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Supporting Information Section 6: Framework Comparisons and Critical
Discussion

S16.1 Overview

This section addresses the relationship between the present framework and existing approaches in physics and
philosophy. The goal is clarity about what is shared, what differs, and what is claimed as novel. We also address

anticipated criticisms directly and document what has been achieved.
Organization:

e SI6.2: Definitions and notation (preventing confusion with similar quantities)

S16.3: Comparison to Hamiltonian phase space

e SI6.4: Comparison to information-theoretic free energies
e SI6.5: Comparison to emergent spacetime programs

e SI6.6: The Uemov inversion as methodological choice

e SI6.7: What is and is not claimed as novel

e SI6.8: Achieved derivations (constants, thermodynamics)
e SI6.9: Anticipated criticisms and responses

e SI6.10: Summary and status

SI6.2 Definitions and Notation

To prevent confusion with similar quantities in other frameworks, we state explicitly what the central terms
mean in this paper.

SI6.2.1 Q (Relational Richness)

At a locus C in constraint space, (C) measures the richness of distinguishability structure the field supports
there—how many configurations are distinguishable from C. High QO means the locus participates in extensive

relational structure. Low Q means the locus is relationally impoverished.

This is a geometric property of the field at that locus, analogous to how curvature is a geometric property of a
manifold at a point. No observer is required to define Q; it characterizes what the relational structure supports

there.

SI6.2.2 K (Pattern Specificity)

At a locus C, K(C) measures how specific or constrained the field pattern is—the complexity of specifying that

configuration. High K means the pattern is elaborate, finely tuned, or sharply defined. Low K means the pattern



is simple, generic, or broadly defined.

K is analogous to algorithmic complexity but defined geometrically rather than computationally. It is a field

property, not an observer's description length.

SI6.2.3 @ (Efficiency Potential)

The efficiency potential ® = In(€2/K) characterizes how much relational richness the field achieves relative to

pattern specificity. It is derived from the axiom and structural requirements (Section 3), not postulated.

S16.2.4 Notation Distinctions

These definitions differ from observer-dependent quantities that appear in some physical frameworks:

This Paper NOT to be confused with

Q (relational richness) Q accessible (observer-accessible microstates)

K (pattern specificity) K(S_observed) (Kolmogorov complexity of observations)
@ (efficiency potential) F (Helmbholtz free energy), F (variational free energy)

The quantities in this paper are field-intrinsic. Observer-dependent versions may emerge when observers exist

(N > 3, large N), but that relationship is derived, not assumed.

S16.3 Comparison to Hamiltonian Phase Space

S16.3.1 Structural Similarities

The constraint space is a configuration space with gradient dynamics. Systems follow V® through this space.
This resembles Hamiltonian mechanics, where systems evolve through phase space according to Hamilton's

equations.

S16.3.2 Key Differences

1. Derivation vs. Postulation

Hamiltonian mechanics takes phase space (positions q and conjugate momenta p) as given. The symplectic
structure ® = dp A dq is assumed. Our constraint space is derived from what distinguishability requires. The five
dimensions emerge from categorical exhaustion of what robust distinction needs; they are not chosen for

convenience.
2. No Conjugate Momenta

Phase space has 2n dimensions for n degrees of freedom (positions and momenta). Constraint space has five

dimensions regardless of system complexity. There are no conjugate pairs in the Hamiltonian sense; the



constraints are conceptually independent categories (though geometrically coupled through the monogamy

constraint).
3. Gradient Flow vs. Symplectic Flow

Hamiltonian dynamics preserves the symplectic form—it is conservative. Our dynamics follow gradient flow on
®, which is dissipative. The viable region has boundaries where constraint failure occurs—there is no analog in

standard phase space where all points are in principle accessible.
4. N-Dependence

Hamiltonian mechanics has time as a parameter from the start. Our framework has N-dependence: at N = 2,
temporal structure is absent (T = 0 necessarily); at N > 3, temporal ordering emerges from irreducible geometric
structure (non-simultaneous-diagonalizability of coupling matrices). This distinction has no Hamiltonian

analog.
5. Boundary Structure

In phase space, all points are in principle accessible. In constraint space, the viable region V is bounded.
Boundaries (C_i — 0 or C_i — 1) represent constraint failure, which violates the conditions for
distinguishability derived from the axiom. The inner boundary (approaching nothing) cannot be reached—this

IS the Third Law of thermodynamics.

S16.3.3 Summary

Constraint space shares the mathematical form of a configuration space with gradient dynamics. It differs in
derivation (from axiom rather than assumption), structure (no symplectic form, no conjugate momenta, bounded

viable region), and interpretation (N-dependent emergence of temporal structure).

S16.4 Comparison to Information-Theoretic Free Energies

S16.4.1 Structural Similarities

The efficiency potential ® = In(Q2/K) = In Q — In K has the form of a difference between two logarithmic

quantities. This resembles:

e Helmholtz free energy: F =E — TS, or F/kT=E/KT — S
e Variational free energy: F = D KL [q||p] + complexity terms

e Various "accuracy minus complexity" trade-offs in information theory

S16.4.2 Key Differences

1. Q Is Not "Accessible States' in the Observer Sense

In statistical mechanics, Q typically counts microstates accessible to a system as determined by macroscopic

constraints. This is observer-relative—different observers with different measurement capabilities see different



Q.

Our Q is relational richness: how much distinguishability structure the field supports at a locus. It is a geometric
property of the relational field, defined without reference to observers. At N > 3 with observers present, field-Q

may manifest as accessible-states-Q2, but this relationship is derived rather than assumed.
2. K Is Not Description Length

Kolmogorov complexity K(x) is the length of the shortest program that produces x. It is defined relative to a

universal Turing machine and is fundamentally about description.

Our K is pattern specificity: how constrained or particular the field configuration is. It is analogous to
algorithmic complexity but defined geometrically—a property of the field pattern itself, not of any description
of it.

3. Derivation from Axiom

Information-theoretic free energies are typically postulated as objective functions or derived from probabilistic
inference requirements. Our @ is derived from the axiom (®N — —N) and structural requirements on any
measure of distinguishability (Section 3). The ratio form and logarithm are forced by additivity and scale-

invariance requirements, not chosen.
4. No Temperature (Fundamentally)

Thermodynamic free energy F = E — TS requires temperature T. Variational free energy in the Free Energy
Principle requires a generative model with defined probabilities. Our @ has no temperature parameter at the

fundamental level.

However, temperature emerges at large N as T = (0®/0E)™", connecting to thermodynamic structure. This

emergence is derived (see SI_Section5 Thermodynamic Foundations), not assumed.

S16.4.3 Summary

® shares the mathematical form of free-energy-like quantities. It differs in the interpretation of components
(field-intrinsic vs. observer-relative), derivation (from axiom vs. postulated), and scope (pre-statistical at small

N, thermodynamic at large N).

S16.5 Comparison to Emergent Spacetime Programs
S16.5.1 The Programs
Several research programs derive spacetime or gravitational structure from more fundamental principles:

e Jacobson (1995): Einstein's equations from thermodynamic consistency across local horizons
e Verlinde (2011): Gravity as entropic force

¢ Finster (2016): Spacetime from causal fermion systems



¢ Padmanabhan (2010): Gravity from spacetime thermodynamics

e Barandes (2023): Quantum mechanics from indivisible stochastic processes

S16.5.2 Shared Commitment

All these programs, including ours, reject spacetime as fundamental. Structure that appears geometric or
gravitational emerges from something deeper.

SI6.5.3 Key Difference: The Starting Point

These programs begin with physical concepts: horizons, entropy, temperature, operators on Hilbert space,

stochastic processes. They derive geometric structure from physical assumptions.

Our framework begins earlier—from modal logic. The axiom &N — —N is not a physical claim but a logical
one. The constraint structure, and eventually geometric structure, emerges from what distinguishability requires

given the impossibility of nothingness.
This is a difference in foundational ambition:

e Jacobson shows that thermodynamic consistency implies Einstein's equations; he does not derive

thermodynamics
¢ Finster shows that CFS structure implies Lorentzian geometry; he does not derive CFS

e We attempt to ground the entire chain in logical necessity

S16.5.4 The Correspondence Structure

Supporting Information Section 5 develops detailed correspondences showing how structures from these

programs appear within ours:

Framework Key Structure Framework Equivalent

Jacobson Horizon, 8Q = TdS Correlation boundary, flux-capacity relation
Finster Causal action principle @ optimization

Barandes Indivisibility scale Monogamy constraint at N > 3

Gorard Functorial irreducibility Trivector structure

These correspondences are structural, not proofs of equivalence. The claim is that our framework provides a

unified setting in which these approaches appear as different aspects or limits.

S16.5.5 The Jacobson Connection (Developed)

SI Section5_Bridge Jacobson and SI_Section5 Thermodynamic_Foundations develop the Jacobson

correspondence in detail:



What's established:

e All four thermodynamic laws derived from the axiom

e Horizons reinterpreted as correlation boundaries (where A AX = 0)
e Area as correlation count, not geometric surface area

e Temperature as T = (OE/0®)_horizon

e The path: Axiom — Thermodynamics — Horizon consistency — Einstein equations (Jacobson)

What remains:

¢ Rigorous derivation of Einstein's equations from the framework (currently a correspondence, not a proof)

S16.6 The Uemov Inversion as Methodological Choice

S16.6.1 The Standard Ontology

Standard physics adopts: Things — Properties — Relations. Entities exist, possess properties, and enter into
relations with other entities.

S16.6.2 The Inverted Ontology

Uemov (1963) observed that among things, properties, and relations, any can be taken as ontologically

primitive. This framework explores: Relations — Properties — Things.

Taking relations as primitive means the relational structure comes first. What we call "things" are stable patterns
in that structure—topologically protected configurations where relations meet. Properties are how patterns

participate in relations.

S16.6.3 Why This Choice?

The Uemov inversion is not claimed as uniquely correct. It is a methodological choice with consequences:
1. The five constraints emerge from what distinguishability requires—they are not degrees of freedom
chosen for a system but conditions on robust distinction

2. The N-dependence structure (decomposable at N = 2, irreducible at N > 3) falls out of relational

geometry without special assumptions

3. The efficiency potential ® = In(€2/K) is derived from structural requirements, not postulated as an

optimization target
4. Time emerges from relational structure rather than being assumed as a parameter

5. Physical constants emerge as geometric properties of the constraint field, not as free parameters



S16.6.4 The HMM Analogy

The result is structurally similar to a Hidden Markov Model: configurations (hidden states), emissions (what

manifests), inference (how patterns are characterized).

The difference is interpretive. Under the standard ontology, an HMM models something more fundamental—the
hidden things with their properties. Under the Uemov inversion, the relational structure IS fundamental. The

HMM-like structure is how relations manifest to embedded relata, not a model of something beneath.

Whether these results justify the methodological choice is for the reader to assess. The framework demonstrates

what follows from taking relations as primitive.

S16.7 What Is and Is Not Claimed as Novel

S16.7.1 Claimed as Novel

1. The derivation chain from axiom to physics. The logical path N — —N — distinguishability — five

constraints — ® geometry — physical correspondences is, to our knowledge, original.

2. The specific five-constraint structure. While constraints are ubiquitous in physics, the identification of
boundary, pattern, resource, integration, and ordering as the minimal complete set for robust

distinguishability—validated through categorical exhaustion, knockout analysis, and PCA—is new.

3. The N =2 to N > 3 transition as structural threshold. The claim that temporal ordering and irreducible
structure emerge specifically at N > 3 from non-simultaneous-diagonalizability of coupling matrices
provides a geometric account of a fundamental transition. This corresponds to Barandes' distinction

between divisible and indivisible stochastic processes.

4. The Q/K dual structure across frameworks. The demonstration that four independent frameworks
(Finster, Barandes, Jacobson, Gorard) all exhibit Q-like and K-like components whose ratio or difference

drives dynamics is novel synthetic work.

5. Fundamental constants from constraint geometry. The derivation of o = 1/137.036 (1 ppm) and

sin?0_ W =0.2311 (0.03%) from monogamy polytope structure is new.

6. Thermodynamic laws from the axiom. The derivation of all four thermodynamic laws, with the Third

Law identified as the axiom itself expressed thermodynamically, is new.

S16.7.2 Not Claimed as Novel

1. Gradient flows. Dynamics following potential gradients are standard throughout physics.

2. Configuration spaces. Working with configuration manifolds is routine in mechanics and

thermodynamics.

3. Emergent spacetime. The idea that spacetime is not fundamental has a substantial literature.



4. Information-theoretic approaches to physics. Connections between entropy, information, and physical

law are well established.

5. Relational ontology. The philosophical position that relations are fundamental has precedents in Leibniz,

Russell, Rovelli, and others.

6. Clifford algebra in physics. The use of geometric algebra is well-established.

The claim is not that the components are new, but that their specific combination and derivation from the axiom
yields novel structure and results.

S16.8 Achieved Derivations

This section documents what has been derived, with appropriate precision about status.

S16.8.1 Fundamental Constants

The Fine Structure Constant (Derived):

a = \/g = 1
24n2 +,/7/30  137.036

e Agreement with experiment: 1 part per million

e Components: V3 (N=3 triangle), (27)? (two U(1) phases), 3! (permutation), V(7/30) (monogamy

correction)

e Derivation in SI Fundamental Constants Derivations

The Weinberg Angle (Derived):

49
1 2 = -_-_— .
sin” Oy = 519 0.2311

e Agreement with experiment (0.23121): 0.03%
¢ Components: V=5 vertices, y=2 Euler characteristic, 30 = 5 x 3!

e Derivation in SI_Fundamental Constants Derivations

Speed of Light and Planck Constant (Explained):

e ¢ =1 in natural units follows from metric isotropy (g =g 1)
e /=1 follows from minimum phase space cell structure

e Sl values are unit conversion factors, not derived numbers



Not Yet Derived:
¢ Particle mass ratios (m_e/m_p)
e QGravitational coupling (hierarchy problem)

e Strong coupling constant

e Complete theory of running with energy scale

S16.8.2 Thermodynamic Laws

All four laws derived from the axiom (SI_Section5 Thermodynamic_Foundations):

Law Framework Origin

Zeroth (Equilibrium transitivity) Smoothness of ® on viable region

First (Energy conservation) Symplectic structure, 1-translation symmetry
Second (Entropy increase) Exponential measure on configuration space;
Third (Unattainability of T=0) Cannot reach 0V-; THE AXIOM ITSELF

S16.8.3 Structural Results

Categorical Exhaustion (Established):

The five constraints partition all requirements for robust distinguishability. No sixth independent category

exists. (SI_Section2_Categorical Exhaustion)
N-Dependence (Established):
e N =2: Decomposable, symmetric, T = 0 necessarily

e N > 3: Irreducible, circulation emerges, temporal ordering possible

e Transition is geometric (non-simultaneous-diagonalizability)

Monogamy Polytope (Established):

e V=5 vertices, E =9 edges, F =6 faces, y =2

e Same structure appears as: correlation monogamy, Chapman-Kolmogorov failure, causal action bounds,

entropy subadditivity



S16.8.4 Correspondences (Structural, Not Rigorous)

Correspondence Status

Jacobson (thermodynamics — Einstein) Reformulated relationally; derivation incomplete
Finster (CFS — spacetime) Structural parallel identified; equivalence unproven
Barandes (indivisibility) N-dependence corresponds; formal mapping incomplete
Gorard (irreducibility) Trivector structure parallels; details incomplete

S16.9 Anticipated Criticisms and Responses

Criticism 1: "The axiom is trivial and nothing follows from it."

Response: The axiom &N — —N is indeed simple—almost tautological. The claim is not that the axiom is
profound but that its consequences are substantial. Distinguishability must exist (else something collapses to
nothing); distinguishability requires relational structure; relational structure requires constraints; constraints

create geometry; geometry yields time, thermodynamics, constants.

Each step is modest; the cumulative result is not. Whether the derivation chain is valid is a substantive question.
But "trivial axiom" does not mean "trivial consequences."
Criticism 2: "The five constraints are chosen, not derived."

Response: The constraints are derived from what robust distinguishability requires (Section 2,

SI Section2_Categorical Exhaustion). The validation is:

¢ Conceptual: Categorical exhaustion argument showing five categories are necessary and sufficient

o Computational: Knockout experiments showing system failure (6-12% survival) when any constraint is

disrupted

o Statistical: PCA showing five independent dimensions capture >95% of variance across 256 cellular

automata and 47 Game of Life patterns

The derivation may be challenged, but the constraints are not arbitrary choices.
Criticism 3: "® = In(Q/K) is just free energy with different notation."
Response: The structural similarity is acknowledged (Section S16.4). The differences are:

1. Qand K are field-intrinsic, not observer-dependent

2. The form is derived from structural requirements, not postulated



3. No temperature or probabilistic structure at the fundamental level

4. Temperature emerges at large N rather than being assumed

Whether these differences matter depends on what one wants from a foundational framework.

Criticism 4: "The framework is not falsifiable."

Response: The framework makes structural predictions:

Five constraints are necessary and sufficient (tested via knockout)

Systems cluster in constraint space by complexity class (tested via CA/GoL analysis)

The N = 2 regime lacks temporal structure; N > 3 exhibits it

0 =1/137.036, sin?0 W = 0.2311 (testable against experiment—and confirmed)

The deeper physical correspondences (to spacetime, quantum mechanics) are more speculative and may not be
testable with current technology. This is acknowledged as limitation.
Criticism 5: "The constant derivations might be numerology."

Response: This is a legitimate concern. The derivations would be numerology if:

¢ The components were chosen post-hoc to match experiment

e The structure could accommodate any value with different choices

Neither is the case:
¢ The components (3, 2x, 3!, 7, 30) each have independent geometric meaning derived before numerical
calculation
¢ The monogamy polytope has V=5, y=2 necessarily—these are not adjustable parameters

e The framework predicts both o and sin’0_W from the same structure

The strongest evidence against numerology is predictive: the same structure should yield other constants.
Particle masses and the strong coupling are tests. If these fail, the constant derivations may indeed be

coincidence.

Criticism 6: "The connection to physics is hand-wavy."

Response: The connections to Jacobson, Finster, Barandes, and Gorard are structural correspondences, not
rigorous derivations. We show that constraint geometry has the same form as structures in these frameworks.

We do not prove mathematical equivalence.

This is acknowledged as limitation. The correspondences are suggestive; establishing rigorous bridges is future

work. The thermodynamic laws and fundamental constants are derived, not merely corresponded.



Criticism 7: ""Why should constraint geometry be prior to spacetime?"

Response: This is the foundational question. The framework argues:

1. The axiom &N — —N is logically necessary (nothingness is incoherent)

2. From the axiom, distinguishability structure follows

3. From distinguishability, constraint geometry follows

4. Spacetime is how constraint geometry appears at large N

The alternative—that spacetime is fundamental and unexplained—Ileaves the existence and structure of

spacetime as brute facts. The framework attempts to ground them in logical necessity.

Whether this attempt succeeds is for the reader to judge.

S16.10 Summary and Status

S16.10.1 What the Framework Claims

The framework claims to derive physical structure from the modal-logical impossibility of nothingness. The

derivation chain is:

ON — -N — Distinguishability — Five Constraints

S16.10.2 What Has Been Achieved

Achievement Status

~ & =1In(Q/K)

Documentation

Five constraints identified Established Section 2, SI Section 2

Categorical exhaustion proof Established SI Section2 Categorical Exhaustion
Efficiency potential derived Established Section 3, SI Section 3

N-dependence structure Established Section 4, SI_Circulation_Proof

Time emergence at N > 3 Established Section 4, SI Section 4

Four thermodynamic laws Derived SI_Section5_Thermodynamic_Foundations

Fine structure constant o Derived (1 ppm)

SI_Fundamental Constants Derivations

Weinberg angle sin?0 W Derived (0.03%)

SI Fundamental Constants_Derivations

Jacobson correspondence Reformulated

SI_Section5_Bridge Jacobson

—  Phj



Achievement Status Documentation

Bridge to Barandes Structural SI Section5 Bridge Barandes
Bridge to Finster Structural SI Section5 Bridge CFS
Bridge to Gorard Structural SI Section5_ Bridge Gorard

S16.10.3 What Remains Open

Open Question Status Priority
Einstein equations from framework In progress High
Particle mass ratios Open High
Hierarchy problem Open High
Strong coupling constant Open Medium
Running constants (full theory) Exploratory Medium
Rigorous CFS equivalence Open Medium
Consciousness/experience Speculative Low
Cosmological implications Speculative Low

S16.10.4 The Character of the Framework

The framework is offered as an exploration of what follows from taking relations as primitive and existence as

necessary—not as a completed theory but as a program with specific results and acknowledged limitations.
The strongest results are:

¢ Derivation of two fundamental constants to high precision
e Derivation of all four thermodynamic laws from the axiom

e Identification of the N =2 — N > 3 transition as the structural threshold for temporal ordering

The weakest aspects are:

e The bridges to existing physics frameworks remain correspondences, not proofs
e Many physical quantities (masses, couplings) are not yet derived

e The claim that constraint geometry is prior to spacetime cannot be directly tested



Whether the program succeeds in grounding physics in logical necessity is a question for future work and

community evaluation.
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