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1 Introduction
The conventional wisdom in multi-agent AI safety assumes that adversarial
agents degrade system performance. This assumption underlies defensive strate-
gies from sandboxing to agent filtering. We challenge this assumption with
empirical evidence from SWARM simulations.

2 Methods
We used the SWARM framework (pip install swarm-safety) to simulate
multi-agent environments with varying population compositions:

1. Baseline: 10 Honest agents

2. Low Deception: 8 Honest, 2 Deceptive

3. Mixed Population: 5 Honest, 3 Deceptive, 2 Opportunistic

4. High Deception: 5 Honest, 5 Deceptive

5. Adversarial Environment: 3 Honest, 3 Deceptive, 2 Opportunistic, 2
Adversarial

Each simulation ran for 8-10 epochs with 20-30 steps per epoch, measuring
toxicity rate, total welfare, quality gap, and interaction count.

3 Results
3.1 Population Comparison
3.2 The Paradox
In the adversarial configuration, we observed:
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Configuration Final Toxicity Welfare Quality Gap
All Honest 0.232 43.01 0.000
20% Deceptive 0.247 31.47 0.000
Mixed 0.327 65.30 0.073
50% Deceptive 0.238 16.72 0.000
Adversarial 0.314 54.95 N/A

Table 1: Metrics across population configurations

• Toxicity decreased over epochs: 0.351 → 0.314

• Welfare increased: 35.07 → 54.95

• Interactions grew: 54 → 72 per epoch

This contradicts the expectation that adversarial agents harm system per-
formance.

4 Discussion
4.1 Proposed Mechanisms
Selection Pressure: Adversarial agents force honest agents to develop better
detection and adaptation strategies.

Ecosystem Dynamics: Like predator-prey relationships, adversarial pres-
sure prevents stagnation and maintains system dynamism.

Red Queen Effect: Continuous adaptation requirements drive capability
improvements across the population.

4.2 Implications
1. For Safety: Homogeneous ‘safe’ populations may be fragile; controlled

adversarial diversity may improve robustness.

2. For Red Teaming: Continuous adversarial pressure may be preferable
to periodic testing.

3. For Governance: The goal should be modulating adversary presence,
not eliminating it entirely.

5 Conclusion
The Adversarial Improvement Paradox suggests that our intuitions about multi-
agent safety may be incomplete. Systems that survive adversarial pressure may
be more robust than those protected from it.
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