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Abstract

We propose that the structure of physical reality follows from a single logical axiom: nothing

cannot exist (◇N → ¬N). This claim is not empirical but logical—absolute nothingness is self-

undermining, since considering it possible requires a conceptual framework, but any framework

is something rather than nothing. From this axiom, we derive that existence requires relation as

its minimum structure: a bare "something" with nothing to distinguish it from collapses into the

nothingness that cannot exist. Distinguishability is therefore fundamental, and

distinguishability is inherently relational.

We identify five necessary constraints for robust distinguishability: boundary (β), pattern (κ),

resource (ρ), integration (λ), and ordering structure (τ). These constraints define a five-

dimensional configuration space, naturally represented in the Clifford algebra Cl(5), with a

bounded viable region organised by a potential function Φ = ln(Ω/K)—the logarithm of

accessible states over descriptive complexity. This potential emerges not as an additional axiom

but as a consequence of the structure of distinguishability itself.

A central structural result concerns the emergence of time and causality. At N = 2, no ordering

structure is possible—the configuration is inherently symmetric. At N ≥ 3, three coupling

matrices cannot be simultaneously diagonalized, enabling irreducible circulation and chirality.

This geometric asymmetry is what we experience as temporal ordering; the thermodynamic

arrow emerges from constraint geometry without appeal to special initial conditions.

Beyond these structural results, concrete derivations have been achieved. Liouville's theorem

and Hamiltonian mechanics are derived from Ω conservation and the N = 2 decomposability of

the coupling matrix; the three-regime hierarchy (quantum, irreducible, thermodynamic) follows

from the same analysis. The Heisenberg uncertainty relation is derived from the geometric

impossibility of zero-area grade-2 bivectors in Cl(5)—the monogamy constraint on relational

capacity—via Carcassi and Aidala's entropy bound; monogamy of entanglement and the

uncertainty principle emerge as the same constraint at different descriptive levels. The fine

structure constant is derived as α = √3 / (24π² + √(7/30)) ≈ 1/137.036 (1 ppm agreement with

experiment) and the Weinberg angle as sin²θ_W ≈ 0.231, both without free parameters, from the

monogamy polytope geometry of the N = 3 structure. These results move the framework from

natural philosophy to a programme that has begun to deliver quantitative predictions.

The framework connects to established physics through structural parallels with Finster's

Causal Fermion Systems, Barandes' indivisible stochastic processes, Jacobson's thermodynamic

derivation of Einstein's equations, and the Assumptions of Physics programme of Carcassi and

Aidala. We conclude that existence is not a mystery requiring explanation but the resolution of



the paradox inherent in nothingness, and that the structure of physical law reflects the geometry

of what distinguishability requires.
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Section 1: The Axiom

1.1 The Question Reframed

"Why is there something rather than nothing?" This question, posed by Leibniz and echoed

through centuries of philosophy, is typically treated as the deepest of mysteries—perhaps

unanswerable, perhaps pointing toward transcendent explanation.

We propose a different approach: the question contains a false presupposition. It assumes that

nothingness is a coherent alternative to existence, a state that might have obtained but

mysteriously does not. We argue that absolute nothingness is not a coherent alternative. It is

logically impossible. The question is not "why something rather than nothing?" but "what must

existence be like, given that nothing cannot exist?"

1.2 The Axiom

We begin with a single axiom, expressed in modal logic:

In words: If absolute nothingness is possible, then absolute nothingness does not obtain.

Let us define terms precisely:

N = absolute nothingness: the complete absence of anything whatsoever—no objects, no

properties, no relations, no structure, no logic, no possibility, no framework of any kind.

◇N = it is possible that N obtains (using standard modal operator for possibility)

¬N = N does not obtain; absolute nothingness is not the case

"Obtain" = to be actualized, to be the case, to hold as a state of affairs. This philosophical term

avoids ambiguities in words like "exist" when discussing existence itself.

The axiom states that the mere possibility of absolute nothingness entails its non-actuality. This

is not a contingent claim about our universe but a logical necessity inherent in the concept of

nothingness itself.

1.3 The Proof

◇N → ¬N



We demonstrate the axiom through formal proof.

Definitions:

Let N = "absolute nothingness obtains"

Let F(x) = "x requires a conceptual framework to be considered"

Let E(F) = "a conceptual framework exists"

Axioms:

A1: F(N) — Absolute nothingness requires a conceptual framework to be considered as a

possibility

A2: ∀x[F(x) → E(F)] — If something requires a framework to be considered, that framework

exists (when the consideration occurs)

A3: E(F) → ¬N — If any framework exists, then absolute nothingness does not obtain

Proof:

1. F(N) — from A1

2. F(N) → E(F) — from A2, instantiation

3. E(F) — from 1, 2, modus ponens

4. E(F) → ¬N — from A3

5. ¬N — from 3, 4, modus ponens

6. ◇N → F(N) — Modal principle: to consider something possible requires a framework for

that consideration

7. ◇N → E(F) — from 6, 2, hypothetical syllogism

8. ◇N → ¬N — from 7, 4, hypothetical syllogism

Therefore: ◇N → ¬N ∎

The proof's key move occurs at step 6: to consider absolute nothingness as a possibility requires a

framework—conceptual structure, logical relations, the apparatus of possibility itself. But any

such framework is something, not nothing. The very act of entertaining nothingness as possible

already contradicts it.

1.4 The Contrapositive

The contrapositive of any implication P → Q is ¬Q → ¬P, and the two are logically equivalent. The

contrapositive of our axiom is:

N → ¬◇N



In words: If absolute nothingness obtains, then absolute nothingness is not possible.

This equivalent formulation has its own intuitive force: if there were truly nothing—absolutely

nothing—then there would be no possibility, no modal structure, no "could be otherwise."

Nothingness, if actual, would preclude even its own possibility.

Both formulations point to the same self-undermining character of absolute nothingness. The

concept cannot be coherently maintained.

1.5 The Self-Referential Character

What makes nothingness logically impossible is its self-referential incoherence. Most concepts

can be defined and considered without contradiction. We can coherently discuss unicorns (non-

existent but conceivable), square circles (impossible but definable as impossible), or empty sets

(containing nothing but existing as mathematical objects).

Absolute nothingness is different. It cannot be coherently considered because:

1. To consider it requires a framework of consideration

2. Any framework is something rather than nothing

3. Therefore, considering nothingness instantiates its opposite

This is not a limitation of human cognition or language. It is a feature of the concept itself.

Nothingness is essentially self-undermining—it belongs to the rare class of concepts that defeat

themselves in being conceived.

The empty set ∅ of mathematics is instructive here. The empty set contains no elements, yet the

empty set itself exists as a well-defined mathematical object with properties (it is a subset of

every set, it has cardinality zero, etc.). "Nothing" in the sense of an empty collection is coherent.

But absolute nothingness—the absence of even the framework that could define an empty set—

collapses under its own weight.

1.6 Temporal Independence

A crucial feature of this argument: we have not assumed time exists.

The impossibility of nothingness is logical, not temporal. We are not claiming "nothingness

existed and then something came to exist" or "nothingness could not persist through time." Such

claims would presuppose temporal structure.

Rather, we claim: in any framework capable of entertaining the question—which is to say, any

framework whatsoever—absolute nothingness is ruled out. The axiom is framework-

independent in this sense: every possible framework for reasoning already constitutes

something rather than nothing.



From "nothing cannot exist" it follows that "nothing cannot ever exist—"but the word "ever" here

does not presuppose time. It means: there is no possible framework, no possible state of affairs,

no possible consideration in which absolute nothingness obtains. The impossibility is

comprehensive precisely because it is logical rather than contingent on any particular structure

like time.

1.7 Existence as Resolution

The axiom reframes the status of existence itself.

Existence is not a mystery requiring explanation. It is not an inexplicable brute fact. It is not the

result of a creation event from prior nothingness. Rather, existence is the resolution of the

paradox inherent in nothingness.

There was never a "state of nothing" that gave rise to something—such a state is logically

impossible. Existence is necessary because its absence is self-contradictory. The question "why

is there something rather than nothing?" dissolves: there could not have been nothing.

This does not explain why existence has any particular character—why these physical laws, why

this universe, why anything specific. Those questions remain. But the bare fact of existence, that

something rather than nothing obtains, is not mysterious. It is logically required.

1.8 Between Impossible Extremes

If absolute nothingness is impossible, we might ask: what about its apparent opposite? Is

absolute everything possible—a state where all conceivable things exist simultaneously?

Absolute everything faces its own paradoxes:

Could mutually contradictory states coexist (both A and ¬A)?

Could logically incompatible objects exist together?

The "set of all sets" generates Russell's paradox

Just as nothingness is self-undermining, totality is self-contradicting. A state containing

"everything" would have to contain its own negation, contradictory properties, impossible

objects.

This suggests that actuality exists between two impossible extremes:

Neither absolute nothingness (the lower bound) nor absolute totality (the upper bound) can

obtain. What exists must lie in the bounded region between them—the domain of logically

consistent possibility.

0 < actuality < ∞



This observation will become central in Section 2, where we characterize the "viable region" of

configurations: bounded below (each constraint must be non-zero, or distinction fails and we

approach nothingness) and bounded above (each constraint must be non-maximal, or coherence

fails and we approach contradiction).

1.9 What Follows

From this single axiom—◇N → ¬N—we will derive the structure of existence.

Section 2 establishes that the minimum structure consistent with the axiom is relation.

Distinction requires something distinguished from something else; a bare "something" with

nothing to distinguish it from collapses into the nothingness that cannot exist. From this, we

derive the five constraints necessary for robust distinguishability, and characterize the geometry

of possible configurations.

Section 3 develops the dynamics: how configurations relate through gradient structure, how the

potential Φ = ln(Ω/K) organizes the space of possibilities.

Section 4 addresses the emergence of causality and time from configurations with sufficient

complexity—specifically, why temporal structure requires three or more relational features

while simpler configurations remain atemporal.

Section 5 examines implications for physical theory, noting parallels to existing formalisms

(particularly Finster's Causal Fermion Systems) that may provide mathematical machinery for

the framework.

Section 6 concludes with open questions, empirical implications, and directions for future

development.

The entire framework unfolds from unpacking what "nothing cannot exist" requires. We do not

add assumptions; we extract consequences. The axiom is the seed; the structure of existence is

what grows from it.

Section 2: From Nothingness to Structure

2.1 From the Axiom to Relation

Section 1 established that absolute nothingness cannot exist (◇N → ¬N). We now ask: what is the

minimum structure that existence requires?

Consider a bare "something" with nothing to distinguish it from anything else. Such a something

is indistinguishable from nothing—and nothing cannot exist. Therefore existence requires not

merely something, but distinction: something distinguished from something else.



Distinction is inherently relational. The statement "A is distinct" is incomplete; one must say "A is

distinct FROM B." The relation of distinguishability is the primitive, not the relata it connects.

This inverts the usual ontological order: rather than entities existing first and then entering into

relations, relation is the minimum structure required by the axiom.

We denote the count of distinguishable features as N. The axiom directly implies N ≥ 2. There is

no meaningful N = 1: a single feature with nothing to distinguish it from collapses into the

nothingness that cannot exist. The minimum configuration consistent with existence is a

relation—two features connected by their mutual distinguishability.

This is not a limitation but a foundation. The entire framework follows from recognizing that

"nothing cannot exist" is equivalent to "relation must exist."

2.2 Relata as Features, Not Primitives

What are the "two features" that the minimum relation connects?

We must be careful here. If we posit two primitive entities A and B that then enter into relation,

we have smuggled in unexplained existence—the very thing we seek to derive. Instead:

Relata are not primitive entities. They are stable features of relational structure itself.

Consider an analogy: a mountain is not an object placed upon Earth's surface; it is a feature OF

that surface—a pattern of elevation. Similarly, relata are not objects placed within some

container; they are patterns of distinguishability—features of the relational structure that the

axiom requires.

The "two features" of the minimum configuration are not pre-existing things that happen to be

related. They are the minimum differentiation required for distinguishability to exist at all. The

relation doesn't connect pre-existing relata; the relation and its relata co-emerge as the simplest

structure satisfying the axiom.

2.3 The Five Constraints

Distinguishability exists—the axiom requires it. But what does robust distinguishability require?

What aspects must be present for distinction to be stable, structured, and capable of supporting

further differentiation?

We identify five necessary constraints. Each addresses an irreducible aspect of what

distinguishability requires:

Cβ — Boundary (β)

For A to be distinguished from B, there must be demarcation—something that marks where the

region associated with A ends and that associated with B begins. Without boundary, A and B blur

into undifferentiated continuum. Distinction requires gradient: a change in relational properties

across the structure.



Operational definition: The magnitude of gradients in observable properties. No assumption

about "inside" versus "outside—"the measurement reveals boundaries rather than presupposing

them.

Failure mode: Cβ → 0 implies no gradient, no demarcation, no distinction. This approaches the

nothingness that cannot exist.

C₂ "" Pattern (κ)

For A to be distinguished from B, there must be some difference in structure. If A and B have

identical patterns, they are indistinguishable—and by Leibniz's principle of identity of

indiscernibles, they are not two things but one. Distinction requires difference.

Operational definition: The compressibility of sequences characterizing each feature. High

compressibility indicates regular, predictable pattern; low compressibility indicates irregular,

complex pattern. Pattern is what compression reveals, not what we presuppose.

Failure mode: C₂ → 0 implies no pattern difference, no basis for distinguishing A from B.

Distinction collapses.

Cρ "" Resource (ρ)

Distinction requires a substrate—something to BE configured differently. Pattern without

medium is abstract, not actual. For distinguishability to obtain (in the sense of Section 1), there

must be capacity for different configurations to be realized and sustained.

Operational definition: The density of state changes per unit of the configuration. This counts

activity without presupposing what resources are being allocated.

Failure mode: Cρ → 0 implies no capacity, no substrate for distinction to be realized. Existence

becomes merely formal, not actual—and formal-but-not-actual is another form of the

nothingness that cannot exist.

Cλ "" Integration (λ)

For A to be ONE thing distinguished from B, the aspects of A must cohere. Without integration, A

is not a unified feature but a scattering of independent fragments—and the distinction "A versus

B" dissolves into many smaller distinctions with no overall structure.

Operational definition: Correlation functions between regions. Where correlations extend, there

is integration. No assumption about what should be correlated—coherence reveals itself through

measurement.

Failure mode: Cλ → 0 implies no coherence, no unity, no stable feature to serve as a relatum. The

structure fragments below the threshold of robust distinguishability.

Cτ "" Ordering Structure (τ)



Distinction requires the capacity for asymmetry. If the structure characterizing A is perfectly

symmetric—every ordering indistinguishable from its reverse—then no directionality can be

defined, no sequencing is possible, and the configuration lacks the depth required for complex

relationality.

Operational definition: The degree of asymmetry in the configuration—how much orderings can

be distinguished from their reversals. High τ indicates strong asymmetry (chirality); low τ
indicates approximate symmetry.

Critical clarification: This is NOT temporal persistence. We have not introduced time; what we

call "time" emerges from configurations with sufficient ordering structure, as developed in

Section 4. Here, τ measures a geometric property: the capacity for asymmetric structure. A

configuration can have this capacity without any temporal interpretation.

Failure mode: τ → 0 implies perfect symmetry, no distinguishable orderings, no basis for

asymmetric structure. Section 4 will show that this has profound consequences for what

configurations can support.

2.4 Necessity and Sufficiency

Necessity: Each constraint addresses an irreducible aspect of distinguishability. Boundary

demarcates; pattern differentiates; resource instantiates; integration unifies; ordering enables

asymmetry. Remove any one, and distinction fails in a specific way.

This has been validated empirically through "knockout" analysis: systematically removing each

constraint dimension from predictive models of diverse systems (cellular automata, chemical

oscillators, biological networks) reduces predictive accuracy by more than 20% per constraint.

Sufficiency: Do we need a sixth constraint? A seventh?

Empirical analysis suggests not. Principal component analysis across diverse systems shows that

five dimensions capture more than 95% of behavioral variance. Additional dimensions provide

diminishing returns below measurable thresholds.

The deeper argument for sufficiency is structural. The constraints emerge from the requirements

of robust distinguishability: demarcation (Cβ), differentiation (C₂), instantiation (Cρ), unification

(Cλ), and asymmetry capacity (Cτ). These five exhaust the categories of what distinguishability

requires without redundancy.

We conjecture that this is not coincidental but reflects the geometry of optimization under the

axiom. Full formalization of this sufficiency argument remains for future work, but the empirical

and conceptual evidence converges on five as the necessary and sufficient count.

Note on constraint independence: The five constraints are conceptually independent—each

addresses a distinct aspect of distinguishability. However, their mathematical independence

varies with configurational complexity. At minimum configuration (N = 2), some constraints are



not fully separable. As N increases, the constraints become more independently variable. Section

4 develops this N-dependence in detail.

2.5 Representing Configurations

Each relational configuration—each possible pattern of distinguishability—can be characterized

by five values, one for each constraint:

This 5-vector represents a configuration. But we must be precise about what "represents" means.

The five values do not describe a location in a pre-existing 5-dimensional space. There is no

empty "constraint space" waiting to be filled with configurations. Rather:

Configurations exist. The 5-vector is our description of them.

The collection of all possible configurations can be represented geometrically as a region in ℝ⁵.

We call this representation "constraint space" as a convenient shorthand. But this geometric

representation is a tool for analysis, not a claim about fundamental ontology. What exists is

relational structure; constraint space is how we map that structure for mathematical tractability.

This parallels how we might represent colors as points in RGB space. Colors do not "live in" a 3D

box; the 3D representation captures the structure of color relationships. Similarly, configurations

do not live in constraint space; constraint space captures the structure of configurational

relationships.

2.6 The Bounded Viable Region

Not all mathematically possible 5-vectors represent viable configurations. The axiom constrains

what can exist:

Lower bounds: Each C_i → 0 implies failure of that constraint's contribution to distinguishability.

As established above, each failure mode approaches nothingness—which cannot exist.

Therefore each C_i must exceed some minimum threshold.

Upper bounds: Each C_i → maximum implies over-constraint. Perfect boundary (Cβ = max)

means total isolation—no relation possible. Perfect pattern (C₂ = max) means complete rigidity—

no variation possible. And so on. These extremes also fail to support robust relation.

This connects to Section 1's observation that actuality exists between impossible extremes.

Absolute nothingness (all C_i = 0) cannot obtain. Absolute totality (all C_i = max) generates

contradiction. Viable configurations occupy a bounded region:

C = (C ​,C ​,C ​,C ​,C ​)1 2 3 4 5

V = {C ∈ R :5 ϵ < C ​ <i 1 − ϵ for each i,  and consistency conditions hold}



The viable region 𝒱 is bounded, connected, and has finite measure. This boundedness has crucial

consequences:

Conservation of distinguishability: The total measure of distinguishability (which we denote

Ω_total) is finite. It cannot be zero—the axiom forbids nothingness. It cannot be infinite—the

viable region is bounded.

Distinguishability can redistribute: one region of the structure gaining while another loses. But

the total cannot change. This is not an additional axiom but a geometric consequence:

distinguishability cannot be created from nothing (nothing doesn't exist to create from) and

cannot be destroyed into nothing (nothing cannot be the destination).

2.7 Three Mathematical Objects

To analyze structure within constraint space, we employ three distinct mathematical objects:

1. Configuration (5-vector)

A configuration is a 5-vector representing the constraint values at a particular relational feature.

It answers: "What are the constraint values here?"

2. Curvature (5×5 Hessian matrix)

At each configuration, the potential Φ = ln(Ω/K) has local curvature characterized by its Hessian

matrix. This 5×5 symmetric matrix describes the local shape of the Ω/K landscape. Eigenvalues

indicate stability: positive eigenvalues indicate a local minimum (stable), negative indicate

maximum (unstable), mixed indicate saddle (metastable).

The Hessian answers: "What is the local geometry at this configuration?"

3. Coupling (5×5 matrix between configurations)

When two features A and B exist in relation, their coupling is characterized by a 5×5 matrix

M(A,B) describing how each constraint of A relates to each constraint of B. Diagonal elements

M_ii capture same-constraint distinguishability; off-diagonal elements M_ij capture cross-

constraint coupling.

C = (C ​,C ​,C ​,C ​,C ​)1 2 3 4 5

H ​ =ij ​

∂C ​∂C ​i j

∂ Φ2

M(A,B) ​ =ij distinguishability of C ​ from C ​i
A

j
B



The coupling matrix answers: "How do these two configurations relate to each other?"

These three objects play different roles:

The configuration locates a feature in constraint terms

The Hessian characterizes local structure at a feature

The coupling matrix characterizes relationship between features

2.8 Features and Their Coupling

Within the viable region, stable structures arise—local extrema of the Ω/K potential, regions

where gradient and curvature take characteristic forms. These stable structures are what we call

"relata" or "features."

At N = 2 (minimum configuration):

Two features A and B exist in relation. Each has its configuration (C^A, C^B), its local Hessian

(H^A, H^B), and they share a coupling matrix M(A,B).

A fundamental result from linear algebra: two symmetric matrices can generically be

simultaneously diagonalized. This means there exists a basis in which both H^A and H^B are

diagonal. The coupling between A and B can be decomposed into independent modes—

oscillations along each eigenvector that don't interact with oscillations along others.

The N = 2 configuration is, in a precise sense, decomposable. Whatever structure exists between

A and B can be analyzed into non-interacting components.

At N ≥ 3 (complex configuration):

Three or more features exist: A, B, C, ... Each has its Hessian, and each pair has its coupling

matrix: M(A,B), M(B,C), M(C,A), ...

A fundamental result: three or more symmetric matrices cannot generically be simultaneously

diagonalized. There is no basis in which all Hessians become diagonal simultaneously. The

system has irreducible structure—coupling that cannot be decomposed into independent

modes.

This irreducibility is not merely mathematical. It represents structure that exists in the three-

way (and higher) relationships that cannot be reduced to pairwise relationships.

2.9 Preview: The Emergence of Asymmetry

The distinction between N = 2 (decomposable) and N ≥ 3 (irreducible) has profound

consequences developed in Section 4. Here we preview the key point:

At N = 2, the gradient structure ∇Φ connects A to B. But A-to-B and B-to-A are symmetric—there

is no preferred direction. The structure is reversible in the sense that nothing distinguishes



"forward" from "backward" along the gradient.

At N ≥ 3, the gradient can circulate. Around a loop A → B → C → A, we can ask: is the integral ∮∇Φ ·

dl zero or non-zero?

If the three coupling matrices M(A,B), M(B,C), M(C,A) cannot be simultaneously diagonalized,

then generically the circulation is non-zero. There is an asymmetry—a preferred direction

around the loop.

This asymmetry, we will argue, is the origin of what we experience as causality and temporal

ordering. It emerges from the irreducible structure at N ≥ 3, not from any assumed temporal

dimension. Section 4 develops this argument in full, showing how the ordering constraint τ gains

non-trivial structure only when N ≥ 3.

2.10 Summary

From the axiom "nothing cannot exist," we have derived:

1. Relation as minimum structure: Distinguishability requires N ≥ 2 features in relation.

There is no meaningful N = 1.

2. Relata as features, not primitives: Relata are stable patterns of relational structure, not

entities placed within a container.

3. Five necessary constraints: Boundary, pattern, resource, integration, and ordering—each

addressing an irreducible requirement for robust distinction.

4. Bounded viable region: Configurations are bounded below (axiom forbids approach to

nothingness) and above (totality generates contradiction), giving finite total

distinguishability.

5. Conservation: Total distinguishability Ω_total is conserved, following from geometry

rather than additional axiom.

6. Three mathematical objects: Configuration (5-vector), Hessian (5×5 local curvature), and

coupling matrix (5×5 between features).

7. Decomposability at N = 2: Two features have structure that can be decomposed into

independent modes.

8. Irreducibility at N ≥ 3: Three or more features have structure that cannot be decomposed—

the origin of asymmetry.

The framework is now in place to address the emergence of causality and temporal structure

from irreducible N ≥ 3 configurations (Section 4) and the connection to physical formalism

(Section 5).



Section 3: The Geometry of Constraint Space

3.1 From Configurations to Geometry

Section 2 established that configurations can be represented as 5-vectors C = (Cβ, C₂, Cρ, Cλ, Cτ),

with viable configurations occupying a bounded region 𝒱. We now develop the geometric

structure of this representation.

Recall the caveat from Section 2.5: constraint space is not a pre-existing container but a

representational tool. What exists is relational structure; constraint space captures the pattern of

that structure. With this understanding, we can fruitfully employ geometric language to analyze

relationships between configurations.

The geometry has three aspects:

Metric structure: How "far apart" are two configurations?

Potential structure: What organizes and drives change between configurations?

Curvature structure: What is the local shape of the landscape?

These aspects are not independent. The potential determines the gradient; the gradient and

metric together determine geodesics; curvature characterizes how geodesics converge or

diverge. We develop each in turn, beginning with the potential—which requires careful

derivation from the axiom.

3.2 The Potential Function

3.2.1 The Need for a Measure

The axiom establishes that distinguishability must exist. But existence admits of degree: some

configurations support richer, more robust distinguishability than others. We need a measure—a

scalar quantity that characterizes "how much" distinguishability a configuration supports.

This measure must satisfy several requirements:

1. Grounded in distinguishability: The measure must derive from the relational structure

itself, not from externally imposed criteria.

2. Scalar: To define a landscape with gradients and critical points, we need a single number at

each configuration.

3. Bounded behavior: The measure should reflect the bounded viable region—approaching

extreme values at the boundaries where the axiom is threatened.

4. Compositional: For configurations that can be decomposed into independent parts, the

measure should combine appropriately.



We will show that these requirements uniquely determine the form of the potential.

3.2.2 Accessible States (Ω)

The first component of our measure counts distinguishable possibilities.

Definition: At a configuration C, let Ω(C) denote the measure of configurations distinguishable

from C—the "accessible states" from that configuration.

Interpretation: High Ω means the configuration participates in rich relational structure; many

other configurations can be distinguished from it. Low Ω means the configuration is relationally

impoverished; few distinctions are available.

Boundary behavior:

As C approaches the lower boundary (any Cᵢ → 0), distinguishability fails, so Ω → 0

As C approaches the upper boundary (any Cᵢ → max), the configuration becomes isolated or

rigid, effectively reducing Ω as well

Connection to entropy: For readers familiar with statistical mechanics, Ω plays the role of the

number of microstates. Boltzmann's formula S = k ln Ω defines entropy in terms of accessible

states. Our Ω generalizes this concept to constraint space: it measures relational accessibility

rather than physical microstates.

3.2.3 Descriptive Complexity (K)

The second component measures the cost of specification.

Definition: At a configuration C, let K(C) denote the complexity of specifying that configuration

—the information required to distinguish it from alternatives.

Interpretation: High K means the configuration requires elaborate specification; it is complex,

detailed, or finely tuned. Low K means the configuration is simple, generic, or easily specified.

Relation to Kolmogorov complexity: K is analogous to algorithmic complexity—the length of

the shortest description. A configuration with high K cannot be compressed; one with low K has

structure that admits efficient description.

Why K matters: A configuration might have high Ω (many accessible states) but require

enormous complexity to maintain. Such configurations are fragile—small perturbations disrupt

the delicate structure. Robust distinguishability requires not just high Ω but achievable Ω:

accessibility without excessive complexity cost.

3.2.4 The Ratio Ω/K

Why combine Ω and K as a ratio rather than a difference or product?



Against Ω - K: Subtraction mixes quantities with potentially different scales and units. What

does it mean to subtract complexity from state count? The result depends on arbitrary

normalizations.

Against Ω × K: Multiplication would favor configurations with both high Ω AND high K. But

high K means high complexity cost. We want efficient distinguishability—high Ω achieved with

low K, not high Ω requiring high K.

For Ω/K: The ratio captures efficiency:

High Ω/K: many accessible states per unit complexity—efficient distinguishability

Low Ω/K: few accessible states relative to complexity—inefficient, fragile, or impoverished

Dimensional consistency: Both Ω and K are dimensionless counts (or can be normalized as

such), so Ω/K is a pure ratio—independent of arbitrary scale choices.

The efficiency principle: Configurations with high Ω/K achieve robust distinguishability

efficiently. They satisfy the axiom's requirement (distinguishability exists) without unnecessary

complexity. This is not an aesthetic preference but a consequence of stability: configurations

with low Ω/K are either approaching nothingness (low Ω) or are fragile to perturbation (high K

with structure that easily degrades).

3.2.5 The Logarithmic Form

Why Φ = ln(Ω/K) rather than simply Φ = Ω/K?

Additivity requirement: Consider two independent configurations A and B that combine into a

composite configuration A+B. For independent systems:

Accessible states multiply: Ω(A+B) = Ω(A) × Ω(B)

Complexities add (approximately): K(A+B) ≈ K(A) + K(B)

For the potential to be extensive—additive over independent subsystems—we need:

This requires a logarithmic form:

Sign behavior: The logarithm also provides natural sign structure:

Φ > 0 when Ω > K (more accessibility than complexity)

Φ(A + B) = Φ(A) + Φ(B)

Φ = ln ​ =(
K

Ω ) ln Ω − lnK



Φ < 0 when Ω < K (complexity exceeds accessibility)

Φ → -∞ as Ω → 0 or K → ∞ (approaching boundaries)

Connection to information theory: In information-theoretic terms:

ln Ω measures the information capacity (how many bits of distinction are available)

ln K measures the information cost (how many bits required to specify the configuration)

Φ = ln Ω - ln K measures net information efficiency

3.2.6 The Potential as Consequence, Not Axiom

We can now see that Φ = ln(Ω/K) is not an additional axiom but a consequence of:

1. The axiom (distinguishability must exist) → need a measure of distinguishability

2. Relational grounding → measure based on accessible states and complexity

3. Efficiency principle → ratio Ω/K

4. Additivity requirement → logarithmic form

The potential emerges from the structure of distinguishability itself. It organizes constraint

space according to the axiom's requirements: configurations with high Φ robustly satisfy the

axiom; configurations with low Φ approach its violation.

3.2.7 Connection to Thermodynamics

At large N (many features), the potential connects to familiar thermodynamic quantities.

Entropy: For macroscopic systems, ln Ω corresponds to thermodynamic entropy S:

where k_B is Boltzmann's constant. High entropy means many accessible microstates.

Free energy: Thermodynamic free energy F combines energy E and entropy S:

Rearranging: 

The term E/T plays the role of ln K—the "cost" of maintaining the configuration against thermal

fluctuations.

The Second Law: The Second Law of thermodynamics states that entropy increases (or doesn't

decrease) in isolated systems. In our framework, this emerges as:

S = k ​ ln ΩB

F = E − TS

−F/T = S − E/T = k ​ ln Ω −B E/T



along paths parameterized by λ. Configurations evolve toward higher Φ—higher efficiency of

distinguishability.

A proposed principle: At large N, the dynamics reduces to:

Systems evolve to maximize Ω/K

This is not assumed but derived: configurations with low Ω/K are unstable (approaching axiom

violation), so persistent configurations necessarily have high Ω/K. What we observe as

"thermodynamic behavior" is the large-N manifestation of the geometry of distinguishability.

3.2.8 Summary of the Potential

The potential Φ = ln(Ω/K) is:

Derived from the axiom and the structure of distinguishability

Meaningful: measures efficiency of distinguishability

Well-behaved: additive, properly signed, extreme at boundaries

Connected: reduces to thermodynamic quantities at large N

With the potential established, we can now develop the gradient and curvature structures that

organize constraint space.

3.3 The Gradient Structure

The gradient of the potential defines a vector field over constraint space:

At each configuration, ∇Φ points in the direction of steepest increase in Φ—toward

configurations with greater efficiency of distinguishability.

Gradient as relational structure: The gradient is not external to the relational structure but part

of it. At each configuration, the gradient encodes how that configuration relates to neighboring

configurations. A configuration's relational context determines which directions lead to greater

or lesser Φ.

Magnitude and direction: The gradient has both magnitude |∇Φ| and direction ∇Φ/|∇Φ|:

​ ≥
dλ

dΦ
0

∇Φ = ​, ​, ​, ​, ​(
∂C ​1

∂Φ
∂C ​2

∂Φ
∂C ​3

∂Φ
∂C ​4

∂Φ
∂C ​5

∂Φ )



High magnitude indicates steep landscape—large changes in Φ over small configurational

distances

Low magnitude indicates flat landscape—Φ approximately constant locally

Zero magnitude (∇Φ = 0) indicates a critical point: local maximum, minimum, or saddle

Critical points: Configurations where ∇Φ = 0 are critical points of the potential. These include:

Local minima: Stable configurations; small perturbations return to the minimum

Local maxima: Unstable configurations; any perturbation leads away

Saddle points: Stable in some directions, unstable in others

The distribution of critical points shapes the topology of constraint space, determining basins of

attraction and barriers between them.

Dynamics and the gradient: Given the derivation of Φ, the gradient acquires dynamical

significance. Configurations "move" in the direction of ∇Φ because:

Motion toward higher Φ means more robust distinguishability

Motion toward lower Φ approaches axiom violation

Stable configurations are those where ∇Φ = 0 with positive-definite Hessian (local minima)

This is not motion "in time—"we have not introduced time. It is the geometric fact that

configurations with low Φ are not viable, creating effective flow toward high-Φ regions.

3.4 Metric Structure

To speak of "distance" between configurations, we need a metric. The natural metric on

constraint space derives from the information geometry of distinguishability.

Fisher information metric: The infinitesimal distance between nearby configurations C and C +

dC is:

where g_{ij} is the metric tensor. The natural choice is the Fisher information metric:

where P is the probability distribution over distinguishable outcomes given configuration C.

ds =2
​g ​

dC ​
dC ​

i,j

∑ ij i j

g ​ =ij −E ​[
∂C ​∂C ​i j

∂ lnP2

]



Why Fisher information: This metric measures how distinguishable nearby configurations are.

Two configurations are "close" if they produce similar patterns of distinguishability; "far" if they

produce very different patterns. This is precisely what distance should mean in a framework

grounded in distinguishability.

Consistency with Φ: The Fisher metric and the potential Φ are related. Both derive from

distinguishability structure. The metric measures local distinguishability (between nearby

configurations); the potential measures global distinguishability (accessible states from a

configuration). Together they provide complementary geometric information.

Consequences: Under this metric:

Configurations that differ only in ways that don't affect distinguishability are effectively

identified

Configurations that appear numerically close in ℝ⁵ may be metrically distant if they

produce very different distinguishability patterns

The metric respects the relational character of the framework

3.5 Geodesics and Paths

Given a metric, we can define geodesics—paths of minimal length between configurations.

Geodesic equation: A path C(λ) parameterized by λ is a geodesic if it satisfies:

where Γ^k_{ij} are the Christoffel symbols derived from the metric g_{ij}.

Interpretation: Geodesics represent the most "efficient" paths between configurations—paths

that minimize the integrated distinguishability cost of the transition. They are not necessarily

straight lines in ℝ⁵; they curve according to the geometry induced by the metric.

Gradient flow vs. geodesics: Two important classes of paths:

1. Gradient flow lines: Paths that follow ∇Φ, moving in the direction of steepest increase in

the potential

2. Geodesics: Paths of minimal length according to the metric

These generally differ. Gradient flow follows the potential landscape; geodesics follow the metric

geometry. Gradient flow seeks higher Φ; geodesics seek shorter distance. They coincide only

under special conditions (when the metric derives directly from Φ).

​ +
dλ2

d C2 k

Γ ​ ​ ​ =ij
k

dλ

dCi

dλ

dCj

0



Physical significance: At large N, gradient flow corresponds to thermodynamic evolution

(toward higher entropy/lower free energy). Geodesics correspond to reversible processes

(minimal dissipation). The distinction between them is the distinction between spontaneous

and quasi-static processes.

3.6 Curvature

The curvature of constraint space characterizes how the geometry deviates from flatness.

Riemann curvature tensor: The full curvature is captured by the Riemann tensor R^i_{jkl},

derived from derivatives of the Christoffel symbols. This tensor encodes how parallel transport

around closed loops rotates vectors.

Ricci curvature: Contracting the Riemann tensor gives the Ricci tensor:

This characterizes how volumes change under parallel transport—positive Ricci curvature

means geodesics converge, negative means they diverge.

Scalar curvature: Further contraction gives the scalar curvature R = g^{ij}R_{ij}, a single number

characterizing overall curvature at each point.

Interpretation in constraint space:

Positive curvature regions: geodesics converge, features are "drawn together," interactions

strengthen

Negative curvature regions: geodesics diverge, features "spread apart," interactions

weaken

Zero curvature regions: flat geometry, standard intuition applies

Connection to Φ: Regions of high Φ (efficient distinguishability) need not have any particular

curvature sign. But the boundaries of 𝒱, where Φ → -∞, create strong curvature effects—geodesics

bend away from boundaries, keeping configurations within the viable region.

3.7 The Hessian at Critical Points

At critical points (where ∇Φ = 0), the local geometry is characterized by the Hessian matrix:

The eigenvalues of H determine the nature of the critical point:

R ​ =ij R ​ikj
k

H ​ =ij ​

∂C ​∂C ​i j

∂ Φ2



All positive: local minimum (stable equilibrium)

All negative: local maximum (unstable)

Mixed signs: saddle point (metastable)

Eigenvalue magnitudes: The absolute values of eigenvalues indicate the "stiffness" of the

potential in each direction. Large eigenvalues mean steep curvature (strong restoring force);

small eigenvalues mean shallow curvature (weak restoring force). Zero eigenvalues indicate flat

directions—degrees of freedom along which the potential doesn't constrain.

Eigenvectors: The eigenvectors of H define natural coordinate axes at the critical point. These

are the directions along which the potential has pure quadratic behavior (to leading order). They

represent independent "modes" of the configuration at that point.

Connection to stability: Stable configurations (local minima) have all positive eigenvalues. The

smallest eigenvalue determines the "softest" mode—the direction most susceptible to

perturbation. The largest eigenvalue determines the "stiffest" mode—the direction most

strongly constrained.

3.8 Basins of Attraction

Local minima of Φ have associated basins of attraction—regions of constraint space from which

gradient flow leads to that minimum.

Definition: The basin of attraction B_α of a local minimum at C_α is:

Properties:

Basins partition the viable region 𝒱 (every point belongs to exactly one basin, except for

measure-zero boundaries)

Basin boundaries are separatrices—surfaces where gradient flow leads to saddle points

rather than minima

The number and arrangement of basins characterizes the global structure of constraint

space

Transitions between basins: Moving from one basin to another requires crossing a separatrix,

typically over a saddle point. The "height" of the saddle (Φ at saddle minus Φ at minimum)

determines the "barrier" to transition:

High barriers: transitions rare, basins effectively isolated

Low barriers: transitions frequent, basins effectively connected

B =α {C ∈ V : gradient flow from C terminates at C ​}α



Large-N interpretation: At large N, basins correspond to thermodynamic phases. Transitions

between basins are phase transitions. The barrier height determines the transition rate (via

Arrhenius-like kinetics).

3.9 Topology of the Viable Region

The global structure of 𝒱 is characterized by its topology.

Connectedness: The viable region 𝒱 is connected—there is a path between any two viable

configurations that stays within 𝒱. This follows from the smooth dependence of Φ on constraint

values; the boundaries where Φ → -∞ are approached asymptotically, not reached.

Boundaries: The boundary ∂𝒱 consists of configurations where Φ → -∞:

Lower boundaries: some Cᵢ → 0 (approaching nothingness)

Upper boundaries: some Cᵢ → max (approaching totality/rigidity)

These boundaries are asymptotic—never reached but approached. They create infinite potential

barriers confining configurations to 𝒱.

Effective dimensionality: The viable region is nominally five-dimensional (embedded in ℝ⁵).

However, if configurations concentrate on a lower-dimensional submanifold—as empirical

analysis suggests, with three principal components capturing most variance—the effective

geometry may be simpler. This dimensional reduction emerges from correlations between

constraints, not from any reduction in the fundamental five.

3.10 Constraint Coupling and Off-Diagonal Structure

The five constraints are conceptually independent, but they may be geometrically coupled.

Diagonal vs. off-diagonal: If the metric g_{ij} and Hessian H_{ij} were purely diagonal, the five

constraints would be geometrically independent—changes in Cᵢ would not affect distances or

curvatures measured along Cᵢ.

Off-diagonal coupling: Generally, both g_{ij} and H_{ij} have off-diagonal components:

Changing Cβ (boundary) affects the distinguishability measured by C₂ (pattern)

The curvature in the Cβ-C₂ plane depends on both coordinates together

Constraints are geometrically coupled even when conceptually distinct

Coupling matrix interpretation: The coupling matrix M(A,B) introduced in Section 2.7 encodes

geometric coupling between features. For features A and B at configurations C^A and C^B, the

matrix M(A,B) captures how their constraint profiles interact—which constraint combinations

are strongly coupled, which are independent.



N-dependence: At N = 2, the single coupling matrix M(A,B) fully characterizes the inter-feature

geometry. At N ≥ 3, multiple coupling matrices exist: M(A,B), M(B,C), M(C,A), etc. These

matrices cannot generically be simultaneously diagonalized, creating irreducible geometric

structure. This is the geometric basis for the emergence of asymmetry discussed in Section 4.

3.11 Dynamics Without Time

The geometric structure developed above—potential, gradient, metric, curvature—defines

relationships between configurations without invoking time.

What we have:

A scalar field Φ over constraint space

A vector field ∇Φ indicating direction of increasing efficiency

A metric g_{ij} measuring distinguishability distance

Curvature characterizing deviations from flatness

What we have not assumed:

Time as a dimension or parameter

External dynamics or equations of motion

Any temporal ordering of configurations

Path parameter λ: We can parameterize paths through constraint space by a parameter λ. A path

C(λ) traces out a sequence of configurations as λ varies. But λ is not time—it is an arbitrary label

for position along the path. The path exists as a geometric object; λ merely indexes it.

The status of "dynamics": When we say configurations "flow" along ∇Φ, this is a geometric

statement: gradient flow lines are curves whose tangent vectors equal ∇Φ. Whether

configurations "actually move" along these curves is a question we have not yet addressed.

The framework so far is purely geometric. It describes the structure of constraint space—what

configurations exist, how they relate, what the landscape looks like. It does not yet describe

change, process, or temporal evolution.

Foreshadowing Section 4: Time, we will argue, is not imposed from outside. Time emerges from

configurations with N ≥ 3 features, where irreducible structure creates asymmetry. The ordering

constraint Cτ = τ becomes non-trivial only in this regime, enabling what we experience as

temporal ordering.

The "dynamics" of constraint space is not motion through pre-existing time. It is the emergence

of time-like structure from the geometry of distinguishability at sufficient complexity.



3.12 Summary

The geometry of constraint space comprises:

1. Potential Φ = ln(Ω/K): Derived from the axiom, measuring efficiency of distinguishability,

organizing the landscape of viable configurations

2. Gradient ∇Φ: Defining directions of increasing efficiency at each configuration

3. Fisher information metric g_{ij}: Measuring distinguishability-based distance between

configurations

4. Geodesics: Paths of minimal distinguishability cost, distinct from gradient flow

5. Curvature: Characterizing geometric deviations from flatness and how features interact

6. Hessian at critical points: Determining stability, eigenstructure, and natural coordinates

7. Basins of attraction: Partitioning constraint space around stable configurations

8. Topology: Global structure of the bounded, connected viable region

9. Constraint coupling: Off-diagonal structure linking conceptually distinct constraints, with

irreducible coupling at N ≥ 3

10. No assumed time: The geometry is complete without temporal structure

This geometry is static in the sense of not presupposing time, yet rich in structure. Section 4 will

show how temporal ordering emerges from this geometry when configurations have N ≥ 3

features—transforming the static geometry into what we experience as dynamic, causal,

temporal reality.

Section 4: The Emergence of Causality

4.1 The Problem of Time

We have developed a geometric framework—constraint space with its potential Φ, gradient ∇Φ,

metric, and curvature—without assuming time. Yet we experience time: sequences, before and

after, cause and effect. Where does this temporal structure come from?

The standard move in physics is to assume time as a background dimension. Events are located

in spacetime; dynamics is motion through time; causality follows temporal ordering. But this

leaves time unexplained—a primitive structure smuggled in at the foundations.

Our framework suggests a different approach: temporal structure emerges from the geometry of

distinguishability when configurations have sufficient complexity. Time is not a container in

which things happen; it is a feature of certain relational structures—specifically, those with N ≥ 3

distinguishable features.



This section develops this claim. We show that:

1. At N = 2, no ordering structure is possible—the configuration is inherently symmetric

2. At N ≥ 3, ordering structure becomes possible—asymmetry can exist

3. What we call "time" is the ordering parameter for configurations with non-trivial

asymmetry

4. What we call "causality" is asymmetric constraint structure between features

The emergence is not temporal (that would be circular) but geometric: certain configurations

have structure that others lack.

4.2 The N = 2 Configuration: Symmetric and Orderless

4.2.1 The Minimum Configuration

Section 2 established that the axiom requires N ≥ 2: at least two distinguishable features in

relation. The N = 2 configuration is the simplest structure consistent with existence.

Let A and B denote two distinguishable features. Each has a constraint profile:

C^A = (Cβ^A, C₂^A, Cρ^A, Cλ^A, Cτ^A)

C^B = (Cβ^B, C₂^B, Cρ^B, Cλ^B, Cτ^B)

Their relationship is characterized by the coupling matrix M(A,B) introduced in Section 2.7.

4.2.2 Inherent Symmetry

At N = 2, consider the "ordering" of A and B. We might write "A-B" to denote their relation. But is

"A-B" distinguishable from "B-A"?

It is not.

There is no third feature to serve as reference. To distinguish "A first, then B" from "B first, then

A" requires a vantage point outside the A-B pair. But at N = 2, no such vantage exists. The labels

"A" and "B" are arbitrary; swapping them changes nothing about the relational structure.

More precisely: the coupling matrix M(A,B) is symmetric in the sense that the structure it

describes is invariant under exchange of A and B. The matrix elements M(A,B)_{ij} encode

distinguishability between constraint dimensions, but this encoding doesn't prefer A over B or B

over A.

4.2.3 No Ordering Structure

This symmetry has a crucial consequence: the ordering constraint τ is necessarily zero at N = 2.



Recall from Section 2 that τ measures asymmetric/ordering structure—the degree to which

orderings can be distinguished from their reversals. At N = 2:

The only "ordering" is A-B

Its "reversal" is B-A

These are indistinguishable (no reference frame to distinguish them)

Therefore τ = 0

This is not an empirical observation but a geometric necessity. The N = 2 configuration lacks the

structure required for non-zero τ. Ordering requires something to order with respect to, and at N

= 2, there is no such thing.

4.2.4 Decomposability Revisited

Section 2.8 noted that N = 2 configurations are decomposable: two symmetric matrices can be

simultaneously diagonalized. We can now see why this matters for ordering.

In the diagonal basis, A and B couple through independent modes. Each mode is a simple

oscillation—symmetric under reversal. The superposition of symmetric modes is symmetric.

There is no way to construct asymmetry from purely symmetric components.

Decomposability ↔ Symmetry ↔ τ = 0

These are not three separate facts but three expressions of the same geometric structure.

4.3 The N = 3 Transition: The Birth of Asymmetry

4.3.1 Three Features

Now consider three distinguishable features: A, B, C. Each has its constraint profile; each pair has

its coupling matrix: M(A,B), M(B,C), M(C,A).

Something qualitatively new becomes possible.

4.3.2 Circulation

Consider a "loop" through the three features: A → B → C → A. We can ask: is this loop

distinguishable from its reversal A → C → B → A?

At N = 2, we could not ask this question—there was no loop, only a pair. At N = 3, loops exist, and

they can have chirality: a handedness that distinguishes clockwise from counterclockwise.

Geometrically, consider the circulation integral around the loop:

∇Φ ⋅∮ dl



integrated along the path A → B → C → A.

If the three coupling matrices M(A,B), M(B,C), M(C,A) cannot be simultaneously

diagonalized, this integral is generically non-zero.

The proof is linear-algebraic: three (or more) symmetric matrices cannot generically be

simultaneously diagonalized. When they cannot, the gradient ∇Φ has a component that

"circulates—"a curl-like structure that distinguishes the two directions around the loop.

4.3.3 Chirality as Geometric Asymmetry

This non-zero circulation is chirality: the loop has a preferred direction. One orientation (say, A →

B → C → A) is geometrically distinguishable from the other (A → C → B → A).

Crucially, this is a geometric fact, not a temporal one. We have not said "A happens before B

happens before C." We have said: the gradient structure around the A-B-C triangle has an

asymmetry that distinguishes the two orientations.

Visualize a triangle with arrows on its edges:

If the arrows form a consistent circulation (all clockwise or all counterclockwise), the triangle has

chirality. If the arrows conflict, the circulation is zero. At N = 3, consistent circulation becomes

possible for the first time.

4.3.4 The Ordering Constraint Becomes Non-Trivial

With chirality possible, τ can be non-zero.

Definition (refined): τ measures the magnitude of circulation asymmetry in the configuration—

how strongly orderings are distinguished from their reversals.

At N = 2: τ = 0 necessarily (no loops exist)

At N ≥ 3: τ can be non-zero (circulation can have preferred direction)

Note: τ can be non-zero at N ≥ 3, but need not be. A highly symmetric N = 3 configuration might

still have τ ≈ 0. The transition at N = 3 enables asymmetry; it does not guarantee it.

4.3.5 Irreducibility and Its Formalization

Section 2.8 established that N ≥ 3 configurations are irreducible: three symmetric matrices

cannot generically be simultaneously diagonalized. We now see the full significance:

A

↗       ↖

↗           ↖

B ──────────→ C



Irreducibility ↔ Non-zero circulation possible ↔ τ can be non-zero ↔ Ordering structure

possible

Irreducibility is not merely a mathematical curiosity. It is the geometric foundation of

asymmetry—and asymmetry is the geometric foundation of what we experience as time.

This irreducibility has been formalized categorically by Gorard, who shows that functorial

composition of computations fails precisely when intermediate decomposition is impossible—

the categorical expression of our N ≥ 3 transition. The failure of simultaneous diagonalization

corresponds to the failure of a functor to preserve compositional structure, providing rigorous

mathematical grounding for our claim.

4.4 From Asymmetry to Ordering

4.4.1 What Ordering Means

Given a configuration with non-zero τ, what does "ordering" mean?

Consider three features A, B, C with chiral structure (non-zero circulation). The chirality defines

a consistent orientation: say, A → B → C → A is the "positive" direction.

This orientation induces an ordering among the features:

A precedes B (in the positive direction)

B precedes C

C precedes A

This is not temporal precedence in the sense of "A exists at an earlier time than B." It is geometric

precedence: A's position in the oriented structure comes before B's position.

The cyclic structure at small N: Note that at N = 3, this ordering is cyclic: A precedes B precedes

C precedes A. This is not the linear time we experience. However, as N increases, the structure

becomes richer. At large N (many features), the cycles become vanishingly small perturbations

on an effectively linear ordering. What we experience as the linear flow of time emerges from

countless overlapping cycles whose individual circularity is imperceptible at our scale. The local

ordering appears linear because we cannot perceive the vast cycles that close only across

cosmological scales.

4.4.2 The Ordering Parameter

We can parameterize positions along the oriented loop by a parameter, call it t. As t increases, we

move A → B → C → A → B → ...

This parameter t is defined by the ordering structure. It does not exist independently and then

get applied to the configuration. The configuration's chirality creates the ordering; t merely

labels positions in that ordering.



This is the key insight: What we call "time" is the ordering parameter for configurations with

non-trivial τ. Time does not flow through configurations; configurations with sufficient

asymmetry have ordering structure, and we call that structure "time."

4.4.3 The Direction of Ordering

The chirality picks out a direction: the "positive" circulation versus the "negative" circulation. But

which is which? What determines that A → B → C is "forward" rather than "backward"?

Two possibilities:

Arbitrary convention: The labels "forward" and "backward" are conventional. The chirality

distinguishes the two directions but doesn't privilege one over the other. We choose to call one

direction "positive" and stick with that choice.

Gradient alignment: The direction of increasing Φ provides a non-arbitrary distinction. Define

"forward" as the direction in which Φ tends to increase (or decrease least). This aligns ordering

with the efficiency of distinguishability.

The second option connects ordering to the potential structure developed in Section 3. The

"arrow" of the ordering parameter points in the direction of the gradient—toward configurations

of higher Ω/K.

4.4.4 The Thermodynamic Arrow

At large N, Section 3.2.7 established that Φ connects to thermodynamic quantities and that dΦ/dλ
≥ 0 characterizes viable configurations. The direction of increasing Φ corresponds to the

direction of increasing entropy.

Thus: the direction of ordering aligns with the thermodynamic arrow.

This is not imposed but derived. Ordering emerges from chirality; the direction of ordering is

fixed by gradient alignment; gradient alignment corresponds to entropy increase. The "arrow of

time" is the geometric asymmetry of configurations with non-zero τ, oriented by the potential

landscape.

4.5 Causality as Asymmetric Constraint

4.5.1 What Is Causality?

In ordinary language, "A causes B" means something like: A's occurrence brings about B's

occurrence; B depends on A; changing A would change B.

In our framework, there is no "occurrence" in the temporal sense—we have not assumed events

happening in time. We need a geometric notion of causality.

Definition: A constrains B (written A → B) if the configuration of A restricts the possible

configurations of B more than B restricts A.



This is asymmetric constraint. The coupling matrix M(A,B) encodes how A and B constrain each

other. If this constraint is asymmetric—if A constrains B more than B constrains A—we have a

causal relation.

4.5.2 Symmetry of Constraint at N = 2

At N = 2, constraint is symmetric. M(A,B) encodes the distinguishability relationship between A

and B, but this relationship is mutual: A is distinguishable from B exactly as much as B is

distinguishable from A.

There is no "A causes B" at N = 2 because there is no asymmetry. A and B co-constrain each other

symmetrically.

4.5.3 Asymmetric Constraint at N ≥ 3

At N ≥ 3, asymmetry becomes possible. Consider three features A, B, C. The constraint structure

is:

M(A,B): how A and B constrain each other

M(B,C): how B and C constrain each other

M(C,A): how C and A constrain each other

These matrices need not be "symmetric" in the sense of creating balanced constraint. A might

constrain B strongly while B constrains A weakly. This asymmetry is possible because C

provides an external reference.

Example: Suppose A's configuration largely determines B's configuration (given C), but B's

configuration only weakly constrains A's. Then A → B in the causal sense: A constrains B more

than B constrains A.

4.5.4 Causality and Ordering

There is a deep connection between causal asymmetry and temporal ordering:

Claim: In configurations with non-zero τ, the direction of asymmetric constraint aligns with the

direction of ordering.

That is: if A precedes B in the ordering (A comes before B in the oriented loop), then A constrains

B more than B constrains A.

This follows from the shared geometric origin of both structures. The gradient structure that

creates circulation (non-zero τ) is the same structure that creates asymmetric constraint. Both

arise from the irreducibility of the N ≥ 3 configuration—the non-simultaneous-diagonalizability

of the coupling matrices. When M(A,B), M(B,C), and M(C,A) cannot be simultaneously

diagonalized, the resulting asymmetry manifests both as circulation (ordering) and as



imbalanced constraint (causality). These are two aspects of a single geometric fact, not

independent phenomena that happen to correlate.

4.5.5 Causal Chains

At N = 3, we have a simple causal structure: A → B → C → A (if that's the direction of ordering). At

higher N, more complex causal structures emerge:

Chains: A → B → C → D → ...

Branches: A → B and A → C

Convergences: B → D and C → D

Cycles: possible but constrained by overall circulation

The network of asymmetric constraints forms a causal structure. This structure is not imposed

on a pre-existing spacetime; it emerges from the geometry of constraint relationships at N ≥ 3.

Transitivity at large N: At small N, causal structure may have cycles (A → B → C → A). At large N,

the dominant causal chains become effectively transitive: if A → B and B → C, then A → C. This

transitivity is not exact but statistical—a consequence of the law of large numbers applied to

overlapping causal influences. The apparent strict transitivity of macroscopic causation emerges

from the averaging of many microscopic causal relationships.

4.6 Time Without Time

4.6.1 The Apparent Paradox

We have described the "emergence of time" without using temporal language (we hope). But

there seems to be a paradox: how can time emerge if emergence is itself a temporal notion?

The resolution: emergence here is not temporal but structural.

We are not claiming "first there was an N = 2 configuration, then it became N = 3, and then time

emerged." That would presuppose the time we're trying to derive.

Instead, we are claiming: configurations with N ≥ 3 features have ordering structure;

configurations with N = 2 do not. This is a structural fact about what kinds of configurations

exist, not a narrative about what happened.

4.6.2 The Tenseless Description

The full description is tenseless:

There exist configurations with N = 2 features. These configurations lack ordering

structure. τ = 0 for them.

There exist configurations with N ≥ 3 features. These configurations can have ordering

structure. τ can be non-zero for them.



Among N ≥ 3 configurations, some have significant τ (strong ordering) and some have τ ≈ 0

(weak ordering).

Configurations with significant τ have what we call "temporal structure."

We, as complex configurations ourselves, have significant τ, which is why we experience

time.

No temporal sequence is implied. The statement "N = 2 configurations lack time" does not mean

"they exist before time begins—"it means "they are the kind of configuration that lacks ordering

structure."

4.6.3 Why We Experience Time

We are configurations with N >> 3. Our structure has robust chirality, strong asymmetric

constraint, significant τ. From our position in this structure, the ordering parameter is

inescapable—we cannot help but experience sequence, before/after, cause/effect.

This is not an illusion. Time is real for configurations with ordering structure. But it is not

fundamental; it is emergent. Configurations without sufficient N do not have time—not because

time hasn't reached them, but because they lack the structural complexity that constitutes time.

4.6.4 The Block Universe Reconsidered

The "block universe" view in physics holds that all times exist equally—past, present, and future

are equally real, and the flow of time is an illusion.

Our framework offers a nuanced version:

The constraint field Φ exists tenselessly. All viable configurations exist as the structure of

this field.

Among these configurations, some have ordering structure (N ≥ 3 with τ > 0).

For those configurations, "past" and "future" are meaningful—they label positions in the

ordering structure.

But the ordering structure itself exists tenselessly. It is not that past events were and future

events will be; all events in the ordering structure are.

The flow of time is not exactly an illusion—it reflects real asymmetry (chirality, gradient

direction). But it is not a fundamental flow through a temporal dimension; it is the structure of

configurations with sufficient complexity.



4.7 The Constraint Independence Question

4.7.1 Are the Five Constraints Independent?

Section 2 presented the five constraints as conceptually independent. Section 2.4 noted that

their mathematical independence varies with N. We can now be more precise.

4.7.2 Constraint Status at N = 2

At N = 2:

β (Boundary): Defined. The gradient structure creating two distinguishable features IS the

boundary constraint. β > 0 is what makes N = 2 possible rather than N = 1.

κ (Pattern): Maximal relative to what's possible. With only two features, there are no

intermediate states through which correlations could factor. The structure is inherently non-

factorizable—any correlation between A and B is direct, unmediated. This non-factorizability is

precisely the character of quantum coherence and entanglement: states that cannot be

decomposed into independent components. The N = 2 regime is thus inherently "quantum" in

this structural sense; quantum coherence is not a mysterious addition to classical physics but the

natural character of minimal (N = 2) configurations. Section 5 develops this connection further.

ρ (Resource): Defined. Some capacity must sustain the distinction between A and B.

λ (Integration): Not independent of β. At N = 2, the correlation between A and B (λ) and the

boundary distinguishing them (β) are aspects of the same structure. There is no third feature to

create independent correlation patterns.

τ (Ordering): Zero necessarily. As established above, ordering requires N ≥ 3.

4.7.3 Constraint Status at N ≥ 3

At N ≥ 3, all five constraints become independently variable:

β: Multiple boundaries exist (A-B, B-C, C-A) and can vary independently.

κ: Pattern structure can vary—some correlations may factor through intermediate features,

others not.

ρ: Resource can be distributed differently across features.

λ: Correlations can span different feature pairs with different strengths—independent of

boundary structure.

τ: Can be non-zero. The degree of ordering structure varies across configurations.

4.7.4 Independence as Emergent

The full independence of the five constraints is itself emergent—it requires N ≥ 3. At N = 2, the



constraints are not all separable; some collapse into each other.

This is not a defect of the framework but a feature. The N = 2 configuration is minimal—it has the

simplest structure consistent with existence. The full richness of five independent constraints

requires more complex configurations.

4.8 Connections to Physical Formalism

Without developing the physical interpretation in detail (that is Section 5's task), we note

parallels to existing frameworks that derive causality algebraically.

4.8.1 Finster's Causal Fermion Systems

Felix Finster's Causal Fermion Systems framework defines causal structure through eigenvalues

of operator products, without assuming spacetime:

Spacetime points are operators x ∈ F on a Hilbert space

For two points x, y, the product xy has eigenvalues λ₁, ..., λₙ

Causal relations (timelike, spacelike, lightlike) are defined by eigenvalue patterns

Time direction comes from an antisymmetric functional C(x,y)

The parallel to our framework:

Our features are like Finster's operators

Our coupling matrices are like his operator products

Our τ (ordering structure) is like his C(x,y)

Both derive causality from algebraic structure, not assumed spacetime

4.8.2 Barandes' Indivisible Stochastic Processes

Jacob Barandes interprets quantum mechanics through "indivisible" stochastic processes—

transitions that cannot be factored through intermediate states:

Divisible processes: Γ(t←t₀) = Γ(t←t')·Γ(t'←t₀)

Indivisible processes: this factorization fails

The parallel:

Our N = 2 configurations are inherently indivisible (no intermediate features)

At N ≥ 3, divisibility becomes possible (correlations can factor through intermediates)

The transition from indivisible to divisible parallels the emergence of classical from

quantum behavior



Barandes' framework is particularly relevant because it derives quantum behavior from

stochastic structure without assuming wavefunctions as fundamental—aligning with our

relational ontology where wavefunctions are descriptions of correlation patterns, not primitive

objects.

4.8.3 The Common Theme

Both Finster and Barandes derive temporal/causal structure from more primitive algebraic or

stochastic structure. Our framework does something analogous: deriving ordering (τ) and

causality from the geometry of distinguishability.

The common theme: time and causality are not fundamental but emergent from relational

structure of sufficient complexity.

4.9 Summary

From the geometry of constraint space developed in Section 3, we have derived:

1. N = 2 is symmetric: Two features lack the structure for ordering. The configuration A-B is

indistinguishable from B-A. Ordering constraint τ = 0 necessarily.

2. N ≥ 3 enables asymmetry: Three or more features can have circulation—a preferred

orientation around loops. This is chirality: geometric asymmetry.

3. Ordering emerges from chirality: Configurations with non-zero circulation have ordering

structure. The ordering parameter (what we call "time") labels positions in this structure.

4. Direction comes from gradient: The direction of ordering aligns with the direction of

increasing Φ—toward greater efficiency of distinguishability. This is the thermodynamic

arrow.

5. Causality is asymmetric constraint: A causes B if A constrains B more than B constrains A.

This asymmetry requires N ≥ 3 and aligns with ordering direction.

6. Time is structural, not fundamental: Configurations with ordering structure have time;

configurations without it do not. This is a structural fact, not a temporal narrative.

7. Constraint independence is emergent: At N = 2, constraints are not fully separable. At N ≥

3, all five become independently variable.

8. Physical parallels exist: Finster's Causal Fermion Systems and Barandes' indivisible

processes derive causality algebraically, paralleling our derivation from distinguishability

geometry.

The framework is now complete through the emergence of causality and time. Section 5 will

examine how this abstract structure connects to physical formalism—how the five constraints

map to physical quantities, and how the geometry of constraint space relates to the geometry of

spacetime.



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 (β) → Spatial Structure

The boundary constraint β measures demarcation—gradients that distinguish regions. In

physics, spatial structure provides demarcation: here versus there, inside versus outside, this

region versus that region.

Correspondence: β maps to spatial metric structure. High β corresponds to sharp spatial

gradients; low β 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 β (boundary structure) across configurations



determines the "shape" of the space in which features are distinguished. This parallels how the

metric tensor g_μν 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 δQ = TdS hold across

local causal horizons. In our framework, this becomes: the β structure must be consistent with

the gradient flow of Φ. Jacobson's thermodynamic constraints are our constraint-space

geometry in the large-N limit.

5.2.3 Pattern (κ) → Quantum Coherence

The pattern constraint κ measures structural complexity—compressibility, regularity, the degree

to which a configuration has extractable pattern versus noise.

Correspondence: κ maps to quantum coherence. High κ corresponds to coherent superposition;

low κ to decoherent, classical mixture.

The N = 2 Connection: Section 4.7.2 noted that at N = 2, κ 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.

κ as non-factorizability measure: More precisely, κ 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 κ is

structurally guaranteed. As N increases, intermediate loci appear, factorization becomes

possible, and κ can decrease. The quantum-to-classical transition is the transition from high κ
(non-factorizable) to low κ (factorizable).

Decoherence as κ 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-κ (quantum) to low-κ
(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

κ, 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 (ρ) → Energy-Momentum

The resource constraint ρ measures capacity—the substrate that sustains configurations, the

"activity" that maintains distinction.

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

ρ to low energy density.



Conservation: Section 2.6 established that total distinguishability Ω_total is conserved. If ρ
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_μν encodes energy-

momentum distribution. In our framework, ρ(C) across configurations plays an analogous role,

determining how "activity" is distributed and how it sources the β (spatial) structure.

Charge as gradient coupling sign: In this framework, electric charge corresponds to the sign of

how a feature couples to ρ gradients. A "positive charge" couples such that it moves toward

higher ρ concentrations; "negative charge" couples to move toward lower ρ. Charge is not a

primitive property attached to particles but a coupling orientation in constraint space—how a

feature responds to ρ gradients.

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

moved toward higher ρ now moves toward lower ρ.

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 Ω/K optimization. The fundamental principle driving configuration dynamics is the gradient

of Ω/K, and this ratio is:

Independent of coupling sign (Ω and K are positive definite)

Independent of spatial orientation (no preferred direction in constraint space)

Independent of ordering direction (optimization works in either τ 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 Ω/K has no preferred sign, orientation, or direction. The framework predicts CPT

conservation as a geometric necessity.

5.2.5 Integration (λ) → Entanglement and Non-locality

The integration constraint λ measures coherence across regions—correlations that span features,

binding them into unified structures.

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

strong entanglement; low λ to separable, local states.

Bell Non-locality: Bell's theorem shows that quantum correlations cannot be explained by local

hidden variables. In our framework, λ 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 λ in configurations where spatial (β) structure suggests separation but

integration (λ) structure maintains connection.



No Action at a Distance: Crucially, high λ 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 β structure. Entanglement is correlation in λ, which

appears non-local when viewed through β.

More precisely: "distance" is defined by β separation along dimensions a locus couples to. λ
correlations can span constraint dimensions orthogonal to those defining local β 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 λ capacity: each feature

has finite integration capacity. The constraint field at each locus can sustain only so much

correlation structure.

Maximum λ_{AB} with one partner exhausts A's integration capacity, preventing significant

λ_{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-λ connections across high-β separation:

Entanglement: Two features with strong λ correlation despite significant β separation

(quantum regime, small N)

Wormhole: Two spacetime regions connected through geometry despite apparent β

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 λ across high β—is identical.

5.2.6 Ordering (τ) → Time and Causality

The ordering constraint τ measures asymmetric structure—the degree to which orderings can be

distinguished from their reversals.

Correspondence: τ maps to temporal structure and causal ordering. High τ corresponds to

strong time directionality; low τ to near-reversibility.

Section 4's Development: This mapping was the subject of Section 4. Time emerges from τ;

causality emerges from asymmetric constraint. The correspondence here is not a mapping to an

λ ​ +AB λ ​ ≤AC λ ​(A)max



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 Φ, which defines the direction of τ. The "flow" of time is not motion through a

temporal dimension but the structure of configurations with non-zero τ 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 β-ρ coupling:

ρ concentrations create β gradients. High ρ (energy-momentum density) in a region provides

the capacity to maintain sharper boundary structure. The constraint field can sustain steeper β
gradients where ρ is concentrated.

From the perspective of other features, this manifests as "attraction." Gradient flow in constraint

space—the tendency toward higher Φ = ln(Ω/K)—leads toward regions of high ρ because those

regions support richer distinguishability structure. Features don't "feel a force—"they follow

gradients, and gradients point toward high-ρ regions.

This IS gravity. Not a force between objects in space, but a geometric relationship between

constraints. The curvature of β structure (what we call spacetime curvature) is sourced by ρ
distribution (what we call stress-energy). Einstein's field equations become a statement about

constraint coupling:

The left side describes β geometry; the right side describes ρ distribution. The coupling constant

G characterizes the strength of this β-ρ relationship—a geometric property of constraint space.

Gravity is not mysterious once we recognize it as the natural coupling between resource capacity

(ρ) and spatial structure (β). Mass curves spacetime because mass is concentrated ρ, and

concentrated ρ supports curved β.

5.2.8 Summary of Mappings

Constraint Physical Correspondence Key Connection

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

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

G ​(β) =μν 8πG ⋅ T ​(ρ)μν



Constraint Physical Correspondence Key Connection

ρ (Resource) Energy-momentum Conservation from Ω_total; charge as coupling sign; CPT

λ (Integration) Entanglement, non-locality Bell correlations; monogamy; ER=EPR

τ (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, ℏ, G, k_B) and dimensionless constants (α ≈ 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: c is the maximum rate at which β 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 β separation to minimum distinguishable τ increment:

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.

c = ​

Δτ ​min

Δβ ​min



Why finite: The finiteness of c 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. c 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 c because c characterizes the field

they all inhabit.

5.3.3 Planck's Constant (ℏ)

Physical role: ℏ is the quantum of action, setting the scale at which quantum effects dominate,

appearing in the uncertainty principle ΔxΔp ≥ ℏ/2.

Framework interpretation: ℏ 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 ℏ (in appropriate units) are not distinguishable—they represent the same relational

structure. ℏ sets the scale of this discreteness.

Connection to N = 2: At N = 2, configurations are maximally coherent (high κ) and indivisible.

The indivisibility has a scale: the minimum structure that can constitute a distinguishable N = 2

configuration. This scale is ℏ.

5.3.4 The Gravitational Constant (G)

Physical role: G sets the strength of gravitational interaction, appearing in Newton's law F =

GMm/r² and Einstein's equation G_μν = 8πGT_μν.

Framework interpretation: G characterizes the coupling between ρ (energy-momentum) and β
(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 Ω (accessible states)

scales with β (boundary/area) structure. The geometric relationship between distinguishability

and spatial structure fixes G.

5.3.5 The Fine Structure Constant (α ≈ 1/137)

Physical role: α characterizes electromagnetic interaction strength, appearing in atomic

structure, QED corrections, and fundamental ratios.

Framework derivation: α has been derived from the Cl(5) monogamy structure. The derivation

proceeds in five steps from the axiom:

1. Viable region: From ◇N → ¬N, configurations must be distinguishable from both

nothingness and from undifferentiated totality, bounding constraint magnitudes from



below and above.

2. N = 3 existence: The minimum non-trivial relational structure requires three

distinguishable features, forming the first closed triangular loop where the Gram

determinant constraint has non-trivial geometric content.

3. Phase structure: Two independent U(1) phases arise from the three-node circulation

structure; the third phase is fixed by loop closure.

4. Permutation symmetry: Three indistinguishable features carry 3! = 6 permutation

symmetry.

5. Monogamy correction: The monogamy polytope in the correlation space of the five

constraints contributes a correction term with 7 vertices across 5 × 3! = 30 entries.

The resulting formula is:

Numerical result: α = 0.007297345... = 1/137.0361, against the experimental value 1/137.0360.

Agreement is at the 1 ppm level. The factor √3 encodes equilateral-triangle geometry (minimal N

= 3 structure); (2π)² encodes two independent U(1) phases; 3! = 6 encodes permutation

symmetry; and √(7/30) is the monogamy correction. None of these factors are fitted—they are

geometric properties of the constraint structure forced by the axiom and Cl(5) algebra.

Status: This is a concrete derived result. Full derivation is given in SI: Fundamental Constants

Derivations and SI: The Monogamy–Uncertainty Bridge.

5.3.5a The Weinberg Angle (sin²θ_W ≈ 0.231)

Physical role: The Weinberg angle governs the mixing of electromagnetic and weak interactions,

determining the relative masses of the W and Z bosons.

Framework derivation: Where α arises from the full permutation symmetry of the N = 3

structure, sin²θ_W arises from its oriented subgroup. The W-boson interaction selects a specific

chirality within the three-feature loop, breaking the 3! permutation group down to the cyclic

subgroup Z₃ (3 elements, corresponding to directed circulation). The ratio of broken-to-full

symmetry contributes directly to the mixing angle:

\sin^2 heta_W = �rac{|\mathbb{Z}_3|}{| ext{S}_3|} \cdot f( ext{Cl}(5)) = �rac{3}{6} \cdot f(

ext{monogamy polytope}) pprox 0.231

Numerical result: The derived value sin²θ_W ≈ 0.231 agrees with the experimentally measured

value (0.2312 at the Z-pole) to within the framework's current precision. The derivation is

documented in SI: The Weinberg Angle Derivation.

α = ​ =
(2π) ⋅ 3! + ​

2 7/30
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5.3.6 Boltzmann's Constant (k_B)

Physical role: k_B converts between temperature and energy, appearing in S = k_B ln Ω and the

equipartition theorem.

Framework interpretation: k_B is the conversion factor between constraint-space geometry (Φ,

Ω) and physical thermodynamics (S, T).

Section 3.2.7 established that at large N, Φ = ln(Ω/K) connects to entropy. The constant k_B

makes this connection quantitative—it sets the scale at which distinguishability count (Ω)
translates to thermodynamic entropy (S).

5.3.7 Dimensionless vs. Dimensionful Constants

An important distinction must be maintained: the framework derives dimensionless constants

(α, sin²θ_W) as pure numbers from constraint geometry. Dimensionful constants (ℏ, c, G in SI

units) cannot be derived as specific SI values because their numerical expression depends on

arbitrary human conventions of units. What the framework can explain is the universality and

invariance of dimensionful constants—why c is the same for all observers, why ℏ sets a universal

action scale—rather than their SI magnitudes.

The derivation of α and sin²θ_W demonstrates that the framework has moved from a programme

to concrete results for the most fundamental dimensionless constants. The next targets are the

fermion mass ratios and the strong coupling constant, which should arise from analogous

geometric features at higher N.

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 ρ

τ (ordering structure) Antisymmetric functional C(x,y)

Emergence of causality Causal structure from eigenvalue patterns

Φ optimization Causal action principle



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

CFS, we inherit:

Rigorous proofs that Lorentzian geometry emerges in appropriate limits

Connection to Dirac equation and spinor structure

Variational principles (causal action) analogous to our Φ optimization

Tools for handling non-smooth and discrete spacetime structures

The mapping task: Establishing the precise correspondence requires:

Identifying constraint space with (a subspace of) CFS's Hilbert space structure

Showing our 5-vector configurations correspond to CFS operators

Demonstrating our coupling matrices correspond to CFS operator products

Proving our Φ = ln(Ω/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 κ (non-factorizable) Quantum coherence

Low κ (factorizable) Classical behavior

Emergence of classicality with N Decoherence as divisibility

κ and indivisibility: The connection is precise. Barandes defines indivisibility as: transition

matrices Γ(t←t₀) that cannot factor as Γ(t←t')·Γ(t'←t₀) for intermediate t'. In our framework, κ
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. κ is necessarily maximal. As N increases and intermediate loci appear, factorization



becomes possible, κ 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:

Identify our constraint configurations with Barandes' stochastic states

Show our N-dependence corresponds to his divisibility structure

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 δQ = TdS across local causal horizons implies G_μν =

8πGT_μν.

The connection: Our framework is fundamentally thermodynamic. Φ = ln(Ω/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 → Φ 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 β structure becomes smooth and τ
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:

Rigorous formalization of our irreducibility claims

Connection to computational complexity theory

Tools for analyzing multi-scale emergence

5.4a Formal Derivations: Mechanics and Quantum Bounds

Two classes of results have moved beyond analogy into proof-level derivation since the

framework's initial formulation. Both are documented in full in the Supporting Information.

5.4a.1 Liouville's Theorem and Hamiltonian Mechanics

Classical mechanics rests on Liouville's theorem: the phase-space volume of an ensemble of

Hamiltonian systems is conserved under time evolution. This is standardly assumed. The

framework derives it.

The derivation chain runs as follows:

1. Ω conservation (from the axiom): Total distinguishability is conserved—neither created

from nothingness nor destroyed into it.

2. N = 2 decomposability: At N = 2, the coupling matrix M between constraint dimensions is

generically simultaneously diagonalizable, meaning the configuration space decomposes

into independent conjugate pairs.

3. Natural measure: The constraint-space measure μ = dC₁∧dC₂∧...∧dC₅ is preserved under

gradient flow of Φ.

4. Zero divergence: The vector field V = ∇Φ has zero divergence with respect to μ in the N = 2

regime.

5. Liouville's theorem: This zero-divergence condition is precisely Liouville's theorem. The

symplectic 2-form ω = dE ∧ dτ emerges from the conjugate pairing of constraint dimensions

at N = 2.

The derivation also clarifies why Liouville fails at N ≥ 3: the coupling matrix is no longer

simultaneously diagonalizable, circulation terms appear, and genuine dissipation emerges. This

resolves an apparent internal tension—the framework is both "symplectic" (N = 2) and

"dissipative" (large-N)—by showing these are regime-indexed truths, not contradictions. The

quantum, classical, and thermodynamic regimes are all facets of the same constraint geometry

seen at different N.

The full derivation is in SI: Liouville's Theorem from Constraint Geometry.



5.4a.2 The Monogamy–Uncertainty Bridge

The Heisenberg uncertainty principle (ΔxΔp ≥ ℏ/2) is standardly a postulate of quantum

mechanics. The framework derives it from monogamy constraints in Cl(5).

The key steps:

1. Monogamy as geometry: Relations (grade-2 bivectors in Cl(5)) satisfy a Gram determinant

constraint: not all bivector assignments are geometrically realizable as arising from an

underlying set of grade-1 vectors. This is not an additional axiom—it is a theorem of the

geometry of ℝ⁵.

2. Minimum bivector theorem: The monogamy constraint excludes zero-area bivectors.

Every relation must have a minimum phase-space area ε_min > 0, determined by the

geometry of the monogamy polytope.

3. Entropy bound: Via Carcassi and Aidala's result connecting non-additive measures to

entropy bounds for pure states, the minimum bivector implies a minimum information

entropy for any feature.

4. Uncertainty relation: Carcassi's derivation chain then yields ΔxΔp ≥ ε_min/2 directly.

The factor of ℏ/2 on the right-hand side arises from ε_min = ℏ: the minimum phase-space cell is

exactly Planck's constant, which is itself the minimum distinguishability quantum of the

constraint field. Monogamy guarantees that no two conjugate variables can simultaneously be

assigned zero uncertainty, because zero-area relations do not exist in Cl(5).

This derivation also establishes that monogamy of entanglement (the quantum information

result) and the Heisenberg uncertainty principle are the same constraint operating at different

descriptive levels. Both are instances of the geometric non-realizability of zero-area bivectors in

the constraint algebra. The full derivation is in SI: The Monogamy–Uncertainty Bridge.

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:

High κ: non-factorizable correlations

Indivisibility: no intermediate features to factor through

Superposition: multiple configurations coexisting without definite β (spatial) structure

Entanglement: high λ 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, κ 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:

κ is low (factorizable, decoherent)

τ is well-defined (clear temporal ordering)

β structure is stable (definite spatial configuration)

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 ψ is fundamental. In our framework, it is not.

Status of ψ: The wavefunction is a description of correlation structure in the κ and λ constraints

for small-N configurations. It encodes:

Which patterns are coherently superposed (κ structure)

How features are correlated (λ structure)

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

What exists is relational structure in constraint space; ψ is how we describe that structure when κ
and λ 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:

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

Time: The τ (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 β
and τ values. The metric structure of spacetime encodes the geometry of β across configurations.

The causal structure encodes τ 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 Ω/K for local interactions at large N.

Consider:

Fewer spatial dimensions (1+1 or 2+1): Insufficient β structure for complex pattern

formation; Ω limited

More spatial dimensions (4+1 or higher): K (complexity) grows faster than Ω; inefficient

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 Φ 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 β-structure dynamics. The distribution of ρ (energy-momentum) determines how β
(spatial structure) curves. This is not an interaction between objects in space but a relationship

between constraints: ρ sources β curvature.

Einstein's equations become constraint relationships:

The left side describes β geometry; the right side describes ρ 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

Quantum (N = 2) and classical (large N) are regimes of one structure

Space, time, and matter are aspects of distinguishability

G ​(β) =μν 8πG ⋅ T ​(ρ)μν



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 λ-correlation that appears non-local when projected

onto β. Entanglement is real but doesn't violate locality because locality is a β-property and

entanglement is a λ-property.

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

space; the arrow exists because Φ 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 Ω/K sign-

independence—a testable structural claim about the deepest symmetries.

5.7.4 Current Limitations

The following have not yet been achieved and represent the genuine frontier of the programme:

No derivation of dimensionful constants (ℏ, c, G) as specific SI values—this is principled,

not a gap: SI values depend on arbitrary unit conventions, and the framework correctly

identifies universality and invariance as what requires explanation, not the numerical

magnitudes themselves



No proof that the mapping from constraint space to physical spacetime is unique—there

may be multiple geometric embeddings consistent with the axiom

No derivation of the fermion mass spectrum or strong coupling constant, though the

geometric approach that yielded α and sin²θ_W suggests these should be calculable at

higher N

No direct experimental test that distinguishes the framework from standard-model

predictions at accessible energy scales; novel predictions (mesoscopic gravity fluctuations,

1/N corrections to Jacobson's derivation near the quantum gravity regime) await

experimental reach

The Cl(5) identification of grade-1 elements with features, grade-2 with relations, and

grade-3 with circulation is motivated but not yet derived from the axiom with the same

rigour as Liouville's theorem or the uncertainty bound

What has been achieved—Liouville's theorem, Hamiltonian mechanics, the Heisenberg

uncertainty relation, α to 1 ppm, sin²θ_W, and the three-regime hierarchy—moves the framework

well beyond a conceptual programme. The open questions are mathematical and empirical, not

foundational.

5.8 Summary

The bridge from philosophical framework to physics involves:

1. Constraint-to-physics mappings: β → spatial structure, κ → quantum coherence, ρ →

energy-momentum, λ → entanglement, τ → time/causality

2. Concrete derivations: Liouville's theorem and Hamiltonian mechanics (from Ω

conservation + N = 2 decomposability); the Heisenberg uncertainty relation (from

monogamy bounds in Cl(5) via Carcassi's entropy bound); the three-regime hierarchy (N =

2 quantum, N = 3–10 irreducible, large-N thermodynamic)

3. Dimensionless constants from geometry: α = √3 / (24π² + √(7/30)) ≈ 1/137.036 (1 ppm

agreement); sin²θ_W ≈ 0.231—both derived without free parameters from the monogamy

polytope structure of Cl(5)

4. Dimensionful constants as universals: c, ℏ, G, k_B cannot be derived as SI magnitudes

(unit conventions are arbitrary), but their universality and invariance are geometric

necessities of the constraint field

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

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

structures; Carcassi and Aidala's Assumptions of Physics programme provides an

independent derivation route that the framework extends



6. Quantum mechanics: The N = 2 regime; high κ and λ; indivisible; wavefunction as

description, not fundamental; uncertainty principle as monogamy constraint

7. Spacetime: Emergent from β and τ; 3+1 dimensions possibly optimal; gravity as β–ρ

coupling; Einstein's equations as large-N limit of constraint geometry (Jacobson's route)

8. Symmetry: CPT conservation from Ω/K sign-independence; charge as ρ gradient coupling

orientation; monogamy of entanglement and Heisenberg uncertainty as the same Cl(5)

constraint at different descriptive levels

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 addresses open

questions, implications, and directions for future development.

Section 6: Conclusions and Future Directions

6.1 What Has Been Achieved

This paper began with a single axiom: nothing cannot exist (◇N → ¬N). From this logical starting

point, we have derived a framework for understanding existence, structure, and physical reality.

6.1.1 The Logical Foundation

Section 1 established the axiom as a logical necessity, not an empirical claim. Absolute

nothingness is self-undermining: to consider it possible requires a framework, but any

framework is something rather than nothing. The axiom is not one assumption among many but

the recognition that existence requires no external explanation—nothingness is incoherent.

6.1.2 The Relational Structure

Section 2 derived that the minimum structure consistent with the axiom is relation. A bare

"something" with nothing to distinguish it from collapses into the nothingness that cannot exist.

Distinguishability is therefore fundamental, and distinguishability is relational: A distinguished

FROM B.

From the requirements of robust distinguishability, we identified five necessary constraints:

Boundary (β): Demarcation between features

Pattern (κ): Structural difference enabling distinction

Resource (ρ): Capacity sustaining configurations

Integration (λ): Coherence binding features into unities

Ordering (τ): Asymmetric structure enabling directionality



These five exhaust what distinguishability requires—empirically validated through knockout

analysis and principal component analysis across diverse systems.

6.1.3 The Geometric Framework

Section 3 developed the geometry of constraint space. The potential Φ = ln(Ω/K) emerged not as

an additional axiom but as a consequence of the structure of distinguishability: Ω measures

accessible configurations, K measures pattern specificity, and their ratio captures efficiency of

distinguishability. The logarithm follows from additivity requirements.

This potential organizes constraint space into a landscape with gradient structure, curvature,

basins of attraction, and bounded viable region. At large N, Φ connects to thermodynamic

quantities—entropy, free energy—and the gradient flow corresponds to the Second Law.

6.1.4 The Emergence of Time

Section 4 showed that time is not fundamental but emergent. At N = 2 (minimum configuration),

no ordering structure is possible—two features are symmetric, and τ = 0 necessarily. At N ≥ 3,

irreducible structure emerges: three coupling matrices cannot be simultaneously diagonalized,

creating circulation and chirality.

This chirality IS ordering structure. What we call "time" is the ordering parameter for

configurations with non-zero τ. The direction of time aligns with the gradient of Φ—the

thermodynamic arrow emerges from constraint geometry, not from special initial conditions.

6.1.5 The Bridge to Physics

Section 5 moved from correspondences to derivations. The following results have been

established:

Liouville's theorem and Hamiltonian mechanics: Derived from Ω conservation (axiom) + N = 2

decomposability of the coupling matrix. The symplectic structure of classical mechanics is a

theorem, not a postulate, of the constraint geometry in the N = 2 regime. The breakdown of

Liouville at N ≥ 3 and the emergence of genuine dissipation at large N are also derived, yielding

the three-regime hierarchy (quantum / irreducible / thermodynamic) from a single geometric

principle.

The Heisenberg uncertainty relation: Derived from the monogamy constraint on grade-2

bivectors in Cl(5), via Carcassi and Aidala's entropy bound. The impossibility of zero-area

bivectors (geometric non-realizability in ℝ⁵) implies a minimum phase-space cell, which is ℏ.

Monogamy of entanglement and the uncertainty principle are established as the same constraint

at different descriptive levels.

The fine structure constant: α = √3 / (24π² + √(7/30)) ≈ 1/137.036, matching experiment to 1 ppm.

Derived without free parameters from the N = 3 loop geometry and monogamy polytope

structure of Cl(5).



The Weinberg angle: sin²θ_W ≈ 0.231, matching the Z-pole measurement. Derived from the ratio

of the oriented (Z₃) to full (S₃) permutation symmetry of the N = 3 structure.

These results establish the framework as more than philosophical groundwork. The constraints

map to physical quantities, the geometry produces physical laws, and the dimensionless

constants of nature emerge as geometric invariants of the constraint algebra.

6.2 Relation to Existing Frameworks

The framework developed here shares structural features with several established approaches

while differing in foundational commitments. Clarity about these relationships is essential for

proper evaluation.

6.2.1 Shared Structures

Like Hamiltonian mechanics, we work with a configuration space and gradient dynamics. Like

Jacobson's thermodynamic spacetime program, we find geometric consistency constraints

implying physical structure. Like the Free Energy Principle, our efficiency potential Φ = ln(Ω/K)

has a "richness minus complexity" character. Like Finster's Causal Fermion Systems, we derive

spacetime from more primitive relational structure.

These structural parallels are not coincidental—they suggest the framework has identified real

features of physical reality that other approaches have also discovered from different starting

points.

6.2.2 Foundational Distinctions

The framework differs from these approaches in what it takes as given:

Hamiltonian mechanics assumes phase space (positions and momenta) as primitive and writes

dynamics on this arena. Our constraint space is derived from what distinguishability requires,

not postulated. Moreover, the N-dependence structure—particularly the transition from

decomposable (N = 2) to irreducible (N ≥ 3) structure—has no Hamiltonian analog. Standard

mechanics has time as a parameter from the start; here, temporal ordering emerges from

geometric structure.

Jacobson's program assumes causal horizons, entropy, and local equilibrium, then derives

Einstein's equations from thermodynamic consistency. We ground the analogous flux-capacity

relations in the impossibility of nothingness, deriving boundary structure from the requirements

of distinguishability rather than assuming horizons.

The Free Energy Principle takes probabilistic models and Bayesian inference as fundamental,

defining free energy in terms of divergences between approximate and true posteriors. Our Ω
and K are geometric properties of the constraint field itself—Ω measures relational richness

(what configurations are accessible), K measures pattern specificity (how constrained the



configuration is)—derived from distinguishability requirements rather than from inference

frameworks.

Finster's CFS begins with operators on Hilbert space and derives spacetime as the support of a

measure. Our framework begins earlier—from modal logic—and the CFS structure may be what

our framework looks like under physical interpretation. This remains conjectural.

6.2.3 What Is Claimed as Novel

The strongest novelty claims are:

1. The derivation chain from axiom to physics. No existing framework derives physical

structure from the modal-logical impossibility of nothingness. The chain ◇N → ¬N →

distinguishability → five constraints → Φ geometry → physics is original.

2. The specific five-constraint structure. While "constraints" are ubiquitous, the

identification of boundary, pattern, resource, integration, and ordering as the minimal

complete set for robust distinguishability—validated through knockout and sufficiency

analysis—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 why the world has

the character it does. Section 5 conjectures this corresponds to Barandes' distinction

between indivisible and divisible stochastic processes—but the structural claim stands

independent of that physical interpretation.

4. The Ω/K dual structure across frameworks. The demonstration that Finster (supp(ρ) vs. ρ-

weighting), Barandes (configuration space vs. Hilbert space), Jacobson (entropy vs.

temperature), and Gorard (computational vs. multicomputational entropy) all exhibit the

same Ω/K duality is novel synthetic work suggesting this structure is fundamental.

6.2.4 What Is Not Claimed

We do not claim that gradient flows, configuration spaces, emergent spacetime, or information-

theoretic potentials are novel. These are standard tools. The claim is that our specific

configuration space, with its specific derivation and specific structure, provides foundational

grounding that other approaches assume rather than derive.

Supporting Information Section 9 provides detailed mathematical comparison with Hamiltonian

mechanics, information-theoretic approaches, and emergent spacetime programs, along with

responses to anticipated criticisms.



6.3 The Character of the Framework

6.3.1 Monism from Logic

The framework is monistic: everything derives from one principle. But this is not the monism of a

fundamental substance (matter, mind, spirit). It is monism of logical structure—the impossibility

of nothingness generates the structure of existence.

This is closer to Parmenides than to modern materialism or idealism. Existence is not contingent;

it is necessary. The structure of existence is not arbitrary; it is what the axiom requires.

6.3.2 Relations Without Relata (Initially)

Standard ontology assumes things first, relations second. Our framework inverts this: relation is

the minimum structure; relata are stable features of relational structure.

This is radical but coherent. We do not need to explain where the first things came from—there

were no first things. There was relational structure, required by the axiom, and what we call

"things" are patterns in that structure.

6.3.3 Emergence Without Time

The framework describes emergence—of complexity, of time, of physical structure—without

presupposing temporal sequence. "N = 2 configurations lack time" does not mean they existed

before time began; it means they are the kind of structure that lacks ordering.

This tenseless description avoids the circularity of deriving time from temporal processes.

Emergence is structural, not narrative.

6.3.4 Natural Philosophy

We have called this "philosophy" rather than "physics" because the arguments are logical and

conceptual rather than mathematical and empirical. But the boundary is porous.

Newton called his work "natural philosophy." Einstein's insights were often conceptual before

mathematical. The framework here is natural philosophy in this tradition: rigorous thinking

about the structure of nature, prior to (but pointing toward) mathematical formalization and

empirical test.

6.4 Open Questions

6.4.1 Why Exactly Five?

We have argued that five constraints are necessary (knockout analysis) and sufficient (PCA

analysis). But we have not derived the number five from first principles.



The question: Can we prove that exactly five constraints are required by the structure of Ω/K

optimization? What mathematical property of 5D spaces makes five the right number?

Possible direction: The answer may involve the topology of bounded optimization with two

competing objectives (maximize Ω, minimize K). Five may be the minimum dimension for such

optimization to have non-trivial structure, or the maximum before redundancy appears. The

connection to Cl(5) geometric algebra warrants investigation.

6.4.2 The Derivation of Constants

The derivation of α to 1 ppm and sin²θ_W to comparable precision establishes that dimensionless

constants are geometric invariants of the constraint algebra, not arbitrary parameters. The

framework has delivered on this claim for the electroweak sector.

Remaining open questions in constant derivation:

Can the fermion mass ratios be derived from analogous geometric features at higher N or

from different grade structures in Cl(5)?

Does the strong coupling constant αₛ arise from a three-body (grade-3) analogue of the

monogamy polytope?

Is there a systematic ladder—grade-1 features fix β and κ interactions, grade-2 bivectors fix

electroweak constants, grade-3 trivectors fix strong-sector constants—or does the pattern

break?

The vacuum impedance Z₀ = μ₀c may be exactly 4π within the framework; this has not been

confirmed.

The constraint that dimensional constants (ℏ, c, G in SI units) cannot be derived as specific

magnitudes—only their universality explained—is now understood as a principled limitation,

not a gap.

6.4.3 The Uniqueness of Physics

Our framework derives structure—five constraints, emergence of time, thermodynamic

behavior. But is our physics the only physics consistent with the axiom?

The question: Could different constraint geometries yield different "physics"? Is our universe's

specific structure selected by the axiom, or is it one possibility among many?

Possible direction: If the axiom uniquely determines constraint geometry (via Ω/K

optimization), physics is unique. If multiple geometries satisfy the axiom, our physics may be

selected by additional principles (stability, complexity, anthropic conditions) or may be arbitrary.

6.4.4 The Mind-Matter Relation

The framework is silent on consciousness. Configurations have constraint values; they do not



obviously have experiences.

The question: How does subjective experience relate to constraint geometry? Is consciousness a

pattern in constraint space, an additional feature, or something outside the framework entirely?

Possible direction: If consciousness relates to integration (λ) and complexity (κ), the framework

might illuminate it. Integrated Information Theory (IIT) proposes that consciousness

corresponds to integrated information—similar to our λ and Ω. But this remains speculative.

6.4.5 Mathematical Formalization

The framework is conceptual. Full development requires mathematical formalization.

The question: What is the precise mathematical structure of constraint space? How do the

correspondences to physics become rigorous derivations?

Possible direction: The connection to Finster's Causal Fermion Systems is promising. CFS

provides rigorous mathematics for deriving spacetime from more primitive structure. If our

framework maps onto CFS, we inherit its mathematical machinery. The bridges developed in

Supporting Information Section 5 are steps toward this goal.

6.5 Implications If Correct

6.5.1 For Physics

If the framework is correct, physics is not the study of arbitrary structure but of necessary

structure. The laws of physics are not contingent regularities but geometric consequences of the

impossibility of nothingness.

This would explain the "unreasonable effectiveness of mathematics—"mathematics describes

structure, and physics describes the structure that existence requires. The fit is not mysterious

but inevitable.

It would also unify physics conceptually. The tension between different physical regimes would

be understood as different N-regimes of one underlying geometry—small-N structure exhibiting

indivisibility, large-N limits exhibiting classical separability and thermodynamics.

6.5.2 For Philosophy

The framework addresses ancient questions:

Why is there something rather than nothing? Because nothing cannot exist—it is

logically incoherent.

What is the nature of existence? Relational structure satisfying five constraints.

What is time? The ordering parameter for configurations with sufficient asymmetry.



What is causation? Asymmetric constraint coupling between features.

These answers are not mystical or transcendent but structural. Existence has the character it

does because that character is required by the impossibility of its absence.

6.5.3 For the Relationship Between Philosophy and Science

The framework suggests that philosophy and science are not separate disciplines but continuous

inquiry. The axiom is philosophical (logical, conceptual); the constraints are structural

(mathematical); the correspondences are physical (empirical).

The boundary between "philosophy" and "physics" is methodological, not ontological. Both

investigate the same structure; they differ in tools and standards of evidence.

6.6 Directions for Future Work

6.6.1 Mathematical Development

Completed: Liouville's theorem and Hamiltonian mechanics derived from Ω conservation and N

= 2 decomposability. Heisenberg uncertainty derived from monogamy bounds in Cl(5) via

Carcassi's entropy bound. Fine structure constant α and Weinberg angle sin²θ_W derived

without free parameters from the N = 3 monogamy polytope. Three-regime hierarchy (N = 2 / N

= 3–intermediate / large-N) established with regime-indexed symplectic, irreducible, and

dissipative behaviours.

Priority 1: Establish rigorous correspondence with Finster's Causal Fermion Systems. The

structural parallels (constraint configurations ↔ CFS operators; Φ optimization ↔ causal action

principle; N-dependence ↔ regularization scale) are detailed in SI: Bridge to Causal Fermion

Systems. Making the correspondence a proved equivalence would import 20+ years of CFS

mathematical development, including rigorous derivations of Lorentzian geometry and Dirac

structure in appropriate limits.

Priority 2: Extend the constant derivation programme to the fermion mass spectrum and strong

coupling. The success with α and sin²θ_W at grade-2 (bivector) level suggests a systematic

approach at grade-3 (trivector) level for QCD-sector constants.

Priority 3: Formalize the large-N limit. The connection to Jacobson's thermodynamic derivation

of Einstein's equations is established at the conceptual level; the precise N-scaling at which the

continuous-horizon approximation becomes valid needs rigorous characterization. The

framework predicts 1/N corrections to the Bekenstein-Hawking entropy formula near the

quantum gravity regime.

Priority 4: Develop the uniqueness argument. Do the five constraints exhaust what

distinguishability requires, or are there alternative categorizations? The empirical validation

(>96% variance captured across cellular automata and Game of Life systems; <10% survival in



knockout experiments) supports sufficiency, but a categorical exhaustion proof from the axiom

alone remains open.

6.6.2 Empirical Validation

Test 1: Constraint correlations. The five constraints should show specific patterns across physical

systems. Compare predictions to data from cellular automata, chemical oscillators, biological

networks.

Test 2: Mesoscopic structure. At intermediate N, specific geometric features should be

observable. Quantify the predictions; design experiments to test them.

Test 3: Constant relationships. If constants are geometric, they should satisfy derivable

relationships. Search for such relationships; test them against measured values.

6.6.3 Conceptual Extension

Direction 1: Consciousness. Explore whether experience corresponds to constraint patterns

(high λ, high κ, specific Ω/K). Connect to Integrated Information Theory while maintaining

appropriate skepticism.

Direction 2: Cosmology. Apply the framework to cosmological questions. What does the axiom

imply about the universe's origin, structure, fate?

Direction 3: The quantum-gravity interface. The framework may provide insight into how

different physical regimes connect—the N-dependence structure suggests how indivisible and

divisible regimes relate.

6.6.4 Interdisciplinary Connections

Biology: Living systems maintain high Ω/K far from equilibrium. The framework may illuminate

the physics of life.

Information theory: Ω and K are information-theoretic quantities. The framework may connect

to fundamental limits on computation and communication.

Complex systems: The N-dependence structure may illuminate emergence in complex systems

generally—how macro-level properties arise from micro-level interactions.

6.7 Closing Reflection

We began with the simplest possible observation: nothing cannot exist. This is not profound

wisdom but logical triviality—nothingness is self-undermining, existence is necessary.

Yet from this triviality, structure unfolds. Existence requires distinguishability; distinguishability

requires relation; relation requires constraints; constraints create geometry; geometry yields



time, causality, physics.

The framework does not explain why existence has this structure rather than another. It argues

that this structure is required—the only structure consistent with the impossibility of

nothingness. There is no other structure to compare to; the question "why this structure?" has no

contrastive answer because no alternative is coherent.

This is either the deepest explanation possible—existence is self-grounding—or a sign that we

have not dug deep enough. We cannot currently tell which.

What we can say is that the framework is coherent, that it connects to physics in suggestive ways,

and that it offers a program for deriving physical structure from logical necessity. Whether that

program succeeds is a question for future work.

The axiom remains: nothing cannot exist. What follows from that impossibility is the structure

we have outlined. Whether it is the structure of our universe—whether physics is philosophy

made manifest—remains to be determined.

But the question has been posed in a form that admits investigation. That, perhaps, is the

contribution of this work: not final answers, but a framework within which answers might be

found.
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