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Section 5: Bridge to Physical Formalism

5.1 From Philosophy to Physics

The preceding sections developed a framework from a single axiom: nothing cannot exist. We derived
distinguishability as fundamental, identified five necessary constraints, characterized the geometry of constraint

space, and showed how causality and time emerge from configurations with N > 3 features.

This framework is philosophical—it concerns the structure of existence as such, not specifically physical
existence. Yet if the framework is correct, it should connect to physics. Physical theories describe the structure
of our universe; if that structure derives from the impossibility of nothingness, our framework should illuminate

physical formalism.

This section explores that connection. We do not claim to derive physics from philosophy—that would require
mathematical development beyond our present scope. Rather, we identify correspondences, suggest mappings,

and note where existing physical frameworks already embody structures parallel to ours.

The goal is twofold: to show that the framework is not merely abstract but potentially applicable to physics, and

to indicate directions for future formal development.

5.2 The Five Constraints and Physical Quantities

5.2.1 Mapping Strategy

Each of our five constraints characterizes an aspect of robust distinguishability. Physical quantities characterize
aspects of physical systems. If physical systems are configurations in constraint space, physical quantities

should correspond to constraint values or functions thereof.

We propose tentative mappings, emphasizing that these are correspondences to be developed, not established

equivalences.

5.2.2 Boundary (p) — Spatial Structure

The boundary constraint f measures demarcation—gradients that distinguish regions. In physics, spatial

structure provides demarcation: here versus there, inside versus outside, this region versus that region.

Correspondence: 3 maps to spatial metric structure. High 3 corresponds to sharp spatial gradients; low 3 to

smooth, nearly homogeneous regions.

Connection to General Relativity: Einstein's field equations relate spacetime curvature to stress-energy. In our
framework, the distribution of B (boundary structure) across configurations determines the "shape" of the space
in which features are distinguished. This parallels how the metric tensor g _pv determines spatial distances and

curvatures.



Connection to Jacobson: Ted Jacobson's remarkable derivation (1995) showed that Einstein's field equations
follow from thermodynamic consistency—demanding that 5Q = TdS hold across local causal horizons. In our
framework, this becomes: the B structure must be consistent with the gradient flow of ®. Jacobson's

thermodynamic constraints are our constraint-space geometry in the large-N limit.

5.2.3 Pattern (k) — Quantum Coherence

The pattern constraint kK measures structural complexity—compressibility, regularity, the degree to which a

configuration has extractable pattern versus noise.

Correspondence: k maps to quantum coherence. High « corresponds to coherent superposition; low «k to

decoherent, classical mixture.

The N =2 Connection: Section 4.7.2 noted that at N = 2, k is "maximal relative to what's possible"—the
configuration is inherently non-factorizable. This is precisely the character of quantum entanglement: a two-

particle entangled state cannot be factored into independent single-particle states.

k as non-factorizability measure: More precisely, kK measures the degree to which correlations in the
constraint field cannot be decomposed through intermediate loci. At N = 2, there are no intermediate loci—
correlations between A and B cannot factor through anything else because nothing else exists. This is why N =2
configurations are inherently "quantum": high « is structurally guaranteed. As N increases, intermediate loci
appear, factorization becomes possible, and k can decrease. The quantum-to-classical transition is the transition

from high «k (non-factorizable) to low « (factorizable).

Decoherence as k Reduction: When a quantum system interacts with an environment (N increases),
correlations can factor through intermediate features. The pattern becomes more compressible—less coherent.
Decoherence is the transition from high-k (quantum) to low-k (classical) as N increases and factorizability

becomes possible.

Connection to Barandes: Jacob Barandes' indivisible stochastic processes are characterized by transitions that
cannot factor through intermediate states. This is exactly our N = 2 regime: high «, no intermediate features,
inherently indivisible. The "quantumness" of quantum mechanics is, in this view, the signature of N =2

configurations embedded within larger N structures.

5.2.4 Resource (p) — Energy-Momentum

The resource constraint p measures capacity—the substrate that sustains configurations, the "activity" that

maintains distinction.

Correspondence: p maps to energy-momentum. High p corresponds to high energy density; low p to low

energy density.

Conservation: Section 2.6 established that total distinguishability Q total is conserved. If p corresponds to
energy-momentum, this conservation maps to energy-momentum conservation—not as an independent law but

as a consequence of the geometry of constraint space.



The Stress-Energy Tensor: In general relativity, the stress-energy tensor T pv encodes energy-momentum
distribution. In our framework, p(C) across configurations plays an analogous role, determining how "activity"

is distributed and how it sources the B (spatial) structure.

Charge as gradient coupling sign: In this framework, electric charge corresponds to the sign of how a feature
couples to p gradients. A "positive charge" couples such that it moves toward higher p concentrations; "negative
charge" couples to move toward lower p. Charge is not a primitive property attached to particles but a coupling

orientation in constraint space—how a feature responds to p gradients.

Charge conjugation (C) flips this coupling sign. What was attracted becomes repelled; what moved toward

higher p now moves toward lower p.

CPT symmetry: The CPT theorem—that physics is invariant under combined charge conjugation (C), parity
(P), and time reversal (T)—follows naturally from the sign-independence of Q0/K optimization. The

fundamental principle driving configuration dynamics is the gradient of 0/K, and this ratio is:

¢ Independent of coupling sign (Q2 and K are positive definite)
e Independent of spatial orientation (no preferred direction in constraint space)

e Independent of ordering direction (optimization works in either T direction)

Individual C, P, or T violations can occur when the constraint field topology distinguishes handedness or
orientation—as happens in the weak interaction. But CPT together is conserved because /K has no preferred

sign, orientation, or direction. The framework predicts CPT conservation as a geometric necessity.

5.2.5 Integration (L) — Entanglement and Non-locality

The integration constraint A measures coherence across regions—correlations that span features, binding them

into unified structures.

Correspondence: A maps to entanglement and non-local correlation. High A corresponds to strong

entanglement; low A to separable, local states.

Bell Non-locality: Bell's theorem shows that quantum correlations cannot be explained by local hidden
variables. In our framework, A encodes correlations that span constraint dimensions—connections that don't
reduce to local properties of individual features. Bell non-locality is the signature of high A in configurations

where spatial (B) structure suggests separation but integration (A) structure maintains connection.

No Action at a Distance: Crucially, high A does not require "action at a distance." The correlations are not
communicated through space; they are features of constraint-space geometry that manifest spatially when

projected onto the P structure. Entanglement is correlation in A, which appears non-local when viewed through

B.



More precisely: "distance" is defined by [ separation along dimensions a locus couples to. A correlations can
span constraint dimensions orthogonal to those defining local B structure. The correlation doesn't traverse the

distance—it exists along dimensions that aren't part of what "distance" means for those features.

Monogamy of entanglement: Entanglement is monogamous—if A is maximally entangled with B, A cannot be
entangled with C. In our framework, this reflects bounded A capacity: each feature has finite integration

capacity. The constraint field at each locus can sustain only so much correlation structure.
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Maximum A_{AB} with one partner exhausts A's integration capacity, preventing significant A {AC} with

others. Monogamy is not a mysterious quantum rule but a geometric consequence of finite constraint capacity.

ER=EPR connection: The Maldacena-Susskind conjecture that wormholes (Einstein-Rosen bridges) equal
entanglement (Einstein-Podolsky-Rosen correlations) is natural in this framework. Both phenomena are high-A

connections across high-f separation:

¢ Entanglement: Two features with strong A correlation despite significant } separation (quantum regime,

small N)

e Wormbhole: Two spacetime regions connected through geometry despite apparent 3 separation (classical

regime, large N)

These are the same constraint-space structure at different scales. At small N, we call it entanglement and
describe it with quantum formalism. At large N, we call it a wormhole and describe it with geometric

formalism. The underlying reality—high A across high p—is identical.

5.2.6 Ordering (t) — Time and Causality

The ordering constraint T measures asymmetric structure—the degree to which orderings can be distinguished
from their reversals.

Correspondence: T maps to temporal structure and causal ordering. High t corresponds to strong time

directionality; low 1 to near-reversibility.

Section 4's Development: This mapping was the subject of Section 4. Time emerges from T; causality emerges
from asymmetric constraint. The correspondence here is not a mapping to an independent physical quantity but

the identification of time itself as emergent from constraint geometry.

The Arrow of Time: The thermodynamic arrow—the direction of entropy increase—aligns with the gradient of
®, which defines the direction of 1. The "flow" of time is not motion through a temporal dimension but the

structure of configurations with non-zero 1 oriented by the potential landscape.



5.2.7 Constraint Coupling: Why Gravity?

The five constraints are conceptually independent but geometrically coupled. The metric g {ij} and Hessian
H {ij} of constraint space generally have off-diagonal components, meaning changes in one constraint affect

others.
Of particular significance is the B-p coupling:

p concentrations create f gradients. High p (energy-momentum density) in a region provides the capacity to
maintain sharper boundary structure. The constraint field can sustain steeper  gradients where p is

concentrated.

From the perspective of other features, this manifests as "attraction." Gradient flow in constraint space—the
tendency toward higher @ = In(€)/K)—Ileads toward regions of high p because those regions support richer
distinguishability structure. Features don't "feel a force"—they follow gradients, and gradients point toward

high-p regions.

This IS gravity. Not a force between objects in space, but a geometric relationship between constraints. The
curvature of B structure (what we call spacetime curvature) is sourced by p distribution (what we call stress-

energy). Einstein's field equations become a statement about constraint coupling:

Cyu(B) = 87C - Ty (p)

The left side describes B geometry; the right side describes p distribution. The coupling constant G characterizes

the strength of this B-p relationship—a geometric property of constraint space.

Gravity is not mysterious once we recognize it as the natural coupling between resource capacity (p) and spatial

structure (B). Mass curves spacetime because mass is concentrated p, and concentrated p supports curved f.

5.2.8 Summary of Mappings

Constraint Physical Correspondence Key Connection

B (Boundary) Spatial/metric structure Jacobson's thermodynamic derivation of GR

« (Pattern) Quantum coherence Barandes' indivisible processes, N = 2 regime

p (Resource) Energy-momentum Conservation from Q_total; charge as coupling sign; CPT
A (Integration) Entanglement, non-locality Bell correlations; monogamy; ER=EPR

T (Ordering) Time, causality Emergent from N > 3 asymmetry




These mappings are conjectural but motivated. Each connects a constraint derived from distinguishability
requirements to a fundamental physical concept. The mappings suggest that physics describes not arbitrary

structure but the specific structure required for robust distinguishability.

5.3 Physical Constants as Geometry

5.3.1 The Problem of Constants

Physics contains dimensionful constants (c, #, G, k_B) and dimensionless constants (o = 1/137, mass ratios,
mixing angles). The dimensionful constants can be absorbed into unit choices, but the dimensionless constants

are absolute—their values demand explanation.

Standard physics treats constants as empirical parameters. Our framework suggests they might be geometric

properties of constraint space—determined by the structure of distinguishability rather than arbitrary.

5.3.2 The Speed of Light (c)

Physical role: c is the maximum speed of causal influence, the conversion factor between space and time, the

invariant velocity in special relativity.

Framework interpretation: ¢ is the maximum rate at which 3 gradients can propagate through the constraint
field.

The constraint field has intrinsic update structure. When a configuration changes at one locus, the effect
propagates to neighboring loci through their correlation structure. This propagation has a maximum rate
determined by the field's geometry—specifically, the ratio of minimum distinguishable 3 separation to

minimum distinguishable t increment:

c = A/Bmm

ATmin
This is not a property of things moving through spacetime. It is a property of the constraint field itself—the
bandwidth of how fast constraint structure can update. Just as a crystal lattice has a maximum phonon velocity

determined by its structure, the constraint field has a maximum propagation rate determined by its geometry.

Why finite: The finiteness of ¢ reflects the discrete structure of the constraint field at fundamental scales. There
is no continuous infinitesimal—distinguishability has a grain size. Propagation cannot be infinitely fast because

it proceeds through distinguishable steps.

Why invariant: The invariance of c reflects the relational character of the framework. ¢ is a ratio of constraint-
space quantities, not a velocity relative to any external reference frame. All features, regardless of their

configuration, measure the same ¢ because ¢ characterizes the field they all inhabit.

5.3.3 Planck's Constant (/)



Physical role: 7 is the quantum of action, setting the scale at which quantum effects dominate, appearing in the

uncertainty principle AxAp > A/2.

Framework interpretation: 7 is the minimum distinguishability quantum—the smallest "grain" of the

constraint field.

The constraint field is not continuous but has minimum resolution. Two configurations closer than % (in
appropriate units) are not distinguishable—they represent the same relational structure. % sets the scale of this

discreteness.

Connection to N =2: At N = 2, configurations are maximally coherent (high ) and indivisible. The
indivisibility has a scale: the minimum structure that can constitute a distinguishable N = 2 configuration. This

scale is A.

5.3.4 The Gravitational Constant (G)

Physical role: G sets the strength of gravitational interaction, appearing in Newton's law F = GMm/r? and

Einstein's equation G_pv = 8tGT _pv.

Framework interpretation: G characterizes the coupling between p (energy-momentum) and [ (spatial

structure)—how resource distribution curves the boundary structure.

In Jacobson's thermodynamic derivation, G emerges from the entropy-area relationship for causal horizons. In
our framework, this becomes: G is determined by how Q (accessible states) scales with  (boundary/area)

structure. The geometric relationship between distinguishability and spatial structure fixes G.

5.3.5 The Fine Structure Constant (a = 1/137)

Physical role: o characterizes electromagnetic interaction strength, appearing in atomic structure, QED

corrections, and fundamental ratios.

Framework interpretation: o is the projection efficiency from 5D constraint space to the subspace engaged by

electromagnetic interactions.

Electromagnetic interactions engage primarily the  (boundary) and « (pattern) constraints—two of the five

dimensions. The strength of this interaction, relative to the full 5D structure, reflects the geometric embedding:

Vol(2D subspace)
Vol(5D space)

[0 e

The specific value 1/137 would emerge from the detailed geometry of constraint space—how the -k subspace

is embedded in the full 5D viable region.



Status: This is speculative. Deriving a = 1/137 from constraint geometry would be a major result, requiring
mathematical development we have not achieved. We note only that the framework suggests a should be
calculable, not arbitrary.

5.3.6 Boltzmann's Constant (k_B)

Physical role: kB converts between temperature and energy, appearing in S =k B In Q and the equipartition

theorem.

Framework interpretation: k B is the conversion factor between constraint-space geometry (@, Q) and

physical thermodynamics (S, T).

Section 3.2.7 established that at large N, ® = In(€2/K) connects to entropy. The constant k B makes this
connection quantitative—it sets the scale at which distinguishability count (Q2) translates to thermodynamic
entropy (S).

5.3.7 The Program

We do not claim to have derived these constants. We claim that the framework provides a program for deriving

them: identify the geometric features of constraint space that correspond to each constant, then calculate.
The program requires:

1. Precise mathematical characterization of constraint space geometry
2. Identification of which geometric quantities map to which constants

3. Calculation of those quantities from the structure of V

This is future work. The present contribution is the conceptual framework that makes such a program

conceivable.

5.4 Connections to Established Frameworks

5.4.1 Finster's Causal Fermion Systems

Felix Finster's Causal Fermion Systems (CFS) provides rigorous mathematical machinery for deriving

spacetime from more primitive structure. The parallels to our framework are striking:



Our Framework Causal Fermion Systems

Features in constraint space Operators on Hilbert space H

Coupling matrix M(A,B) Operator product xy and its eigenvalues
Viable region V Support of universal measure p

7 (ordering structure) Antisymmetric functional C(X,y)
Emergence of causality Causal structure from eigenvalue patterns
® optimization Causal action principle

The opportunity: CFS has 20+ years of mathematical development. If our framework maps onto CFS, we

inherit;

e Rigorous proofs that Lorentzian geometry emerges in appropriate limits
e Connection to Dirac equation and spinor structure
e Variational principles (causal action) analogous to our @ optimization

e Tools for handling non-smooth and discrete spacetime structures

The mapping task: Establishing the precise correspondence requires:

e Identifying constraint space with (a subspace of) CFS's Hilbert space structure
e Showing our 5-vector configurations correspond to CFS operators
e Demonstrating our coupling matrices correspond to CFS operator products

e Proving our @ = In(€2/K) relates to CFS's causal action

This is technical work for future development, but the structural parallels suggest it is achievable.

5.4.2 Barandes' Indivisible Stochastic Processes

Jacob Barandes reinterprets quantum mechanics without wavefunctions, using "indivisible" stochastic processes

—transitions that cannot be factored through intermediate states.

Key parallels:



Our Framework Barandes' Framework

N = 2 configurations Indivisible processes

N > 3 configurations Divisible processes

High « (non-factorizable) Quantum coherence

Low « (factorizable) Classical behavior
Emergence of classicality with N Decoherence as divisibility

k and indivisibility: The connection is precise. Barandes defines indivisibility as: transition matrices I'(t<—to)
that cannot factor as I'(t«—t')-I'(t'«—to) for intermediate t'. In our framework, k measures exactly this non-

factorizability in constraint space.

At N = 2, there are no intermediate loci—the A-B correlation cannot factor through C because C doesn't exist. K
is necessarily maximal. As N increases and intermediate loci appear, factorization becomes possible, K can

decrease, and classical (divisible) behavior emerges.

The advantage: Barandes' framework doesn't assume wavefunctions as fundamental—it derives quantum
behavior from stochastic structure. This aligns with our relational ontology: wavefunctions are not things but

descriptions of correlation patterns in constraint space.
Future integration: A synthesis would:

e Identify our constraint configurations with Barandes' stochastic states
¢ Show our N-dependence corresponds to his divisibility structure

e Derive quantum formalism from constraint geometry rather than assuming it

5.4.3 Jacobson's Thermodynamic Spacetime

Ted Jacobson's 1995 derivation showed that Einstein's field equations follow from thermodynamic consistency

—requiring 6Q = TdS across local causal horizons implies G_pv = 8nGT pv.

The connection: Our framework is fundamentally thermodynamic. ® = In(€2/K) is an entropy-like quantity;

gradient flow is entropy-increasing evolution; the viable region V is defined by thermodynamic-like bounds.

Jacobson's result suggests that general relativity is not fundamental but emergent from thermodynamics. Our

framework suggests thermodynamics itself emerges from distinguishability geometry. The chain is:

Distinguishability (axiom) — Constraints — ® geometry — Thermodynamics — General Relativity



If this chain can be made rigorous, gravity is derivative—not a fundamental force but a consequence of the
geometry of distinguishability.

N-dependence of Jacobson: Jacobson's derivation assumes continuous horizons with well-defined area. In our
framework, this is the large-N limit where B structure becomes smooth and 1 structure supports continuous
causal ordering. At small N (quantum gravity regime), horizons are discrete, area is quantized, and Jacobson's
derivation requires corrections. The framework predicts these corrections should scale as 1/N.

5.4.4 Gorard's Functorial Irreducibility

Jonathan Gorard has developed a categorical perspective on computational irreducibility, showing that

irreducibility corresponds to functoriality of composition maps.

The parallel: Our N =2 — N > 3 transition is an irreducibility transition. At N = 2, structure is decomposable

(reducible). At N > 3, structure is irreducible—it cannot be factored into simpler components.

Gorard's framework provides categorical language for this transition: the failure of simultaneous diagonalization

at N > 3 is the failure of a functor to preserve composition. This categorical perspective could provide:

e Rigorous formalization of our irreducibility claims
e Connection to computational complexity theory

e Tools for analyzing multi-scale emergence

5.5 Quantum Mechanics in the Framework

5.5.1 The Quantum Regime

Quantum mechanics describes the N = 2 regime (and small-N perturbations thereof) embedded within larger

structures.
Characteristics of quantum behavior in our framework:

e High k: non-factorizable correlations
e Indivisibility: no intermediate features to factor through
e Superposition: multiple configurations coexisting without definite B (spatial) structure

e Entanglement: high A correlations spanning features

The measurement problem: "Measurement" is the transition from small-N (quantum) to large-N (classical)
description. When a quantum system interacts with an apparatus (many degrees of freedom), N increases, K
decreases (decoherence), and definite outcomes emerge. This is not "collapse" imposed from outside but

geometric transition within constraint space.



5.5.2 The Classical Limit

Classical physics describes the large-N limit where:
e «is low (factorizable, decoherent)
e 1is well-defined (clear temporal ordering)

e [ structure is stable (definite spatial configuration)

e Thermodynamic behavior emerges

The transition from quantum to classical is not mysterious—it is the transition from small-N to large-N in

constraint space, with corresponding changes in which constraints dominate.

5.5.3 The Wavefunction

In standard quantum mechanics, the wavefunction y is fundamental. In our framework, it is not.

Status of y: The wavefunction is a description of correlation structure in the k and A constraints for small-N

configurations. It encodes:

e Which patterns are coherently superposed (k structure)

e How features are correlated (A structure)

The wavefunction is useful mathematics for the N = 2 regime but not ontologically fundamental. What exists is

relational structure in constraint space; y is how we describe that structure when x and A dominate.

Alignment with Barandes: This view aligns with Barandes' wavefunction-free interpretation. Quantum

mechanics is about stochastic/correlation structure, not about a fundamental object called "the wavefunction."

5.6 Spacetime in the Framework

5.6.1 Spacetime as Emergent
Spacetime is not fundamental. It emerges from constraint geometry:

e Space: The B (boundary) structure, characterizing how features are distinguished spatially

e Time: The t (ordering) structure, characterizing asymmetric ordering at N > 3

A "point in spacetime" is not a primitive location but a feature in constraint space with definite § and t values.
The metric structure of spacetime encodes the geometry of B across configurations. The causal structure

encodes 1 relationships.



5.6.2 Why 3+1 Dimensions?

Our constraint space is 5-dimensional. Why does emergent spacetime appear to have 3 spatial + 1 temporal

dimensions?
Conjecture: The 3+1 structure maximizes (/K for local interactions at large N.
Consider:

e Fewer spatial dimensions (1+1 or 2+1): Insufficient B structure for complex pattern formation; Q limited
e More spatial dimensions (4+1 or higher): K (complexity) grows faster than Q; inefficient

e 3+1: Optimal balance for accessible states per unit complexity

This conjecture requires proof. The argument would show that 3+1 dimensional spacetime is not arbitrary but

selected by the same ® optimization that organizes all of constraint space.

5.6.3 Gravity as Geometry

General relativity describes gravity as spacetime curvature. In our framework:

Gravity is p-structure dynamics. The distribution of p (energy-momentum) determines how 3 (spatial
structure) curves. This is not an interaction between objects in space but a relationship between constraints: p

sources [ curvature.

Einstein's equations become constraint relationships:

G,LLV(IB) = 8nG - T/W(p)

The left side describes  geometry; the right side describes p distribution. G is the coupling constant between

them—a geometric property of constraint space.

5.7 What the Framework Offers Physics

5.7.1 Conceptual Unification

The framework offers a unified conceptual foundation:

¢ Quantum mechanics and general relativity emerge from the same constraint geometry
e Quantum (N =2) and classical (large N) are regimes of one structure
e Space, time, and matter are aspects of distinguishability

o Constants are geometric properties, not arbitrary parameters



5.7.2 Dissolving Mysteries

Several foundational puzzles dissolve:

The measurement problem: Not a collapse but an N-transition. Quantum superposition (N = 2) becomes

classical definiteness (large N) through interaction, not through mysterious "observation."

Non-locality: Not action at a distance but A-correlation that appears non-local when projected onto f.

Entanglement is real but doesn't violate locality because locality is a B-property and entanglement is a A-

property.

The arrow of time: Not imposed but emergent. Time direction is gradient direction in constraint space; the

arrow exists because ® has structure, not because the universe was set up specially.

The unreasonable effectiveness of mathematics: Mathematics describes structure; constraint space IS
structure. Mathematics works because both mathematics and physics describe the geometry of
distinguishability.

5.7.3 Novel Predictions

The framework suggests predictions beyond standard physics:

Mesoscopic gravity fluctuations: At intermediate N (neither quantum nor classical limit), the metric should
show stochastic fluctuations—"quantum gravity" not as a new force but as finite-N noise in the thermodynamic

average.

Constraint correlations: The five constraints should show specific correlation patterns across physical
systems. These can be tested against the cellular automata and Game of Life data that motivated the framework

empirically.

Constant relationships: If constants are geometric, they should satisfy relationships derivable from constraint-

space geometry. Discovering such relationships would confirm the framework.

CPT as geometric necessity: The framework predicts CPT conservation follows from /K sign-independence
—a testable structural claim about the deepest symmetries.
5.7.4 Limitations

We must be clear about what has not been achieved:

e No rigorous derivation of physical equations from the axiom
e No calculation of specific constants from constraint geometry
e No proof that the mapping to physics is unique or correct

e No experimental test that specifically confirms the framework over alternatives



The framework is a program, not a completed theory. It provides conceptual structure and suggests directions;

the mathematical and empirical work remains.

5.8 Summary

The bridge from philosophical framework to physics involves:
1. Constraint-to-physics mappings:  — spatial structure, k — quantum coherence, p — energy-
momentum, A — entanglement, T — time/causality

2. Constants as geometry: c, /1, G, a, k_B as geometric properties of constraint space, not arbitrary

parameters

3. Established framework connections: Finster (CFS), Barandes (indivisible processes), Jacobson

(thermodynamic gravity), Gorard (functorial irreducibility) all embody parallel structures

4. Quantum mechanics: The N = 2 regime; high « and A; indivisible; wavefunction as description, not

fundamental
5. Spacetime: Emergent from 3 and t; 3+1 dimensions possibly optimal; gravity as f-p coupling
6. Symmetry: CPT conservation from Q/K sign-independence; charge as p gradient coupling orientation

7. Unification: Single framework yields both quantum and relativistic regimes; mysteries dissolve;

predictions emerge

The framework does not replace physics but re-grounds it. Physical structure is not arbitrary but necessary—the
geometry of distinguishability that the axiom requires. Section 6 will address open questions, implications, and

directions for future development.



