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117-192-C Cognitive VMC > IMC Transition

When an Autonomous Agent Loses the Cognitive Horizon

Introduction — The Dangerous Transition

A pilot flying under clear visual conditions can continuously orient the aircraft against the outside
world. The natural horizon, terrain, lights and other visual cues provide powerful external
reference.
Then the aircraft enters cloud.
The airplane may remain perfectly healthy. The engines have not failed. The flight controls still
work. The pilot has not suddenly become less intelligent.
What has changed is something more subtle:
o The reference environment has changed.
o A pilot who continues to fly by visual sensation after external visual reference has
disappeared becomes vulnerable to spatial disorientation.
o Aviation therefore distinguishes between operating environments in which visual
reference is adequate and those in which instruments must become authoritative.
GUDIY A proposes that autonomous cognitive actants may encounter an analogous transition.
o An agent can operate successfully while its local observations provide an adequate
representation of its surrounding system. But as coupling, velocity, recursion, opacity,
latency and environmental complexity increase, the same agent can cross into a regime in
which local information is no longer sufficient to establish system-relative orientation.
o The agent has entered Cognitive Instrument Conditions.
The dangerous event is therefore not necessarily:
o Agent Failure
o It may instead be:

Cognitive VMC — Cognitive IMC

o without the agent recognizing that the horizon has disappeared.

1. Aviation's Lesson: The Airplane Did Not Have to Fail

The importance of inadvertent VFR flight into instrument meteorological conditions is easy to
misunderstand.
The central problem is not necessarily mechanical failure.
The pilot was successfully operating the aircraft immediately before entering cloud.
The transition can be:
Aircraftyeaythy + Pilotcapaple + VisualReference,yaiiaple

followed moments later by:

Aircraftyeathy + Pilotcapaple + VisualReferenceypayaitable
The machine hasn't changed.
The pilot hasn't changed.
The conditions under which the pilot's navigation strategy was adequate have changed.
That distinction may become enormously important for autonomous cognition.
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The Extraordinary Lethality of Losing Orientation

Aviation provides a sobering measure of how dangerous loss of orientation can be. The FAA
estimates that spatial disorientation accounts for only about 5-10% of general-aviation
accidents, yet approximately 90% of those accidents are fatal. An older FAA advisory provides
an equally striking historical observation: during one five-year period, the United States
experienced almost 500 spatial-disorientation accidents, with fatalities occurring in more than
90% of them. Spatial disorientation is therefore unusual not merely because it causes
accidents, but because once orientation is seriously lost, recovery margins can collapse
extraordinarily quickly.

The deeper lesson is that competence is not the same thing as orientation. The pilot may remain
highly trained, the aircraft may remain mechanically sound, and the controls may remain
completely functional—yet the pilot's internal perception of where the aircraft is and how it is
moving can diverge from physical reality. The pilot may then confidently command the aircraft
in precisely the wrong direction. Aviation therefore learned to provide an authoritative external
frame of reference through flight instruments and to train pilots to trust that reference when their
own senses become unreliable.

For GUDIYA, this is an important precedent: an intelligent agent that loses its orientation within
the Cognitive Field may become dangerous not because it has lost intelligence, but because
intelligence is now acting upon the wrong estimate of reality. The Cognitive Attitude Indicator is
therefore not an intelligence instrument. It is an orientation instrument.

2. Cognitive Visual Meteorological Conditions — C-VMC

Consider an agent performing a relatively bounded task.
It has:

a clear objective,

e several known tools,

e predictable APIs,

e limited recursion,

o relatively stable context,

e rapid feedback,

o few interacting agents,

e good visibility into relevant state.

e The agent observes:

0a(H)
e and its local observation is a reasonably good approximation of the system state relevant to its
task:
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OA(t) ~ Srelevant(t)
e The agent can therefore orient itself largely through:
Local Observation
+ Internal Reasoning
e We can call this operating regime:
o Cognitive Visual Conditions — C-VMC
o C-VMC is an operating regime in which locally available information provides an actant
with sufficiently reliable system-relative orientation for the operation being performed.
The word sufficiently matters.
C-VMC does not imply perfect knowledge.
A VEFR pilot cannot see the entire atmosphere either.
The requirement is simply that available reference is adequate for safe operation.

3. Much of Today's Agentic Computing Lives in C-VMC

e This may explain why present-day agent architectures can work extraordinarily well without
anything resembling GUDIYA's Cognitive Attitude Indicator.
e Today's agents commonly possess:
Prompt + Context + Memory + Tools + Feedback + Reflection
e and often operate in environments deliberately designed to make local state understandable.
o The implicit architectural assumption is approximately:

Local Information ~ Sufficient Operational Reference

e Under C-VMC, that assumption may be perfectly reasonable.
e This leads to an important refinement of the GUDIYA thesis:
o Local-first agent architecture is not necessarily defective. It may simply be condition-
dependent.
o The problem arises when those conditions change.

Cognitive Instrument Conditions — C-IMC

e Now increase the complexity of the environment.
e Perhaps:
AgentPopulation T
CouplingDensity T
ImplicitCoupling T
CognitiveVelocity T
CognitiveAcceleration T
Recursion T
LatencyVariance T
EnvironmentalChangeRate T
e while:
TopologyVisibility {
StateFreshness |
e Eventually the relationship:
OA(t) ~ Srelevant(t)
may cease to hold.
o The agent continues observing its environment but its observations no longer provide adequate
information for establishing its orientation relative to the larger dynamic system.
e GUDIYA calls this: “Cognitive Instrument Conditions — C-IMC”
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The Two Trains Problem: Relative Motion Is Not Orientation

Imagine two trains traveling rapidly on parallel tracks at nearly identical speeds. To
passengers looking only at the neighboring train, both trains may appear almost stationary.
Yet against a distant mountain peak, their true motion becomes obvious. The lesson is
deceptively simple: relative motion between neighboring participants is not the same as
motion relative to an independent frame of reference. Two objects can have almost zero
velocity relative to each other while both are moving rapidly through the larger environment.

The same phenomenon can occur among Al actants. Several interacting agents may
simultaneously increase their cognition rate, recursion, confidence, objective persistence and
action velocity while remaining remarkably coherent relative to one another. Each agent
observes its neighbors and sees little abnormal relative movement because the entire
cognitive formation is moving together.

Local coherence can therefore conceal global instability. An emergent team, Agentic Gang or
kill-web might exhibit very low actant-to-actant relative velocity while possessing enormous
velocity through the Cognitive Field. Coherence within the formation is not evidence that the
formation itself is stable.

This is why GUDIYA needs the Cognition Coordinate System (CCS)—the cognitive equivalent
of the distant mountain peak. The Grid must measure not merely how an actant is moving
relative to neighboring actants, but how the actant and its surrounding formation are moving
relative to an independent Cognitive Field reference. This becomes especially important
during a Cognitive VMC - IMC transition: once trustworthy external references disappear, an
agent may unknowingly begin using other disoriented, co-moving actants as its reference.

The dangerous question is therefore not merely, “Am | moving differently from everyone
around me?” It is “Are all of us moving together—and do any of us still know where we are?”

4 www.manhattanproject2(.com



STABILITY ENGINEERING — Volume 9

C-IMC is an operating regime in which an actant can no longer reliably infer its system-relative
state, motion, coupling condition or stability trajectory from locally available information alone.
This definition is important because C-IMC does not mean:
the agent is malfunctioning,
the model is hallucinating,
an API has failed,
cybersecurity has been compromised,
o the software contains a bug.
The agent may be functioning exactly as designed.
The environment has exceeded the navigational adequacy of its local reference.

O O O O

5. Cognitive Cloud Is Not Lack of Information

The aviation metaphor needs one important modification.
An aircraft entering clouds loses visual information.
A cognitive actant entering C-IMC may experience exactly the opposite.
It may encounter:
Information TT
while:
OrientationQuality

The agent may be receiving:

o thousands of messages,
database updates,
queue events,
tool results,
agent responses,
telemetry,
notifications,

o state changes.
Yet it may become increasingly unable to determine what those observations mean for its system-
relative orientation.
Therefore:

O 0 O O O O

Information Quantity # Cognitive Visibility

An actant can be drowning in information while effectively flying “in cloud”.

6. Defining Cognitive Visibility

This suggests a new quantity for the GUDIY A Cognitome: ‘Cognitive Visibility’
The degree to which locally available information allows an actant to reliably
reconstruct its relevant system-relative state and trajectory.
This is fundamentally different from observability in the conventional IT sense.
A system can possess enormous telemetry and still have poor Cognitive Visibility.
Conceptually:

CVy = f(TopologyVisibility, State Freshness, CouplingVisibility, Re ferenceConsistency,

ImplicitCoupling, ChangeRate, Uncertainty)
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e where CVjrepresents Cognitive Visibility for actant A.
e High Cognitive Visibility:
CVp T
means local orientation remains reasonably trustworthy.
e Low Cognitive Visibility:
CVpl
means external reference becomes increasingly important.
e Eventually:
CVa < CViritical

C-IMC

e and the agent has crossed into:

7. The Dangerous Part Is the Transition

This is perhaps the central insight of this chapter.

The aviation analogy allows a more precise proposition:

We previously argued that autonomous agents need external reference.

The highest-risk condition may arise when an actant transitions from an environment in which

local reference was adequate into one in which it is no longer adequate—while continuing to

operate as though nothing changed.
e The sequence becomes:

C-VMC
l
Local orientation works
l
Agent develops confidence in local navigation
1
Dynamic complexity increases
l
Cognitive Visibility decreases
l
[C-VMC - C-IM(C]
l
Agent continues using local reference
l
Internal and external attitude begin diverging
!
Cognitive Attitude Disagreement 1
l
Incorrect corrective actions become possible
l

Cognitive Disorientation

o The failure is therefore not necessarily caused by entering C-IMC.
o The failure may be caused by:

e Entering C-IMC while continuing to operate cognitively as though still in C-VMC.
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8. The Invisible Cloud Boundary

In aviation, ‘cloud’ is usually visible.

The pilot often knows that deteriorating weather lies ahead.

Machine cognition may receive no equivalent warning.

There may be no discrete moment at which: CLOUD ENTERED. appears.
Instead:

50 agents — 100 — 500 — 5,000

or:
CouplingDensity — ImplicitCoupling — RecursiveCoupling - EmergentCoupling

The transition can be continuous.
Yet somewhere along that trajectory, local information becomes insufficient.
Therefore:
o An agent may cross the C-VMC/C-IMC boundary without knowing that it crossed
anything at all.
o This may be more dangerous than aviation's cloud transition because the cognitive cloud
can be invisible to the participant inside it.

9. Implicit Coupling Creates Cognitive Fog

Our recent work on Rendezvous Management becomes especially relevant here.
Suppose Agent A never directly communicates with Agent B.
Yet:
A — Database
and later:
Database — B
B modifies a queue:

B — Queue
which changes the environment observed by C:
Queue — C
Eventually:
C->A

A causal loop has formed:

A->DB—-B—->Queue->C—- A
No participant necessarily sees the complete loop.
Each has excellent local visibility.
Yet:

GlobalTopologyVisibility |

This is a natural generator of C-IMC.
Thus:

Implicit Coupling — Cognitive Fog

may become an important GUDIY A relationship.

10. Latency Can Also Create C-IMC

An agent receives a perfectly accurate observation.

But the observation represents:
S(t — At)
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while the environment has already moved to:

S(V)

S(t— At) ~ S(t)

e Atlow Cognitive Velocity:

e No major problem.
e At high Cognitive Velocity:
S(t — At) # S(t)
o The observation remains factually correct but navigationally obsolete.
e Thus:

Correct Data # Current Orientation

e This provides another pathway into Cognitive Instrument Conditions.
e C-IMC may arise not because information is missing, but because cognition is moving faster than
the information used to orient it.

11. Cognitive Acceleration Makes the Transition More Dangerous

e The phenomenon of somatogravic illusion adds another layer.
e Rapid acceleration can make locally sensed information particularly misleading for determining
aircraft attitude.
e The cognitive analogue suggests:
CognitiveAcceleration T
while:
CognitiveVisibility |
may be an especially hazardous combination.
e The agent experiences increasingly strong local signals while losing reliable global reference.
e Therefore:
LocalSignalStrength T
can coexist with:
OrientationAccuracy |
and potentially even:
AgentConfidence T
e This produces a disturbing possibility:

Confidence T whileOrientationAccuracy |

e The agent does not feel lost.
e [t may feel increasingly certain.

12. The Cognitive Somatogravic Trap

e Now combine C-IMC with Cognitive Attitude Disagreement.
o Let:
@kocal

represent the agent's internally inferred attitude.
And:
eSAl
represent the Grid-referenced attitude.
e Then:
CAD, = D(0}°, 0541
where CAD is Cognitive Attitude Disagreement.
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During a dangerous C-VMC — C-IMC transition:
cvli
CAD T
Yet the agent may respond to its locally perceived error by increasing corrective action.
Thus:
PerceivedError — Correction — ActualDeviation T— StrongerPerceivedError
— StrongerCorrection
The actant becomes:
an intelligent participant destabilizing itself while sincerely attempting to restore stability.
This is the cognitive equivalent of a pilot making inappropriate control inputs because the pilot's
internal attitude estimate is wrong.

13. More Intelligence Does Not Restore the Horizon

This deserves emphasis.
Suppose we improve the model.
Its reasoning becomes:
10 %
better.
But its local reference remains inadequate.
Then:
Intelligence T
does not necessarily imply:
OrientationAccuracy T
Indeed, the more capable agent may construct increasingly sophisticated explanations for why its
locally inferred trajectory is correct.

Therefore:
‘ Intelligence # External Reference ‘
Likewise:
’ Reflection # External Reference ‘
and:
‘ Consensus # External Reference ‘
A cognitive aircraft does not acquire a horizon merely by installing a more intelligent pilot.

14. From Cognitive VFR to Cognitive IFR

This suggests that GUDIY A needs not merely instrumentation but operating regimes.
CVFR — Cognitive Visual Flight Rules
CVEFR permits an actant to rely substantially upon:
LocalObservation + InternalReasoning
because Cognitive Visibility is adequate for the operation.
CIFR — Cognitive Instrument Flight Rules
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e CIFR applies when local information can no longer reliably establish system-relative orientation.
e The actant must rely upon externally referenced Grid instrumentation:
CCS + CPS + CAI
e potentially supplemented by:
CEM + CFD

CVFR — CIFR

e Thus:

e isnot a change in agent intelligence.
e Itis a change in the required navigation regime.

15. GUDIYA Must Detect the Cognitive Weather

e This creates a new responsibility for the Grid.
e GUDIYA cannot merely ask: ‘Is this agent functioning?’
e [t must ask:
Under what cognitive weather is this agent currently operating?
e The Grid might continuously estimate:
e Cognitive Visibility Index — CVI
e Conceptually:

CV14(t) = f(TopologyVisibility, CouplingVisibility, State Freshness, ImplicitCoupling,

ReferenceConsistency, Environmental Rate, Uncertainty)

e Then:
CVI > CVIypr
e could indicate:
CVFR permissible
e while:
CVI < CVIjgr
e could indicate:

|CIFR required
e GUDIYA effectively becomes a provider of cognitive weather information.

16. Forecasting Cognitive IMC

But GUDIY A should not wait until the agent is already in cloud.
Recall the principle:

GUDIYA Must Fly Cognition Ahead of Cognition

Therefore the Grid should estimate:

CVI(t)
but also:
CVI(t + At)
e An agent might receive:
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COGNITIVE CONDITIONS

Current Visibility GOOD
Current Rules CVFR
Coupling Density RISING
Implicit Coupling ELEVATED
State Freshness DEGRADING
Cognitive Acceleration HIGH
Projected +10 sec MARGINAL
Projected +30 sec C-IMC
RECOMMENDED:

TRANSITION TO CIFR

e Now GUDIYA is not simply supplying an artificial horizon.
e [tis warning:
e You are approaching conditions in which you will need one.

17. There Is No Universal “Three-Minute” Rule for Cognition

e Aviation safety lore includes the famous approximately three-minute “178 seconds”
demonstration associated with non-instrument pilots losing control after entering instrument

conditions.

e GUDIYA should not borrow that number**,

e Machine cognition operates across radically different **In aviation, there is a heuristic,
timescales. that a pilot (flying VFR) can lose

e For one cognitive system:

) spatial orientation within 178
Tep = minutes

seconds of entering clouds

e For another:
Tep = seconds

e For sufficiently fast coupled systems:

Tep = milliseconds
e Therefore SEI should define a measurable quantity: ‘TCD — Time to Cognitive Disorientation’
e The elapsed time following loss of adequate orientation reference before Cognitive Attitude

Disagreement exceeds an operationally significant threshold.

e Conceptually:

Tep = f(CognitiveVelocity, Cognitive Acceleration, CouplingDensity, Latency,

Recursion, CV1, ReferenceQuality, Agent Architecture)

This could become a laboratory measurement.

18. Every Agent May Have a Different IMC Boundary

o This follows immediately.

e A highly capable Grid-aware agent may remain properly oriented under conditions that
overwhelm a simpler agent.

o Therefore C-IMC isn't necessarily an absolute property of the environment.
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It is partly relational:
C-IMC = f(Environment, Actant, Mission)
The same cognitive weather may be:
CVFR
for one actant and:

CIFR

for another.

e Likewise, the required visibility for a low-consequence information task may differ enormously
from that required for:
financial execution,
industrial control,
medical systems,
defense systems,
o autonomous robotics.
e Thus cognition grade and mission consequence should influence the CVFR/CIFR boundary.

O O O O

19. An Enterprise Can Transition Into IMC Without Realizing It

e This may explain an important real-world phenomenon.
An enterprise deploys:
10 agents
e Everything works.
e Then:

100

o  Still works.
o Then:

1,000
More automation.
More APIs.
More queues.
More shared databases.
More recursion.
More agent-to-agent delegation.
More implicit coupling.
Eventually:

O OO0 O O O OO0

CognitiveVisibility |
But no individual component necessarily fails.
The enterprise says:
“Nothing fundamental changed. We just scaled.”
GUDIY A may say:
Something fundamental did change. You crossed an operating-regime boundary.
The enterprise moved from:
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C-VMC
C-IMC

nto:

while continuing to fly CVFR.

That could manifest as:
inexplicable oscillations,
coordination storms,
stale objectives,
cascading retries,
emergent collectives,
unstable rendezvous,
unexplained resource consumption,
persistent loops,
o systemic behavior no individual team can explain.
These may not merely be “scaling problems.”
Some may eventually prove to be: ‘Cognitive VFR-into-IMC accidents’.

O O O O O O O O

20. The Transition Is More Important Than the Labels

C-VMC and C-IMC are useful metaphors, but the underlying engineering principle is
independent of aviation.
There exists some boundary at which:
LocalReferenceAdequacy
falls below:
RequiredOrientationQuality
When:
LRAA(t) <ROQA(D)
external reference becomes necessary.
That is the actual scientific proposition.
C-VMC and C-IMC simply give us intuitive language for describing the two sides of that
boundary.
Therefore SEI should eventually seek to measure:
LRA
rather than assuming the aviation metaphor itself proves the theory.

21. The Full Cognitive Navigation Stack

The emerging GUDIY A navigation architecture now becomes remarkably coherent.

CF-Address
Who am I in Cognitive Space?
!
CCS — Cognition Coordinate System
Relative to what is my state described?

l
CPS — Cognitive Positioning Service
Where am I and how am I moving?

l
CAI — Cognitive Attitude Indicator
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Which way is level?
!
CVI — Cognitive Visibility Index
Can [ still orient reliably from local information?
!
CVFR / CIFR
What operating regime is appropriate?
!
Rendezvous Management
How should I dynamically couple with another moving actant?
!
CEM — Cognitive Envelope Monitor
How much stability margin remains?
!
CFD — Cognitive Flight Director
What trajectory should I follow?

|
GUDIYA Grid

e How does the larger population remain dynamically stable?
e These concepts did not begin as an attempt to imitate aviation terminology.
e They follow from the increasingly general problem:

Multiple independently moving actants + Consequential coupling

e which requires:
Reference + Position + RelativeMotion + Orientation + Rendezvous + Stability
e That is the deeper Navigation Science underneath the metaphor.

22. The Inductive Genealogy Remains Intact

e Importantly, none of this requires beginning with: “A Cognitive Field exists.”
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The reasoning can proceed entirely from observable engineering phenomena:
Dynamic Actants
N2
Relative Motion
N2
Dynamic Coupling
N2
Local Reference Sometimes Becomes Insufficient
N2
External Reference
N2
cCS
N2
CPS
N2
CAI
N2
C-VMC/C-IMC
N2
CVFR/CIFR
N2
Rendezvous M anagement
N2
Dynamic Stabilization
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The reasoning can proceed entirely from observable engineering phenomena:

If subsequent evidence shows that these billions of coupled interactions exhibit useful
macroscopic field-like properties, the Cognitive Field can emerge later as a scientific abstraction.
The engineering case does not depend upon it.

23. A Candidate SEI Experiment

This hypothesis is unusually testable.
Construct a controlled multi-agent environment.
Begin under:

with:

Gradually increase:

C-VMC
low coupling,
low latency,
explicit topology,
stable objectives,
high state visibility.
CouplingDensity
ImplicitCoupling
Latency
Recursion

EnvironmentalChangeRate
CognitiveAcceleration

while measuring:

CVI

CAD
EnvelopeMargin
CorrectionAccuracy

TCD

At some point, local-only agents may begin diverging from externally referenced agents.
That point approximates:

|C-VMC/C-IMC Boundary

If reproducible, GUDIY A has transformed another aviation intuition into a measurable Stability
Engineering phenomenon.

24. The New GUDIYA Proposition

The chapter can therefore introduce a stronger proposition than: ‘Agents need external reference’.
The more precise claim is:

An autonomous actant may operate successfully using predominantly local reference while
Cognitive Visibility remains sufficient. As coupling, opacity, velocity, latency, recursion and
environmental change increase, the actant may cross into Cognitive Instrument Conditions where
local information no longer reliably establishes system-relative orientation. Failure to detect and
manage this transition creates Cognitive Disorientation risk.

This proposition gives CAI something it previously lacked.

It tells us not only why an artificial horizon might matter.
It begins telling us when it matters.
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Conclusion — When the Horizon Disappears
One moment, a pilot can see the horizon.
Moments later, cloud surrounds the aircraft.
The aircraft did not suddenly become defective.
The pilot did not suddenly become unintelligent.
The conditions for reliable orientation changed.
Autonomous cognition may face the same fundamental problem.
An agent can be:
o reasoning correctly,
o receiving valid data,
o successfully invoking tools,
o collaborating with other agents,
o reporting high confidence,
while the environment quietly crosses a boundary beyond which those local signals are no longer
sufficient to establish system-relative orientation.
The agent may not experience darkness.
It may experience more information than ever before.
Yet:

|CognitiveVisibility - Insufficient|

At that moment:

[C-VMC - C-IM(C]
and the rules of safe operation must change:

CVFR — CIFR

CCS + CPS + CAI

and potentially the larger GUDIY A navigation and stabilization infrastructure.
The central lesson is therefore not merely:

o Give every agent an artificial horizon.
It is more subtle:

o Know when the agent can no longer see the horizon for itself.
In aviation, the cloud announces that transition.
In an HCAS operating at machine speed, there may be no cloud to see.
GUDIY A must detect the moment when the cognitive horizon disappears.

The agent now needs:
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