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117-53-D Do Multi-Agent Systems Need Frequency Compatibility?
A GUDIYA Working Hypothesis

"This chapter intentionally floats an idea as a scientific balloon rather than presenting it as an
established conclusion.”

For more than a century, engineers have known that physical systems cannot simply be connected together
arbitrarily.

e Generators in electrical grids must remain synchronized.

e Aircraft designers must avoid structural resonance.

e SpaceX Super heavy has to resort to specific steps to prevent the 33 engines from resonance
https://www.youtube.com/shorts/ih9reHXUDro
Communications engineers must obey Nyquist limits.
Distributed systems engineers must compensate for clock drift.
Control engineers must manage delay, gain, phase shift, and damping.
The question explored in this chapter is therefore quite simple:
If individual agents behave as closed-loop systems, do collections of interacting agents require
some form of frequency compatibility?

The first observation

Every sufficiently autonomous actant appears to possess some variation of the following loop:

Observe
1
Reason
1
Act
1
Observe
This loop possesses:
delays;
latencies;
gains;

update rates;
adaptation rates;
e memory effects.
Consequently, every loop appears to possess a characteristic timescale.

The second observation

A single loop is relatively easy to understand.
o Two coupled loops are more difficult.
e Ten thousand coupled loops may exhibit entirely new behavior.
o This is the transition from isolated intelligence to a cognitive ecosystem.

The topology question

The situation becomes even more interesting when we ask another question:
Does the manner in which agents are connected influence the importance of frequency compatibility?
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Our intuition suggests that the answer may be yes.

Series topology

A—-B—->C—-D
The dominant concerns are:

e delay accumulation;
drift accumulation;
bottlenecks;
latency amplification;

[ ]
[ ]
[ ]
e cascading failures.

This topology resembles the domino effect.

Parallel topology
A
Input B Output
C
D
The dominant concerns become:
e synchronization;
e arbitration;
e contention;
e coherence;
e load balancing.

Recursive topology
A—-B—-C

TI—Il

The dominant concerns become:
e oscillation;

resonance;

amplification;

instability growth;

self-reinforcement.

Hierarchical topology

M
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The dominant concerns become:
e leader saturation;
e bottlenecks;
e delayed propagation;
e synchronization failure.
Mesh topology
A——>B

7 7
C«——>D
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The dominant concerns become:
e feedback loops;
e cemergent behavior;
¢ instability propagation;
e objective divergence.
This topology is perhaps the most relevant to the GUDIYA framework.

The existing evidence

Al researchers already encounter numerous pathologies in multi-agent systems:
e oscillation;

race conditions;

deadlocks;

livelocks;

event storms;

retry storms;

drift;

reward hacking;

cascading failures;

objective divergence;

split-brain behavior.

Today, these phenomena are usually studied separately. Perhaps they are not separate at all.

The GUDIYA hypothesis

The hypothesis may be stated as follows:
As coupling strength, autonomy, adaptation speed, recursion depth, and connection density
increase, the importance of frequency compatibility also increases.

Synchronization zones

This possibility naturally leads to another idea.
e Perhaps actants cannot simply be connected together arbitrarily.
e Perhaps they must first be grouped into compatible synchronization domains.
e  GUDIYA refers to these domains as synchronization zones.

These zones would regulate:
e latency;

frequency;

phase;

gain;

coupling strength;

drift;

stability margins.

Virtual Frequency Clouds (VFCs)

Cloud computing gave us the idea of the Virtual Private Cloud (VPC).
Perhaps cognitive systems require an equivalent abstraction: the Virtual Frequency Cloud (VFC).
A VFC would define the operational boundaries within which coherent cognition could emerge safely.
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The balloon

The hypothesis ultimately reduces to one question:
e Does frequency compatibility, which is already known to be essential in physical engineering, also
apply to tightly coupled multi-agent systems?
e If the answer is no, then synchronization zones are unnecessary.
e If the answer is yes, then synchronization zones may become as fundamental to the cognitive
economy as substations are to the electrical grid.

o That would have enormous implications for the future of multi-agent systems, emergence, and the
GUDIYA Grid.
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DO MULTI AGENTIC SYSTEMS
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