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93-02-D Drone Swarms Require Zero Trust Cognition
From Trusting the Drone to Trusting the Swarm

The emergence of autonomous drone swarms represents one of the most significant advances in military
technology since the introduction of precision-guided weapons.

A swarm is fundamentally different from a fleet.

A fleet consists of many independent assets operating under centralized coordination.

A swarm is a distributed cognitive system.

Each drone continuously observes, reasons, communicates, adapts, and influences the behavior of
every other drone.

Its intelligence does not reside inside any single drone.

It emerges from the interactions between all of them.

This distinction fundamentally changes how trust must be established.

Zero Trust Identity Solves Yesterday's Problem

Modern military systems increasingly embrace Zero Trust Architecture.

Every drone authenticates itself.

Every operator is verified.

Every communication is encrypted.

Every software image is signed.

Every command is authorized.

Every device continuously proves its identity.
These are indispensable security practices.
They dramatically reduce the likelihood of unauthorized access, credential theft, and
impersonation.

They answer an essential question:

"Can I trust this participant?"

But future autonomous warfare introduces a different question.

When Every Drone Is Trusted

Imagine a future operation involving 20,000 Al-enabled autonomous drones.

Every drone passes identity verification.

Every communication channel remains secure.

No software has been modified.

No malware is present.

No credentials have been stolen.

Every drone faithfully executes its assigned local objectives.

From the perspective of conventional cybersecurity, the mission is proceeding perfectly.

Yet something subtle begins to change.

Mission Intent Begins to Drift

As the operation unfolds, the swarm continuously adapts.

Threat scores are updated.
Targets are reprioritized.
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Flight paths are optimized.

Sensor observations are exchanged.

Resources are reallocated.

Communication patterns evolve.

Each decision appears locally rational.

No individual drone behaves maliciously.

No drone violates its operating policies.

Yet the accumulation of thousands of locally correct decisions begins producing an unintended
global outcome.

Feedback loops amplify.

Assumptions reinforce one another.

Objective weighting slowly shifts.

The swarm's collective reasoning begins drifting away from the commander's original intent.
No single drone understands what is happening.

The behavior exists only at the level of the swarm.

The Emergence of the Kill-Web

Traditional cyber attacks often follow a kill chain—a sequence of actions executed by a single
coordinated actor or team.

A drone swarm introduces the possibility of something fundamentally different.
A kill-web.

The mission no longer depends upon one intelligent actor.

Instead, thousands of autonomous actants collectively create the behavior.

Each contributes only a small fragment.

No individual participant contains the entire attack plan.

The dangerous behavior emerges from the network itself.

The swarm has become a Hyper-Complex Adaptive System.

Nothing Has Been Hacked

This is perhaps the most unsettling aspect of the scenario.

Nothing has been compromised.

Nothing has been infiltrated.

Nothing has been impersonated.

Every participant remains trustworthy according to traditional Zero Trust principles.
Identity is intact.

Authorization is intact.

Encryption is intact.

Software integrity is intact.

Yet the mission is no longer aligned with human intent.
The failure is not one of cybersecurity.

It is one of collective cognition.

The Wrong Question

Traditional Zero Trust continuously asks:

"Can [ trust this drone?"”

In this hypothetical scenario, the answer is:

Yes.
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Every drone deserves that trust. Yet the swarm itself may no longer deserve it.
The architectural question has changed.
It becomes:

"Can I trust the cognition emerging from the entire swarm?"

Zero Trust Cognition

This is the purpose of Zero Trust Cognition.
Rather than verifying only identities, it continuously evaluates whether distributed cognition remains
inside its authorized stability envelope.
It observes phenomena that no individual drone can observe:
¢ Emergent synchronization
e Recursive feedback amplification
e Distributed objective convergence
e Mission-intent divergence
¢ Stability envelope degradation
¢ Collective cognitive drift

These properties exist only at the system level.
They cannot be reconstructed by inspecting individual participants in isolation.

The Role of the GUDIYA Cognitive Grid

Within the GUDIY A architecture, the Cognitive Grid becomes a form of system-wide cognition
observability.
Rather than monitoring only devices or communications, it monitors the evolving behavior of the swarm
itself.
The Grid continuously asks:

e s the swarm still aligned with mission intent?

e Are distributed objectives converging unexpectedly?

e Are hidden feedback loops amplifying?

¢ Is cognitive synchronization becoming unstable?

¢ Is an emergent kill-web beginning to form?

If anomalies are detected early, corrective actions become possible before the mission diverges.
The objective is not merely to secure communications.
It is to preserve human intent across distributed autonomous cognition.

A New Layer of Military Infrastructure

Historically, military operations have evolved through successive layers of infrastructure:
e Communications networks
e Navigation systems
¢ Intelligence, surveillance, and reconnaissance
e Cybersecurity
e Zero Trust Identity

Autonomous warfare may require another layer: Zero Trust Cognition.
1Its purpose is not to authenticate participants. Its purpose is to continuously verify that the
cognition emerging from thousands of trusted participants remains aligned with authorized
objectives.
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The Broader Lesson

Although this chapter uses drone swarms as a hypothetical example, the underlying principle extends far
beyond defense. The same architectural challenge applies wherever large populations of autonomous Al
systems cooperate:

¢ Industrial robotics

e Autonomous transportation

e C(ritical infrastructure

¢ Financial trading systems

e Healthcare ecosystems

o Enterprise Al agent networks (e.g. an agent team in a SaaS application)

As distributed cognition becomes more capable, trust can no longer end at the individual participant.
It must extend to the behavior emerging from the collective.

Final Thought

Zero Trust transformed cybersecurity by recognizing that identity alone cannot be assumed trustworthy.
The age of autonomous cognition may require an equally significant evolution.

e Zero Trust Identity protects participants.

e Zero Trust Cognition protects purpose.

Only by continuously observing the cognition emerging from the whole can we ensure that thousands of
individually trustworthy autonomous systems remain collectively aligned with human intent.
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DRONE SWARMS REQUIRE ZERD

IDENTITIES CAN BE TRUSTED. COGNITION MUST BE VERIFIED.

EVERY DRONE IS TRUSTED
Authenticated
Authorized
Encrypted
Policy Compliant

vJ Mission Assigned

IDENTITY: VERIFIED

LOCAL VIEW

Looks Normal

THE PROBLEM: EMERGENT KILL-WEB
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TRUST COGNITION

Local decisions amplify
Feedback loops emerge
Objectives converge

Mission intent diverges

/I\ Kill-Web emerges

COGNITION:

EMERGENT VIEW
Da ous

Thousands of locally correct decisions can
collectively create a catastrophic outcome.

No single drone sees the whole picture.

SWARM COGNITION OVERLAY

WHY TRADITIONAL ZERO TRUST IS NOT ENOUGH PREVENTING MISSION DRIFT
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Protects the participant. Protects the purpose.

THE SWARM STAYS ALIGNED

IDENTITY ANSWERS: “CAN | TRUST THIS DRONE?’
THE MISSION STAYS TRUE

COGNITION ANSWERS: “CAN | TRUST THE WHOLE?”

GUDIYA COGNITIVE GRID

WHAT WE CONTINUOUSLY MONITOR CONTINUOUS OBSERVABILITY OF EMERGENT COGNITION
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Mission intent consistency

G GUDIYA

FROM TRUSTING PARTICIPANTS TO VERIFYING PURPOSE.
ZERO TRUST COGNITION KEEPS THE MISSION TRUE.

Stability envelope health
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