A world Is not the sequence of its observations.

| RENDERING INSTANCE 01 |

| OBSERVATION ABSENT |

| RENDERING INSTANCE 02 |
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Rendering

A plausible visual instance of “stone wall,”
generated fresh from a learned distribution.

Observer turns gaze away from scene.
Generative context evaporates.

CURRENT GENERATIVE SYSTEMS LIMITATION

L Remembering

A persistent record of this specific
stone wall.

Current generative systems are built entirely for rendering. They produce individually beautiful frames

with no underlying structure connecting them. When the observer looks away, the wall ceases to exist.
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Buffers outrun the problem; they do not solve it.

Crack generated at token 4,000

—————»le— Token 4,000 {
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Context Buffer

The Mechanism

SEI=
The Consequence

Hidden states and context windows
are recency-weighted buffers.
They cannot distinguish a detail that

was forgotten from a detail that
simply never happened.

Training penalizes contradiction, but it
only changes statistical tendency, not
architectural capability. Pushed

outside the buffer, the system defaults
back to ungrounded invention.
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The architectural gap between statistical continuation and causal reality.

.1 Standard GenAl =~ Semantic Simulation

Context Buffers & RAG ER= Persistent Fields
Memory (Retrieves what was I = m Y (Maintains what @
Mechanism | *yritten*). : Ebts *currently is*).

Causal Residue forces
reconciliation at the
point of commit.

Unreconciled document
stores accumulate
contradictory claims.

Resolution
of Conflict

=>P

e

'_l__,,
" COMMIT | ; RESIDUE

HIGH
P PROBABILITY Causal Continuation

(Honors established facts as
absolute, binding constraints).

Generative Statistical Continuation
Principle (Honors retrieved facts
with high probability).

I 1
Perfect retrieval is not enough. If the generative engine treats a perfectly retrieved fact as

L merely “highly probable,” it will eventually hallucinate. Constraint must be architectural. il
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The Anatomy of a Semantic Field
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z (Charcoal) - Appearance: What does it currently look like?
The resolved, committed content recovered by an observation.

R (Forest Green) - Causal Residue: What has happened here?
Compressed history that constrains future invention.

S (Burnt Orange) - Entropy: How much remains genuinely open?
The structured ignorance and live possibility set (L;(x)).

v (Crimson) - Vector Flow: Where is this region going?
The directed drift and continuous dynamics of the field.

® (Slate Blue) - Coherence Potential: How stable is this region?
Settled, self-reinforcing structure vs. fragmented noise.

|dentity is not a label attached to a coordinate. It is a stable configuration
maintained across these five layers by the field's own dynamics.
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Observation earns certainty. Memory sustains it.
zir1(x) = ze(x) + X - 2(x)

Appearance (z) :> i

Appearance (2) Residue (R)
Stage 1: Unobserved. Stage 2: The First Glance. Stage 3: The Second Glance.
Structured Ignorance. Invention. Regeneration is impossible.
The field holds a live distribution Observation breaks the symmetry. Once S falls, z becomes bound.
of possibilities, bounded by AS(z) > 0 forbids unearned The field owes future observations
surrounding constraints. resolution in the dark. strict fidelity to what was invented.
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Affordance is a relation triggered by capability.
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Affordance cannot be stored as

a 6th property inside the field.
The ladder has not changed; the
capability of the visitor has.

-

Cues (p,): Localized signals
arising from the field that
activate relevance for a
specific capability profile.

The Interaction Alphabet: All generated proposals
ultimately resolve into a strict 5-operation vocabulary:
Store, Retrieve, Modify, Compose, and Rewrite.

[Store] |—|[Retrieve] | [Modify] —|[C ] [Rewrite]
U BN E - T e
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Writing reality: Additive proposal and constraint projection

L} L]
Writing is never wholesale
§ replacement (M;,; = M, + Ay).

It is an expressive neural
proposal subjected to strict

\P I' Dj ect (HG) mathematical admissibility.

Propose (Aq))

The final state M, is the
combination of the current state
M, and the constrained proposed

Y= ar}gnéinﬂ‘i’ — (M; + Ay)||? change Ay, not an arbitrary rewrite.
e |

N
Proposed ‘ / D

Projected & @
0 £ =

The Abjad/Hija'l Principle:
An admissible ‘Rewrite’ is
content-preserving and
rule-governed.
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Constraint Manifold C

An arbitrary edit is treated by the

projection layer as vandalism and

— o | refused. Only changes that adhere
a to the manifold's constraints are

accepted.
L do 0

Point of No Return
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ldentity is a dynamic fixed point, not a static label.
M* =1Ilc(M* + Avy)

The Bare Paving (Trivial Fixed Point). Persistent by default. The Fountain (Dynamic Fixed Point). Persistent through active
Ay = 0. Stable through the absence of pressure. maintenance. A # 0. The water changes every millisecond,
but the trajectory of the form is rigidly conserved.

I An object is a self-reinforcing pattern that the field’s evolution keeps reprnducing? ‘

against a continuous stream of proposals that could have taken it elsewhere.
(]
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Multiple clocks: Dissipation over time, oscillation in the instant.

Hamiltonian oscillation:
Water moving through the fountain.

4l The Fast Clock (z, v)

3 "'V‘V‘v‘.‘.‘,“m

The Slow Clock (cI;) Variational gradient descent
AL The slow weathering of the fountain's stone basin.

Energy (H)

| 1 | | 1 1 | | L | 1 | |
| 1 | [ 1 1 | | 1 [ 1 | [

Time
Intrinsic Relaxation (Fphys) Neural Forcing (Fy) The Coupling
The field's innate tendency to smooth The learned, expressive driver of Fast-timescale activity, given enough
coherence and let entropy settle. action. Governs the fast clock. time, accumulates causal residue which
Drives the slow clock down the energy eventually forces slow-timescale
gradient. change.
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Residue: Compressed history as a barrier to hallucination.
Courtyard A (100 Years Old) Courtyard B (Moved Yesterday)

Dig up paving Dig up paving

Permissive State:
Vector Penetrates
Shallow History:.

Barrier to Hallucination: T R
Vector Rejected by
Deep History.

Moved Yesterday:
Low Accumulation.

Shallow Residue (R):
Fresh Drag Mark

Cross-Section B-B

- Residue is not a bloated, append-only server log. It is a strictly compressed topological trace of causal events.
— Two states can be visually and structurally identical in the present, while permitting entirely different futures based on their accumulated residue.
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Hallucination is a topological tear, not a bad token.

Coherent Gluing

Patch A

Hallucination

"H'(Goo) # 0 ]

(Cohomological Obstruction)

- A model can generate two patches of reality that are locally flawless when viewed in isolation.
- If their boundary conditions mathematically fail to align, they cannot assemble into a single globally admissible configuration.
- This global failure cannot be caught by local checking—it requires sheaf theory to detect.
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The Three Laws of Semantic Conservation.

1. Energy (Time-Translation Symmetry) 2. Causal Ordering (Domain-Relabeling Symmetry)
; A & = qv = Accumulated Residue
nspect . ove
*E‘ A_’h Crack | | Bench |
2
= . Move | ; , Inspect\
=) () 5 B_}k Bench | Crack
~ A Time ’ g
(Conserves: The Hamiltonian H). (Conserves: Total accumulated residue).
Observation Total Haniltation 3. Total Coherence (Spatial Translation Symmetry)
' A
B
£
@
Q
— >
Time
Region (Conserves: Total Coherence).

A hallucinated history can pass every spatial gluing check at every individual instant, yet still fail because the trajectory
violates what must remain constant. Conservation laws ensure nothing simply disappears or materializes for free.
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The Architecture of Sparse Memory.

|

High Entropy
/ Unresolved

Resolved /
Collapsed

LLE) LCCETECERFCTRCPFNYFENTTERY

| |

Sparse by Construction:

High entropy (S) = zero storage cost.
The system only allocates dense memory when

observation forces a collapse.

/\

Locality:

The Hilbert curve ensures that topological neighbors in the
multi-dimensional field remain contiguous in physical hardware

memory, optimizing streaming and patch-based reads.
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The Camera as a Query, not a Creator.
World DB Decoder Dutpuer

Pure Read

Observer Query

ngh Entropy

Write Cycle
Project

Propose Commit

Observer Query

Inverse
Read -> Write

Z
Renderers are clients attached to the Honest Uncertainty: Reduced Level-of-Detail is not just a distance
World Database, entirely decoupled optimization. It is thit is the visual equivalent of high entropy. The
from the core write loop. engine refuses to hallucinate specificity the field does not yet own.
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The World Engine: Where math and code become indistinguishable.

‘ The Mathematical Theory ‘ The Software Components

The World Database ;;.;ij'
(Sparse Hilbert Storage) Fr_‘P'u% - e

The Asynchronous Scheduler .*I:.-E'r*.

SN E,I> M (Semantic Field)

%

> Multiple Clocks (Fast/Slow) :

><:[> F’ (Neural Forcing)

[ of : 3 i /
:f"?i?f( _ 2 Il ¢ (Constraint Projection) _

A The Proposal Service
/] (Expressivity, Read-Only)

*ﬂ

The Projection Service
& (Admissibility, Read-Only)
K

24 The Commit Ledger
(Authority, Write-Access)

/A_i b The Render Clients
— " (Decoupled Decoders)

Q > Arbitration & Causal Dag

\X' w_:> Op (Observation Operator) ==

The architecture physically prevents generative Al's failure modes. By stripping the Proposal Service of write authority
and locking the Commit Ledger behind strict mathematical constraints, hallucination is caught at projection.

Takeaway: Persistence is not a statistical tendency. It is an architectural guarantee.
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