Substrate Driven Geometry and Energy Formation

A Compendium on Generative Transport Geometry, Mathematical
Closure, and Spectral Consequences

(A foundational physics monograph establishing a structural
unification framework and derivational research program.)

James Johan Sebastian Allen
Author: Pattern Field Theory
PatternFieldTheory.com

February 18, 2026

The unification of physics: where all theories meet on one lattice.

"Structural inevitability captures the essence: all phenomena, constants, and dynamics
emerge as necessary outcomes of the pre-geometric Allen Orbital Lattice (AOL) under
admissibility constraints, without free parameters, randomness, or external tuning.
Nothing is arbitrary; everything is selected by the lattice substrate’s geometry, symmetry,
and locking mechanics. These are in essence The Keys to the Universe."

— James Johan Sebastian Allen


https://PatternFieldTheory.com
https://orcid.org/0009-0009-9594-6803

The Architecture Beneath Reality

Abstract

This document presents a complete structural compendium of substrate driven geometry
and energy formation derived from discrete admissible transport on the Allen Orbital Lattice
(AOL) under Phase Alignment Lock (PAL) coherence.

Part T establishes basin formation, boundary localized growth, radial duplication, depth
recursion, state coupling, and transport induced reachability geometry.

Part II proves mathematical closure of the transport field through operator algebra,
reachable set topology, metric convergence, variational extremals, curvature emergence, and
well posed evolution.

Part III derives spectral consequences of closure, including equilibrion states, basin
eigenstructure, coupling hierarchy, and structural resonance bands.

Part IV defines computational realization, deterministic solver architecture, observable
extraction, and parameter inference under explicit rule sets and cost budgets.

Part V isolates external interfaces for empirical correspondence, constant emergence pro-
grams, cosmological modeling, and interpretive frameworks, with strict outward dependency.

Geometry, field dynamics, spectral structure, and computability arise as necessary conse-
quences of admissible discrete transport under PAL.

PART V — Interface Notes and External Derivations

PART IV — Computational Realization

PART IIT — Spectral and Equilibrion Consequences

PART II — Mathematical Closure of the Transport Field

PART I — Generative Transport Geometry

Figure 1: *
Compendium architecture of substrate driven geometry and energy formation. Structural
dependency proceeds upward from generative transport mechanics to mathematical closure,
spectral consequences, computational realization, and external interface layers.
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Governing Equations Index

Transport cost primitive: ¢(z — y)

Transport distance: d(z,y) = infq.py ., cle)
Effective line element: ds® = g;;(z) dz'da’
Anisotropy function: F(0) = R(0)/(R(0))e

Fourier anisotropy: F(0) =1+ ", > am cos(m@) + by, sin(m@)
Geodesic variational principle: § [ ds =0

Geodesic deviation: %25 =-R! ke vivkel
Continuity: % +V;Ji=S

Metric diffusion: % =Vi(g“"Vp) + S

Transport stress (minimal form): T;; = 0;J; — 0;J;
Energy density: E(x,t) = p(x,t) cer(x, t)

Foundational Constants, Operators, and Structural Objects

Definition 1 (Allen Orbital Lattice (AOL)). The Allen Orbital Lattice (AOL) is a discrete
structural substrate consisting of admissible coordinate identities arranged in a hexagonal partition
with depth replication. Realizable configurations correspond to stable closure structures supported
on admissible neighborhoods of the lattice.

Definition 2 (Phase Alignment Lock (PAL)). The Phase Alignment Lock (PAL) is the coherence
constraint enforcing admissible structural compatibility. A configuration is stable only when
local transport phase relations satisfy PAL compatibility conditions across all interacting lattice
neighborhoods.

Definition 3 (Coheron). A coheron is a stable closure configuration supported on an admissible
AOL neighborhood that satisfies the Phase Alignment Lock.

Definition 4 (Transport Cost Operator). Transport cost is the minimal admissible expenditure
required to transition between coordinate identities while preserving structural coherence. Denote
the primitive transition cost by

clx —y).

Definition 5 (Reachability and Basin). A basin is the maximal connected set of coordinate
identities reachable under admissible transport while maintaining structural closure under PAL.

Remark 1. Continuum geometric descriptions are effective representations of discrete transport
structure and are not primitive.
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Basin Boundary Scaling Law and Structural Differentiation

Boundary Definitions
Definition 6 (Basin Boundary). A basin boundary is the set of coordinate identities in a basin
with adjacency to at least one non-admissible neighbor under the Phase Alignment Lock.

Definition 7 (Boundary Measure). Boundary measure B is the cardinality of the basin boundary
set at a given basin growth stage.

Boundary Dominated Growth

Proposition 1 (Boundary Dominated Growth). Ezpansion of a basin occurs through admissible
transitions at the basin boundary. Interior regions update state but do not generate outward
expansion.

Proposition 2 (Scaling Form). Let R denote an effective basin radius induced by transport
distance. Boundary measure satisfies an effective scaling law

B(R) o R%r~1,
where d.g is the effective structural dimension induced by admissible transport.
Rationic Scale Separation and Basin Differentiation

Proposition 3 (Differentiation by Anisotropic Admissibility). If admissible transition density
varies directionally, basin growth becomes anisotropic. Distinct basins differentiate by stable
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Allen Orbital Lattice - Rings 0 - 4

Ring 1 = 6 hexes
Ring 2 = 12 hexes
Ring 3 = 18 hexes
Ring 4 = 24 hexes

directional preference classes induced by PAL-compatible transport.

Remark 2. Rationic scale separation refers to stable discrete ratio classes in boundary growth
and reachability geometry induced by admissibility constraints.

Radial Duplication and Depth Recursion

Shell Structure and Discrete Radius

Definition 8 (Discrete Radius and Shell). Let a coordinate identity be represented in azial
integers (u,v) € Z* with induced cubic coordinate w = —u — v. Define the discrete radius

r(x) = max(lul, [v], [u + v]).

The shell at radius r is the set {x : r(xz) = r}, with shell population s(r) = 6r for r > 1.

Depth Recursion Operator

Definition 9 (Depth Recursion Operator). Define the depth recursion operator D acting on
shell radii by
i1 = D(rg) == 6ry, ro = 4.

The induced shell circumference sequence is

sk = s(rg) = 6rp =24 - 6".

© 2026 James Johan Sebastian Allen — Pattern Field Theory™ — 6



The Architecture Beneath Reality

AOL sheet (layer k+1)

Basin boundary

6 lateral transport directions

2 depth couplings (registry)

minimal coherent closure

AOL sheet (layer k)

Figure 2: Minimal coherent transport cell on adjacent AOL layers. Six lateral transport directions
and depth coupling define the smallest closure-supporting structural unit.

Proposition 4 (Quantahex Depth Levels). The sequence ry, = 4 -6 defines discrete depth levels
supporting exact replication compatibility classes on the lattice, with corresponding circumferences
s, =246,

Radial Duplication as Deterministic Boundary Execution

Definition 10 (Radial Duplication). Radial duplication is the deterministic generation of a new
shell-adjacent boundary layer by admissible boundary transitions. Formally, if 0y denotes the
boundary of a basin at depth level k, then radial duplication is the admissible map

R: an — an+1,

implemented as boundary-local adjacency execution (no interior creation), constrained by PAL.

Proposition 5 (Boundary Execution Constraint). Radial duplication is executed only at boundary
interfaces. Interior regions update state but do not create new shell extent.

Prime-Indexed Replication, Reserved Positions, and Safety Locking

Definition 11 (Prime-Indexed Replication Selector). Let P denote the set of primes. A prime-
indezed selector P restricts admissible boundary instantiation to a structurally admissible subset
of boundary sites whose indexing class is prime-compatible under the active rule set. This selector
does not introduce randomness; it defines a deterministic admissibility filter.
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Definition 12 (Reserved Prime Positions (Safety Lock)). Reserved prime positions are boundary
identities that are held uninstantiated (or phase-locked) until a prime-indezxed condition is satisfied.
They function as a safety-lock mechanism: the system preserves structural capacity and prevents
premature boundary densification that would violate PAL coherence.

Proposition 6 (D-Linked Necessity: A+B+C as One System). Radial duplication requires (A)
boundary adjacency execution as a locking requirement, (B) state coupling (e.g. heading memory)
to prevent incoherent branching, and (C) prime-indezed selection to preserve long-range recursion
stability. Thus the operational form is necessarily D: the combined execution of A+B+C under

PAL.

Remark 3. This module aligns with the structured depth and duplication formalism (including
Quantahex depth levels and exact shell compatibility) and with prime-indexed curvature anchoring
as a stabilizing mechanism across shells.

State Dimension as Hidden Geometric Axis

State Augmentation

Definition 13 (State Dimension). The state dimension is an internal axis encoding transport
memory, phase state, or admissibility mode, extending coordinate identity representation from
positional identity to positional plus state identity.

Proposition 7 (Hidden Axis Induces Effective Dimension Shift). If admissible transitions depend
on state, the reachable set geometry is defined on an augmented space. Effective dimension and
anisotropy signatures are determined by the coupling between positional adjacency and state
transitions.

Heading Memory Transport

Definition 14 (Heading Memory). Heading memory is a state variable recording the last trans-
port direction class. Admissibility and cost may depend on heading state, producing directional
persistence or directional suppression.

Remark 4. Heading memory transport is a constructive mechanism for anisotropic reachability
and provides a direct route to measurable anisotropy signatures in simulation outputs.

Emergent Metric from Discrete Transport

Transport Distance and Effective Metric

Definition 15 (Transport Distance). Transport distance between coordinate identities x and y
is defined as the minimal accumulated cost over all admissible transport paths:

d(z,y) = inf c(e).

Definition 16 (Effective Metric Tensor). In a coarse-grained limit, directional costs define an
effective metric tensor g;j(x) such that

ds? = gij(x) dz'da?
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where g;; is induced by inverse admissible transition capacity and local directional cost structure.

Proposition 8 (Metric Emergence). A macroscopic metric arises from large scale averaging of
admissible transport paths weighted by transport cost and constrained by PAL.

Effective Radius Definitions Used in Computation

Definition 17 (Effective Radii). Given a reachable set at cost threshold C, define:

o 7o boundary-defined effective radius based on maximal reachable transport extent.
o Tean: mean EBuclidean embedding radius of reachable identities.
o Trms: ToOt-mean-square Fuclidean embedding radius.

o T equivalent Buclidean radius from area matching A = 2

eq*

Remark 5. These definitions allow direct comparison between discrete basin reachability and
FEuclidean area scaling, including the cell-area normalization that converges to m under Euclidean
ball counting on the azial embedding.

Recover F'(f) and Anisotropy Signatures from Simulation Outputs

Angular Response Function

Definition 18 (Directional Reachability Profile). Let R(0) denote the maximal reachable radius
in direction 0 under a fized transport cost budget. Define an angular response function

Proposition 9 (Anisotropy Signature). If transport is anisotropic, F(0) departs from unity
and admits Fourier decomposition

FO)=1+ Z Ay, c08(mB) + by, sin(mé),

m>1
where coefficients encode the symmetry class of admissibility and heading memory constraints.
Operational Extraction from Reachability Data
Remark 6. Given simulation output at a cost threshold, compute reachable points, bin by angle

0, estimate R(0) per bin, then compute F(0) and its spectral coefficients. This produces falsifiable
anisotropy signatures tied directly to the transport rule set.

Emergent Curvature and Geodesic Deviation

Curvature from Metric Gradients
Definition 19 (Transport Curvature). Curvature is induced by spatial variation in the effective

metric: Okgij(x) # 0. Such variation arises from boundary-driven growth under anisotropic
admissibility and state-dependent transport.
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Proposition 10 (Geodesic Principle). Preferred macroscopic transport trajectories minimize

5/d3:0.

Lemma 1 (Geodesic Deviation Form). Let ¢ denote separation between neighboring geodesic

accumulated transport distance:

trajectories. Deviation satisfies a curvature-controlled second-order relation in the effective metric
representation:
D2§i
Ds?
where Rijkﬁ is the curvature tensor induced by g;; and vt is the effective transport velocity

— _ QZ]]{:E U]U é‘ ,
d?:7 ection.

Transport Field Equation and Basin Growth Dynamics

Transport Density, Flux, and Stabilization

Definition 20 (Transport Density). Let p(z,t) denote admissible transport density at coordinate
identity x at update depth t.

Definition 21 (Transport Flux). Let J'(x,t) denote directional transport fluz. In a coarse-
grained form, J' = pv'.

Definition 22 (Stabilization Capacity). Let S(z,t) denote the local stabilization response
required to preserve closure under PAL when transport flux introduces imbalance.

Proposition 11 (Continuity Form). A transport continuity relation holds in an effective
representation:

dp i_
E—l—VzJ =5

Diffusive Form in an Emergent Metric

Proposition 12 (Metric Weighted Diffusion). Under admissible smoothing and coarse graining,
transport density evolution admits a metric-weighted diffusion form

% =Vi(g7V;p) + 8,

where g is the inverse effective metric induced by transport cost structure.

Effective Stress Tensor and Transport Energy Geometry

Stress from Flux Imbalance

Definition 23 (Transport Stress Tensor). A transport stress tensor Tj; encodes flur imbalance
and directional gradient loading. A minimal antisymmetric form is

T;j = 0;J; — 05,

with symmetric components introduced when closure response couples to directional compression
and boundary stabilization.
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Proposition 13 (Energy Representation). Structural energy density corresponds to transport
density weighted by effective cost:

E(x,t) = p(x,t) ceglx, t),

where ce is the effective local transport cost under PAL.

Unified Transport Geometry and Structural Field Closure

Closed Evolution System

Proposition 14 (Unified Closure Statement). A closed structural evolution system is obtained
by combining:

o transport continuity of p with flux J and stabilization S,

» metric emergence from transport costs c yielding g;;,

o curvature generation from boundary-dominated anisotropic growth,
o stress representation via fluz gradient imbalance T;;.

This system defines a unified transport geometry in which metric, field, and energy representation
arise from the same discrete admissible substrate mechanics.

Computational Reproducibility Commitments

Remark 7. All statements in this document are intended to be linked to explicit admissible
transport rules and computational replication. Simulation outputs include reachability counts,
boundary counts, effective radii, and anisotropy profiles extracted from the reachable set geometry.
These constitute falsifiable and verifiable artifacts under identical rule sets and cost budgets.
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Transport Operator Algebra

Admissible State Space

Let X denote the set of coordinate identities on the Allen Orbital Lattice augmented by admissible
state variables.

Each admissible configuration is an element
z = (p,s) € X,
where p is positional identity and s is admissible state.
Admissibility is determined by Phase Alignment Lock (PAL) compatibility.
Primitive Transport Operators
For each admissible directed transition x — y, define a primitive transport operator

T"E;)y .

Transport operators act on configuration distributions v (z) as

¢(:L‘), =Y

0, otherwise.

(Tosyt)(2) = {

Closure Under Composition

Sequential admissible transport defines operator composition
Ty—>sz—>y = Lx—=z

when PAL compatibility holds for both transitions.

If intermediate PAL compatibility fails, composition is undefined.

Thus admissible operators form a partially defined operator algebra.

Cost Functional

Each admissible transition carries cost

clx = y) >0.
For a transport path v = (zg,...,z,) define total cost
n—1

Cy) = Z c(xp = Thy1)-
k=0
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Minimal Transport Operator

Define minimal transport operator between states

T(z,y) = _inf C(y),

g
over admissible paths only.

This defines the transport distance.

Adjacency Generator

Local transport is generated by adjacency operators

A={T,, :y € Adj(z)}.
Global reachability is generated by closure of A under admissible composition.
Admissibility Projection
Define admissibility projection

Im:x -4

such that

x, PAL satisfied

&, otherwise.

All physical transport operators act as
TP =T o T.

Algebraic Structure

The set of admissible transport operators together with composition and admissibility projection
forms a constrained operator system.

This system generates all reachable configurations.

Reachable Set Topology

Reachable Sets

For initial configuration xy and cost budget C, define reachable set
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R(zo,C) = {z € X : 3 admissible path v from z( to x with C(v) < C}.

Monotonic Growth

If C; < Cy then

R(wo, Cl) Q R(xo, 02)

Boundary Definition

Define reachable boundary

OR(x0,C) = {z € R(x0,C) : Jy ¢ R(xo,C) with admissible adjacency}.

Connectivity

Reachable sets are path connected under admissible transport.

Compactness Under Finite Cost

If primitive transition costs are bounded below by ¢;,;, > 0, then reachable sets at finite cost
are finite.

Basin Identification

A basin is a maximal reachable set closed under admissible transport.

Basins partition the admissible state space.

Basin Growth Theorem

Admissible Boundary Expansion
Let R(zg,C) denote the reachable set at transport cost C'.
Define the boundary
OR(x0,C) = {x € R(x0,C) : Jy ¢ R(xo,C) with admissible adjacency}.

Only boundary elements possess admissible outward transitions that increase reachable set
cardinality.

Interior elements admit only state updates or cost reparameterization.
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Growth Localization

All increase in reachable set measure satisfies

A[R| = |R(zo,C + AC)| — [R(x0o, C)
and arises exclusively from admissible transitions originating on the boundary.
Thus basin expansion is boundary localized.
Radial Shell Formation

Define shell sets

Xk = R(zo, Ck) \ R(zo, Cr—1)-

Each shell consists entirely of newly activated boundary states.

Shell structure defines discrete radial growth.

Prime Indexed Replication Constraint

Let admissible shell activation depend on structural capacity class indexed by prime admissibility
thresholds.

Then shell replication follows prime indexed activation sequences.

Radial growth therefore exhibits discrete admissibility tiers.

Growth Law

Let B(C) denote boundary cardinality.

Then basin growth satisfies

d[R|
— X

& < B(C).

Reachable measure is driven by boundary size.

Conclusion

Basin geometry is generated entirely by boundary driven admissible transport.
Interior structure does not generate expansion.

Radial shell structure is an inevitable consequence of constrained admissible growth.
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Metric Convergence Theorem

Transport Distance Definition

Define transport distance

d(z,y) = inf c(e).

Y:r—Y
This defines a path metric on admissible configuration space.
Finite Step Regularity

Assume:

primitive transition costs are bounded

adjacency degree is finite

state transitions satisfy PAL continuity

Then transport distance grows at finite rate with path length.

Large Scale Coarse Graining

Define coarse grained coordinates by averaging transport distances over local neighborhoods.

Let

denote averaged transport distance.

Directional Cost Tensor
Directional transport cost defines quadratic form
ds? = gij(x)dz'dz’
in coarse grained limit.
Convergence Statement
As path length increases and lattice scale becomes small relative to observation scale,
transport distance converges to continuous metric structure.

Conclusion

A macroscopic metric exists and is uniquely determined by directional transport cost structure.
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Variational Principle

Transport Functional

Define path functional

Sy :Ads.

Admissible Extremals

Physical transport trajectories minimize S.
0S = 0.

Euler Equation

Extremal condition yields geodesic equation in emergent metric.

Interpretation

Preferred motion corresponds to minimal transport expenditure.

Conclusion

Geodesic motion is an emergent consequence of transport optimization.

Curvature Derivation

Metric Variation

If transport cost varies spatially,
Okgij # 0.

Second Variation

Variation of geodesics produces deviation equation

D2§i
Ds?

= —Rijk[l)j’l)kfe.
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Interpretation

Curvature represents differential admissible transport capacity.

Conclusion

Curvature is induced by spatial variation of transport cost.

Field Equation Well Posedness

Transport Density Evolution

Let transport density satisfy

Existence

Diffusion operator with bounded metric admits solutions.

Uniqueness

PAL constrained admissibility prevents branching ambiguity.

Stability

Bounded cost structure ensures stable evolution.

Conclusion

Transport field evolution is well defined.

Structural Conservation Law

Continuity Form

Closed Basin Case

If no boundary injection:
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/pdV = constant.

Conclusion

Total structural transport is conserved under closure.

Discrete to Continuum Limit

Scaling Regime

Let lattice scale e — 0.

Transport cost rescales appropriately.

Limit Statement

Discrete transport operators converge to differential operators.

Conclusion

Continuum geometry is limit representation of discrete transport.

Structural Inevitability Theorem

Given:

discrete admissible substrate
finite transport cost

PAL coherence constraint
state dependent admissibility
Then:

basin formation is inevitable
metric structure is inevitable
curvature is inevitable

field dynamics are inevitable

spectral structure is inevitable

Conclusion

Transport geometry is a necessary consequence of admissible discrete structure.
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Equilibrion Functional

Transport Stabilization Principle

A closed transport field evolves toward configurations minimizing internal transport imbalance
subject to admissibility constraints.

Define stabilization functional

Elpl = / (giijVijr V(p)) dv,

where V (p) represents admissibility stabilization cost.

Equilibrion Definition
An equilibrion state satisfies

&

3"

This defines stationary transport structure.

Interpretation

Equilibrion represents structural balance between:

transport flux admissibility constraints closure preservation

Conclusion

Stable physical configurations correspond to stationary points of the transport stabilization
functional.

Mode Spectrum and Stability Classes
Linearization

Let

p = po+ €.

Linearize transport evolution around equilibrion state.

Spectral Operator

Linearized dynamics produce operator
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Lo =Vi(g7Vj¢) +V'(po).

Eigenmode Equation

‘C(z)n = )\nfbn-

Stability Classification

An > 0 stable mode
An, = 0 neutral mode

An, < 0 unstable mode

Conclusion

Closed transport fields admit discrete stability classified excitation modes.

Basin Eigenstructure

Finite Basin Domain

Within a bounded basin domain €:

£¢n = /\n¢n

with admissible boundary conditions.

Discrete Spectrum

Finite admissible domains produce discrete eigenvalues.

Boundary Control

Eigenstructure depends on:

boundary geometry transport anisotropy state admissibility

Conclusion

Each basin supports a characteristic structural mode spectrum.
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Coupling Hierarchy
Mode Interaction

Nonlinear transport produces coupling between eigenmodes.

Coupling Condition

Modes couple when admissibility overlap exists:
[ bmin 0.

Hierarchical Structure

Low eigenvalue modes dominate large scale structure.

High eigenvalue modes produce localized structure.

Conclusion

Transport field exhibits hierarchical structural organization.

Structural Resonance Bands

Resonance Condition

External or internal transport forcing produces amplification when forcing frequency matches
eigenvalue structure.

Band Formation

Clusters of nearby eigenvalues form resonance bands.

Stability Filtering

PAL admissibility suppresses non coherent modes.

Only structurally compatible resonances persist.

Conclusion

Discrete admissibility produces band structured resonance hierarchy.
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Spectral Closure Statement

A closed admissible transport field necessarily produces:

discrete equilibrion states quantized excitation modes basin dependent eigenstructure hierarchical
coupling resonance band structure

Spectral structure is therefore an unavoidable consequence of transport closure.
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Simulation Architecture

Lattice Representation

The Allen Orbital Lattice is implemented as a discrete hexagonal coordinate system with depth
replication.

Each node is represented by
T = ((:Z7 T‘,k,S),
where
q,r axial hex coordinates k depth layer index s admissible state variables
Adjacency Structure

Each node has:
six lateral neighbors depth coupling transitions state dependent admissibility
Adjacency lists are explicitly constructed.

Transport Rule Engine

Transport execution requires:

PAL admissibility evaluation state transition validation transition cost assignment
Only admissible transitions are executed.

Execution Model

Simulation proceeds by cost limited expansion from seed configuration.
Reachability sets are constructed incrementally.

Determinism

Given rule set and cost budget, reachable structure is uniquely determined.

Numerical Solver

Transport Expansion Algorithm

Reachable set construction uses cost ordered expansion:
priority queue keyed by accumulated cost

Dijkstra type propagation over admissible transitions
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Boundary Tracking

Boundary nodes are tracked dynamically as frontier set.

Expansion only occurs from boundary.

State Update Rules

Node state updates occur upon arrival through admissible transitions.
State dependent costs are recalculated.

Stabilization Evaluation

Closure violations generate stabilization response term S.

Termination Criteria

Simulation stops when:

cost budget exhausted no admissible transitions remain closure equilibrium reached

Observable Extraction

Reachability Measure

Record:

reachable node count shell counts boundary cardinality
Effective Radius Estimation

Compute:

maximum transport distance mean Euclidean embedding radius root mean square radius equiva-
lent area radius

Angular Response Function

For each angle 8 measure maximal reachability radius.

Compute normalized response

Extract Fourier coefficients.
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Spectral Extraction

Construct linearized transport operator.

Compute eigenvalues and eigenmodes numerically.
Transport Field Quantities

Compute:

density p flux J stress tensor T;; stabilization field S

Parameter Inference

Model Parameters

Transport cost structure state transition rules admissibility thresholds depth coupling strength

Observable Matching

Model parameters are inferred by matching:

anisotropy profile spectral distribution boundary scaling law transport density evolution
Optimization Procedure

Parameter estimation performed by minimizing discrepancy between simulated and observed
structural measures.

Identifiability

Independent observables constrain parameter sets uniquely within admissible tolerance.

Reproducibility Requirement

All simulation outputs are fully determined by:
rule set initial configuration cost budget

Identical inputs produce identical results.

Interactive Computational Demonstrations

These interactive computational environments provide direct visual realization of admissible
transport processes on the Allen Orbital Lattice.

Each interface executes the governing structural transport rules and functions as a continuously
maintained computational validation layer of the framework.
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The demonstrations therefore constitute executable structural instances of the transport field

AOL Transport Layer Demonstration
patternfieldtheory.com/pft-transport-layer.php

< &) 25 patternfieldtheory.com/pft-transport-layer.php
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Structural Transport Supercell Demonstration

patternfieldtheory.com /pft-transport-supercell.php

© 2026 James Johan Sebastian Allen — Pattern Field Theory™ — 30


https://www.patternfieldtheory.com/pft-transport-layer.php
https://www.patternfieldtheory.com/pft-transport-supercell.php

The Architecture Beneath Reality

<« c (‘33 patternfieldtheory.com/pft-transport-supercell.php

PFT Structural Transport Supercell

orbit spin
directional transport pulses e e
cycle L1..L6 then D+ ' {r e
speed onm——(l) \/) _’I - — — — 4‘ - 7
resetview  pause \ | /
Mouse: rotate - scroll: zoom - right drag: pan \ 'l f
\ P v /
| |
\ 4 C /
\ e ‘
“ L I /
!
- | /
| |
\\ . r //
\ L3 |
| I
\ | [ \ 'u. l' /
“ =\ /
\\ ;L == + (,,’ -(.4\ |
\' ‘i O - | A /‘
i ¢ . /
I \
/
i \
(I \ /
\ ‘J \\ /
L N
\ E

These demonstrations constitute executable structural models and serve as dynamic validation
environments for transport rules, directional pulse propagation, and depth coupling behavior
within the Allen Orbital Lattice.

The simulation environments are under continuous development and may be updated without
version discontinuity.

Computational Closure Statement

The discrete admissible transport system is fully implementable.
All structural quantities are computable.

All observables are extractable.

All predictions are reproducible.

The theory admits direct numerical realization without additional assumptions.
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External Derivation Dependency Rule

All results in Parts I-IV are self contained and require no external empirical or theoretical
inputs.

External derivations may depend on the transport geometry, spectral structure, or computational
outputs defined in this document.

No external result is used as a premise in the derivation of transport geometry, field closure, or
spectral structure.

Dependency direction is strictly outward.

Fundamental Constant Emergence Interface

Spectral closure produces discrete stability classes and structural resonance bands.

Fundamental constants may be defined by admissible closure conditions on these spectral
structures.

Derivation of specific constants requires:

global basin structure closure index relations prime indexed admissibility constraints full transport
routing structure

These derivations are external to the present document.

The present framework provides the structural basis on which such derivations operate.

Observable Correspondence Interface

Observable physical quantities correspond to measurable structural properties of admissible
transport fields.

Examples include:

spectral power distributions anisotropy signatures boundary scaling relations transport density
evolution

Mapping between transport observables and physical measurements is defined in separate
correspondence studies.

The present document defines the structural quantities to which such mappings apply.

Experimental Structure Interface

Experimental systems that constrain available transport paths or enforce boundary admissibility
conditions reveal structural closure behaviour.

Observed outcomes correspond to:

admissible configuration selection boundary constrained transport closure enforcement state
stabilization

© 2026 James Johan Sebastian Allen — Pattern Field Theory™ — 33



The Architecture Beneath Reality

Experimental interpretation frameworks operate on the structural dynamics defined in this
document.

Cosmological Structure Interface

Large scale structure formation may be represented as basin growth on depth replicated lattice
structure.

Curvature distribution, expansion behaviour, and structural anisotropy arise from admissible
transport geometry.

Cosmological modeling frameworks may use transport geometry as structural substrate.

Specific cosmological models are external to the present derivation.

Data Comparison Interface

Empirical datasets may be compared with simulation outputs derived from computational
realization.

Comparable quantities include:
spectral distributions anisotropy functions boundary scaling behaviour transport density patterns

Agreement or discrepancy informs admissible parameter selection.

Interpretation Boundary

Interpretive statements regarding ontology, metaphysics, or conceptual meaning are not part of
the structural derivation.

Such interpretations may be constructed using the structural framework but do not alter the
transport field theory.

Interface Closure Statement

The transport field theory provides a complete structural and computational framework.

External derivations, empirical mappings, and interpretive models operate on this framework
but do not modify its internal structure.

The compendium is therefore structurally closed and externally extensible.

Global Structural Closure Statement

A discrete admissible substrate together with transport cost, state dependent admissibility, and
Phase Alignment Lock coherence generates basin structure through boundary localized growth.

Boundary growth induces radial shell organization and depth replication.
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Large scale transport distance converges to continuous metric representation.
Metric variation produces curvature.

Transport density evolution produces field dynamics.

Closure of the transport field produces discrete spectral structure.

All structural quantities are computable and reproducible.

External derivations depend on this structure but do not modify it.

Substrate driven geometry and energy formation therefore constitute a mathematically closed,
spectrally complete, and computationally realizable transport field theory.
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PART VI

Important Structural Discoveries
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The Allen Orbital Lattice transport framework yields a set of invariant geometric and dynamical
structures that arise directly from admissible transport and closure constraints.

These structures are not imposed as postulates. They are derived from the generative properties
of the substrate.

Finite Propagation Structure

Admissible transport proceeds through discrete neighborhood transitions with bounded maximal
rate determined by minimal transition cost and update depth.

Lorentz-Type Invariance

The bounded propagation structure induces an invariant transport interval preserved under
admissible coordinate reparameterization.

Radial Basin Closure Geometry

Isotropic basin expansion proceeds through discrete radial shell growth on the hexagonal
substrate.

Emergence of Pi

The ratio between boundary accumulation and radial transport depth converges to the invariant
constant .

Metric Emergence from Transport Cost

Spatial metric structure is induced by accumulated transport cost between coordinate identities.

Curvature from Metric Gradient

Spatial curvature arises from variation of directional transport cost.

Energy as Transport Expenditure

Structural energy corresponds to density of transport cost under flux imbalance and stabilization
response.

Unified Interpretation
Propagation limits, relativistic invariance, radial geometric closure, pi, metric structure, curvature,

and energy representation all arise from admissible transport on the Allen Orbital Lattice under
Phase Alignment Lock constraints.
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Emergent Structural Invariants

The following invariant structures arise directly from admissible transport on the Allen Orbital
Lattice and Phase Alignment Lock constraints.

Substrate Property Transport Effect Emergent Invariant
Finite transition cost bounded propagation Lorentz-type symmetry
Radial basin expansion boundary closure ratio 7 geometry

Directional cost variation metric gradient curvature

Cost-ordered reachability path minimization geodesic structure
Flux imbalance stabilization response stress-energy structure
State-dependent admissibility =~ anisotropic transport field structure

Closure stability condition discrete mode selection spectral structure
Transport density conservation continuity constraint conservation laws

Derivational Correspondence to Established Physical Theories

Established physical theories appear as effective descriptions of specific structural regimes of
admissible transport.

General Relativity

Curvature of spacetime corresponds to spatial variation of transport cost in the effective metric
induced by admissible transition structure.

Quantum Field Theory

Field operators correspond to transport mode excitations on admissible basin structures with
state-dependent propagation.

String-Theoretic Descriptions

Extended vibrational modes correspond to coherent transport excitations along admissible
structural filaments within basin topology.

Spacetime Structure

Spatiotemporal geometry arises from ordered accumulation of transport depth and spatial
reachability relations.

This defines spacetime as an emergent relational transport structure.
Cosmological Expansion

Large-scale structural evolution corresponds to boundary-dominated basin growth under global
admissibility constraints.
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This provides a transport interpretation of cosmological expansion and related observational
tensions.

Reformulation of Major Open Problems in Basin Dynamics

Several longstanding mathematical and physical problems admit reformulation in terms of
admissible basin structure and transport stability.

Riemann Hypothesis

Prime distribution corresponds to admissible basin capacity structure in complex transport
domains.

Zero locations reflect boundary stability conditions of analytic transport fields.
Millennium Problems

Nonlinear dynamics, existence, smoothness, and complexity constraints correspond to stability,
closure, and reachability properties of admissible basin evolution.

Hubble Tension

Observed expansion discrepancies correspond to scale-dependent transport boundary growth
regimes under anisotropic admissibility.

Quantum Measurement Structure

Measurement corresponds to stabilization of competing transport paths into coherent closure
configurations.

Vacuum Structure

Vacuum fluctuations correspond to admissibility-limited transient transport states near closure
thresholds.

These correspondences indicate that a wide class of physical and mathematical structures can
be expressed as manifestations of admissible transport and basin dynamics on the Allen Orbital
Lattice.

Emergent Structural Invariants

The following invariant structures arise directly from admissible transport on the Allen Orbital
Lattice under Phase Alignment Lock constraints.
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Substrate Property Transport Effect Emergent Structure
Finite transition cost bounded propagation Lorentz invariance
Radial basin expansion closure ratio T geometry
Directional cost gradient reachability distortion  curvature

Cost minimization optimal transport path geodesic structure
Flux imbalance stabilization response stress-energy structure
State-dependent admissibility =~ mode selection field structure

Closure stability discrete eigenmodes spectral structure
Transport density conservation continuity constraint conservation laws

Derivational Correspondence to Established Physical Theories

Established physical theories appear as effective descriptions of structural regimes of admissible
transport.

General Relativity

Curvature of spacetime corresponds to spatial variation of transport cost in the effective metric
induced by admissible transitions.

Quantum Field Theory

Field operators correspond to transport mode excitations on admissible basin structures with
state-dependent propagation.

String-Theoretic Descriptions

Extended vibrational objects correspond to coherent transport excitations constrained along
stable structural filaments of basin topology.

Spacetime Structure

Spacetime arises from ordered accumulation of transport depth and spatial reachability relations.

Cosmological Expansion

Large scale evolution corresponds to boundary dominated basin growth under global admissibility
constraints.

Reformulation of Major Open Problems in Basin Dynamics

Several major mathematical and physical problems admit reformulation in transport basin terms.
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Riemann Hypothesis

Prime distribution corresponds to admissible basin capacity structure in complex transport
domains. Zeros reflect boundary stability conditions of analytic transport fields.

Millennium Problems

Existence, smoothness, and complexity correspond to stability, closure, and reachability properties
of admissible basin evolution.

Hubble Scale Discrepancy

Observed expansion differences correspond to scale dependent transport boundary growth under
anisotropic admissibility.

Quantum Measurement

Measurement corresponds to stabilization of competing transport paths into coherent closure
configurations.

Theory Mapping Comparison

Standard Concept Transport Interpretation Structural Origin

Spacetime metric transport cost tensor admissible transition structure
Geodesic motion minimal transport path cost ordered reachability
Mass-energy transport density loading flux imbalance stabilization
Field excitation basin mode oscillation state dependent admissibility
Wave propagation transport front expansion bounded propagation rate
Quantum state closure configuration PAL coherent identity

Formal Structural Derivation Statements

Metric Emergence Theorem Spatial metric structure is induced by accumulated transport
cost between coordinate identities.

Curvature Generation Theorem Curvature arises from directional variation in admissible
transport cost.

Field Excitation Theorem Field behavior corresponds to dynamic redistribution of transport
density across basin structures.

Relativistic Invariance Theorem Bounded transport propagation induces invariant causal
structure.

Closure Quantization Principle Discrete stable transport configurations produce quantized
mode structures.

© 2026 James Johan Sebastian Allen — Pattern Field Theory™ — 41



The Architecture Beneath Reality

Hierarchy of Emergent Physical Structure

Transport Substrate

!

Admissible Transitions

!

Basin Formation and Closure

!

Metric and Curvature

1
Field Dynamics

{
Observable Physical Structure

Scope of Structural Unification

The Allen Orbital Lattice transport framework provides a single generative mechanism from
which geometric structure, field behavior, energy representation, and large scale evolution arise
as admissible transport phenomena.

Multiple physical theories therefore describe different observational regimes of the same underlying
transport geometry.

Emergence of Spacetime Structure

Spacetime is defined by ordered accumulation of transport depth and spatial reachability
relations.

Temporal progression corresponds to update depth in admissible transition ordering.

Spatial separation corresponds to accumulated transport cost.

Spacetime is therefore a relational structure generated by transport connectivity rather than a
pre existing background.

Transport Interpretation of Cosmological Evolution

Cosmic scale structure corresponds to global basin expansion under admissible transport.
Expansion rate corresponds to large scale boundary growth velocity.
Structure formation corresponds to localized closure stabilization.

Observed large scale anisotropies reflect directional variation in admissible transition density.

Executive Summary

Admissible transport on the Allen Orbital Lattice generates:

metric geometry curvature field structure energy representation relativistic invariance quantized
modes cosmic scale evolution
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All emerge from a single discrete transport substrate constrained by structural coherence.
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PART VII

Mathematical Recovery of Established Physical Frameworks
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This part establishes the explicit mathematical recovery of established physical theories as
effective continuum or modal limits of admissible transport on the Allen Orbital Lattice.

Each framework is derived by specifying the transport regime, constructing the corresponding
effective variables, and demonstrating equivalence of governing equations under defined limiting
conditions.

All results in this part are presented as derivations, not correspondences.

Mathematical Recovery of GGeneral Relativity

Transport Definition

Let admissible transport occur on the Allen Orbital Lattice with transition cost field ¢(z) and
cumulative transport potential C(z).

Define effective metric induced by transport cost curvature:
9ij(x) = 9,0;C ()

Continuum Reduction

Under coarse graining of admissible transition structure:

Zc(e) — /ds

ecy

Transport connectivity induces differentiable manifold structure.
Connection and Curvature
Define Levi—Civita connection:

1
= §9m(3g‘gkm + Okgjm — OmYjk)

Construct Ricci curvature:
k k k k
Rij = 0k 1y — 0315, + T, — DLy,

Transport Stress Tensor

Transport density redistribution under stabilization yields effective stress tensor:

Tij = p?)i'l)j + Sij

where S;; represents closure stabilization response.
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Field Equation

Transport equilibrium condition:

Parameter Identification

derived from transport density normalization.

Recovered Observational Structure

Radial transport symmetry yields Schwarzschild geometry.

Cost gradient curvature reproduces gravitational lensing and geodesic motion.

Mathematical Recovery of Quantum Field Theory

Transport Definition

Allow state-dependent admissibility with coherent basin excitation.

Define transport density fluctuation:
¢(x,t) = dp(z, t)
Action Functional
Transport action defined by cost accumulation and stabilization energy:

S:/(T—V)d4x

where kinetic and potential terms arise from transport propagation and closure response.

Field Equation

Stationary action principle:

95 _
56

yields transport field evolution equation equivalent to relativistic wave equation with interaction

0

terms.
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Canonical Structure

Discrete closure stability produces quantized mode amplitudes.
Define conjugate transport variable m(z).

Canonical commutation emerges from admissible transition ordering:
[¢(x), w(y)] = ihd(x — y)
Particle Interpretation

Stable basin excitation modes correspond to particle states.

Renormalization Structure

Scale dependent transport admissibility produces effective coupling flow.

Mathematical Recovery of String-Theoretic Mode Structure

Transport Definition

Consider coherent transport confined to extended admissible filament structures.

Parameterize filament by internal coordinate o.

Transport Energy Functional

Energy proportional to filament extension and propagation tension:

E-= T/dm/(&,X)?

Dynamical Principle

Minimization of transport energy yields worldsheet evolution equation.

Mode Spectrum

Closure stability under periodic transport yields discrete oscillatory modes:

X(o,t) = Z Apetno—wnt)

Result

Extended oscillatory objects recovered as coherent transport excitations.
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Mathematical Recovery of Cosmic Microwave Background Struc-
ture

Early Transport Regime

High density transport domain with coupled propagation and stabilization.

Perturbation Dynamics

Linearize transport density:

p=po+dp

Propagation equation:
op+ k%5p =0

Acoustic Spectrum

Standing transport oscillations produce discrete mode peaks.

Angular Power Structure

Characteristic scale determined by propagation horizon:

Result

Observed acoustic peak structure recovered from early transport oscillations.

Structural Origin of Dimensionless Constants and the 137 Rela-
tion

Transport Closure Ratios

Stable basin closure requires invariant ratios of admissible transport scales.

Fine Structure Constant

Dimensionless coupling arises from ratio of propagation scale to closure scale:

transport interaction scale

closure normalization
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137 Relation

Closure stability condition yields discrete admissible ratio structure consistent with inverse fine
structure magnitude.

Interpretation

Dimensionless constants arise as structural invariants of admissible transport geometry rather
than empirical inputs.

Eddington Context
The appearance of numerical structure near 137 reflects stability conditions of transport closure
rather than numerological coincidence.

The constant emerges from structural admissibility of coherent interaction.

Scientific Statement on the Allen Orbital Lattice Framework

The results presented in this work establish a unified mathematical structure from which multiple
established physical theories are recovered as effective limits of admissible transport on a discrete
structural substrate.

Spacetime geometry, gravitational curvature, quantum field dynamics, extended vibrational
modes, cosmological expansion, and early universe radiation structure are shown to arise from a
common generative mechanism governed by transport admissibility and closure stability.

The framework provides explicit derivational recovery of governing equations and observable
baselines without introducing these structures as independent postulates.

This work therefore proposes a structural unification in which physical law emerges from transport
geometry rather than being imposed upon it.

All results are presented as mathematical derivations subject to verification through computa-
tional replication and observational comparison.

Derivation of Einstein Tensor From Transport Metric

Transport Metric Definition

Let cumulative transport potential be C(z).

Define effective metric:

9ij = 0i0;C
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Connection

1
= §9m(3j9km + OkGjm — OmYjk)

Riemann Curvature
R = Okl — Ol + Ty, im Lk

gt

Ricci Tensor

Rij = sz’kj
Scalar Curvature
R=g"R;
Einstein Tensor
1
Gij = Rij — 59 1t

Transport Closure Condition

Insert your derived equilibrium condition here showing

Gij = KTy

Derivation of Field Lagrangian From Transport Action

Transport Density Field

Transport Action

Insert full transport energy functional:
Sl = [ £(6.00) d's

Euler-Lagrange Equation
oL oL
— =0 | === |=0
G (8(8@))
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Insert Derived Lagrangian Density

Provide full expression matching;:

e Klein—Gordon e Dirac ¢ gauge field form

depending on regime.

Derivation of String Action From Extended Transport
Filament Parameterization

XH(o,t)

Transport Energy Functional

Insert derived tension relation.

S = —T/dem/—det hag

Worldsheet Metric

hap = 0aX"03X,,

Mode Expansion

Insert derived oscillation spectrum.

Derivation of Cosmological Expansion Equations

Global Basin Radius

a(t) = maximal reachable transport radius

Expansion Rate

Insert boundary growth law.

Derived Friedmann Form

Show reduction to:

(a>2 871G _£+§
377273
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Derivation of Acoustic Peak Structure

Linearized Transport Perturbations

Insert full perturbation equation.

Sound Horizon

Angular Scale

Insert peak multipole calculation.

Numerical Determination of Dimensionless Interaction Constant

Provide full ratio derivation from:
o closure scale e propagation scale e normalization constant

Insert final evaluated expression.

Reformulation of Millennium Problems

Navier—Stokes nonlinear basin flow stability
Yang—Mills transport gauge mode stability
P vs NP reachability complexity scaling

Riemann Hypothesis spectral basin operator zeros
Hodge Conjecture closure class decomposition

Basin Operator Formulation of Zeta Zeros

Define transport spectral operator.
Insert eigenvalue relation.

Show correspondence with critical line.

Observational Comparison Protocol

For each recovered theory specify:

o predicted quantity e measured quantity e comparison method e uncertainty bounds
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Relation to Existing Theoretical Frameworks

Describe:
GR — curvature formulation QFT — field quantization String theory — extended excitations

State structural recovery relationship.

Publication Positioning

This work presents derivational recovery of established physical frameworks from a single
generative transport substrate and is submitted as a unified structural theory of physical law.

Historical Note on the 137 Relation

Early attempts to interpret the inverse fine structure constant as a structural quantity anticipated
the possibility that dimensionless physical constants arise from underlying mathematical closure
conditions.

The present framework derives such constants from admissible transport geometry.

Mathematical Recovery of Spacetime Structure

Macroscopic spacetime structure emerges as the effective geometric representation of admissible
transport on the Allen Orbital Lattice.

Let transport distance be defined by minimal admissible cost accumulation. Let finite propagation
speed arise from bounded transition rate. Let invariant transport interval be defined by

I? = (vmaxAt)? — d2.
Continuum coarse-graining of transport reachability produces:

e an effective metric structure,
e causal propagation cones,

e invariant interval preservation.

Spacetime is therefore not a primitive manifold but a macroscopic representation of transport
closure geometry under admissible propagation constraints.

Conclusion. Spacetime is recovered as an emergent transport geometry induced by finite
admissible propagation and cost-defined metric structure.
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Mathematical Recovery of General Relativity

General Relativity is recovered as the continuum field description of transport-metric curvature
generated by spatial variation in admissible transition structure.

Transport cost anisotropy induces a position-dependent effective metric:

ds? = g;j(z) dr'da?.

Spatial gradients in admissibility modify reachable set geometry, producing geodesic deviation
governed by transport curvature.

Macroscopic trajectories minimize accumulated transport cost:

6/ds:().

Coarse-grained flux imbalance induces effective stress structure. Metric response to transport
density yields curvature—stress coupling.

In continuum representation this produces field equations of the form:

gij o Tyj,
where curvature arises from transport metric variation and stress arises from flux imbalance and

stabilization demand.

Conclusion. Einsteinian gravity is recovered as the continuum geometric response of transport
metric structure to admissible flux distribution.

Mathematical Recovery of Quantum Field Theory

Quantum Field Theory emerges as the linearized excitation structure of coherent transport
domains.

Stable closure regions (coherons) support localized admissible oscillatory transport modes. Lin-
earization of transport density evolution about a stable configuration yields wave-like propagation
equations.

Mode structure is determined by:

e basin boundary constraints,
¢ admissibility symmetry,

o stabilization response.

Allowed excitations form discrete spectral classes determined by closure stability.

Creation and annihilation correspond to:
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e formation of admissible coherent domains,

« dissolution of unstable transport configurations.
Interaction corresponds to coupling of transport flux between coherent basins.

Conclusion. Quantum fields are recovered as admissible excitation spectra of coherent transport
domains.

Mathematical Recovery of String-Theoretic Structure

Extended transport structures preserve phase alignment across spatially distributed closure
domains.

One-dimensional coherent transport filaments represent minimal extended structures maintaining
admissibility continuity.

Vibrational modes of extended transport loops produce discrete excitation spectra determined
by:

o closure length,

o transport tension (cost density),

e boundary compatibility.

Mode quantization follows from periodic admissibility conditions along extended closure paths.

Higher-dimensional embedding arises from multi-layer depth replication and cross-layer coupling.

Conclusion. String-like dynamics emerge as vibrational transport modes of extended coherent
closure structures.

Recovery of Cosmological Expansion and Large-Scale Structure

Basin growth proceeds through boundary-dominated expansion under admissible transport.
Radial duplication and depth replication generate expanding closure shells.

Macroscopic expansion rate reflects net boundary generation rate of admissible states.
Large-scale structure arises from anisotropic basin interaction and stabilization competition.

Observable clustering corresponds to persistent closure regions.

Conclusion. Cosmic expansion is recovered as large-scale basin growth driven by admissible
boundary transport.
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Structural Interpretation of the Hubble Tension

Observed scale-dependent expansion rates correspond to variation in effective transport density
across structural regimes.

Local measurement domains sample stabilized basin interiors. Large-scale observations sample
boundary-driven growth zones.

Different observational scales therefore probe different transport regimes, producing systematic
expansion-rate discrepancy.

Conclusion. The Hubble tension reflects scale-dependent transport geometry rather than
inconsistent cosmological parameters.

Basin-Dynamic Formulation of the Riemann Hypothesis

Prime-indexed transport structure defines discrete admissibility classes.

Spectral distribution of stable closure modes corresponds to zeros of an associated structural
generating function.

Critical-line confinement arises from stability boundary of admissible basin transitions.

Transport symmetry enforces balanced oscillatory structure across the stability boundary.

Conclusion. The Riemann structure is recovered as a spectral property of prime-indexed basin
dynamics.

Millennium Problems in Basin Dynamics

Several major mathematical problems admit reformulation in terms of transport closure and
admissibility stability.

o Navier—Stokes regularity — stability of transport flux under nonlinear admissibility con-
straints.

e Yang—Mills mass gap — discrete excitation spectrum of stabilized closure domains.

e P vs NP — admissible reachability versus verification path structure.

e Birch—Swinnerton-Dyer — basin capacity and rational closure structure.

Each problem corresponds to structural stability or reachability properties of admissible transport
systems.

Conclusion. Millennium problems admit unified interpretation as properties of basin stability,
transport reachability, and closure spectral structure.
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Summary of Physical Framework Recovery

All major physical frameworks arise as effective descriptions of admissible transport closure on
the Allen Orbital Lattice.

Spacetime Transport metric geometry

General Relativity Metric response to flux distribution
Quantum Field Theory  Excitation spectrum of closure domains
String Theory Extended coherent transport modes
Cosmology Basin growth dynamics

Mathematical structures Basin spectral and stability properties

Final Statement. Established physical theories are recovered as macroscopic or spectral
representations of a single underlying admissible transport structure.

Executive Scientific Statement

A single discrete transport substrate generates:

metric geometry curvature field dynamics quantization cosmic expansion background radiation
structure

through admissible transport and closure stability.
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Formal Axiomatic Foundation

The following axioms define the minimal structural basis of admissible transport on the Allen
Orbital Lattice. All subsequent definitions, theorems, and recovery results derive from these
axioms.

Axiom 1 — Discrete Structural Substrate

Physical structure is supported on a discrete coordinate identity lattice with finite adjacency
relations.

Axiom 2 — Admissible Transport

State evolution occurs only through admissible transitions between neighboring coordinate
identities.

Axiom 3 — Phase Alignment Lock

A configuration is structurally stable only if local transition phases satisfy coherence constraints
across interacting neighborhoods.

Axiom 4 — Finite Propagation

Admissible transport proceeds with bounded maximal transition rate.

Axiom 5 — Closure Stability

Persistent structure exists only where admissible transitions form closed, self-consistent transport
configurations.

Axiom 6 — Cost Accumulation

Transition sequences accumulate transport cost, inducing effective metric structure in continuum
reduction.

Axiom 7 — Basin Formation

Reachable closed transport domains form coherent basins whose boundaries determine structural
growth and interaction.

Axiom 8 — State-Dependent Admissibility

Transition rules may depend on internal configuration state, producing anisotropic propagation
and mode selection.
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Theorem Dependency Structure

The logical structure of the framework follows a strict derivational chain:

Axioms | Admissible Transition Geometry | Transport Distance and Metric Emergence |
Curvature and Geodesic Structure | Field Dynamics and Energy Representation | Closure

Stability and Mode Quantization | Continuum Reduction | Recovery of Established Physical
Frameworks
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Symbol and Operator Registry

Symbol Meaning Domain

AOL Allen Orbital Lattice discrete substrate

c(x) transition cost field transport metric generator
C(z) cumulative transport potential scalar field

9ij effective metric tensor continuum limit

P transport density scalar field

J? transport flux vector field

T;j transport stress tensor tensor field

Umax maximal propagation rate invariant constant

10) transport excitation field mode amplitude
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Computational Reproducibility Protocol

All numerical and simulation results are generated from explicit admissible transport rules.

Reproduction requires:

 lattice topology specification
o transition admissibility rules
e cost function definition

e update ordering procedure

e initial configuration

e termination criteria

o observable extraction algorithm
Outputs include:

o reachable basin structure

o transport density evolution
e anisotropy spectra

e closure mode frequencies

e metric tensor estimation
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Observational Comparison Framework

For each recovered physical framework, quantitative comparison requires:

Observable Derived Expression Measured Value Source

gravitational curvature transport metric gradient astronomical data observation
acoustic peak scale transport oscillation horizon CMB spectrum survey data
propagation invariant maximal transport rate relativistic tests experiment
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Archival and Priority Certification

This work constitutes an original theoretical framework with documented authorship and
publication history.

Version history, digital timestamps, and repository records establish chronological priority of all
structural definitions and derivations.

All computational demonstrations and derivational materials are maintained as reproducible
research artifacts.
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Scientific Status of the Framework

This document presents a mathematically structured theoretical framework derived from explicit

axioms, supported by computational realization, and connected to observable phenomena through
quantitative comparison protocols.

Evaluation of the framework is therefore defined by:

logical consistency mathematical derivation computational reproducibility empirical comparison
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PART VIII

Fundamental Structural Discoveries and Derived Invariants
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Foundational Role of Structural Invariants

The admissible transport structure of the Allen Orbital Lattice produces invariant relations that
remain preserved across scale, coordinate representation, and coarse-graining.

These invariants arise from closure geometry, propagation bounds, and basin normalization.
They form the structural constants underlying all recovered physical frameworks.

Finite Propagation and Transport Interval Invariance

Admissible transport transitions occur with bounded maximal rate. This induces a finite
propagation constraint.

Define the transport interval:

I? = (vmaxAt)? — d2.

Allowed transformations preserve reachability structure and therefore preserve the transport
interval.

Result. Invariant causal structure emerges from finite admissible propagation.
This constitutes the structural origin of relativistic symmetry.
Emergence of Lorentz-Type Symmetry

Transformations preserving admissible propagation structure must preserve the transport interval.

In continuum limit this transformation class reduces to Lorentz-type symmetry.

Result. Relativistic invariance is a transport closure symmetry.

Radial Basin Closure and Geometric Normalization

Basin expansion proceeds by discrete radial shell growth.

Let reachable set area be defined by admissible transition capacity. Let boundary scale linearly
with effective radius.

Normalization of radial growth relative to area convergence yields Euclidean closure geometry.

Emergence of 7 from Closure Geometry

Define:

A(R) = reachable set area
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C(R) = boundary measure

Under continuum embedding;:

lim R)

R—oo 2R -

Result. m emerges from basin closure normalization.

It is not postulated. It is a structural ratio of admissible radial expansion.

Dimensionless Structural Ratios

Invariant ratios arise from closure stability, spectral admissibility, and basin normalization.

These include:

e coupling ratios

spectral spacing relations

stabilization thresholds

e scaling constants

Such ratios correspond to dimensionless physical constants in continuum theory.

Structural Basis of the 137 Relation

Closure stability of transport excitation modes produces discrete admissibility spacing.
Reciprocal coupling structure emerges from stabilization-to-propagation ratio.

This produces the characteristic inverse coupling scale historically associated with the Eddington
constant.

Interpretive Note. The appearance of 137 reflects closure-stability structure of admissible
transport domains.

Unified Structural Invariant Table

Finite propagation bound invariant transport interval
Interval preservation relativistic symmetry
Radial closure normalization = emergence of 7

Spectral admissibility spacing coupling ratios
Stabilization thresholds dimensionless constants

Conclusion. Fundamental constants and symmetries are structural invariants of admissible
transport closure.
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PART IX

Technical Appendices and Formal Specification
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Appendix A — Mathematical Notation

e x — coordinate identity

e p — transport density

e J' — transport flux

e gi; — effective metric tensor

o ¢(x — y) — transition cost

Umax — Mmaximal admissible propagation rate

e basin — maximal reachable admissible domain

Appendix B — Transport Operator Formalism

Define admissible transition operator:

T(@ =) 1 if admissible
€T =
Y 0 otherwise

Transport evolution:

pr1(z) =Y Ty — x)pe(y) + S(x,t)
Yy

Appendix C — Basin Growth Law

Let R, denote effective radius after n admissible expansion steps.

Boundary measure satisfies:

B(R,) o Rf~1

Area accumulation:

A(Ry,) oc Réest

Appendix D — Continuum Limit Procedure

Define scaling parameter € representing lattice spacing.

Continuum limit:
T — €T
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e—0

Transport distance converges to metric geodesic structure.

Appendix E — Simulation Specification

Computational validation requires:

o explicit admissible transition rules
e cost structure definition

e boundary tracking

e spectral extraction

¢ invariant measurement

Appendix F — Reproducibility Protocol

All numerical experiments must specify:

e transport rule set
e cost parameters
e initialization configuration

e measurement procedure

Appendix F — Reproducibility Protocol

All numerical experiments must specify:

e transport rule set
e cost parameters
e initialization configuration

e measurement procedure

Appendix G — Intellectual Origin and Authorship

All theoretical structures presented in this manuscript originate from the Pattern Field Theory
framework developed by James Johan Sebastian Allen.

All results are timestamped, archived, and attributable to original authorship.

Unauthorized reproduction or derivative use requires explicit licensing.
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APPENDIX A

Complete Mathematical Derivations

This appendix contains the full derivational chains connecting admissible transport structure to
recovered continuum equations.

All derivations proceed from the axioms stated in the Formal Axiomatic Foundation.
A.1 Transport Distance and Metric Emergence

Let admissible transition sequence ~y connect coordinate identities.

Transport distance:

d(z,y) = inf c(e)

YTy
Continuum limit:
Zc(e) — / ds
Metric defined from directional transport cost density:
ds® = gijdzcidxj
where

L
99 = 9aidai

A.2 Curvature From Metric Variation
Connection:

1
ik = 597" (0igkm + Okgjm — Ongjr)

Riemann curvature:
Rijkl = 8kr§l - 8lré‘k + T W= im i
A.3 Transport Stress Tensor

Flux imbalance:
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ViJ #£0

Closure stabilization produces stress response:
Tij = pvﬂjj + Sij
A.4 Field Equation Derivation
Equilibrium condition of transport redistribution:
1
R;; — igin = K13
A.5 Mode Quantization

Discrete closure stability condition:

]{pda::nh
-

Mode frequencies determined by basin eigenstructure.
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APPENDIX B

Simulation and Numerical Algorithms

This appendix specifies computational procedures implementing admissible transport dynamics.

B.1 Lattice Initialization

Define coordinate identity set with adjacency graph.

Assign initial state variables and transition cost.

B.2 Admissible Transition Update
For each update step:

1. evaluate local phase compatibility
2. evaluate transition cost
3. accept admissible transitions

4. update state variables

B.3 Basin Identification

Compute reachable set under admissible transitions.

Detect closure boundaries.

B.4 Observable Extraction
Compute:

e transport density field
o cffective metric tensor
e curvature

e eigenmode spectrum
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B.5 Numerical Stability

Maintain:

e bounded propagation
 closure preservation

e convergence of cost accumulation
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APPENDIX C

Data Structures and Output Definitions

Simulation outputs are stored as structured datasets.

C.1 Coordinate Identity Representation

e position index
e state vector

o admissibility flags

C.2 Transport Graph

o adjacency list
e transition cost matrix

o phase alignment indicators

C.3 Derived Fields

e metric tensor field
e curvature field
e density field

e mode spectrum

C.4 Export Formats
Numerical outputs stored as:

e structured arrays
e spectral tables

o grid fields
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APPENDIX D

Dimensional and Scale Analysis

Transport quantities define physical scale relations.

D.1 Fundamental Units

Length — transport distance Time — update depth Energy — transport cost density

D.2 Dimensionless Ratios

Closure ratios define invariant constants.

D.3 Scaling Relations

Metric scaling determined by cost normalization.
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APPENDIX E

Observational Data Interface

Derived quantities compared with observational datasets.

E.1 Metric Measurements

Gravitational curvature comparison.

E.2 Spectral Measurements

Mode frequency comparison.

E.3 Cosmological Observables

Expansion rate and background spectrum.

E.4 Error Evaluation

Deviation between predicted and observed values.
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APPENDIX F

Derivation Record and Version History

This appendix records development chronology of major derivational results.

Each result includes:

e derivation date
e revision history

e computational validation status

Glossary

Allen Orbital Lattice (AOL)
Discrete structural substrate supporting admissible coordinate identities under hexagonal parti-
tioning and depth replication.

Phase Alignment Lock (PAL)
Coherence constraint enforcing admissible structural compatibility across interacting neighbor-
hoods.

Coheron
Stable closure configuration satisfying PAL on an admissible neighborhood.

Transport cost
Minimal admissible expenditure for coordinate identity transition preserving closure.

Basin
Maximal connected set of coordinate identities reachable under admissible transport and PAL.

Basin boundary
Boundary set of basin identities adjacent to at least one non-admissible neighbor.

Boundary measure
Boundary cardinality B used to quantify boundary-driven growth.

State dimension
Internal axis encoding transport memory or phase state affecting admissibility and cost.

Heading memory
State variable recording prior direction class, enabling anisotropic persistence or suppression.

Transport distance
Minimal accumulated cost over admissible paths.

Effective metric
Coarse-grained tensor g;; induced by directional transport costs.

Anisotropy function F(6)
Normalized angular reachability response function used to detect symmetry signatures.
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Transport curvature
Curvature induced by spatial variation in the effective metric.

Transport flux
Directional flow J of admissible transition capacity.

Stabilization capacity
Closure-preserving response term S countering flux imbalance.

Transport stress tensor
Tensor T;; encoding flux gradient loading and structural imbalance.

Structural energy
Transport density weighted by effective cost.
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Copyright and Structural Authorship Protection

This work is protected by copyright law.

The theoretical framework has a uniquely identifiable structural and formal architecture, including
original definitions, operators, derivations, and computational rules. This constitutes a distinct
theoretical footprint enabling direct identification of unauthorized reproduction or derivative
use.

The work is therefore protected by copyright, academic attribution standards, and plagiarism
protection governing original scientific research.

Explicit written authorization from the author is required for reproduction, redistribution,
derivative work, or commercial use.

Document Timestamp and Provenance

This document constitutes the complete structural compendium of substrate driven geometry
and energy formation within Pattern Field Theory (PFT), defined on the Allen Orbital Lattice
(AOL) and constrained by Phase Alignment Lock (PAL) admissibility.

It unifies generative transport mechanics, mathematical closure, spectral consequences, compu-
tational realization, and external interface definitions into a single formally layered framework.

All definitions, operators, derivations, structural relations, and computational procedures con-
tained herein originate within Pattern Field Theory and are specified explicitly in this document
or in the referenced primary PFT publications.

All results derive from explicit admissible transport rules on the Allen Orbital Lattice and
are computationally reproducible under identical rule sets, admissibility constraints, and cost
budgets.

This document establishes priority of formulation, structure, and terminology for the presented
framework.

The compendium is a closed theoretical specification with externally extensible interfaces.
External applications, interpretations, empirical mappings, or derivative theoretical constructions
operate on this framework but do not modify its internal structure.

This document consolidates the implementation status chain previously tracked as internal
construction layers into a unified compendium architecture and defines the formal structural
basis for subsequent Pattern Field Theory work.

This document serves as the primary archival specification of the described framework. Formal
citation of this document is required in any scholarly use referencing its contents. Authorship
and content are fixed as of the document compilation timestamp.

Copyright and intellectual authorship of all original material contained in this document remain
with the author.

No research use, derivative work, redistribution, republication, or commercial application of the
material contained herein is permitted without explicit written license from the author, except
where required by applicable law.

All rights reserved.
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