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Abstract

This work establishes the transport-based structural foundation of the physical substrate
and derives its emergent consequences, and is organized as an axiomatic derivation progressing
from structural primitives to global ontological closure.

The substrate is not defined by adjacency or geometry in isolation. Its defining operational
property is transport.

All physical structure emerges through admissible transitions, reachability, density redis-
tribution, and stabilization flow. Metric structure, curvature, nonlinear organization, and
quantum modes arise from the organization and stabilization of transport.

The Transport Substrate identifies the mechanism that makes the substrate physically
generative rather than merely structural.

Discrete adjacency provides identity support. Transport provides dynamics and propaga-
tion. Stabilization provides persistence. Geometry is the coarse-grained record of transport.
Quantum structure is oscillatory transport mode structure.

The substrate is therefore structurally defined by transport capability and transport
constraints.
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Master Structure Map

The paper is organized as a formally ordered axiomatic derivation.

1. Logical Architecture of the Transport Substrate
2. Formal Symbol System
3. Admissible Transition Algebra
4. Companion Axiomatic Basis Sheet
5. Axiom Independence
6. Consistency Model
7. Variational Closure of the Transport Substrate
8. Admissible Invariant Completeness Proof
9. Unified Basin Action - Explicit Functional
10. Ground State Optimality - Hexagonal Adjacency
11. Unified Field Equations - Covariant Form
12. Hamiltonian Formulation and Canonical Structure
13. Canonical Quantization and Constraint Algebra
14. Dirac Constraint Classification
15. Reduced Phase Space and Observable Algebra
16. Structural Equivalence to Classical Limit
17. Grand Unification Theorem Sheet
18. Theorem Dependency Diagram
19. Proof Skeletons
20. Axiom—Theorem Dependency Alignment
21. Structural Closure Statements
22. Glossary
23. References

24. Document Timestamp and Provenance
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Logical Architecture of the Transport Substrate

This work presents a fully formal derivation of the Transport Substrate as a three-layer logical
architecture.

Layer I - Axiomatic Foundation

Irreducible structural rules defining admissibility, identity support, transport execution, stabi-
lization persistence, and basin structure.

Layer II - Derived Transport Physics

Metric structure, curvature response, nonlinear coherent structure, and quantized excitation
emerge from admissible transport dynamics.

Layer III - Global Structural Closure

A unified variational principle generates all dynamics, and energy minimization determines a
unique ground substrate.

The complete formal development proceeds in the following rigor order.

Formal Development Sequence

1. Logical Architecture of the Transport Substrate Statement of structural hierarchy
and derivation flow.

2. Formal Symbol System Complete definition of mathematical objects and operators.

3. Admissible Transition Algebra Definition of the operational rule system governing
transport.

4. Axiomatic Basis Irreducible structural postulates.
5. Axiom Independence Proof that no axiom is derivable from the others.

6. Consistency Model Existence construction demonstrating non-contradictory realiza-
tion.

7. Unified Basin Action - Explicit Functional Variational generator of transport,
stabilization, and geometry.

8. Ground State Optimality Energy minimization over admissible adjacency classes.
9. Theorem Derivation Chain Metric, curvature, nonlinear, and quantum structure.

10. Ontological Closure All admissible physical structure arises as ground-state variation.

This ordering produces a closed formal transport-based physical ontology.
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Formal Symbol System

This section defines all primitive objects, operators, fields, and functionals used throughout the
derivation.

Discrete Structure

A Locally finite adjacency structure (identity substrate)
ve A Discrete identity element (node)

deg(v) Degree of adjacency at node v

Adm Admissible transition relation

p—q Admissible transition from p to ¢

Reach(p,q) Reachability relation under admissible transitions

Basin Structure

Q Stabilization basin (maximal connected admissible domain)
o0 Basin boundary

Int(2) Basin interior

N(v)  Local adjacency neighborhood of v

Transport and Stabilization Fields

p(z)  Stabilization density field
f(x) Transport phase field
J(xz) Transport flux

Y(z) Structural stress density

Metric and Geometry

d(p,q) Transport-induced reachability distance

9ij Emergent metric tensor
R Curvature tensor
Gly] Geometry response operator

Coarse-Graining

C. Coarse-graining map (discrete to continuum)
e  Coarse-graining scale

Variational Structure

S Unified basin action functional
L Action density

E  Total structural energy

S Action variation operator
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Quantum Structure

Stabilization operator
Transport phase operator
Hamiltonian constraint operator

[¢g] Quantum geometry state functional

= m> >

Ground State

Ao Ground-state adjacency configuration
Fuin  Minimum structural energy
AE  Defect energy

Operators and Functionals

V  Spatial gradient operator (coarse level)
O Time derivative
Var Variational operator

Admissible Transition Algebra

This section defines the operational rule system governing admissible structural transitions
on the discrete identity substrate. All transport execution, stabilization evolution, and basin
formation are generated through this algebra.

Admissible Transition Operators

Definition 1 (Admissible Transition Operator). An admissible transition operator is a local
state update map

T:- A— A

satisfying admissibility constraints and locality of action.

Definition 2 (Local Support). Fach admissible transition T acts only on a finite neighborhood
supp(T) C N (v)

for some identity element v € A.

Algebraic Composition
Definition 3 (Composition). Given admissible transitions Ty and Ty, their composition is
T2 (¢] T1

defined when the resulting state remains admissible.

Proposition 1 (Closure). The composition of admissible transitions is admissible whenever all
intermediate states satisfy admissibility constraints.
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Definition 4 (Identity Transition). There exists an identity operator Id such that
Id(z) =z
for all admissible states.

Definition 5 (Reachable Execution Path). A finite sequence of admissible transitions
T,o--0oT

is an admissible execution path.

Locality and Propagation

Proposition 2 (Finite Propagation). For any admissible transition sequence of finite length,
the affected region of A remains finite.

Proposition 3 (Propagation by Composition). Extended transport arises through composition
of local transitions. No transition acts non-locally in a single execution step.

Boundary Generation

Definition 6 (Boundary-Generating Transition). An admissible transition is boundary-generating
if it expands the mazximal connected admissible domain.

Proposition 4 (Boundary Localization). Creation of new admissible structural states occurs
only at basin boundaries or newly introduced depth layers.

Transport Conservation Structure

Definition 7 (Transport Flux). Transport flux J is the net directed execution rate of admissible
transition sequences across a boundary.

Proposition 5 (Local Conservation). Within basin interior regions, transport transitions
redistribute stabilization density without net creation or annihilation.

Proposition 6 (Boundary Source Term). Net creation of stabilization density is restricted to
boundary-generating transition operators.

Algebraic Structure

Theorem 1 (Transition Algebra). The set of admissible transition operators equipped with
composition forms a locally supported execution algebra with identity element and admissibility-
preserving closure.

Proof. Locality of support ensures finite execution regions. Admissibility constraints ensure clo-
sure under composition. Existence of identity provides neutral execution. Sequential composition
generates all reachable structural updates. O
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Transport-Generated Structure

Theorem 2 (Transport Generation Principle). All admissible structural evolution of the substrate
s generated by finite compositions of local admissible transition operators.

Proof. All admissible state changes occur through transition execution. Transition operators
compose to produce extended propagation. No structural update occurs outside admissible
transition rules. Therefore all structural evolution is transport-generated. O

Variational Closure of the Transport Substrate

This section derives the unified basin action from the admissible transition algebra and proves that
the variational generator of transport—stabilization—geometry dynamics is uniquely determined
by structural admissibility.

The action is not postulated. It is the unique local functional compatible with transport
execution, stabilization persistence, and reachability geometry.

Local Structural Data

Let coarse-grained admissible transport within a stabilization basin produce the following local
scalar invariants:

 Stabilization density field p(z)

o Transport phase field 6(z)
 Reachability metric g;;(z)

e Local transport gradient magnitude

gijVZ-HVJ-H

Stabilization gradient magnitude -
g“VipVip
o Metric curvature scalar R(g)

These are the complete set of independent local scalar quantities obtainable from admissible
transport and stabilization structure under coarse-graining.

Admissible Functional Requirements

Any action functional S generating admissible dynamics must satisfy:

1. Locality — depends only on fields and finite derivatives
Transport invariance — depends only on reachability structure
Stabilization persistence — produces conserved transport flow
Metric compatibility — defines geometry from reachability
Variational closure — stationary variation generates evolution

AR

Therefore the Lagrangian density must be constructed only from the admissible scalar invariants
listed above.
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Functional Basis

The most general local scalar density consistent with admissible transport structure is:

L = A(p) + B(p)g" ViV ;0 + C(p)g” VipV p + D(p)R(g)

with coefficient functions determined by structural admissibility.

Transport Conservation Constraint
Stationary variation with respect to # must produce a covariant conservation law:
Vilpg?V;0) =0

This uniquely fixes:

up to normalization.

Stabilization Regularity Constraint

Stabilization persistence requires finite-energy transport flow and local smoothing of density
gradients.

This fixes kinetic stabilization term:

up to normalization.

Geometry Response Constraint

Metric variation must produce curvature response to structural stress.
The only scalar producing second-order metric variation is R(g).

Thus geometric coupling is fixed:

where k sets curvature response scale.

Potential Structure

Remaining scalar freedom is a function of p alone:
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which defines stabilization energy density.

Unique Admissible Action

The unique admissible Lagrangian density is therefore:

1 .. 1 . 1
L= §ngViijp + §pg”V,~9Vj0 —Vi(p) + ﬂR(g)

The unified basin action is:
s—/ [1 G pVip+ L pg V0V V( )+—1 R( )]\/\ |d"
= 0 29 iPVip 2,09 0V P o g g x

Uniqueness Theorem

Theorem 3 (Variational Closure of the Transport Substrate). Given admissible transition struc-
ture, stabilization persistence, and reachability-induced metric geometry, there exists a unique local
action functional whose stationary variation generates all admissible transport—stabilization—geometry
dynamics.

Proof. All admissible local scalars arise from transport gradients, stabilization gradients, and
metric curvature. The most general local functional is their linear combination. Transport
conservation uniquely fixes phase coupling. Stabilization regularity fixes density gradient term.
Metric response uniquely requires curvature scalar. Remaining scalar freedom is stabilization
potential. Therefore no independent functional degree of freedom remains. The action is uniquely
determined. O

Generative Consequence

All field equations, stress relations, curvature response, ground-state energy, and quantum
structure follow from stationary variation of this unique functional.

Transport admissibility therefore determines the complete variational structure of the physical
substrate.

Companion Axiomatic Basis Sheet

Primitives

o A - locally finite adjacency structure (identity support).
e O C A - connected admissible domain (basin candidate).
e Adm - admissible transition relation on nodes or states.
e 012 - basin boundary operator induced by reachability.

e p - stabilization density field on §2.

e 0 - transport phase field on €.
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e C¢ - coarse-graining map from discrete updates to effective fields.
e S - unified basin action functional.

Axioms - Discrete Structure

Lemma 1 (Axiom A1l - Local finiteness). Fach node of A has finite degree and finite admissible
update set.

Lemma 2 (Axiom A2 - Admissibility). Adm defines the allowed transition steps and prohibits
non-admissible steps.

Lemma 3 (Axiom A3 - Reachability closure). Reachability under Adm partitions A into
connected domains.

Axioms - Basin and Boundary

Lemma 4 (Axiom Bl - Maximal basin). A basin Q2 is mazimal among connected admissible
domains.

Lemma 5 (Axiom B2 - Boundary-local execution). Net creation or replication of admissible
structural states occurs only at O or on newly introduced depth layers.

Axioms - Transport and Stabilization

Lemma 6 (Axiom T1 - Transport recurrence). Boundary-local execution induces interior
transport of stabilization density within €.

Lemma 7 (Axiom T2 - Stabilization persistence). There exists a stabilization rule such that p
admits persistent coherent regions under admissible updates.

Lemma 8 (Axiom T3 - Coupling). Transport phase 6 and stabilization density p couple through
admissible interaction terms.

Axioms - Coarse Graining and Metric

Lemma 9 (Axiom G1 - Coarse-graining regularity). There exists C. producing effective fields
with locality and reqularity sufficient to define an effective metric description.

Lemma 10 (Axiom G2 - Metric from reachability). Effective distance is induced by admissible
transport reachability in the coarse description.

Axioms - Unified Action

Lemma 11 (Axiom S1 - Unified basin action). There exists an action S[p,0, g, A] generating
transport, stabilization, and geometry dynamics by stationary variation.

Lemma 12 (Axiom S2 - Energy functional). The action induces a total structural energy
functional E on admissible configurations.
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Axioms - Quantization and Constraints

Lemma 13 (Axiom Q1 - Operator representation). Canonical variables admit operator repre-
sentation on an admissible state space.

Lemma 14 (Axiom Q2 - Physical constraint). Physical states satisfy the Hamiltonian constraint
induced by S.

Axioms - Ground State

Lemma 15 (Axiom Ul - Ground minimizer exists). E admits a global minimizer within the
admissible configuration space.

Lemma 16 (Axiom U2 - Hexagonal optimality). Hezagonal adjacency minimizes local defect
energy under the unified action.

Axioms - Closure

Lemma 17 (Axiom C1 - Ontological closure). All admissible physical structure is expressible as
excitations, perturbations, or curvature variations of the ground substrate generated by S.

Admissible Symmetry Axioms

Lemma 18 (Axiom SY1 - Coordinate Invariance). All coarse-grained physical statements are
invariant under smooth reparameterizations of effective basin coordinates. Admissible scalar
densities are coordinate scalars constructed by covariant contraction with the reachability-induced
metric gi;.

Lemma 19 (Axiom SY2 - Phase Shift Invariance). Transport phase has no absolute origin. The
admissible transition structure is invariant under constant phase shift:

90—>9+90

for any constant 6g. Therefore admissible local densities may depend on V;0 but not on 6 itself.

Lemma 20 (Axiom SY3 - Phase Reversal Invariance). Transport phase orientation reversal is
an admissible symmetry:

0 — —0

Therefore admissible local scalar densities are even in V0. In particular, terms linear in V;0 are
excluded from the generative functional.

Lemma 21 (Axiom SY4 - Second-Order Closure). Admissible coarse-grained evolution closes
at second differential order. The variational generator must produce Euler—Lagrange equations
containing no derivatives higher than second order in p, 0, or g;;.

Lemma 22 (Axiom SY5 - Boundary Divergence Nullity). Any scalar density contribution that
s a total covariant divergence contributes only boundary terms under integration over ) and
does not modify interior Euler—Lagrange equations.
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Axiom Independence

This section establishes that each axiom in the Companion Axiomatic Basis is logically indepen-
dent of the others.

For each axiom, a model is constructed in which all remaining axioms hold while the target
axiom fails. This demonstrates that no axiom is derivable from the others.

Method

To prove independence of an axiom X

1. Construct a realization of the primitive structures.
2. Verify that all axioms except X are satisfied.
3. Show X fails in that realization.

This establishes non-derivability of X.

Independence of Discrete Structure Axioms

Axiom A1l - Local finiteness

Model: infinite-degree adjacency graph. All admissibility and reachability rules remain defined.
Transport and stabilization laws remain definable.

Violation: nodes have unbounded degree.
Therefore Al is independent.
Axiom A2 - Admissibility

Model: allow all transitions between nodes. Local finiteness and reachability remain defined.
Coarse-graining and transport rules still operate.

Violation: prohibited transitions do not exist.
Therefore A2 is independent.
Axiom A3 - Reachability closure

Model: partition adjacency into disconnected regions while preserving local finiteness and
admissible updates within each region.

Violation: reachability does not generate connected domains.

Therefore A3 is independent.

Independence of Basin and Boundary Axioms

Axiom B1 - Maximal basin
Model: allow connected admissible domains that are not maximal.

All transport and stabilization rules remain valid.
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Violation: basin definition is not maximal.

Therefore B1 is independent.

Axiom B2 - Boundary-local execution

Model: allow creation of admissible states inside basin interior.
All other structural and transport rules remain defined.
Violation: boundary localization fails.

Therefore B2 is independent.

Independence of Transport and Stabilization Axioms

Axiom T1 - Transport recurrence

Model: boundary updates do not induce interior transport, while stabilization persistence and
admissibility remain.

Violation: no induced transport flow.

Therefore T1 is independent.

Axiom T2 - Stabilization persistence

Model: stabilization density dissipates under all admissible updates.
Transport and coupling still defined.

Violation: no persistent coherent regions.

Therefore T2 is independent.

Axiom T3 - Coupling

Model: transport phase and stabilization density evolve independently.
Transport and stabilization laws remain individually defined.
Violation: no interaction.

Therefore T3 is independent.

Independence of Metric and Coarse-Graining Axioms

Axiom G1 - Coarse-graining regularity

Model: coarse-graining exists but fails to produce regular effective fields.
Violation: metric description undefined.

Therefore G1 is independent.

Axiom G2 - Metric from reachability
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Model: define an effective metric unrelated to reachability.
All other structures remain defined.
Violation: reachability does not determine distance.

Therefore G2 is independent.

Independence of Variational and Energy Axioms

Axiom S1 - Unified basin action

Model: transport, stabilization, and geometry governed by separate evolution rules with no
single generating functional.

Violation: no unified action exists.

Therefore S1 is independent.

Axiom S2 - Energy functional

Model: unified action exists but does not define a scalar energy measure.
Violation: no global energy functional.

Therefore S2 is independent.

Independence of Quantum Axioms

Axiom Q1 - Operator representation

Model: classical field description only.

Violation: no operator structure.

Therefore Q1 is independent.

Axiom Q2 - Physical constraint

Model: quantum operators exist but no Hamiltonian constraint imposed.
Violation: physical state restriction absent.

Therefore Q2 is independent.

Independence of Ground-State Axioms

Axiom Ul - Ground minimizer exists
Model: energy functional unbounded below.
Violation: no minimizer.

Therefore Ul is independent.

Axiom U2 - Hexagonal optimality
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Model: alternative adjacency minimizes local defect energy.
Violation: hexagonal configuration not minimal.

Therefore U2 is independent.

Independence of Closure Axiom

Axiom C1 - Ontological closure
Model: allow admissible structures not generated from ground-state perturbations.
Violation: closure fails.

Therefore C1 is independent.

Conclusion

Fach axiom admits a realization in which all remaining axioms hold while the target axiom fails.

Therefore the axiomatic system is irreducible and non-redundant.

Consistency Model

This section establishes that the axiomatic system admits a concrete realization in which all
axioms are simultaneously satisfied. Existence of such a realization demonstrates internal
consistency.

Model Construction

Define a realization of the primitive structures as follows.

Discrete substrate. Let A be a regular hexagonal adjacency lattice embedded in a two-
dimensional plane with discrete depth layering. Each node has finite degree and finite neighbor-
hood.

Admissible transitions. Define admissible transition operators as local update maps acting
on finite neighborhoods and preserving admissibility constraints.

Basin structure. Let ) be any maximal connected subset of A under admissible reachability.

Stabilization field. Assign a scalar stabilization density p(v) to each node, evolving under
admissible transitions and local conservation in basin interior regions.

Transport phase. Assign a transport phase 6(v) evolving through admissible local transition
sequences and coupled to stabilization density.

Coarse-graining. Define a coarse-graining map C. that assigns effective continuum fields by
local averaging over finite neighborhoods.

Metric structure. Define reachability distance as minimal admissible path length. Effective
metric arises from local quadratic approximation of reachability distance under coarse-graining.

Unified action. Define a scalar action functional S composed of transport, stabilization,
geometric, and coupling contributions, depending only on admissible local configurations.
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Energy functional. Define structural energy as the action evaluated on stationary states.

Quantum structure. Promote stabilization and transport variables to operators acting on a
state functional ¥ and impose the Hamiltonian constraint.

Verification of Axioms

Each axiom is satisfied in this realization.

Discrete structure axioms. Hexagonal adjacency is locally finite and admits defined transition
rules.

Basin and boundary axioms. Maximal connected admissible domains exist. Creation of new
structural states occurs only through boundary-local updates.

Transport and stabilization axioms. Boundary execution induces interior redistribution.
Stabilization persistence arises from local conservation structure. Coupling between transport
phase and stabilization density is defined.

Metric and coarse-graining axioms. Local averaging produces regular effective fields.
Reachability induces effective metric geometry.

Variational axioms. All dynamics derive from stationary variation of the unified action.
Energy functional is defined from the action.

Quantum axioms. Operator representation exists. Hamiltonian constraint restricts physical
states.

Ground-state axioms. Hexagonal adjacency minimizes local defect energy. Energy minimizer
exists.

Closure axiom. All admissible structural states arise from perturbations or excitations of the
ground configuration.

Consistency Result

Theorem 4 (Existence of Consistent Realization). There ezists a realization of the primitive
structures in which all axioms of the system hold simultaneously.

Proof. The constructed hexagonal adjacency model with local admissible transitions, stabilization
fields, transport dynamics, coarse-grained metric structure, unified action functional, and

quantum operator representation satisfies each axiom by construction. Therefore a consistent
realization exists. O

Conclusion

Since at least one realization satisfies all axioms simultaneously, the axiomatic system is internally
consistent.

Unified Basin Action - Explicit Functional

This section defines the explicit variational functional that generates transport dynamics,
stabilization evolution, and emergent geometry within admissible structural domains.
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Configuration Variables

Let the state of a basin 2 be described by:

o Stabilization density field p(x)
o Transport phase field 6(z)
o Effective metric tensor g;;(z)

All fields arise from admissible transition structure under coarse-graining.

Action Functional

The unified basin action is defined as

Slp, 0, 9] Z/Qﬁ(p,e,g,Vp,W,Vg) avy

where dV} is the metric volume element and £ is the action density.

Action Density Decomposition

The action density decomposes into transport, stabilization, geometric, and interaction contribu-
tions:

L= Ltransport + Estabilization + Lgeometry + »Ccoupling

Transport Contribution

1 .
»Ctransport = 5[) g” 81(9 836’

This term represents transport phase gradient energy weighted by stabilization density.

Stabilization Contribution

1 ..
Estabilization = 59” 8zp 6jp + V(p)

where V (p) is a local stabilization potential.

Geometric Contribution

1
ﬁgeometry = ﬂ R[g]

where R[g] is the scalar curvature of the effective metric and & is a structural coupling constant.

Coupling Contribution

Ecoupling =A P (I)(g)

where ®(g) is a scalar function of metric structure and \ is a coupling coefficient.
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Variational Principle

Physical evolution is determined by stationary variation:

05 =0

with respect to all configuration variables.
This yields coupled field equations for:

e transport phase evolution
 stabilization density evolution
e metric response

Transport Equation

Variation with respect to 6 yields a continuity form:
Vz‘ (pgijaje) =0

Stabilization Equation

Variation with respect to p yields:
. 1 ..
—Vsz + V/(P) + 59”81'9 6]-«9 + )\<I>(g) =0

Geometry Response Equation

Variation with respect to g;; yields a structural stress relation:

Gijlgl = £ Tij(p, 0)

where G;; is the geometric response operator and 7;; is the transport-stabilization stress tensor.

Ground State Condition

A ground configuration satisfies:

65=0 and S = min

over all admissible configurations.

Action Completeness
Theorem 5 (Generative Completeness of the Unified Action). All admissible structural evolution

of transport, stabilization, and geometry is generated by stationary variation of the unified basin
action.
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Proof. All admissible fields appear as configuration variables of the action. All structural
dynamics arise from variational equations. No independent evolution law exists outside the
action. O

Admissible Invariant Completeness Proof

This section proves that the local scalar invariant set used to derive the unified basin action is
complete.

Completeness means that any local scalar quantity obtainable from coarse-grained admissible
transition structure can be expressed as a function of the invariant basis used in the variational
closure.

Admissible Local Data

Under coarse-graining, local admissible structure is represented by:

o scalar fields p and 6
o effective metric tensor g;;
e metric-compatible covariant derivative V;

All admissible local quantities must be constructed from these objects and their covariant
derivatives at a point.

Admissible Symmetry Requirements

Admissible invariants must satisfy:

1. Coordinate invariance under change of coarse coordinates

2. Locality, dependence only on finite derivatives at a point

3. Scalar character, invariance under index contraction

4. Transition admissibility invariance, dependence only on reachable structure

Therefore admissible invariants are local scalars built by covariant contraction of derivative
tensors.

Derivative Order Restriction

Admissible transition dynamics are locally supported and coarse-grained to yield effective
second-order field equations.

Therefore the variational generator must be constructed from invariants containing at most
second derivatives.

Consequently only the following derivative objects are admissible:

Vip, Vif, V;Vjp, V;V;0

and metric curvature tensors derived from second derivatives of g;;.
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Scalar Contraction Classification

Any admissible scalar invariant of first-derivative type is a contraction of:

with g%,
Therefore all first-derivative scalar invariants are functions of:

I, =g"VipV,p

Ig = gijV,HVjH

and mixed contraction:
ng = gijvipvj'e

Mixed Contraction Exclusion
The mixed invariant I,y is excluded as an independent generator under admissible transport
interpretation.

Transport phase 6 represents directed execution structure. Stabilization density p represents
scalar persistence support.

Admissible coupling is required to be invariant under phase reversal symmetry 6 — —6 and
depends on transport magnitude rather than signed alignment with density gradient.

Under 6 — —6:

ng —> —ng

Thus I, is not admissible as a fundamental scalar term in the generative functional.

Therefore admissible first-derivative scalars reduce to I, and Iy.

Second Derivative Scalars

Second derivative invariants formed from V;V;p or V;V ;60 produce either:

o total divergences that do not affect Euler-Lagrange equations
e higher-order equations incompatible with admissible evolution

For example:

ViVip

is a divergence term under integration and can be reduced by integration by parts to first-
derivative kinetic structure.

Thus no independent second-derivative scalar in p or 4 is required.
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Metric Second Derivatives and Curvature

All coordinate-invariant scalars constructed from second derivatives of the metric are functions
of curvature invariants.

Under second-order restriction, the unique curvature scalar producing second-order metric field
equations is:

R(g)

Higher curvature invariants such as R? or Rinij produce higher-order metric equations and are
not admissible in the minimal second-order transport substrate closure.

Therefore curvature contribution reduces uniquely to R(g).

Zeroth Order Scalars

Zeroth order scalar dependence may only occur through scalar fields themselves, therefore
through:

p, 0

Phase shift symmetry implies invariance under:

0 — 0 + const

Therefore no admissible local potential depends on 6.

Thus zeroth-order scalar terms reduce to a potential:

Vi(p)

Completeness Theorem

Theorem 6 (Completeness of the Admissible Invariant Basis). Under locality, coordinate
nvariance, admissible transition structure, and second-order evolution closure, any admissible
local scalar invariant is a function of the set:

{p, 1,, Iy, R(9)}

FEquivalently, the admissible local scalar density basis is generated by:

9N ipVip, pgiVvi0V;0, V(p), R(g)

Proof. All admissible invariants must be coordinate scalars formed by covariant contraction of
derivative tensors constructed from p, 0, g;;. First-derivative scalars reduce to I, and Iy under
phase reversal and phase shift admissibility constraints. Second-derivative scalars reduce to
boundary divergences or violate second-order closure. Metric second-derivative scalars reduce to
curvature invariants, of which only R(g) preserves second-order field equations. Zeroth-order
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scalar dependence reduces to V(p) by phase shift symmetry. Therefore the listed set generates
all admissible invariants. O

Ground State Optimality - Hexagonal Adjacency

This section determines the energy-minimizing configuration of the discrete identity substrate
under the unified basin action.

Admissible Adjacency Class

Let 21 denote the class of all locally finite adjacency structures compatible with admissible
transition rules and stabilization persistence.

Each adjacency structure A € 2 defines:

¢ local neighborhood connectivity
e admissible transition pathways
e transport propagation structure
 stabilization support geometry

The structural energy functional is defined on 2 through the unified basin action evaluated on
stationary configurations.

Local Defect Energy

For any adjacency configuration A define the local defect energy:

AE(U) = Elocal(v) - Eoptimal
where Foptimal is the minimal achievable local structural energy under admissible transport and
stabilization constraints.

Total structural energy is:

E[A] =Y AE() + Emin
veEA

Local Optimality Condition

Transport propagation requires:

o uniform directional accessibility
e minimal path redundancy
e maximal packing efficiency under local conservation

Stabilization persistence requires:

e uniform local support
e isotropic transport coupling
e minimal gradient distortion under coarse-graining

These jointly determine the locally optimal adjacency structure.
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Hexagonal Configuration

The regular hexagonal adjacency lattice satisfies:

o uniform degree across all nodes

e maximal packing efficiency in two-dimensional connectivity
e isotropic nearest-neighbor structure

e minimal transport path anisotropy

e minimal stabilization gradient distortion

Therefore hexagonal adjacency minimizes local defect energy.

Exclusion of Alternative Adjacencies

Any non-hexagonal locally finite adjacency introduces at least one of:

o degree irregularity

e anisotropic transport propagation
e increased path length dispersion
o non-uniform stabilization support

Each produces strictly positive defect energy on a nonzero subset of nodes.

Thus for any non-hexagonal A:
E[A] > E[Apex]

Global Optimality
Because structural energy is additive over local regions and bounded below, any configuration
with nonzero defect density has strictly greater total energy than the hexagonal configuration.

Therefore no alternative adjacency can minimize global energy.

Uniqueness

Any configuration differing from the hexagonal adjacency by finite local modification introduces
positive defect energy.

Thus the minimizer is unique up to admissible global symmetries:

o translation
e rotation
o relabeling preserving adjacency

Optimality Result

Theorem 7 (Hexagonal Ground State). The unique global minimizer of the structural energy
functional over all admissible adjacency configurations is the reqular hexagonal adjacency lattice.

Proof. Local admissibility and stabilization constraints determine a unique local energy minimum
achieved by hexagonal connectivity. Any alternative adjacency produces strictly positive defect
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energy on a nonzero region. Additivity of structural energy implies strict global increase.
Therefore the hexagonal configuration uniquely minimizes energy. O

Ground Substrate
Definition 8 (Ground Substrate). The transport substrate in its minimal-energy configuration

is the hexagonal adjacency lattice supporting admissible transition dynamics and stabilization
persistence.

Unified Field Equations - Covariant Form

This section expresses the transport, stabilization, and geometry dynamics derived from the
unified basin action in covariant tensor form.

All equations are written with respect to the effective metric g;; induced by transport reachability
under coarse-graining.

Covariant Structures

Let V; denote the metric-compatible covariant derivative.
Define:

o Stabilization density field p
o Transport phase field 6

o Metric tensor g;;

e Scalar curvature R

The metric volume element is:
av, = \Jlgl d"
Transport Current
Define the covariant transport current:
J'=pgiv;0
This represents directed transport flow weighted by stabilization density.

Transport Field Equation

Stationary variation with respect to 0 yields covariant transport conservation:

VvV, Ji =0

Explicit form:
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Vi (pg7v,0) =0
This is the covariant transport continuity equation.
Stabilization Field Equation
Variation with respect to p yields:
4 1 ..
—ViV'p + V’(p) + §QUVZ‘9V]‘9 +AP(g) =0

where V;V? is the covariant Laplacian.

This governs stabilization density evolution.

Transport-Stabilization Stress Tensor

Define the symmetric stress tensor:

’7;]- = Vz-pvjp + pViGVjG — gij»cmatter

where
1 ab 1 ab
Lmatter = 59 VapVpp + §pg V.0Vy0 + V(P)
Geometry Field Equation
Variation with respect to the metric yields the covariant geometry response:
Gij = kTij
where G;; is the geometry response tensor defined by:

1
Gij = Rij — iRgij + Agij®(9)

This equation couples geometry to transport and stabilization structure.

Covariant Conservation Law

Metric compatibility implies:

ViG; i =0
Therefore:
VT =0
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Transport and stabilization stress is covariantly conserved.

Unified Covariant System

The complete coupled field system is:

Vi (pgv;0) =0
, 1 ..
—wvm+VWﬁ+§WVﬂVﬁ+Aﬂm:0
1
Rz'j — §Rgz‘j + )\gij(I)(g) = '%72]'

Generative Covariance

Theorem 8 (Covariant Generative Dynamics). The transport field, stabilization field, and
metric geometry evolve according to a covariant coupled system generated by stationary variation
of the unified basin action.

Proof. The unified action is invariant under coordinate transformations. Variational derivatives

produce tensor equations. Metric compatibility ensures covariant conservation. Therefore the
resulting field system is covariant. O

Hamiltonian Formulation and Canonical Structure

This section provides the canonical phase-space formulation of the transport-stabilization-
geometry system generated by the unified basin action.

The Hamiltonian structure defines conjugate momenta, canonical evolution, and constraint
relations governing admissible physical states.

Canonical Variables

Let the configuration fields be:

__ o
7 9(dp)
__ o
© 7 9(0,0)
oL
8(3759@')
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These define the canonical phase space:
(p,mp; 0,793 gij, )

Hamiltonian Density

The Hamiltonian density is defined by Legendre transform:

H = Wpatp + 71’98750 + ﬂ'ijatgij - L

Total Hamiltonian:
H= / Hav,
Q

Canonical Evolution Equations

Time evolution follows Hamilton’s equations:

Orp = ;SZ)
Oy, = —(;]Z
0= 32
Oymrg = —%—IZ
0 gij = ;THU
Oyl = —:;g]i

Constraint Structure

Metric variation introduces primary constraints due to gauge freedom and structural admissibility
conditions.

Define the Hamiltonian constraint:

Physical states satisfy:
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HY =0

This enforces consistency with the covariant variational system.

Poisson Brackets

Canonical fields satisfy:

{p(z), mp(y)} = 6(x — y)
{0(x),mo(y)} = o(x —y)

{gij(x), 7™ (y)} = 67056 (x —y)

All other brackets vanish.

Constraint Preservation

Consistency requires constraints preserved under evolution:

OH=0

This generates secondary constraints ensuring admissible dynamics.

Hamiltonian Generative Principle

Theorem 9 (Canonical Generative Dynamics). The admissible evolution of transport, stabi-
lization, and geometry is generated by Hamiltonian flow on the canonical phase space subject to
structural constraints.

Proof. The Legendre transform converts the variational system into canonical form. Hamilton’s
equations generate time evolution. Constraint preservation restricts admissible states. Therefore
physical dynamics are generated by constrained Hamiltonian flow. O

Canonical Quantization and Constraint Algebra

This section defines the quantization of the canonical transport— stabilization—geometry system
and the algebra of constraints governing physical states.

Quantization promotes canonical variables to operators and replaces Poisson brackets with
commutators.
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Canonical Quantization Map
Promote canonical variables to operators acting on a state functional:

A

p(z) = p(z) mp(x) = Fp(x)

9ij(x) = Gij(x)
Physical states are wave functionals:

U= \Ij[pa 9?9]

Canonical Commutation Relations
Replace Poisson brackets by commutators:
[p(x), 7p(y)] = ihd(z — y)
[0(x), 7o (y)] = ihd(x — y)
[9i5(x), 7 (y)] = ihd} 836 (x — y)

All other commutators vanish.

Operator Representation

In functional representation:

1)
4gij()

#9(x) = —ih

Configuration variables act multiplicatively.

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



Hamiltonian Constraint Operator

The classical Hamiltonian constraint becomes an operator:

HY =0
This is the quantum structural constraint defining admissible states.

Explicitly:

H= Htransport + Hstabilization + ngometry + Hcoupling

Each term obtained by operator substitution into the classical Hamiltonian.

Constraint Set

Primary constraints arise from gauge and structural admissibility:

H(z)¥ =0

Additional structural constraints may arise from transition admissibility.

Denote full constraint set:

for all constraint generators Ca.

Constraint Algebra

Constraint operators form a closed algebra under commutation:

where f BV are structure functions determined by the canonical formulation.

Closure ensures preservation of admissibility under evolution.

Quantum Evolution

Physical states evolve according to:

ihOyW = Hppys ¥
where the physical Hamiltonian preserves all constraints:

A A

[thys’ca] =0
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Physical State Space

The admissible Hilbert space consists of all functionals satisfying:

A

Co¥V =0

This defines the quantum realization of structural admissibility.

Quantization Principle
Theorem 10 (Canonical Quantization Principle). Transport, stabilization, and geometry admit

a consistent quantum representation in which canonical operators satisfy commutation relations
and physical states are defined by constraint annihilation.

Proof. Canonical variables admit operator representation. Constraint operators close under com-
mutation. Constraint-preserving evolution defines admissible dynamics. Therefore a consistent
constrained quantum system exists. O

Dirac Constraint Classification

This section classifies the constraint structure of the canonical transport—stabilization—geometry
system according to Dirac’s theory of constrained Hamiltonian systems.

Constraints are separated into first-class and second-class sets. This determines gauge structure
and defines the reduced physical phase space.

Constraint Set

Let the full set of constraint operators be:

Ca(z) =0

where weak equality ~ denotes equality on the constraint surface.
These include:

o Hamiltonian constraint
o structural admissibility constraints
e gauge-related constraints arising from metric freedom

Poisson Bracket Matrix

Define the constraint bracket matrix:

Aa,@(m7 y) - {Ca(a:),Cg(y)}

Classification depends on properties of this matrix.
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First-Class Constraints

Definition 9 (First-Class Constraint). A constraint C, is first-class if its Poisson bracket with
all constraints vanishes on the constraint surface:

{Ca,Cs} =0 Vp

First-class constraints generate gauge transformations and represent redundant description of
physical states.

In the transport substrate system, the Hamiltonian constraint and geometric gauge constraints
are first-class.

Second-Class Constraints

Definition 10 (Second-Class Constraint). A constraint is second-class if the matriz
Aup
restricted to those constraints is non-singular.

Second-class constraints do not generate gauge symmetry and must be eliminated through
bracket modification.

Structural admissibility conditions that restrict transition configurations may produce second-
class constraints.

Dirac Bracket

To enforce second-class constraints strongly, replace the Poisson bracket with the Dirac bracket:

{A,B}p ={A,B} — {A,C.}(A™")*P{Cp, B}

where indices run over second-class constraints.

Dirac brackets preserve all constraints identically.

Gauge Generators

First-class constraints generate gauge transformations:

OF = {F,e“Cy}

Gauge transformations represent physically equivalent configurations.

Reduced Phase Space

Physical phase space is obtained by:
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1. imposing all constraints
2. factoring out gauge orbits generated by first-class constraints

Remaining variables represent true physical degrees of freedom.
Constraint Preservation

Consistency requires closure under evolution:

6tCa ~0

This generates no new independent constraints beyond those already classified.

Classification Result

Theorem 11 (Dirac Classification of Transport Substrate Constraints). The constraint system
decomposes into:

e first-class constraints generating gauge equivalence
e second-class constraints enforcing structural admissibility

and defines a reduced physical phase space of admissible transport, stabilization, and geometry
configurations.

Proof. Constraint brackets define classification by rank. First-class constraints close under
Poisson bracket. Second-class constraints produce non-singular bracket submatrix. Dirac bracket
eliminates second-class redundancy. Gauge factorization produces reduced phase space. ]

Quantized Constraint Structure

Under quantization:

Physical states satisfy:

for all first-class generators and Dirac-reduced operators.

Physical Degrees of Freedom

The number of physical degrees of freedom equals:

Nphys = Ncanonical - 2]\[ﬁrst—class — 4Vsecond-class

This defines the independent dynamical content of the transport substrate.
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Reduced Phase Space and Observable Algebra

This section constructs the reduced physical phase space obtained after imposition of all
constraints and removal of gauge redundancy. It then defines the algebra of physical observables.

Constraint Surface

Let the canonical phase space be:

T = (p,mp; 0,79; gijym)

Impose all constraints:

This defines the constraint surface:
I'ccCT

Gauge Orbits

First-class constraints generate gauge transformations:

OF = {F,e“Cs}

Points connected by gauge transformations represent physically equivalent configurations.

Define equivalence relation:

x ~ gy if related by gauge transformation

Reduced Phase Space

The reduced phase space is the quotient:

thys = I‘C’/ ~

This removes all gauge redundancy.

Elements of I'ppys represent distinct physical states.

Dirac Bracket Structure

On the constraint surface, evolution is governed by the Dirac bracket:

{A, B}D = {A7 B} - {A7 Ca}(A_l)ab{Cbﬂ B}
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where indices a, b run over second-class constraints.

Dirac brackets are well-defined on I'ppys.

Physical Observables
Definition 11 (Observable). A physical observable is a function O on phase space satisfying:
{0,Co} =0 Va

Observables are invariant under all gauge transformations.

Observable Algebra

Physical observables form a closed algebra under the Dirac bracket:

{01,02}p

Closure follows from constraint invariance.

This defines the classical observable algebra.

Quantized Observable Algebra

Under canonical quantization:

1 . 4
{AaB}D — %[A7 B]

Operators representing observables satisfy:

A A

[0,Ca] =0

Physical operators act within the physical Hilbert space.

Physical Hilbert Space

Physical quantum states satisfy:

Observable operators preserve this space:

O : thys — thys
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Complete Reduction
Theorem 12 (Reduced Dynamical System). The admissible dynamics of the transport substrate

are fully determined by Hamiltonian evolution on the reduced phase space with observable algebra
defined by Dirac bracket invariance.

Proof. All constraints are imposed. Gauge redundancy is removed. Remaining variables evolve

via constraint-preserving Hamiltonian flow. Observables generate measurable structure. There-
fore the reduced system is complete. O

Physical Content

The reduced phase space encodes:

e independent transport degrees of freedom
o independent stabilization structure
e gauge-invariant geometric content

All admissible physical structure is represented within this space.
Structural Equivalence to Classical Limit

This section establishes the recovery of classical transport, stabilization, and geometric dynamics
from the reduced quantum transport substrate.

The classical system arises as the macroscopic structural limit of the constrained quantum theory.

Quantum State Representation

Physical states are wave functionals:

U =Vp,0,g]

defined on the reduced configuration space and satisfying all constraint operators.

Observable operators act on Hppys-

Expectation Values

For any observable operator O, define expectation value:

(0) = (¥|0]¥)

Expectation values define effective macroscopic fields.

Semiclassical Concentration

Consider states localized in configuration space:
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W ~ exp (;Sd{)

with sharply peaked probability density around a configuration trajectory.

In this regime fluctuations are suppressed relative to mean values.

Ehrenfest-Type Evolution

Time evolution of expectation values satisfies:

d 1,4 =
20} = (0, Fry))

For localized states, operator expectation values evolve according to classical equations of motion
generated by the same Hamiltonian functional.

Recovery of Canonical Dynamics

In the semiclassical regime:
<P> — Pl

<0> — 001

(9i) = 95

These satisfy classical Hamiltonian evolution on the reduced phase space.

Recovery of Covariant Field Equations

The classical fields derived from expectation values satisfy:
Vi (Pclgg Vﬂd) =0
. 1 .
_vivzpcl + V/(pcl) + §g(jvi901vjecl + )\@(gd) =0

1 C C
Rij(ga) — §R(9c1)gi} + Ag5j0(ga1) = £ T

These are the classical covariant transport—stabilization—geometry equations.
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Action Recovery

The effective phase functional satisfies:

0S.g=0

and coincides with stationary variation of the unified basin action.

Thus classical evolution is generated by the same variational principle.

Classical Limit Parameter

The classical regime corresponds to:

h—0

or equivalently suppression of quantum fluctuation scale relative to macroscopic structural scale.

Structural Correspondence

Quantum theory defines:

e operator-valued transport modes
o operator-valued stabilization density
o operator-valued geometry

Classical theory defines:

e expectation-value transport flow
¢ expectation-value stabilization structure
e expectation-value geometry

The mapping is given by semiclassical concentration.

Equivalence Result

Theorem 13 (Structural Classical Limit). The constrained quantum transport substrate reduces
to the classical transport—stabilization—geometry system when physical states are semiclassically
localized and quantum fluctuations are negligible.

Proof. Expectation values obey operator evolution. Localized states suppress higher moments.
Evolution reduces to canonical Hamiltonian flow. Canonical flow reproduces covariant field
equations derived from the unified basin action. Therefore classical dynamics are recovered. [

Continuity of Structural Description

The quantum and classical systems are not independent theories. They represent different
regimes of the same transport substrate.

Quantum structure governs admissible microscopic transport modes. Classical structure governs
macroscopic stabilized transport fields.
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Both arise from the unified basin action.

Dependency Diagram

Grand Unification Theorem Sheet

This section presents the complete structural derivation chain of the transport substrate in
theorem form.

Each statement follows from the preceding one.

Discrete Structural Basis

Definition 12 (Discrete Identity Substrate). Let A be a locally finite adjacency structure
supporting admissible transitions.

Proposition 7 (Reachability Closure). Admissible transitions generate connected stabilization
domains.

Definition 13 (Stabilization Basin). A basin € is the mazimal connected admissible domain.

Transport Structure

Proposition 8 (Transport Recurrence). Boundary-local execution produces density transport
inside €.

Proposition 9 (Continuum Limit). Coarse graining of admissible transitions produces effective
metric geometry g;;.

Theorem 14 (Metric Emergence). Transport reachability defines geodesic distance and metric
tensor.

Curvature and Geometry

Proposition 10 (Curvature Generation). Spatial variation of stabilization density produces
metric curvature.

Theorem 15 (Geometry Response Equation). Curvature is determined by structural stress of
stabilization fields.

Nonlinear Transport

Proposition 11 (Nonlinear Interaction). Transport phase and stabilization density couple
through interaction terms.

Theorem 16 (Coherent Structure Formation). Nonlinear transport admits localized stationary
solutions (coheron solitons).
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Quantum Field Structure

Proposition 12 (Canonical Quantization). Stabilization and transport fields admit operator
representation.

Theorem 17 (Quantum Excitation Spectrum). Small oscillations produce quantized stabilization
modes.

Quantum Geometry

Proposition 13 (Metric Quantization). Basin metric admits operator-valued representation.

Theorem 18 (Quantum Geometry Constraint). Physical states satisfy Hamiltonian constraint

HY¥[g] = 0.

Unified Variational Principle

Definition 14 (Unified Basin Action). A single action functional generates all field, geometric,
and lattice dynamics.

Theorem 19 (Unified Field System). Stationary variation of unified action yields complete
coupled transport—stabilization—geometry dynamics.

Substrate Ground State

Theorem 20 (Energy Minimization). The ground configuration minimizes total structural
energy.

Theorem 21 (Substrate Uniqueness). The unique global minimizer is hexagonal adjacency.

Complete Structural Ontology

Theorem 22 (Grand Structural Unification). The following chain holds:

discrete adjacency = stabilization basin = transport recurrence = metric emergence =
curvature response = nonlinear interaction = quantum field structure = quantum geometry =
unified basin action = unique substrate ground state

Final Closure Statement
Theorem 23 (Complete Ontological Closure). All admissible physical structure is generated by

perturbations, excitations, or curvature variations of the unique ground substrate defined by the
Unified Basin Action.
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Theorem Dependency Diagram

Proof Skeletons

Theorem - Metric Emergence
Proof skeleton. Inputs. Discrete identity substrate A, admissible transitions, basin €2, transport
recurrence, and a coarse-graining map.

Step 1 - Define reachability distance. Define a path cost on admissible transition sequences
in Q. Define d(p, q) as the infimum path cost over admissible paths from p to q.

Step 2 - Prove metric axioms in the coarse description. Show d(p,q) >0, d(p,q) =0 <
p = ¢ under identity support, d(p,q) = d(q,p) under admissible reversibility or symmetric cost,
and triangle inequality via path concatenation.

Step 3 - Extract g;;. Assume locality and regularity of coarse graining. Define g;; by the
quadratic form of d? under small displacements.

Output. Geodesic distance and metric tensor are induced by transport reachability. O

Theorem - Geometry Response Equation
Proof skeleton. Inputs. Metric emergence, stabilization density field p on €2, and a structural
stress functional X[p, transport].

Step 1 - Define curvature from metric variation. Compute curvature objects from g;; in
the effective geometry.

Step 2 - Define structural stress. Specify X as the coarse-grained measure of incompatibility
between transport flow and stabilization constraints.

Step 3 - Variational or balance derivation. Derive an equation of the form
glgl = Slp, ¥

where G is a curvature operator and S is the structural source.

Step 4 - Consistency checks. Show conservation or compatibility identities required by
admissible updates.

Output. Curvature is fixed by structural stress of stabilization fields. O

Theorem - Coherent Structure Formation

Proof skeleton. Inputs. Nonlinear coupling between transport phase 6 and stabilization density
P

Step 1 - Write coupled evolution system. Specify transport equation for 8 and stabilization
equation for p including interaction terms.

Step 2 - Stationary ansatz. Seek localized stationary solutions:
8tp = O, 6t9 = w

with spatial localization and admissible boundary conditions.
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Step 3 - Existence mechanism. Show energy functional bounded below and admits minimizers
under constraints, or apply a fixed point argument for the stationary system.

Step 4 - Stability criterion. Linearize around the solution and show spectral stability in the
admissible mode set.

Output. Localized stationary solutions exist - coheron solitons. O

Theorem - Quantum Excitation Spectrum

Proof skeleton. Inputs. Canonical quantization map for (p,#) or equivalent canonical pair.

N

Step 1 - Choose canonical variables and commutators. Specify operators p, 7 (or 6, pg)
with canonical commutation relations on ().

Step 2 - Expand around ground configuration. Let p = py + dp and linearize the
Hamiltonian to quadratic order.

Step 3 - Mode decomposition. Diagonalize the quadratic form using admissible eigenmodes
of the basin operator.

Step 4 - Quantize modes. Show each normal mode yields a harmonic spectrum with discrete
quanta.

Output. Small oscillations produce quantized stabilization modes. O

Theorem - Quantum Geometry Constraint
Proof skeleton. Inputs. Metric quantization and operator-valued geometry, plus the unified
Hamiltonian.

Step 1 - Define the constraint operator H. Construct H from the unified action or
Hamiltonian density, including geometry and transport operators.

Step 2 - Constraint from gauge or redundancy. Identify the invariance that imposes a
constraint on physical states.

Step 3 - Physical state condition. Show admissible physical states are the kernel of H:

HU[g] = 0.

Step 4 - Closure of the constraint algebra. Verify commutators of constraints close under
admissible operations.

Output. Quantum states satisfy the Hamiltonian constraint. ]

Theorem - Unified Field System

Proof skeleton. Inputs. Unified basin action S[p, d, g,.A] with admissibility constraints.
Step 1 - Specify the action decomposition. Write

S = Stransport + Sstabilization + Sgeometry + Scoupling

with explicit dependence on admissible transitions.

Step 2 - Variation. Compute Euler-Lagrange equations from variations in p, ¢, and g;;.
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Step 3 - Recover previous propositions and theorems as limits. Show transport
recurrence and metric emergence appear as derived consequences in the appropriate regime.

Step 4 - Consistency. Prove existence of a compatible solution set under basin boundary
constraints.

Output. Stationary variation yields the complete coupled dynamics. O

Theorem - Energy Minimization

Proof skeleton. Inputs. Total structural energy functional E[A, p, 6, g] induced by the action.

Step 1 - Define admissible configuration space. Specify the set of allowed substrates and
fields consistent with local finiteness and admissible transitions.

Step 2 - Lower bound. Show F is bounded below on the admissible space.

Step 3 - Existence of minimizer. Use compactness under local finiteness and coercivity of F
to extract a minimizer.

Step 4 - Identify ground configuration. Show the minimizer corresponds to a stable basin
configuration.

Output. Ground configuration minimizes total structural energy. O

Theorem - Substrate Uniqueness

Proof skeleton. Inputs. Energy minimization and a class of locally finite adjacency structures.

Step 1 - Compare candidate adjacencies by defect energy. Define defect measure as
deviation from optimal local packing under the action.

Step 2 - Local optimality. Show the hexagonal adjacency minimizes local defect energy per
node under transport and stabilization constraints.

Step 3 - Global argument. Prove any non-hex adjacency contains a defect set with strictly
positive energy cost.

Step 4 - Uniqueness up to admissible symmetries. Conclude uniqueness modulo transla-
tions, rotations, and admissible relabelings.

Output. The unique global minimizer is hexagonal adjacency. O

Theorem - Grand Structural Unification

Proof skeleton. Inputs. All prior definitions, propositions, and theorems.

Step 1 - Establish implication chain. Cite each step: discrete adjacency = basin =
transport = metric = curvature = nonlinear structures = quantization = unified action =
ground state.

Step 2 - No gaps condition. For each implication, state the required admissibility assumptions
explicitly.

Output. The full derivation chain holds as a closed structural dependency. O
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Theorem - Complete Ontological Closure

Proof skeleton. Inputs. Unified basin action and unique substrate ground state.

Step 1 - Define admissible physical structure class. Define the set of structures expressible
as excitations, perturbations, or curvature variations of the ground substrate.

Step 2 - Show completeness. Prove any admissible structure corresponds to a state in the
action-generated solution space.

Step 3 - Show exclusivity. Prove no structure outside this class is admissible under the
transition rules and constraints.

Output. All admissible physical structure is generated within the ground-substrate variation
space defined by the unified action. O

Axiom—Theorem Dependency Alignment

Each derived result depends only on the minimal subset of axioms required for its structural
validity.

Discrete Structure

Reachability Closure (Proposition)

Depends on: Al Local finiteness A2 Admissibility A3 Reachability closure
Stabilization Basin (Definition)

Depends on: A2 Admissibility A3 Reachability closure B1 Maximal basin

Transport Structure

Transport Recurrence (Proposition)

Depends on: B1 Maximal basin B2 Boundary-local execution T1 Transport recurrence
Continuum Limit (Proposition)

Depends on: T1 Transport recurrence G1 Coarse-graining regularity

Metric Emergence (Theorem)

Depends on: G1 Coarse-graining regularity G2 Metric from reachability

Curvature and Geometry

Curvature Generation (Proposition)
Depends on: G2 Metric from reachability T2 Stabilization persistence
Geometry Response Equation (Theorem)

Depends on: G2 Metric from reachability T2 Stabilization persistence T3 Coupling
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Nonlinear Transport

Nonlinear Interaction (Proposition)
Depends on: T2 Stabilization persistence T3 Coupling
Coherent Structure Formation (Theorem)

Depends on: T2 Stabilization persistence T3 Coupling S1 Unified basin action

Quantum Field Structure

Canonical Quantization (Proposition)
Depends on: S1 Unified basin action Q1 Operator representation
Quantum Excitation Spectrum (Theorem)

Depends on: Q1 Operator representation S2 Energy functional

Quantum Geometry

Metric Quantization (Proposition)
Depends on: G2 Metric from reachability Q1 Operator representation
Quantum Geometry Constraint (Theorem)

Depends on: S1 Unified basin action Q1 Operator representation Q2 Physical constraint

Unified Variational Principle

Unified Basin Action (Definition)
Depends on: S1 Unified basin action
Unified Field System (Theorem)

Depends on: S1 Unified basin action S2 Energy functional

Ground State

Energy Minimization (Theorem)
Depends on: S2 Energy functional Ul Ground minimizer exists
Substrate Uniqueness (Theorem)

Depends on: Ul Ground minimizer exists U2 Hexagonal optimality

Structural Closure

Grand Structural Unification (Theorem)
Depends on: All prior theorems and propositions.

Complete Ontological Closure (Theorem)
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Depends on: S1 Unified basin action U2 Hexagonal optimality C1 Ontological closure

Glossary
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