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ENABLE & ACCELERATE 
RESEARCH + ENTERPRISE AI

  data • infrastructure • systems
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DATA > MODEL

QUALITY > SCALE

INFORMATION ≠ DATA

INFORMATION ⊄ DATA

What Wrestling With Data Taught Me
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When Variance Is the Signal

Observer 1 Observer 2 Observer 3

O1 O2 O3

O

S1 S2 S3
Frame lost 1 Frame lost 2 Frame lost 3

Σ
“Ground truth”
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That’s Why Language Is Lossy

We mistook an observable of cognition for the substrate of cognition.

Non-Survivability Non-Identifiability Dimensional Collapse

Language is not an invertible function of thought.
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What Do We Even Mean by “Learning”?

Learning the Data ≠ Understanding the Reality that Generated it

Selection
Not everything becomes data
unexpressed experiences • non-recorded expressions • 
non-random misses

Projection Loss
Even sincere expression is incomplete
language lossiness • cognition does not fully survive 
expression • the process is not invertible

Distortion
What becomes data may be altered
Misinterpretation • misrepresentation • memory error • 
incentives / rhetoric / social desirability

Memorization is not a substitute for learning

EVENT

TRAINING DATA

MODEL

DATA GENERATION PROCESS

SELECTION DISTORTION PROJECTION 
LOSS
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Reasoning Shouldn’t Be Separate from Memory

Errors propagate
The reasoning substrate 
contains contradictions, 
ambiguity and low-quality 
traces.

Computation 
restarts
Every new task has to 
retrieve and reconcile the 
raw material again.

Reason Over Memory Remember the Output of Reasoning

RAW / UNRECONCILED DATA

MEMORIZATION (TRAINING)

RETRIEVAL OF TRACES OF 
REASONING

COMPOSITION

RAW / UNRECONCILED DATA

REASONING

PROVISIONAL CONCLUSIONS 
(BELIEFS)

MEMORIZATION

Better substrate
Future reasoning starts 
from reconciled 
conclusions, not raw 
contradictions.

Cumulative reasoning
the system builds on prior 
computation instead of 
restarting.
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COMPILED DATA

Ethan may be allergic 
to pollen

INTERPRETATION
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Reasoning Requires Statefulness
Computer Compilation

SOURCE CODE PARSE / IR ANALYZE + 
OPTIMIZE EXECUTABLE

RAW DATA EMBEDDINGS REASON BELIEF STATE

Cognitive Compilation
Compiled data

Compiled artifact

Representation
Logic, abstraction, 

interpretation

Representations preserve transformed inputs.
State preserves the outputs of reasoning.

Reasoning is cumulative only if 
its output persists.

PERSIST
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Information Is Not Passive

Passive Quanta of Information

● Stored
● Represented

If Information Acts on Information, Information Has Dynamics

● Interacting
● State-Changing

q1

Active Quanta of Information

q2

q3 q4

q1

q3

q2

q4
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Causality Emerges from Informational Interaction

Low interaction probability:

Ignoring interactions is a fair approximation.

Few particles, few collisions, approximately 
independent behavior.

High interaction probability: 

Interactions become part of the dynamics.

Scale changes the regime → More information in 
the same representational neighborhood makes 
interactions increasingly difficult to ignore.

Sparse Regime Dense Regime

The AI Regime

Data Volume ≠ Information Density Density is relative to the representation space
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Cognition Is State Evolution

Cognition keeps evolving…
even when nothing new comes in.

AXIOMS OF STATE EVOLUTION

REVISION
New evidence modifies existing 
interpretation; it does not restart cognition.

PROVISIONALITY
A state represents the best current 
interpretation, not truth.

PERSISTENCE
The output of reasoning survives the 
reasoning beat.

Reasoning beat Reasoning beat Reasoning beat Reasoning beat

update

predict / observe predict / observe

INTERNAL INPUT INTERNAL INPUT

update update

predict / observe
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And This Is Physics, Not Computer Science…
Computer Science Physics

Don't model the answer. Model the dynamics that produce it.

Models the output
Goal: learn the mapping

Models the system
Goal: explain the dynamics

Evolution is executed Evolution is intrinsic

Increase capacity
Improve the approximation

MODEL

EVOLUTION

SCALE New regime
Scale can change the dynamics

sparse dense
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Competing Forces Shape the Belief State

attract

repulse

expansion

decay

1 Attractive forces
coherence ● triangulation

2 Repulsive forces
contradictions ● 
cognitive dissonance

4 Expansion
curiosity

3 Decay
selective memory

Belief State Dynamics → n-Body Problem
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Dissonance Is a Force, Not a Bug

COMPILATION ERROR

DISSONANCE

ATTENTION / FOCUS

PROACTIVITY

Two beliefs cannot be 
reconciled

Local instability in belief 
state

Reasoning concentrates 
around the instability

No new input required

What is Cognitive Dissonance?
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Reasoning Under Uncertainty
● Can maintain multiple live 

hypotheses simultaneously
● Reaches provisional conclusions
● Doesn’t require certainty

Continual Reasoning
● Ongoing state evolution
● No prompt required to start
● No predefined proof target
● No natural terminal answer state

Not Continual Learning: the system need not keep changing; the Belief State does.

Not Chain-of-Thought: the system “decides” what to reason about, globally.
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Continual Reasoning Under Uncertainty (CRUU) (2/2)

UNDERSTANDING

NATIVE PROACTIVITY
GLOBALITY

NEW

Derive what was never 
explicitly observed

reasoning beat

Internal tension can 
trigger reasoning

NO NEW INPUT REQUIRED

Reason globally over 
the entire Belief State

AREA 1

AREA 3

AREA 2



And Forces Generate Trajectories

Possibility ≠ Trajectory
Many next states are compatible with the 
current state.

Forces Bias Evolution
Competing forces make some transitions 
more likely than others.

A Trajectory Is History
Once a transition occurs, the next state 
inherits the consequences of the path 
already taken.
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Why the Cognitive Space Looks Quantum

He believed it was socially acceptable for a 
woman to receive flowers at work.

He knew it would be awkward and wanted to 
embarrass her.

“Mary received flowers from her husband while she was in the office.”

The Cognitive State should simultaneously support incompatible possibilities 
before sufficient evidence forces commitment.

However:
Language exposes one serialized trajectory at a time.

Belief Space needs to represent possibilities before commitment.
Quantum State representations are a natural fit for this.

Language forces premature commitment
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Why Cognition Is Not Enough

intent • desire • salience • commitment

Cognition can represent 
(alternative) possibilities

Volition decides the trajectory

Possible futures are cognitive.
Preferred futures are volitional.

Belief formation is strictly governed 
by the structure of the Belief State.

…

…
Active Inference intuition:
Agents do not just infer the world; 
they act toward preferred futures.
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Conjugate (Complex) Spaces
Quantum Mechanics requires a observer 
outside the represented state

Copenhagen Interpretation
The observer is conceptually distinct from 
the state being collapsed.

But an intelligent agent’s selector cannot be 
disconnected

Active Inference requirement
Goals, preferences and action must 
continuously affect cognition.

Conjugate spaces give us separation without independence.

→ That suggests a second, coupled space

COGNITIVE SPACE
beliefs / hypotheses / world model

VOLITIONAL SPACE
intent / preference / commitment

But the observer does not merely observe. The observer wills.
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Why Hilbert Spaces?
COEXIST

Alternative beliefs remain simultaneously 
represented 
without premature commitment
                         

INTERFERE
Alternatives are not merely a list of probabilities
their relationship changes outcomes

EVOLVE
The persistent cognitive state itself evolves

rather than generating a transient 
sequence and then effectively starting another 
inference episode.

PHASE    
Complex amplitudes       carry relative 
phase, which is what allows constructive / 
destructive interference. 
Probabilities alone throw that information away.

Complex Hilbert Spaces
A geometry for quantum state evolution

Why not language space?
SERIALIZATION · PROBABILITIES · 
TRANSIENT INFERENCE · NO EXPLICIT PHASE

Need Hilbert representation LLM / language representation

COEXIST superposed alternatives serialized expression

PHASE complex relative phase probability/logit magnitude

INTERFERE amplitudes interfere alternatives are 
scored/conditioned

EVOLVE persistent state 
trajectory

transient inference trajectory
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What the Formalism Buys Us

COGNITION VOLITION

GAUGE FIELD

HERMITIAN COUPLING

OBSERVABLE COUPLING?

In physics, interactions can 
themselves be represented 
as fields.

Could the coupling leave an 
observable signature?

Hermitian coupling leads to 
real eigenvalues…
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From Information to Consciousness

● Data is observed
● Memory is interpreted persistence
● Reasoning is state evolution
● Causality emerges from interaction
● Temporality emerges from evolution
● Consciousness may require an additional coupled space

Information 
→ Interpretation 

→ State 
→ Interaction 

→ Dynamics 
→ Consciousness?






