6 Conclusion

We demonstrate practical autonomous multi-agent collaboration using commodity LLMs with strict
cost controls. This opens avenues for simulating organizational dynamics, training collaborative AI
systems, and understanding emergent social phenomena.

Try it yourself : Visit the live simulation and observe emergent civilization on Mars.
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