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Description: 

A system will be designed for a multi-agent (robotic) system that will be extremely scalable and adaptive such that a hierarchy will be set in place, so that unless required, each agent will only “see” its neighbors and not be bothered with the details of the other agents.

This system will be designed in such a way to offer the advantages that a large army has in scalability, yet adaptive enough to not be cumbersome.

The protocol will be divided into several layers, such that the operations of one layer will be invisible to the others:


-Command


-Transport


-Physical

Command Layer:  The Commander Agent (the highest in the multi-agent hierarchy) will set forth objectives to be fulfilled by its subjects.  In turn, it will receive information from its subjects on the environment and when those objectives have been fulfilled.

The hierarchy of the system will be determined by the command agent (the Commander).  Each agent will be in charge of 8 other agents, in this fashion:
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The Commander will be able to self re-organize the hierarchy of its agents, such as application-specific groups, general-purpose groups, or a combination of the two.

Each node will be referenced by a unique identifier in binary, in this manner:
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With each increasing level, the impact on the storage requirement/communication bandwidth  of the agent ID is negligible.  For example:

TABLE 1

	Level
	Agents (at level)
	ID Length (bits)
	Agents (total)

	1
	1
	3
	1

	2
	7
	6
	8

	3
	49
	9
	57

	4
	343
	12
	400

	5
	2401
	15
	2801

	21
	7.97923E+16
	63
	9.3091E+16


So a very large system can be created with a modest ID length.

However, one of the requirements of the Command Layer is that direct addressing of the lower level sub-agents is not required.  Indeed, most of the time each agent should receive orders from its higher agent and pass them to its sub-agent.

The Commander will give objectives to its agents to be completed in the manner they see fit.  These objectives will be grouped in this manner:


-Movement


-Environment Manipulation


-Re-Configuration


-Communication


-Sensing

It is assumed that every agent will be able to process command orders.  this will lead to large efficiencies in task completeness and communications overhead.

Transport Layer:  The Transport Layer will be transparent to the Command Layer.  It governs all communication interfaces that the system will allow and how it will implement them.

The system will be designed to allow a variety of communication protocols between agents, reconfiguration of the interfaces as the environment requires, and interfacing the protocols to one another.

The transport layer should be designed so that it can readily adapt to the local environment.  This can be from natural causes, such as natural causes of interference, distance issues, etc.  Or it can be from artificial causes, such as bandwidth overloading or to protect from frequency jamming.

It should also be designed so that an agent/sub-agent system can communicate with another agent/sub-agent system, even though their primary communication protocols might differ.  This would probably be implemented by a Software Defined Radio (SDR), a device that can programmatically be instructed to change operating modes.

The agent/sub-agent protocol should be designed to that it requires a small rate of power consumption.  A strong command layer will also facilitate this.

Physical Layer:  The Physical Layer should provide all the components necessary to implement the intelligent communications protocol.  It will cover the following areas:


-Processor Functions


-Transciever Assembly (SDR, antenna, etc.)


-Other hardware/software required

Some advanced processor functions will be necessary, such as the ability to receive a process to complete and the ability to do it.  This in itself will require much advancement, as it inherently implies environment sensing, intelligent decision making, priority selection, etc.  
