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Overview

The History of "Multi-Agent Systems" (Multi-Agency): This term historically described 
the function of multiple autonomous programs within distributed systems, later 
migrating for active use within the LLM domain.

The Feedback Loop: Ideas originating in the world of AI are now beginning to influence 
and shape the architecture of network services once again.

Conceptual Migration and Future Importance: Simple examples will demonstrate this 
cross-disciplinary transfer of concepts and explain why this pattern is critical for the 
future of computing systems.
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Nash Equilibrium

Nash Equilibrium is a fundamental concept wich describes a state in a strategic
interaction between rational decision-makers where no player can improve their
outcome by unilaterally changing their strategy.
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Ant Colony Optimization 

The translation of this biological behavior into computer code is credited to Marco 
Dorigo. In his PhD thesis at the Politecnico di Milano in 1992 (and in a technical report 
in 1991 with Maniezzo and Colorni), Dorigo proposed the Ant System (AS).

This was a paradigm shift. While Genetic Algorithms (which existed earlier) used 
populations, they were often treated as a pool of solutions manipulated by a central 
evolution process. 

The Ant System was inherently distributed:
• Decentralized Control.
• Distributed Memory: the graph environment in the form of the pheromone matrix.



Given a set of cities and distances between them, find the shortest path that 
visits every city exactly once and returns to the start.



Ant Colony Optimization 



Consensus algorithm



Consensus algorithm

• decentralized operation systems
• live modeling
• time-synchronization demanding simulations at decentilized fog computing
• robotics applications (drone show, etc)
• other time depended distributed tasks

The ways the synchronization problem may be described:

• as  a Consensus of distributed system
• as a Tracking problem



Communication network
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Consensus algorithm
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Assumptions
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Tracking algorithm
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Simulation result example 
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1. Decentralized Training (Gossip Learning)
• Concept: Eliminates the central Parameter Server.
• Mechanism: Nodes exchange gradients or weights via Average Consensus.
• Result: The network mathematically converges to a global model using peer-to-peer communication.

2. Federated Fine-Tuning
• Concept: Private adaptation (e.g., LoRA) on edge devices.
• Mechanism: Consensus aggregates local weight updates while keeping raw data private.

3. Swarm Inference & Consistency
• MechConcept: Using multiple smaller models ("Mixture of Experts") instead of one giant 

model.
• anism: Voting/Weighted Consensus selects the most consistent answer among agent
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Any questions?


