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Abstract

Configuration Realism (CR) is a physical ontology consisting of a finite, timeless con-
figuration space. Each configuration is a complete arrangement of fundamental degrees of
freedom; none evolves; phase attaches additively to degrees of freedom and is defined relation-
ally, relative to a stage of an observer chain. Information exists only as finite, lossy physical
records. Each record defines a compatibility class, the configurations it cannot distinguish,
and probability is defined as counting over these classes. The framework’s derived core is
proved and computed in three companion papers under named structural assumptions. The
population of an outcome class equals N |α|2: the Born rule as a theorem, with the frequency
reading consuming exactly one typicality principle. The CHSH quantity assembled from in-
teger counts reaches 2

√
2 to O(1/N), the ontology giving up counterfactual definiteness in

the plain Bell scenario—and the absoluteness of outcomes where Wigner’s-friend extensions
demand it—rather than locality or free settings. And equipped with a local move set, counted
populations propagate as wavepackets: the effective mass is the inverse hopping rate of ele-
mentary refinement, the potential is a cell-dependent phase cost, and the counted dynamics
reproduces Schrödinger phenomenology with the number of configurations conserved exactly
at every stage. Around this core, closure laws order records by refinement. Observers are
chains of record-bearing stages; change is difference read along a refinement chain; time is
the emergent coordinate that labels it; and closure distance, accumulating in discrete quanta,
measures the restructuring refinement requires. Direct consequences follow for entropy and
the arrow of time, for the classical limit, and for objectivity as redundancy. The remainder is
a labeled research program: causal structure, Lorentzian geometry, geodesic dynamics, and
horizon thermodynamics as conjectured continuum limits of closure geometry, with the con-
structions that would establish them stated as open problems. A dedicated section collects
the framework’s distinctive predictions—the O(1/N) family separating a counting world from
continuum quantum mechanics—each with its mechanism and in-principle test. Every claim
in the paper is tabulated with its status: postulate, theorem, verified, argument, conjecture,
or open.

1



PART 0 — MOTIVATION: TWO ESTABLISHED
READINGS AND ONE NEW STEP

Configuration Realism begins from two established readings of established physics, and adds one
new step. Each reading is an adopted stance on a contested inference—the contrary literature is
cited where each is introduced—but both have long histories: relativity read ontically yields the
block universe, and the Wheeler–DeWitt constraint read at face value eliminates fundamental
temporal evolution. Together they yield a universe that does not evolve in time; they do not,
by themselves, yield a finite one. The new step is this work’s own: reading the Born rule of
quantum probability—among the most precisely confirmed laws in physics—ontically as well,
and arguing that an ontic Born exponent forces finite outcome classes (Section 5). Adding
finiteness completes the ontology, and Part II returns the completion as a derived core: within the
finite ontology, the Born exponent is derived, the Bell correlations are counted at the quantum
value, and wavepacket dynamics is derived from the move set.

The Rietdijk–Putnam block universe. The relativity of simultaneity leaves no invariant
fact about which events are “now.” Taken ontically, this is the Rietdijk–Putnam argument for
the block universe: all events exist; none is privileged as present [45, 44]. The inference is
contested—Stein’s response remains the standard rebuttal [50]—and we do not claim relativity
proves the block universe. We adopt the ontic reading and explore its consequences.

Wheeler–DeWitt quantum gravity. Canonical quantum gravity yields a constraint
equation with no external time parameter: physical states do not evolve against time [18]. The
problem-of-time literature offers many ways to interpret this away—internal times, deparame-
terizations [34, 36]. Taken at face value instead, it eliminates fundamental temporal evolution,
and the problem it leaves—recovering the appearance of dynamics—is the problem this paper
answers by ordered difference along record refinement (Part I).

The ontic Born exponent—the new step. Unlike the first two readings, the inference
drawn from this one is this work’s own. The quadratic law of quantum probability, if the exponent
is a fact about the world rather than a principle about the credences of observers, requires a
canonical measure over the outcome classes it counts, and a canonical measure requires either
finiteness or additional structure whose choice re-imports conventionality (Section 5). Since the
derivation consumes only the sizes of compatibility classes—never the size of Ω itself—what an
ontic Born exponent strictly dictates is hereditarily finite classes; a globally finite configuration
space is the parsimonious ontology that secures them, and the one this framework adopts.
One may retain infinite compatibility classes or an ontic Born exponent, but not both. Taken
ontically, the Born law points to a countable, finite-classed world—and the companion paper
[52] exhibits the mechanism, deriving the quadratic form from the conserved cardinality of such
classes.

The principle-theory method. Configuration Realism is constructed as a principle theory
in Einstein’s sense [21]. A constructive theory builds phenomena from posited constituents;
a principle theory elevates empirically established regularities to postulates and derives what
any consistent physics must look like given them—thermodynamics from the impossibility of
perpetual motion, special relativity from the relativity principle and the light postulate. CR’s
principles are established features of physics read at face value: the relativity of simultaneity,
the constraint structure of canonical quantum gravity, the quadratic law of quantum probability,
and the empirical fact that interference occurs (the core clause of [LC], Section 6). The finite,
timeless configuration ontology is not assumed independently; it is the minimal structure this
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work has found consistent with all of them simultaneously, and within it the Born exponent
returns as a counting theorem. The same discipline extends from probability to motion: the third
companion paper derives and computes wavepacket dynamics under one named structural input
(Section 7). Where the derivations consume idealizations beyond measurement—invertibility,
attainability—they are named as such and realized to O(1/N) in the explicit model.

Each of the three readings has a long history and a standard softening: presentist re-readings
of the block universe, external clocks for the frozen formalism, epistemic re-foundations of the
Born rule. Configuration Realism is the framework obtained by taking all three at face value
simultaneously and asking what ontology consistency then dictates. Its postulates (Part I)
are the minimal ontology consistent with all three: a timeless (the two readings), finite (the
new step) configuration space, with records and closure structure recovering what the readings
eliminate—time, probability, and objectivity, as emergent structure.

Part 0 uses the ontic Born exponent to motivate finiteness; Part II derives the Born exponent
from finiteness. This is not circular: the necessity direction (Section 5) is an informal argument
consuming only the ontic reading, the derivation direction is a theorem consuming finiteness
plus the structural assumptions [AS], [LC], [PR] of the companion, and neither argument uses
the other’s conclusion.
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PART I — ONTOLOGY AND FRAMEWORK

Status of this Part: foundational commitments—the postulates and definitions on which ev-
erything else rests, together with the closure geometry they induce. Nothing here is derived;
everything here is classified in the ledger of Section 19.

1 Introduction

Modern physics achieves extraordinary predictive success, yet its conceptual foundations remain
unsettled. Quantum mechanics provides accurate probabilistic predictions but leaves unresolved
the ontological status of superposition, measurement, and probability. General relativity pro-
vides a precise description of spacetime geometry and causal structure, while canonical quantum
gravity eliminates fundamental time entirely, even though observers encounter ordered succes-
sion. These tensions suggest that time, dynamics, and spacetime geometry may not be fun-
damental, but may instead correspond to deeper structural relations governing how physical
systems represent and access correlations.

All physically accessible information exists as records: finite physical arrangements of degrees
of freedom corresponding to correlations with other systems. No finite subsystem can represent
the full correlation structure of the universe, so any physical description is necessarily partial.
Configuration Realism takes this finiteness of records as foundational. Rather than treating
time or dynamical evolution as primitive, it begins with a timeless configuration space together
with the correlations represented in finite records, and locates dynamics in ordered difference
rather than evolution: an observer is not a fixed subsystem moving through configuration space
but a family of subsystems of distinct configurations, ordered by refinement of the records they
include. Change is difference read along this ordering; time is the emergent coordinate that
labels it. Dynamics is thereby fully real—a relation among configurations rather than a process
undergone by them.

The paper is organized by epistemic status. Part I states the postulates and develops closure
geometry (Sections 2–4). Part II presents the derived results: the necessity of a canonical
measure (Section 5), the Born exponent from counting with its Bell extension (Section 6),
wavepacket dynamics from counting (Section 7), and the classical limit (Section 8). Part III
develops direct consequences: entropy and the arrow of time (Section 9), structural complexity
(Section 10), objectivity (Section 11), and self-referential records (Section 12). Part IV states
the conjectural program: causal structure and emergent spacetime (Section 13), dynamics and
gravitation (Section 14), consistency targets (Section 15), and the open frontier (Section 17).
Section 18 relates the framework to existing work; Section 19 tabulates the status of every claim;
Section 20 concludes. Appendix A presents the formal structure in counting form. The Born
derivation, the Bell demonstration, and the wavepacket-dynamics computation are given in full
in the companion papers [52, 53, 54]; this paper integrates them.

2 Postulates of Configuration Realism

Postulate 1 (Timeless finite configuration space with relational phase). Physical reality consists
of a timeless configuration space Ω with |Ω| <∞. Each configuration ω ∈ Ω specifies a complete
arrangement of fundamental degrees of freedom. Configurations do not evolve, and none is
created or destroyed: every admissible partition is a partition of the same configurations.
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Configuration space carries phase structure, at two levels. Phase attaches to degrees of free-
dom: the arrangements of individual degrees of freedom carry phase, and a configuration’s phase
content composes additively from its independent parts. Phase is relational : no configuration
carries an absolute, context-free phase; what exists is the phase of a configuration relative to a
stage of an observer chain—an angle Sr(ω), defined modulo 2π for ω ∈ Ωr, accumulated along
the closure structure connecting the stage’s correlational content to ω, with successive stages
related by increments. Only phase differences within a stage are physical.

Remark 1. Three consequences are drawn in the companion paper [52] rather than assumed:
phase additivity for independent subsystems is a lemma of the first clause; the relational clause
is forced—a context-free per-configuration phase assignment is provably inconsistent with the
existence of nontrivial devices; and the packaging of phases as unimodular exponentials eiSr(ω),
summed coherently over classes, is derived. Finiteness is likewise not a technical convenience;
its motivation and consequences are the subject of Section 5.

Postulate 2 (Finite physical records). Information exists only in the form of physical records.
A record is a finite physical arrangement of degrees of freedom whose structure corresponds
to correlations among degrees of freedom within configuration space. Perfect representation
of correlations would require reproducing the correlated structure itself; records are therefore
necessarily lossy with respect to the correlations present in configuration space.

Postulate 3 (Compatibility classes). Each record r defines its compatibility class,

Ωr = {ω ∈ Ω : ω compatible with the correlations in r },

the set of configurations indistinguishable with respect to the correlations represented in r.
For a fixed record-bearing subsystem, the classes of its distinguishable record states partition
Ω; classes defined by different records, or borne by different subsystems, generally overlap.
Compatibility classes are defined by records alone; they are observer-relative only derivatively,
because observers are subsystems whose degrees of freedom include records.

Postulate 4 (Closure laws, elementary refinements, and closure distance). Correlations among
degrees of freedom may imply additional correlations. Closure laws express this implication
structure and define refinement relations among records, r1 ⪯ r2, forming a refinement partial
order whose chains are admissible refinement sequences. The closure laws license a discrete fam-
ily of elementary refinements: single-step restructurings, each encoding one minimal increment
of correlational content. Closure distance is then defined rather than separately postulated:
dc(r → r′) is the minimal number of elementary refinements in a chain carrying r to r′, scaled
by the closure quantum of Postulate 5, and infinite if no admissible chain exists. The quasi-
metric properties follow from this definition: dc(r → r) = 0 (the empty chain); the directed
triangle inequality dc(r → r′′) ≤ dc(r → r′) + dc(r

′ → r′′) (concatenation of chains); and no
symmetry—refinement is directional. What this postulate commits to is the move set itself:
that closure structure decomposes into discrete elementary steps.

Postulate 5 (Closure quantum). Every elementary refinement encodes the same minimal dis-
tinguishable increment of correlation-encoding capacity, the closure quantum δc; along any re-
finement chain, closure distance therefore accumulates as dc = Nsteps δc. Nothing fundamental
is infinitesimal; all continuum descriptions of closure geometry are coarse-grained.
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Remark 2. With Postulate 4 defining closure distance as minimal chain length, discreteness of
accumulation is automatic; what this postulate adds is uniformity—one quantum per elementary
step. Both remain physical commitments: the existence of a discrete move set there, the uniform
cost of its steps here. The conjecture that δc is Planck-scale—suggested by the horizon-entropy
material of Section 14—is exactly that, a conjecture, and is recorded as such in the ledger.

Postulate 6 (Observer chains, closure dynamics, and measurement). An observer stage is a
structured subsystem within a configuration whose internal degrees of freedom include records.
Observers are defined purely structurally; no assumption of consciousness or subjective experi-
ence is made. Configurations exist that contain structurally related observer stages whose records
are ordered by refinement ; this ordered family is an observer chain. An observer is not a fixed
subsystem translated through configuration space: “the observer” is the identification across
an observer chain, connected by closure structure alone—the records of each stage refine, and
represent, the correlational content of prior stages. Change is difference read along a refine-
ment ordering; time is the emergent coordinate labeling that ordering; closure dynamics is this
observer-relative ordered difference structure. A measurement is closure dynamics in which the
compatibility class defined by the observer’s records changes.

Remark 3 (Definitional and substantive content of the postulate). The postulate’s definitional
clauses—what “stage,” “chain,” and “measurement” mean—are vocabulary, and vocabulary
cannot be false. Its substantive commitment is the italicized existence clause, matching the
companion paper’s Postulate of the same name [52]: that configurations containing refinement-
ordered observer stages exist at all. A model of Postulates 1–5 could lack them, and then nothing
downstream that is observer-relative—emergent time, probability, the whole of Parts II–III as
read by anyone—would have a subject. The ledger records the existence clause separately for
this reason; the explicit model of Part II realizes chains by construction. (The existence clause
has recently acquired an independent counterpart in quantum gravity: closed universes described
without observers appear to carry a one-dimensional Hilbert space, with the world’s complexity
restored only by an observer’s presence—see Section 18.)

The postulates as answers. Postulate 1’s timelessness answers the first two readings of Part 0;
its finiteness answers the third. Postulates 2–6 supply the machinery that makes the acceptance
livable: records and compatibility classes ground emergent probability (Part II), and closure
structure with observer chains grounds emergent time and dynamics (Sections 3–4), so that
nothing the block-universe and Wheeler–DeWitt readings eliminated is left unexplained.

3 Ontology

Configuration space contains everything, including records; nothing stands outside it. Configu-
rations differ from one another; they do not change into one another. Closure laws order certain
of these differences by refinement, and closure distance measures them. Because configuration
space is finite, all measures over configurations are counting measures: sizes of compatibility
classes are cardinalities, and structural entropy is the logarithm of class cardinality (Section 9).

An observer is a family of subsystems of distinct configurations—an observer chain—connected
by nothing except closure structure: the records of each stage refine, and represent, the correla-
tional content of prior stages. Persistence is this refinement relation; the experience of persistence
is the represented content of the records. Motion is ordered difference in record content along
the chain; a record can represent a trajectory, but nothing traverses one.
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Remark (Sequential language). Nothing in this ontology moves or evolves.
Change is difference read along a refinement ordering; time is the emergent coor-
dinate labeling that ordering (Sections 4 and 13). All sequential language in this
paper—“refinement proceeds,” “a device is applied,” “entropy accumulates,” “ob-
servers construct clocks,” “downstream”—is shorthand for position in the refinement
ordering of an observer chain, never for temporal process. The shorthand is cashed
out formally by the definitions of this Part; wherever a sentence appears to reintro-
duce evolution, this remark is its reading.

The total closure cl(r) of a record is the maximal record content implied by r under the
closure laws; it is observer-independent and need not be includable in any finite record. The
accessible closure clO(r) is the maximal refinement of r realizable within observer O’s finite
capacity. The classes are ordered Ωcl(r) ⊆ ΩclO(r) ⊆ Ωr: total closure refines at least as far as
any accessible closure. Closure saturation is the condition in which accessible closure admits no
further refinement while falling short of total closure; horizons correspond to closure-saturation
boundaries (Section 14). Neither notion is a temporal process; both are structural relations
among record states.

Remark 4 (Closure as a Galois connection). “Closure” acts in two directions, and the formal
structure relating them is a Galois connection between the record lattice and the lattice of
configuration sets. On record content, closure is extensive: r ⪯ cl(r)—more correlations are
implied than are written. On configuration sets, the induced map is antitone: richer content
is compatible with fewer configurations, Ωcl(r) ⊆ Ωr. Extensivity on content and contraction
on classes are the two faces of one adjunction, and Appendix A states the axioms in this form.
The direction matters: a closure operator axiomatized directly on configuration sets would point
extensivity the wrong way, and the adjunction is what keeps both faces coherent.

4 Record Refinement and Closure Geometry

4.1 Refinement and its physical cost

A refinement of record r is a record r′ with Ωr′ ⊆ Ωr: additional correlations encoded in the
observer’s internal structure, distinguishing configurations previously indistinguishable. Because
records are finite and lossy, refinement cannot uniquely identify configurations; it progressively
shrinks compatibility classes while preserving multiplicity within them.

Records are physical arrangements, so refinement requires physical rearrangement of degrees
of freedom: correlations must be encoded, internal structure must differ between the configura-
tions containing successive stages, and finite subsystems can encode only bounded correlation
per step. These constraints are what closure distance quantifies: the restructuring cost of carry-
ing one record into another. Closure distance is local (refinement requires local rearrangement),
finite (finite subsystems encode finite correlations per refinement), and cumulative (chains of
refinements accumulate cost). These three features are what give rise to causal structure in Part
IV.

4.2 Closure distance as edit distance

The structure of Postulates 4–5 has a familiar mathematical species. The Levenshtein distance
between two strings [38] is the minimal number of elementary edits carrying one into the other:
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the paradigm of a min-over-paths metric, whose metric axioms are automatic (the empty path;
concatenation of paths) and whose discreteness is inherited from the unit cost of a single edit.
Closure distance is an edit distance in exactly this sense, with two differences, and the differences
are where the physics lives. First, direction: the elementary moves are refinements—correlational
content is added, never removed—so the correct comparison is insertion-only edit distance,
which is naturally asymmetric and infinite off the containment order: precisely the quasi-metric
structure of Postulate 4. Second, constraint: the Levenshtein edit graph is homogeneous—any
character may be inserted anywhere—whereas the refinement graph’s edges are licensed by the
closure laws. In one sentence: closure distance is insertion-only edit distance on the closure-
law-constrained refinement graph, and the physical content of the framework lies in which edits
exist.

Three consequences of the identification follow. First, the framework consumes the same
refinement paths twice, under two arithmetics: Part IV minimizes accumulated closure distance
along chains (geodesics; classical dynamics), while Part II sums phase weights over the con-
figurations those chains reach (arrows; interference). Minimization is the min-plus—tropical—
evaluation of the path structure; summation is the sum-product evaluation; and the passage
from the second to the first is Maslov dequantization, the idempotent limit studied in tropical
mathematics [39], the same limit that carries the path integral to the action principle. The
dictionary entries of Section 14 are, in this language, instances of a single statement: clas-
sical dynamics is the tropicalization of the counting structure. Second, the continuum-limit
problem—the construction of gab from the discrete lattice (Section 17)—becomes a question
about the large-scale geometry of an edit-distance graph, the subject of coarse geometry [28];
the open problem thereby has a mathematical home and a toolbox. Third, read as the minimal
restructuring transforming one record into another, closure distance is a physically instantiated
relative of the information distance of Bennett, Gács, Li, Vitányi, and Zurek [9]—the length of
the shortest program transforming one object into another—with a difference that may itself
be physical: edit distances are efficiently computable, algorithmic distances are not, and where
closure distance sits between them is open.

4.3 Discreteness and the continuum limit

By Postulate 5, closure distance accumulates in units of δc; nothing in the ontology is infinites-
imal. The geometric structures of this section and of Part IV are coarse-grained descriptions,
valid when the number of accumulated closure quanta is large. Along a refinement chain whose
successive records differ by single quanta, accumulated closure distance varies slowly relative to
the step size over many-step segments, and it becomes convenient to introduce smooth coor-
dinates Ra on record space together with an effective quadratic form dτ2 = gab dR

adRb whose
geodesic lengths approximate step-counted closure distances. The metric gab is not fundamental
structure; it is the continuum summary of discrete distinguishability counts, in the same sense
in which hydrodynamic fields summarize molecular populations.

Three consequences follow. First, all geometric statements in Part IV inherit this status:
effective descriptions with corrections of order 1/Nsteps, with δc the natural cutoff below which
the geometric description has no referent. Second, the emergence order is fixed: discreteness is
not a quantization of a prior continuum; the continuum is a limit of prior discreteness. Third,
the closure quantum links geometry to the counting results of Part II: the same discreteness
that makes configuration multiplicities well-defined makes closure distance well-defined, and the
residues of both are of the same 1/N character.
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Open Problem (Continuum limit). The formal construction of gab from the dis-
crete refinement lattice—conditions on chains under which the continuum limit exists and is
unique—is open. All of Part IV’s geometry is conditional on it. See Section 17.

4.4 Geodesics and emergent temporal structure

Refinement sequences connecting records correspond to paths in record space, with accumu-
lated closure distance τ [γ] =

∫
γ

√
gab(R) dRadRb in the coarse-grained description. Among all

refinement paths between records, those minimizing accumulated closure distance are geodesics
of the effective geometry: refinement sequences requiring minimal physical restructuring, and
hence the structurally preferred paths—the origin, in this framework, of variational principles
(Section 14).

Along any refinement sequence r0 ≺ r1 ≺ r2 ≺ . . . , accumulated closure distance increases
monotonically. This ordering is the quantitative realization of emergent time: experienced
duration corresponds to closure distance accumulated along the chain, connecting temporal
structure directly to the physical restructuring of records. Clocks, constructed by observers from
subsystems whose record states co-vary reliably with refinement, are the subject of Section 13.
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PART II — DERIVED RESULTS: QUANTUM
PROBABILITY FROM COUNTING

Status of this Part: theorems and computations—proved or computed under named assumptions
in the companion papers [52, 53, 54] and verified by literal enumeration in explicit finite models.
This Part integrates the results into the framework; the companions are self-contained.

5 Finiteness and the Necessity of a Canonical Measure

The finiteness postulate is not a technical convenience; it is the load-bearing wall of Part II. In
an infinite ontology, “the fraction of configurations in an outcome class” is undefined without
a choice of measure: countably infinite sets admit bijections with proper subsets, so ratios of
infinite cardinalities have no meaning, and continua quantify size only relative to a measure dµ,
whose choice is mathematically equivalent to choosing the probability rule. Conservation of “the
amount of configuration space” is then a statement relative to a convention—and conventions
force nothing.

Proposition 1 (Necessity: canonically measurable classes). The Born exponent can be a the-
orem about the world—derived rather than decreed—only in an ontology whose outcome classes
carry a canonical measure: one available without further choice. Finite cardinality is the unique
assumption-free case; and since the derivation consumes only the sizes of compatibility classes—
|Ω| itself never enters—what an ontic Born exponent dictates is the hereditary finiteness of
compatibility classes. Global finiteness of Ω is the parsimonious way to secure it, and is inde-
pendently motivated, but is not forced by this argument alone.

Remark 5 (The symmetry objection, anticipated). An infinite ontology with sufficient symmetry
does carry an invariant measure: normalized Haar measure on a compact homogeneous space,
the Fubini–Study measure on projective Hilbert space. The proposition is therefore stated with
care: what such an ontology cannot do is get its measure for free. The symmetry structure is itself
an ontological posit, and choosing it is choosing the measure—the conventionality is relocated,
not removed. Positing finiteness is also a posit; the asymmetry claimed is comparative, not
absolute—cardinality is the only measure that comes with no further structure beyond the set
itself, whereas every infinite alternative requires selecting structure whose selection is measure-
equivalent. A continuum can host the quadratic measure as a brute fact—Bohmian quantum
equilibrium postulates exactly this [20]—but cannot force it.

Independent physical motivation for finiteness comes from the Bekenstein bound [6], the
finite entropy of de Sitter space [3], and the case for a finite-dimensional fundamental state
space [14] (Section 18).

6 The Born Exponent from Counting, and Its Bell Extension

Probability in Configuration Realism is literal counting: the probability of an outcome, relative
to the observer stage bearing record r, is the fraction of configurations compatible with the re-
finements borne by later stages, P (ri | r) = |Ωri |/|Ωr|, and measurement update is elimination—
counting over the configurations that remain. Writing N = |Ωr| for the class being partitioned
and ni = |Ωri | for the population of outcome class ri, every probabilistic statement in this
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framework is a ratio of populations. This section states what the companion papers prove about
those populations.

6.1 The population theorem

Each outcome class carries, besides its cardinality, one further canonical aggregate. The com-
panion derivation [52] shows—it does not assume—that the admissible aggregate is the coherent
sum of stage-relative phases: additivity over disjoint unions forces a per-configuration sum; the
requirement that independent subsystems’ joint summary be determined by their marginal sum-
maries forces, with phase additivity, the summand to be a character of the circle, canonically
eiSr(ω); and the physicality of phase differences alone forces the population rule to consume only
the modulus. The arrow αi of a class is this coherent sum at a parent-relative scale—one scale
per parent class per stage; the companion proves that a single global scale is inconsistent across
nesting levels.

Phase additivity is a lemma of Postulate 1’s first clause, not an independent assumption.
Three structural assumptions are carried, collected here as the companion states them. [AS] Ag-
gregate structure: class summaries are physical—bounded-capacity (a summary that grows
with the class is not a record), additive over disjoint unions, determined by marginals for in-
dependent subsystems, and continuous in the phases. [LC] Linear composition, with at-
tainability: preparation devices, as correlation structures, compose linearly and invertibly on
arrows; nontrivial (superposition-forming) devices exist—the assumption that interference oc-
curs, whose quantitative law is then derived; and the attainable arrow magnitudes fill an interval
(jointly on independent pairs), the attained vectors dense in direction—an idealization every fi-
nite ontology realizes to O(1/N), with the theorems holding correspondingly in robust form. On
the relational phase postulate, [LC] has an ontological reading: a device’s phase increments are
uniform at record level, which is what makes it a matrix. [PR] Existence and universality
of the population rule: a single strictly monotone f with ni/N = f(|αi|), common to all
systems and composites. [LC] is where the linear structure of quantum mechanics enters the
framework; its origin belongs to the reconstruction program [31, 15, 41] and is the deepest open
problem (Section 17).

Two faces of [LC] should be kept distinct. That superposition-forming devices exist is an
empirical clause—interference is a measured fact, which [LC] postulates rather than derives,
exactly as the light postulate stands to special relativity. Invertibility and the attainability
clause are idealizations, stated as such and realized by every finite ontology to O(1/N). The
derivation’s shape is therefore: measured law plus named idealizations yields a unique exponent.
Section 18 tabulates the net assumption count against the textbook axiom set.

Two theorems then fix everything, each by contradiction. Multiplicativity: counting multi-
plies over independent subsystems—joint classes are Cartesian products, so cardinalities multi-
ply while arrows multiply by phase additivity—and a population rule that is not a pure power
f(x) = xp would assign the one joint class two different cardinalities. Conservation: a device
stands between two stages of an observer chain whose records differ by no outcome information,
so the two stages share one compatibility class—the same fixed set of N configurations, parti-
tioned upstream one way and downstream another, with only the stage-relative phase assignment
differing between them. (On a context-free phase picture this same-set reading is inconsistent,
which is the companion’s proof that phase must be relational.) Re-partitioning a fixed finite
set cannot change its cardinality, so

∑
i ni = N on both sides, automatically; substituting the

power rule makes every device a linear isometry of the ℓp norm, and for p ̸= 2 the only such
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isometries are generalized permutations [37], which form no superpositions—contradicting [LC].
Hence

ni = N |αi|2.

The square in the Born rule is the statement that a device’s stages share one fixed, finite class.
Two corollaries follow. The normalization

∑
i |αi|2 = 1 is forced, not conventional: it is the

counting identity
∑

i ni = N read through the derived rule, and it fixes the parent-relative scale,
whose partition-invariance within each parent the theory then proves. And norm-preservation of
devices is a consequence of counting conservation, not an assumption: a finite counting ontology
with linear devices either admits no interference at all, or obeys the Born exponent.

Interference is the non-additivity of | · |2 over coherent sub-partitions; decoherence is the
disjointness of classes distinguished by a record; conditionalization is counting over survivors; and
where a record sits in the refinement ordering determines which sums are taken—the placement-
dependence exhibited by the two-slit example, which recurs as the engine of the Bell analysis
below.

6.2 What the theorems establish, and what they do not

Two claims must be kept distinct, here as in the companion. The Born exponent—populations
graded as N |αi|2—is a theorem consuming no principle about credence, rationality, or typicality.
The frequency reading—that the outcome frequencies observers record track the population
fractions—consumes exactly one further principle, stated in the companion as Assumption [T]
(Typicality): among configurations bearing stored outcome counts, the population concentrates
overwhelmingly near the Born frequencies (a counting theorem), and the deviant sub-populations
are not the ones to reason from (the principle; not a theorem, there or anywhere). [T] is the
counting analog of Bohmian quantum equilibrium [20], in the weakest form available: typicality
by literal cardinality over equally real fundamental entities. The value of the exponent does not
depend on it. Configurations bearing deviant records are a prediction of the framework, not a
liability: a rare outcome sequence has small population, not zero, exactly as the rule requires.

6.3 Stability and the scope of the rule

A partition is recordable if correlating a fresh register with it leaves all downstream observer
statistics unchanged; its redundancy capacity is the number of independent copies that can
be so correlated without degradation; a record is stable if recordable with unbounded redun-
dancy. Stable partitions are exactly those whose classes carry no downstream cross-interference:
on them the record-level description closes and the population rule applies; unstable partitions
support no persistent records and hence no observer-relative outcome facts. Probability attaches
exactly to the partitions that can carry stable records—the preferred basis, the measurement
problem, and the scope of the Born rule are one question with one answer. Three quantita-
tive consequences are verified by counting: the zero-disturbance recording basis is selected by
the criterion (einselection [61]); k partial records at strength χ leave fringe visibility (cosχ)k

(redundancy [63]); and visibility and distinguishability from integer counts obey V 2 + D2 = 1
[60, 22].
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6.4 Entanglement, Bell, and the status of outcomes

A finite ensemble of definite, equally real configurations looks like a local hidden-variable model,
and Bell’s theorem [7, 16] therefore looks fatal to it. The second companion paper [53] shows
why it is not, and demonstrates the escape by literal enumeration. The argument has four layers,
summarized here.

Outcomes are records, relative to chains. An outcome is a record—a correlation between an
analyzer sector and a register—and records are borne by observer chains. On the ledger of the
observer-independence no-go theorems [12, 24, 11], the framework keeps locality (no refinement
anywhere alters counts outside its refinement cone) and free settings, and denies the absoluteness
of observed events; the relational precedent is Rovelli’s [46, 19], and what the counting ontology
adds is a denominator—relative facts with cardinalities.

Example (EPR at one light-year). Alice and Bob share a singlet-type pair and separate by
a light-year. Downstream of Alice’s measurement, her compatibility class contains only con-
figurations in which Bob’s particle-sector is anti-correlated with her registered value: relative
to her records, his future same-basis outcome is fixed. Relative to Bob’s records nothing has
changed—superposition is a property of a class relative to a record, not of a particle—and when
their records later become correlated, agreement is guaranteed structurally: no configuration
with matching same-basis spins exists. The textbook question “what happens to Bob’s state
at the moment Alice measures?” presupposes a fact about distant simultaneity that relativity
denies (Part 0, reading 1) and this timeless ontology never introduces. The framework does not
answer the question; it dissolves it.

Exclusion is basis-relative. Structural exclusion—which configurations exist—fixes the aligned-
basis correlations, and only those: at skew analyzer angles the “forbidden” same-spin config-
urations exist with population N

2 sin2 a−b
2 , in exactly the Born proportion. Exclusion alone is

Bertlmann’s socks [8]; the Bell-relevant physics lives at skew angles.
Configurations are not hidden variables. A configuration contains outcome records only

for the devices its correlation structure contains; no configuration answers two incompatible
settings on one wing, so no joint distribution over the four CHSH observables exists, and by
Fine’s theorem [23] the Bell inequality has no derivation. Denying counterfactual values is not
superdeterminism [51]: each choice of settings is its own preparation with its own full complement
of configurations, and nothing constrains the choice.

The violation is carried by phases. The singlet-type class is one compatibility class spanning
two sectors with a stage-relative phase difference of π; the composed device re-partitions it,
each joint-outcome arrow receives contributions from both sectors, and the cross terms deform
the populations away from the product form—the two-slit cross term, evaluated at four pairs
of angles. Computed by enumeration under the derived rule [53]: counted correlators track
− cos(a−b); at N = 4.2×106 the CHSH quantity from integer counts is |S| = 2.8284267, within
5× 10−7 of 2

√
2 [55]; and with a sector record inserted—the which-path analog, which restores

the joint distribution in Fine’s sense—the same configurations and devices yield |S| = 1.4142,
below the local bound. Each wing’s marginal counts are computed from that wing’s structure
alone, so the counting form of no-signaling holds by construction and is tested exactly. The
residue ||S| − 2

√
2| scales as O(1/N); its scale is robust, while its sign—the counted value lands

on both sides of the Tsirelson bound—is conditional on the model’s integer-apportionment rule,
a postulate whose selection by the ontology is open (Section 15). A division of labor holds: for
the plain Bell scenario the operative escape is the Fine blockage above; the denial of absolute
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outcomes is required only in the Wigner’s-friend extensions [12, 11], whose theorems carry their
own additional assumptions.

6.5 Computational verification

Every Part II claim is checked by literal enumeration in an explicit finite model: configurations as
tuples with lattice phases (3,600 values), probabilities computed by materializing configuration
lists and counting elements, the counting rule fixed before any case was computed, prepara-
tion parameters entering only through correlation structure. The model’s phase bookkeeping
is stage-relative—class phases are re-derived at each stage from the device’s increments, ex-
actly as Postulate 1 prescribes, and necessarily so, since a context-free assignment is provably
inconsistent with the devices the model applies. Verified to counting precision: unequal and
three-outcome splits (θ = 15◦: 933,013 of 106 configurations against cos2 15◦ = 0.9330127);
Mach–Zehnder fringes at visibility 1.0000 with which-path records driving visibility to 0.0000;
conditionalization by elimination; the quantum eraser with conditional fringes of opposite phase;
the two-constraint discrimination table (products eliminate non-powers, conservation eliminates
p ̸= 2); the stability suite; the CHSH suite of Section 6.4; and the O(1/N) rational residue (mea-
sured log–log slope −1.06; CHSH residue slope −1.14). The model also serves as an existence
proof in the robust sense: an explicit structure satisfying the postulates exactly and realizing the
assumptions to the O(1/N) tolerances the theorems’ robust forms require, establishing consis-
tency and non-vacuity of the axiom set. The dynamics suite of the third companion [54] extends
this discipline to propagation (Section 7).

7 Wavepacket Dynamics from Counting

Status: derived and computed in the third companion paper [54]—the effective dynamics derived,
the phenomenology computed by enumeration—conditional on the companion assumptions plus
one named structural input, [CS], with the same conditional status as the other Part II results.
The formal continuum limit remains open (Section 17).

The Born and Bell results fix what the counting ontology says about single measurements.
The third companion asks whether the same ontology, equipped with a local move set, propagates
like quantum mechanics—and answers by construction and enumeration: a refinement chain of
nearest-neighbour beamsplitters and per-cell phase increments, on the same 3,600-value phase
lattice as the other suites, evolving wavepacket classes as counted populations.

The input, [CS]. One structural input is consumed: a position-cell structure on the measured
sector, in three clauses whose standings differ. (i) Partition: the sector carries a distinguished
partition into cells. This clause is close to a companion result—the stability criterion of Sec-
tion 6.3 selects the partition whose classes carry no downstream cross-interference, the counting
form of einselection, whose standard verdict is position. (ii) Adjacency : cells are adjacent when
one elementary refinement carries correlational content between them—the neighbour relation
is the move set’s own graph (Postulate 4), not a separate posit. (iii) Regularity and uniformity :
the adjacency graph is a one-dimensional chain with a uniform recombination angle η. This
clause is the assumption proper, and it is the framework’s own open continuum-limit problem
(Section 4) assumed in discrete form: uniformity of η is a flatness assumption. [CS] therefore
assumes what Part IV conjectures, at the level of detail the enumeration needs, and no more.
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The effective Hamiltonian. For small η the device chain realizes the lattice Hamiltonian
Heff = −2η cos k + V (x), with effective mass m∗ = 1/(2η) and V a cell-dependent phase cost
per closure step. Two dictionary entries of Section 14 are thereby derived rather than posited:
mass is the inverse hopping rate of elementary refinement—resistance to record restructuring—
and the potential is spatial variation in what refinement charges. The existence of a generator
was already implicit in [LC] (a continuous one-parameter family of composing devices has a
self-adjoint generator by Stone’s theorem); what [CS] adds is the generator’s form: locality of
the move set makes it a nearest-neighbour hopping operator, a discrete Laplacian. ℏ enters only
as the conversion between closure phase and action, one constant for the whole move set, its
uniformity supplied by the closure-quantum postulate.

Licensing: partitions only where records are. A propagation chain poses a question the
single-device suites never had to ask: at which stages may the counting rule be applied? By
Postulate 3, a partition of a sector exists at a stage only if the stage’s records distinguish
its cells; the intermediate stages of the chain bear no such records, so no intermediate cell
populations exist, and the rule is applied once, at the record-forming measurement stage—the
chain as one composite device, in exactly the sense of Section 6.1. The enumeration quantifies
what this licensing protects: counting once at the measurement stage yields residues of O(1/N)
against the exact device chain (measured log–log slope −0.94), while imputing an integer census
to every intermediate stage—populations where no records are—degrades the scaling to slope
−0.62 through the amplitude granularity of few-configuration tail classes. The record-relative
definition of classes changes dynamical accuracy by a factor of order

√
N , and it is what preserves

the framework’s O(1/N) prediction family under time evolution.
The enumeration. Counted populations reproduce the Schrödinger spreading law σ2(t) =

σ20 + (t/2m∗σ0)
2, the group velocity to seven significant figures against the exact device chain,

and harmonic oscillation at ω =
√
2ηκ, with

∑
x nx = N exact at every stage—the counting

form of unitarity, tested exactly and never violated. The counted packet has a literal edge:
populations fall to one configuration and then to zero exactly where the Born value crosses 1/N ,
so the packet has finite support where the continuum Gaussian merely thins—prediction P1
rendered in position space (Section 16).

What the construction yields beyond agreement. The dispersion is a band, −2η cos k, with
the Schrödinger equation as its small-wavenumber corner—the generic situation for local uni-
tary lattice dynamics—and the band’s maximal group velocity 2η is a signal-speed bound native
to the move set: a computed instance of Conjecture 1, since a single elementary move defines
both the refinement step and the spatial adjacency (Section 13). The band reading extends to
masslessness. Effective mass is the inverse curvature of the dispersion at the carrier wavenum-
ber: the quadratic corner at k ≈ 0 is the massive Schrödinger particle, while the linear region
at k = π/2 propagates dispersionlessly at the invariant speed—the kinematic signature of a
massless particle, with no rest frame, because every elementary move that touches such a sector
transports it. On the closure reading, mass is the fraction of the refinement budget consumed
internally, and masslessness is spending none of it internally; the appropriate continuum limit at
the linear point is Dirac-type, the zone-boundary structure recorded as program, and a one-band
scalar chain captures the kinematics, not the gauge or polarization structure of a physical pho-
ton [54]. Relaxing [CS](iii)’s uniformity—a position-dependent η, hence a position-dependent
effective mass—is the discrete form of curvature and the named successor model (Section 14).
What remains open is inherited and stated: [CS](iii) itself, the formal continuum limit, higher
dimension, the zone-boundary structure, the phase texture, and the apportionment rule.
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8 Classical Limit, Decoherence, and Macroscopic Stability

Status: consequence-level argument, quantitative where it touches the verified stability results,
qualitative elsewhere.

Macroscopic systems possess large numbers of degrees of freedom organized into arrange-
ments capable of sustaining stable records—solid objects, measurement devices, organisms, en-
vironmental structures. Their compatibility classes are correspondingly refined: continuous
interaction with surrounding subsystems (photon scattering, thermal contact, structural cou-
pling) correlates environmental degrees of freedom with macroscopic structure, and each such
correlation is a record refinement. The stability criterion of Section 6.3 governs which macro-
scopic alternatives can be so recorded: partitions aligned with the zero-disturbance basis are
copied redundantly at no cost, while phase relations across differently-recorded subsets become
inaccessible to every observer whose records include the environmental correlations. Interference
between macroscopic alternatives is thereby not destroyed but unlicensed—the counting form of
decoherence, with the (cosχ)k redundancy law quantifying the approach.

Macroscopic persistence and effective determinism follow from the same structure. Because
macroscopic records involve many degrees of freedom, large closure distance separates them
from records of distinct macroscopic structure: small perturbations do not cross the barrier,
which is why classical objects persist. And because extensive correlation structure leaves very
few closure-consistent refinements, macroscopic refinement chains are nearly unique: effectively
deterministic trajectories, ordered along closure-distance-minimizing chains—the geodesics of
Section 4—which is where the variational structure of classical mechanics originates (Section 14).
Objectivity, the inter-observer face of the same facts, is developed in Section 11.

16



PART III — CONSEQUENCES

Status of this Part: direct consequences of the ontology and the Part II results. Section 9 is close
to theorem-grade; Sections 10–12 are structural arguments, classified as such in the ledger.

9 Entropy, Irreversibility, and the Arrow of Time

Records are finite and lossy; this section derives from that fact a convention-free definition of
entropy, a separation of two entropies with opposite signs along refinement, and an arrow of
time grounded in the increasing one.

9.1 Record entropy

Because configuration space is finite, the size of a compatibility class is a cardinality, and the
entropy of a record is defined without any choice of measure:

S(r) = log |Ωr|.

Record entropy is the logarithm of the observer’s indifference: the number of configurations
among which the record fails to distinguish. The logarithm is not stipulated—it is forced by
count multiplicativity (Section 6.1): independent subsystems’ class cardinalities multiply, so any
additive entropy must be logarithmic in cardinality. The same Cartesian-product theorem thus
feeds the Born chain and thermodynamics.

9.2 Refinement decreases record entropy

Refinement shrinks compatibility classes, so record entropy strictly decreases along refinement
chains: refinement is learning, and the indifference set contracts. (Verified at the counting level:
a refinement eliminating one quarter of a class lowers record entropy by exactly log(4/3).) Any
account of the thermodynamic arrow must therefore locate the increasing quantity elsewhere.

9.3 Historical entropy and the arrow

The increasing quantity is supplied by the other half of the record postulate: lossiness. Records
of earlier stages are themselves records—finite, compressed, degraded along the chain. Define
the historical entropy of a stage as the log-cardinality of the set of past record-state sequences
compatible with the stage’s encoded representation of its predecessors. Because compression
discards detail no later record can recover, historical entropy is non-decreasing along refinement
chains: indifference about fine-grained past detail grows even as indifference about the recorded
present shrinks. Irreversibility is structural, not dynamical—many prior record states are com-
patible with one refined record, so refinement cannot generally be inverted—a consequence of
finite capacity alone. The arrow of time is the direction of refinement ordering, and its ther-
modynamic character derives from historical entropy: observers build clocks and histories from
record sequences, and the direction in which histories lose micro-detail is the direction they call
the future. One mechanism—lossy encoding—with two entropies of opposite sign, and the arrow
carried by the increasing one.
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Open Problem (Quantized entropy increments). What exactly one closure quan-
tum bounds—configurations eliminated, or log-count—awaits derivation; upon completion
this section states the arrow of time as literally countable. See Section 17.

9.4 Maximum entropy and thermodynamics

Finiteness implies a maximum: S ≤ log |Ω| for every record, the entropy of total indifference.
The physical motivations for finiteness—the Bekenstein bound [6] and the finite entropy of
de Sitter space—are themselves maximum-entropy statements, and the framework returns one
natively. Thermodynamic entropy is the multiplicity of configurations compatible with macro-
scopic records—Boltzmann’s counting, obtained from record structure rather than statistical
postulates, with W a literal cardinality.

10 Emergence of Structural Complexity

Observers encounter increasingly complex structure along refinement chains, and in this frame-
work that is a consequence of what record encoding requires, not an independent posit. Correla-
tion capacity scales with the number and organization of a subsystem’s degrees of freedom: few
degrees of freedom encode few correlations. Sustained refinement therefore requires increasingly
structured arrangements, and stable refinement—in the formal sense of Section 6.3: record-
able with redundancy—requires arrangements that resist disruption by local interaction: bound
atomic and molecular systems, crystals, biological structures, measurement devices. Structured
subsystems in turn compose into larger record-bearing structures, producing hierarchy—atoms
to molecules to macroscopic bodies to observers to measurement networks—with correlation ca-
pacity compounding at each scale. Refinement paths through such structures are precisely the
closure-distance-efficient ones: unstructured arrangements cannot encode many correlations per
quantum of restructuring, so the geodesics of record space run through structured configurations.
Observers, as high-capacity record structures, sit at the top of this hierarchy by definition rather
than by accident; and the structured world observers encounter is the structural face of their own
compatibility classes, which highly refined records restrict to highly organized configurations.

11 Emergence of Objectivity and Inter-Observer Agreement

Records and compatibility classes are defined relative to subsystems, which raises the question
of how a shared, objective world emerges. The framework’s answer has a qualitative half and a
quantitative half, and the quantitative half carries the weight.

Qualitatively: observers capable of sustaining complex records share structural features—
many degrees of freedom, stable organization, hierarchical correlation structure—and therefore
partition configuration space at comparable resolution. Observers embedded in a common en-
vironment encode correlations with the same external subsystems, so their compatibility classes
overlap on the configurations consistent with the shared structure; and when observers exchange
information—mutual record refinement—configurations on which they disagree are eliminated
from the jointly refined classes. Agreement is manufactured by correlation, not presupposed.
These convergence claims are structural arguments, and the ledger classifies them as such.

Quantitatively: the stability analysis of Part II makes agreement quantitative. A stable
record can be correlated with arbitrarily many independent registers with zero degradation
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of any observer’s statistics: objectivity is unbounded redundancy. A record that cross-cuts
coherent structure degrades geometrically—k partial copies at strength χ leave visibility (cosχ)k,
verified by counting at every tested point. Many observers agree about the world because
the facts they record are exactly those that can be redundantly copied without disturbance;
this is the counting form of quantum Darwinism [63], and it grounds the overlap structure
asserted qualitatively above. No fundamental observer-independent state selection is required:
objectivity is redundancy, and redundancy is counted.

12 Self-Referential Records and Observer Self-Location

Observers are subsystems within configuration space, and their internal degrees of freedom
are part of the same structure whose correlations they encode; closure laws act uniformly on
all degrees of freedom. Nothing in the definition of records restricts correlations to external
subsystems, so observers may encode records of their own internal record states. Self-reference
is structurally permitted, and with it recursion: a record of a record of a record, each level
costing closure distance, with finite capacity bounding recursion depth. Ordered sequences
of self-referential record states are observer histories, and clock records—subsystems tracking
refinement structure—label them; temporal ordering, at the level of experience, is the structural
ordering among recursive self-referential record states.

Self-referential records also ground a structural notion of self-location. A compatibility class
constrained by records of the observer’s own internal state identifies the observer as a specific
structural position within configuration space: the observer is identified by its class, with no
need for unique configuration membership. Measurement outcomes are definite relative to such
classes—each chain’s records encode one outcome, though configuration space contains config-
urations bearing every outcome—which is the observer-relative definiteness that Part II’s Bell
analysis makes explicit, obtained without collapse or branching worlds.

On experience, the framework’s claims are modest. Structural self-location is the framework’s
candidate correlate of perspective: it says where, structurally, a perspective is located and what
its records can contain. Whether structural self-location amounts to subjective experience is
the hard problem of consciousness, and this framework neither needs nor offers a solution to it;
the physics of Parts I–II is complete without one. Perspectives, insofar as they are physical, are
self-referential record structures, and their finitude, their recursion bounds, and their relative
outcome facts are all counted quantities.
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PART IV — CONJECTURES AND RESEARCH
PROGRAM

Status of this Part: framework-supported conjectures and scheduled derivations—claims with
structural plausibility and, where noted, a derivation path, but without the theorem status of
Part II. Each conjecture below is a candidate for the Part 0 method: a structure which, read
ontically, would dictate further features of the ontology.

13 Causal Structure and Emergent Spacetime Geometry

Status: conjectural. The causal and geometric structures below are effective descriptions in the
sense of Section 4, conditional on the open continuum-limit construction.

13.1 Locality, bounds, and causal cones

Records are localized physical arrangements, so encoding correlations between separated sub-
systems requires restructuring intervening degrees of freedom: record refinement is an ordered
sequence of local rearrangements, a constraint that is structural, not temporal. Because restruc-
turing proceeds over finite local degrees of freedom, the closure distance required to correlate
subsystems grows with their structural separation, which motivates a lower bound: there exists
a constant c such that subsystems at structural distance ∆x require closure distance

∆C ≥ ∆x

c

to become correlated. The bound defines causal structure in closure terms: for a given record
and closure-distance increment ∆C, only subsystems within ∆x ≤ c∆C can become correlated
through refinement—a causal cone in record space—and refinements separated by insufficient
closure distance cannot encode mutual correlations. If refinement r2 requires correlations en-
coded in r1, then dc(r0 → r1) < dc(r0 → r2): causal ordering as closure ordering.

13.2 Clocks, invariant speed, and Lorentzian structure

Observers construct clocks from subsystems whose internal records undergo distinguishable re-
finement sequences; clock readings are internal record states, and temporal duration is closure
distance accumulated along the clock’s chain. Time is a constructed label; closure distance is
the invariant. Relative to observer clocks, the closure bound appears as a limit on correlation
propagation, ∆x ≤ c∆τ , with c an invariant causal speed: invariant because closure-distance
constraints are observer-independent even though clocks are not.

Conjecture 1 (Invariant speed as maximal refinement rate). The constant c is derivable as
a statement about the maximal refinement rate—closure quanta per clock tick—rather than
postulated.

The wavepacket construction of Section 7 contains a computed instance: the band’s max-
imal group velocity 2η is a signal-speed bound native to the move set, structural rather than
imposed, because a single elementary move defines both the refinement step and the spatial
adjacency—read longitudinally the move set is time, read transversally it is space. Developing
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the identification in general is program; the instance upgrades the conjecture’s standing from
stated derivation path to computed example.

In emergent coordinates (τ, xi), the conjectured invariant interval takes the Lorentzian form

ds2 = c2 dτ2 − gij dx
idxj ,

with timelike separations the causally connectible refinements, spacelike separations those re-
quiring closure distance in excess of the bound, and null separations the causal limit. The
signature is put in by the competition between temporal and spatial refinement for closure re-
sources; it is not yet derived, and the ledger says so. Geodesics of this interval extremize

∫
ds

and coincide, by Section 4, with closure-distance-minimizing refinement chains: the structural
origin of inertial motion.

13.3 Relation to causal set theory

Causal set theory [10], the nearest existing program, also derives Lorentzian geometry from a
discrete partial order, and possesses the theorems this Part still lacks: causal order plus volume
information determines the metric [40, 33]. The structural difference is the interpretation of the
order. A causal set’s order is primitive causal precedence among events; CR’s refinement order is
implication structure among records, with events, causality, and volume all downstream of what
finite subsystems can encode about one another—and with an independent quantity, closure
distance, supplying the metric data that causal sets obtain from element counting. Whether
the closure lattice of a CR world defines a causal set in the technical sense, and whether the
Malament-type reconstruction theorems then transfer, is a sharp open question and the natural
bridge between the programs.

14 Toward Dynamics and Gravitation: Analytical Sketches

Status: conjectural throughout. These are dictionary entries—demonstrations that if closure
distance has the stated form, familiar dynamics is recovered—not derivations of that form. The
functional forms are inputs; deriving them from closure structure is the program. One entry,
the Schrödinger equation, is derived in its discrete small-wavenumber form rather than posited
(Section 7); that is the intended trajectory for the remaining entries.

The variable called “time” below is the observer-constructed clock label of Section 13. Its role
is that of a unit of account: in a barter economy, exchanges are real and pairwise, and the dollar
does not cause them—it labels and organizes them, so relationships can be written as equations
rather than networks. Likewise refinement relations among records are the reality; clock labels
are the shared coordinate that lets those relations be written as differential equations. Nothing
below evolves in time; everything below is structure parameterized by clock labels.

14.1 Newtonian dynamics from closure-distance minimization

Let an observer encode records R = (x, τ) of a subsystem’s position together with a clock label.
Posit (dictionary entry) the closure-distance functional

C[x(τ)] =

∫ [
m

2

(
dx

dτ

)2

− V (x)

]
dτ.
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Closure-consistent refinement chains minimize accumulated closure distance, δC = 0, giving

m
d2x

dτ2
= − dV

dx
,

Newton’s second law, with inertial motion x(τ) = vτ + x0 in the free case. On this dictionary,
mass is resistance to record restructuring and force is the gradient of closure-distance density.
What is conjectured is the functional form of C; what is demonstrated is that the variational
structure of mechanics is the geodesic structure of Section 4 in clock coordinates.

14.2 Relativity from closure-interval geometry

Posit the closure interval
∆C2 = c2(∆τ)2 − (∆x)2,

expressing the competition of spatial and clock refinement for closure resources. Closure-null
refinements, ∆C2 = 0, propagate at |dx/dτ | = c; the transformations preserving the interval are
the Lorentz transformations

x′ = γ (x− vτ), τ ′ = γ
(
τ − v

c2
x
)
,

and Lorentz symmetry is the symmetry of closure geometry expressed in clock coordinates. As
in Section 13, the signature is posited, not derived.

14.3 Quantum dynamics: the continuum limit that remains

The discrete form of this entry is not a posit: Section 7 reports the effective Hamiltonian
derived from the move set under [CS], with m∗ = 1/(2η) and V a cell-dependent phase cost, and
counted dynamics reproducing Schrödinger phenomenology in the small-wavenumber regime.
What remains conjectural is the formal continuum limit: that the discrete construction, with
cell spacing taken small against the scales of interest, converges to

iℏ
∂ψ

∂τ
= − ℏ2

2m

∂2ψ

∂x2
+ V (x)ψ,

mirroring the treatment of the metric: a discrete-refinement structure whose coarse-grained de-
scription is the familiar continuum law. This is the only place ℏ appears in the framework: it
enters as the conversion between closure phase and action, and it belongs to the same open con-
struction as gab. The named successor model relaxes [CS](iii)’s uniformity: a position-dependent
recombination angle η(x) gives a position-dependent effective mass m∗(x) = 1/(2η(x)) and local
propagation speed—a spatially varying closure cost is a spatially varying metric, curvature in
the discrete—making the gravitational material of this section computable in the same style:
prepare a packet, impose a gradient in η, count, and ask whether the trajectory bends as a
geodesic of the induced geometry should.

14.4 Black holes as closure saturation

Observers possess finite record capacity, so a sharp structural question arises: can a subsystem’s
internal correlations exceed what any external observer can encode? The framework predicts
yes. Where the closure distance required to encode further internal correlations exceeds external
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record capacity, externally accessible compatibility classes admit no further refinement with
respect to interior structure. This saturation is the framework’s structural rendering of a black
hole; the boundary between externally refinable and non-refinable structure is its rendering of
the horizon. External observers encode correlations through boundary degrees of freedom only,
so externally accessible entropy is capped by boundary-encodable correlations, motivating the
area scaling

S ∝ A

as a count of boundary-encodable closure quanta—structurally parallel to Bekenstein–Hawking
[5, 32], and the neighborhood of the thermodynamic derivations of gravity [35, 57, 56], to which
the closure program owes an explicit comparison. An observer crossing the horizon retains full
local refinement capacity: the horizon is an observer-relative boundary in record accessibility,
not an absolute structural discontinuity.

Conjecture 2 (Horizon equivalence). In the geometric limit, closure-saturation boundaries
coincide with the event horizons of the emergent metric: the boundary beyond which external
observers cannot refine compatibility classes is the boundary beyond which causal influence
cannot reach them.

This coincidence is a requirement the program must meet, stated as a conjecture with a
plausibility argument—causal accessibility in the emergent geometry just is the ability to encode
correlations by refinement—not a result. The conjectured resolutions of Section 15 (information,
singularities) are conditional on it.

14.5 Singularities as breakdown of the emergent description

If geometry is the coarse-grained description of closure structure, it is valid only where refine-
ment can be smoothly parameterized by observer clock labels. Where closure saturation prevents
further external refinement, the geometric parameterization loses its referent—and the singular-
ities of general relativity are then read as artifacts of extending an effective description beyond
its domain, not as divergences in configuration structure, which remains finite and well-defined
throughout. Interior observers, whose records remain correlated with interior degrees of free-
dom, retain locally valid descriptions. This reading is conditional on Conjecture 2 and on the
continuum-limit construction, and is classified accordingly.

15 Consistency Targets and Potential Observational Consequences

Configuration Realism is constructed to be consistent with the empirical content of quantum
mechanics and relativistic physics, and this section states what that requires, distinguishing
throughout between what is established and what the program must yet deliver.

Quantum phenomena: established at the level derived. Within the finite-dimensional in-
terferometric regime, the counting rule reproduces Born statistics, interference, decoherence,
conditionalization, entanglement correlations, and CHSH violation, as theorems plus enumer-
ation (Part II). Wavepacket dynamics in the small-wavenumber regime of a one-dimensional
cell chain is derived and computed under [CS] (Section 7); recovering continuous space, higher
dimension, and the formal continuum limit remains the program of Section 14.

Relativistic and gravitational phenomena: targets. Time dilation, length contraction, invari-
ant signal speed, gravitational redshift, lensing, orbital dynamics, and horizon phenomenology
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are consistency targets for the closure-geometric program: the conjectured structures of Sec-
tions 13–14 are shaped to yield them, and would yield them if the continuum-limit construction,
the signature, and Conjecture 2 are established. None is currently derived, and this paper claims
none of them as results.

Conjectured resolutions. On the black-hole information problem, the framework’s position—
conditional on Conjecture 2—is that information is never destroyed: all configurations remain
in configuration space, and horizon “loss” is closure inaccessibility relative to exterior observers.
On singularities, likewise conditionally: no divergence exists in configuration structure; the di-
vergence is in an effective description pushed past its domain. These are conjectured dissolutions,
offered as evidence of the program’s coherence, not as established resolutions.

The classical limit and cosmology. Effectively classical macroscopic behavior follows from
the stability results at the argument level (Section 8); cosmological consistency—expansion,
background structure—is at present an unexamined target, listed for completeness.

Distinctive predictions. The commitments that distinguish the framework from continuum
quantum mechanics—all consequences of Part II, and the reason the framework is a theory rather
than an interpretation—are collected, with their mechanisms and test routes, in Section 16.

16 Distinctive Predictions and Falsifiability

Configuration Realism’s predictions differ from those of continuum quantum mechanics, and
the differences are in principle testable. They come from finiteness: populations are integers, so
every probability is a ratio of counts and Born statistics hold to O(1/N) rather than exactly—all
consequences of Part II. This section collects every predicted point of difference, each with its
mechanism and its in-principle test, followed by an analysis of which of them could refute the
framework.

P1: Rational probabilities. Every probability is a ratio of cardinalities, hence a rational
number with denominator the relevant class population; irrational Born values like cos2 15◦

are therefore approximated, never attained, with error of order 1/N . Test route: observed
conformity to Born statistics at precision ϵ bounds the class population from below, N ≳ 1/ϵ—
every precision test of quantum mechanics is, on this framework, a lower-bound measurement of
N . Resolving the offset positively requires distinguishing a fixed systematic displacement of order
1/N beneath sampling noise of order 1/

√
T over T trials: T ≳ N2. The third companion renders

this prediction in position space: because populations are integers, a counted wavepacket has
finite support, terminating exactly where the Born value crosses 1/N , with the outermost cells
holding populations of one (Section 7)—continuum quantum mechanics asserts a nonzero tail
at every distance; a counting world asserts, with population zero, that the particle is definitely
not almost everywhere.

P2: Two-sided Tsirelson deviations. The counted CHSH quantity differs from 2
√
2 by

O(1/N), and—because 2
√
2 is irrational and counted correlators are rational—can land above

the Tsirelson bound, as it does in the enumeration [53]. The scale of the deviation is robust
(rationality alone); the sign is conditional on the integer-apportionment rule, a model postulate
whose selection by the ontology is open. Test route: a statistically resolved excess of a CHSH
expectation value over 2

√
2, beyond all systematics, is compatible with no continuum formulation
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of quantum mechanics and is permitted here at the 1/N level; its absence at precision ϵ bounds
N ≳ 1/ϵ as in P1.

P3: Refinement-graded graininess. The deviation scale for a given experiment is set not
by any global count but by the measured sector’s own unresolved multiplicity. The mechanism
is a cancellation: when the measured sector is independent of its environment (full crossing),
the environment’s multiplicity Menv multiplies the population of every outcome class and of
the parent alike, and cancels in the ratios—P = ni/N = mi/Ms, where Ms is the number
of configurations per preparation that the stage’s records fail to distinguish within the sector
itself. Two consequences follow. First, refinement of unrelated systems changes nothing, while
refinement penetrating the measured sector shrinks Ms and coarsens the available probability
lattice: the deviation from Born statistics is not a constant of the world but a monotone of
position in the refinement ordering, minimal where the sector is minimally recorded and growing
as its accessible closure is approached. Second, record lossiness floors Ms for any capacity-
bounded observer—no realizable stage can refine a sector’s classes below what its record capacity
permits—which is why Born statistics appear exact in every laboratory. The predicted locus of
maximal graininess is therefore saturation-adjacent structure, where accessible closure runs out:
the horizons of Part IV, tying the counting results of Part II to the closure-saturation material
through a single mechanism. The record-relativity mechanism behind this prediction now has
dynamical support: counting only at record-forming stages preserves the O(1/N) family under
propagation, whereas a stage-wise census would degrade it to ∼ N−0.6 (Section 7). Status:
argument-level—the cancellation step assumes full crossing, and correlated environments cancel
only partially. Test route: P3 predicts a correlation—deviation scale against degree of sector
refinement—rather than a single number; see the falsifiability analysis below.

P4: Logarithmic run-length bound. A stored k-run outcome sequence is itself an outcome
class, with population Ms

∏
i pi; once k exceeds roughly logMs, sequence classes depopulate—

no configuration is left to carry the record. Frequency reasoning by literal counting is therefore
supported only for runs k ≲ logMs, and this bound tightens along refinement as Ms shrinks:
the graded companion of P3.

P5: Entropy caps. No record’s entropy exceeds log of its class population, and nothing
exceeds log |Ω|: a finite world has a maximum entropy, aligning natively with the Bekenstein
and de Sitter bounds that independently motivate finiteness. Jointly with the bounded chain
lengths of a finite ontology, this gives a commitment few frameworks state: a finite world supports
finitely many distinguishable moments.

The structure of falsifiability. The family is asymmetric. The single-number predictions
(P1, P2) function, absent an independent determination of N orMs, as a measurement program
rather than a refutation channel: every null result raises the lower bound on the class popula-
tion, and the framework survives by retreating to larger N . (A positive detection is different:
a resolved excess above Tsirelson would be evidence for a counting world that no continuum
theory can absorb.) The genuine refutation channel is P3, precisely because it predicts a re-
lation rather than a value: wherever Ms can be independently estimated—saturation-adjacent
regimes, where the framework’s own horizon program supplies candidate estimates, are the nat-
ural target—the framework requires deviation scale to grow with sector refinement. If graininess
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fails to track refinement where the multiplicity is estimable, the counting ontology is wrong, not
merely bounded. Identical predictions in every regime would make Configuration Realism an
interpretation—a reading of the formalism rather than a physical theory; P1–P5 are the content
that makes it a theory, and P3 is the channel by which it could, in principle, be refuted.

17 The Frontier

The open problems, in descending order of centrality. First, the arrow problem: deriving [LC]—
the existence of arrows and linear composition—from deeper CR primitives; the relational phase
postulate supplies [LC]’s meaning (record-level uniformity of phase increments) but not its
derivation, and the stability results show what selects among arrow structures, not why ar-
rows exist. Second, the continuum limit : the formal construction of gab (and the Lorentzian
signature) from the discrete closure lattice—in the edit-distance language of Section 4.2, the
coarse geometry of the refinement graph [28]—on which all of Part IV depends, including the
causal-set bridge question of Section 13. The Schrödinger piece of this problem has narrowed:
the small-wavenumber corner is derived and computed under [CS] (Section 7), the remaining
open clause is [CS](iii)—graph regularity and uniform hopping cost—and flatness relaxation
(position-dependent η) is the named next construction. Third, the base-level phase texture:
what determines the stage-relative increments ∆S that [LC] organizes, and that generic admis-
sible textures exist; with this belongs the origin of [AS] and of the integer-apportionment rule
the model postulates. If effective mass is band curvature at the carrier wavenumber (Section 7),
what fixes where a sector’s texture sits in k belongs here as well: the origin of mass and the
origin of the phase texture may be one problem. Fourth, the δc–entropy statement gating the
countable form of the arrow of time (Section 9). Phase additivity requires no entry here, being a
lemma of Postulate 1; the Bell question is answered by the second companion [53]. Each remain-
ing item is research, not patchwork; none undermines the Part II results, which are conditional
on assumptions stated where they are used.

18 Relation to Existing Frameworks

Interpretations of quantum mechanics. Against Copenhagen: measurement is record refinement—
elimination in a fixed configuration space—reproducing the operational structure of collapse
without physical discontinuity. Against Everett [59]: CR shares the rejection of collapse and of
fundamental probability postulates, but posits no branching; all configurations coexist timelessly
in one space, and apparent branching is the partitioning of compatibility classes. The probability
comparison is structural: branch counting fails because branch number is coarse-graining-relative
[27, 59], which is why the surviving Everettian derivations are epistemic—decision theory [17, 58],
envariance [62], self-locating uncertainty [48]; CR restores the denominator at the level of ontol-
ogy, with the credence-facing residue confined to [T]. Against Bohmian mechanics [20]: quantum
equilibrium hosts the |ψ|2 measure by postulate over a continuum; Proposition 1 explains why
a continuum can host but not force it, and [T] is the counting analog of the equilibrium hypoth-
esis in the weakest form available. Against relational quantum mechanics [46, 19]: CR shares
outcome-relativity (Section 6.4) while maintaining an observer-independent configuration struc-
ture that observers select from rather than create—relative facts with cardinalities. Against
QBism [25]: compatibility classes are physical correlation structures, not credence states; prob-
ability is counting, not betting. The path-integral formulation is structurally echoed in phase-
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weighted sums over classes, with closure distance playing the action’s role in the classical limit;
decoherence theory [61, 63] is recovered in counting form by the stability results.

Uniqueness and reconstruction. Gleason-type theorems [26, 13] force the quadratic measure
given Hilbert-space structure; Masanes–Galley–Müller [42] show the measurement postulates
operationally redundant given the rest of quantum theory; the conservation argument of Part II
is a cousin of the observation that only the 2-norm supports continuous norm-preserving families
[1, 37], with the difference that CR conserves a number of things rather than a normalization
convention. The reconstruction program [31, 15, 41] is where [LC]’s origin belongs. The closest
structural relative is Many Interacting Worlds [29]: a finite ensemble whose density is driven to
|ψ|2 dynamically, where CR’s stability criterion selects statically; the origin of linear structure
is open in both. On the dynamical side, ’t Hooft’s cellular-automaton program [51] is the
nearest deterministic-substrate neighbor; its ontic states are stage-wise absolute—precisely the
census that the record-relative licensing of Section 7 declines—and the lattice-dynamics lineage
(Feynman’s checkerboard, unitary cellular automata, quantum walks) is engaged in the third
companion [54].

The comparison with the textbook axiom set can be stated as a ledger:

Structure Textbook QM Configuration Realism

Linear composition of devices Postulated (Hilbert space) Postulated ([LC]: interference occurs)
Born rule p = |α|2 Postulated Derived (multiplicativity + conservation)
Normalization

∑
i |αi|2 = 1 Postulated Derived (counting identity

∑
i ni = N)

Unitarity / norm preservation Postulated Derived (re-partitioning a fixed set)
Preferred basis; scope of the rule Interpretive supplement Derived (stability, §6.3)
Underlying ontology Unspecified Postulated (finite timeless Ω; records)

Net: CR postulates linearity—which quantum theory also postulates—plus finiteness, and de-
rives the remaining measurement postulates as counting identities; the ledger locates why they
are operationally redundant [42]: they are consequences of conserved cardinality. This is, to
our knowledge, the only mechanical account of quantum probability on offer: every alterna-
tive derivation is either epistemic—probability as rational credence (decision theory [17, 58],
self-locating uncertainty [48], QBism [25])—or postulated—quantum equilibrium assumes the
measure it hosts [20]—whereas here probability is frequency by literal cardinality over equally
real entities, with the credence-facing residue confined to the single named assumption [T].

Spacetime and gravity. The timeless setting is the tradition of Wheeler–DeWitt [18], Page–
Wootters [43], and Barbour [4]—whose time capsules, records that represent history, are the
closest precedent for CR’s record-grounded time, with change as ordered difference in the lineage
of the at–at account of motion [47]. Page–Wootters recovers dynamics by conditioning on a
clock subsystem; CR recovers it from the refinement ordering itself, with clocks as downstream
coordinate devices. Causal set theory [10, 40, 33] is the nearest discrete-geometry program
(Section 13); the thermodynamic route to the Einstein equation [35, 57, 56] is the nearest
neighbor of the closure-saturation material; and finiteness draws on [6, 3, 14].

A recent development in quantum gravity converges on the same structure from an entirely
independent formalism. Arguments from the quantum extremal surface formula and the grav-
itational path integral indicate that the Hilbert space of quantum gravity in a closed universe
is one-dimensional: described without an observer, a closed cosmos carries no information at
all. The proposed resolutions insert one. Shaghoulian [49] identified the observer as the split
that enlarges the state space; Harlow, Usatyuk, and Zhao [30]—in parallel with Abdalla, An-
tonini, Iliesiu, and Levine [2]—then argued that the experiences of an observer Ob in a closed
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universe are described by an effective theory of dimension roughly eSOb , with SOb the observer’s
degrees of freedom. Configuration Realism outputs this structure natively, as arithmetic: with
no records, exactly one compatibility class exists—Ω itself, undifferentiated, zero bits—and it
is record refinement that partitions the space, with the observer’s record capacity bounding
the distinguishable alternatives, precisely the role eSOb plays in the holographic account. The
correspondence is structural, not derivational—those results live in continuum holography, this
framework in finite counting—but the convergence lands on the framework’s least obvious com-
mitment: that informational structure is record-borne and observer-indexed (Postulates 2–6,
Remark 3), a conclusion the gravitational path integral has now reached from the other side.

19 Status of Every Claim

Statuses: P postulate · Def definition · D derived (theorem, conditional on named assumptions)
· V verified by enumeration · A argument (explicit but informal) · C+ conjecture with stated
derivation path · C conjecture · O open.

Claim Status Where

Timeless finite Ω; two-level relational phase P Post. 1
No context-free phase assignment possible D [52] Post. 1 rem.
Phase additivity D (lemma of Post. 1) §6.1
[AS] aggregate structure Assumption (four named clauses) §6.1
Records as sole information; lossiness P (lossiness: A from finiteness) Post. 2
Compatibility classes; partition/overlap structure Def Post. 3
Closure laws; refinement order P Post. 4
Elementary refinement move set P Post. 4
Closure distance = min chain length; quasi-metric Def + D Post. 4
Uniform closure quantum δc per step P Post. 5
Edit-distance identification; tropical bridge A §4.2
δc Planck-scale C Post. 5 rem.
Observer stages, chains, measurement Def (vocabulary) Post. 6
Existence of observer chains P Post. 6, Rem. 3
Time as refinement-order label Def + interpretation Post. 6, §3
Closure as Galois connection Def Rem. 4, App. A
Necessity of canonical measure; finiteness A (with Haar caveat) Prop. 1
Coherent sum eiSr as class aggregate D under [AS] [52] §6.1
Parent-relative scale (global scale inconsistent) D [52] §6.1
Same-set conservation across devices D (relational phase) §6.1
Born exponent: ni = N |αi|2 D under [AS],[LC],[PR] + V §6.1
Normalization forced (per parent) D §6.1
Frequencies track |αi|2 A + [T] (k ≲ logN) §6.2
Interference, decoherence, conditionalization D + V §6.1
Stability criterion; preferred basis; scope D (sketch) + V §6.3
Einselection; (cosχ)k; V 2+D2=1 V §6.3
Outcomes relative; absoluteness denied Def consequence + commitment §6.4
Locality: no-signaling by counting By construction + tested §6.4
Free settings (independence schema inapplicable) A §6.4
Exclusion basis-relative D + V [53] §6.4
No counterfactual values; Fine blockage A (via [23]) §6.4
CHSH |S| = 2

√
2 to O(1/N) by counting Computed by enumeration [53] §6.4

continued on next page
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Claim (continued) Status Where

Sector record restores |S| ≤ 2 Computed by enumeration [53] §6.4
Model: postulates exactly; assumptions to O(1/N) V (robust sense) §6.5
[CS] cell structure: (i) partition, (ii) adjacency Assumption; located against §6.3, Post. 4 §7
[CS](iii) chain regularity; uniform η (flatness) Assumption proper (open problem in discrete form) §7
Hopping form; m∗ = 1/(2η); V as phase cost D from move set, small η [54] §7
Model A licensed; stage-wise census unlicensed Def consequence + computed §7
Dynamical O(1/N) residues (slope −0.94) Computed by enumeration [54] §7
Counting unitarity

∑
x nx = N under propagation Tested exactly [54] §7

Finite support; edge at N · P < 1 Computed (P1 in position space) §7
Max group velocity as invariant-speed instance Computed instance of Conj. 1 §7
Band as observational signature Candidate, conditional on [CS] §7
Masslessness as linear band region Reading (kinematics; Dirac limit program) §7
Mass origin as phase-texture location in k Question §17
Varying η as discrete curvature Research direction (successor model) §14
Classical limit via record proliferation A §8
Record entropy log |Ωr| decreasing D §9
Historical entropy non-decreasing; arrow A (near-D; formalization open) §9
Entropy quantized in δc C+ §9
Max entropy log |Ω| D §9
Complexity growth along refinement A/C §10
Objectivity: redundancy mechanism V §11
Objectivity: observer convergence A/C §11
Self-reference; recursion bounds; self-location A §12
Causal cones; invariant speed C+ (Conj. 1) §13
Lorentzian signature; Lorentz symmetry C (form posited) §13–14
Continuum limit (gab, kernel, ℏ) O §4, 14, 17
Newtonian / relativistic dictionary entries C §14
Schrödinger equation: formal continuum limit O (small-k corner computed, §7) §14
Horizons as closure saturation; S ∝ A C+ §14
Horizon equivalence C (Conj. 2) §14
Information / singularity dissolutions C (conditional on Conj. 2) §15
O(1/N) Born deviation; log |Ω| cap Prediction §16
Tsirelson deviation: O(1/N) scale Prediction (robust) §16
Tsirelson deviation: sign (two-sidedness) Conditional on apportionment rule §16
Environment cancellation; scale = 1/Ms A (full crossing assumed) §16
Refinement-graded graininess; saturation locus Prediction (argument-level) §16
Run-length bound k ≲ logMs Prediction §16
Apportionment rule Model postulate; selection open §17
Origin of [LC], [AS]; phase texture (∆S) O §17

20 Conclusion

Configuration Realism ends where quantum theory begins. The Born exponent, the normal-
ization of probability, and the norm-preservation of devices—postulates in every textbook—are
here theorems, consumed from two commitments: that devices compose linearly, a measured fact
elevated to a postulate, and that the classes they re-partition are finite, the ontological posit
these four papers defend. The commitment might have remained a bare stipulation; instead
it is the premise that does the work. Because configurations exist timelessly and are neither
created nor destroyed, their number is conserved under every re-partitioning, and that con-
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servation, together with the multiplicativity of counting, forces the Born exponent. The same
ontology answers the Bell question by giving up the absoluteness of outcomes in exchange for
counted relative facts; and, given a local move set, it propagates: counted populations reproduce
Schrödinger phenomenology with the count conserved exactly at every stage. The framework’s
most speculative commitment turned out to be the premise of its first theorem.

The organization by epistemic status states the position exactly: an ontology (Part I); a
derived core—quantum probability as counting, its scope fixed by which records can exist, its
Bell extension enumerated, its dynamics computed under a named cell structure (Part II);
consequences for entropy, complexity, and objectivity (Part III); and a program—spacetime,
dynamics, gravitation—whose claims are conjectures with stated derivation paths (Part IV), the
whole classified line by line in Section 19. What the framework offers is a reversal of explanatory
direction: time, probability, objectivity, and entropy are not inputs but what finitude looks like
from inside—the view available to a lossy record of a world that contains it. Physical law, on
this account, is closure structure: not rules by which the universe changes, but the implication
order of what, timelessly, exists.

Part 0 opened with three established regularities elevated to principles; the paper closes hav-
ing returned one of them as a theorem. The block universe and the Wheeler–DeWitt constraint
fixed the static ontology; the Born exponent, read ontically, fixed its finiteness; and within that
static, finite ontology the exponent re-emerged as a counting theorem, with the Bell correlations
counted after it and the dynamics counted after that. What the framework offers is a mecha-
nism, not a worldview: probability and motion as the arithmetic of a finite world, time as the
ordering of its records, and a research program—spacetime, dynamics, gravitation—for whether
the same arithmetic goes further. Configuration Realism is what the principle-theory method
builds when the principles are these three; the derivations of Part II are that method’s first
returns.
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A Formal Structure in Counting Form

This appendix presents the canonical set-theoretic realization of the postulates—the structure
the enumeration model of Section 6.5 instantiates—and is the definitional authority to which
the verbal postulates of Part I point: where the main text says “compatible,” “subsystem,” or
“observer,” the meaning is the one fixed here. The primitives are stated once, in counting form
throughout: no measure is posited beyond cardinality, and no integral appears.

A.1 Configuration space. A finite set Ω; elements ω are configurations, complete arrange-
ments of all degrees of freedom. Phase is a family of stage-indexed maps Sr : Ωr → [0, 2π),
one per observer stage (A.4), with successive stages of a chain related by increments and only
phase differences within a stage physical; no single context-free map S : Ω → [0, 2π) exists, the
companion proving such an assignment inconsistent with nontrivial devices [52]. No temporal
ordering, no evolution, no privileged configuration. All set functions used below are counting:
the size of E ⊆ Ω is |E|.
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A.2 Subsystems. A subsystem O is a subset of the degrees of freedom, inducing a projection
πO : Ω → ΣO, where ΣO is the set of arrangements of O’s degrees of freedom; πO(ω) is ω’s
restriction to O. Subsystems may overlap or be nested.

A.3 Records and compatibility classes. A record state of O is an element R ∈ ΣO physi-
cally distinguishable within O. Its compatibility class is the preimage ΩR = {ω : πO(ω) = R}.
For fixed O the classes {ΩR}R∈ΣO

partition Ω; classes of different subsystems or different records
generally overlap. Records are finite and lossy (Postulate 2): |ΣO| ≪ |Ω|, so classes generically
contain many configurations, and no subsystem’s records distinguish all of Ω.

A.4 Observers, refinement, measurement. O is an observer iff ΣO contains at least two
record states with distinct classes. A refinement is a pair R ⪯ R′ with ΩR′ ⊆ ΩR; measurement
is refinement borne along an observer chain (Postulate 6); no configuration is eliminated from
Ω—elimination is always relative to a class.

A.5 Closure as a Galois connection. Let R be the set of record contents ordered by in-
clusion of encoded correlations, and P(Ω) the configuration sets ordered by inclusion. The
compatibility map Γ : R → P(Ω), r 7→ Ωr, is antitone: more content, fewer compatible con-
figurations. The content map ∆ : P(Ω) → R assigns to each configuration set the correlations
shared by all its members; it is antitone likewise, and the pair (Γ,∆) is a Galois connection:
r ⪯ ∆(E) ⇐⇒ E ⊆ Γ(r). Total closure is the induced closure operator on content, cl = ∆ ◦ Γ:
extensive (r ⪯ cl(r)), idempotent, monotone—extensivity on content, with the corresponding
map on classes contractive, resolving the direction of Remark 4. Accessible closure clO is cl
truncated to O’s capacity: Ωcl(r) ⊆ ΩclO(r) ⊆ Ωr.

A.6 Closure distance. As defined in Postulates 4–5 (minimal chain length in units of δc,
quasi-metric); the continuum form gab is the open construction of Section 4. Nothing further is
added here.

A.7 Arrows and populations (Part II interface). For a class Ωr partitioned at a stage
into outcome classes {Ωri}: populations ni = |Ωri |; arrows αi = 1

Ar

∑
ω∈Ωri

eiSr(ω), with Sr
the stage-relative phase of Postulate 1 and Ar > 0 a parent-relative scale, one per parent class
per stage (a single global scale is inconsistent across nesting levels [52]); probability P (ri |
r) = ni/|Ωr| by definition; structural entropy S(r) = log |Ωr|, with additivity over independent
subsystems inherited from the Cartesian-product structure. These definitions are the interface
the companion theorems consume; their outputs—the power-law form, the exponent, the forced
normalization fixing Ar, devices as 2-norm isometries, the stability domain, and the CHSH
extension—are summarized in Section 6.1 and proved in [52, 53].
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[12] Č. Brukner, “A no-go theorem for observer-independent facts,” Entropy 20, 350 (2018).

[13] P. Busch, “Quantum states and generalized observables: a simple proof of Gleason’s theorem,” Phys.
Rev. Lett. 91, 120403 (2003).

[14] S. M. Carroll and A. Singh, “Mad-Dog Everettianism: Quantum Mechanics at Its Most Minimal,”
arXiv:1801.08132 (2018).

[15] G. Chiribella, G. M. D’Ariano, and P. Perinotti, “Informational derivation of quantum theory,”
Phys. Rev. A 84, 012311 (2011).

[16] J. F. Clauser, M. A. Horne, A. Shimony, and R. A. Holt, “Proposed experiment to test local hidden-
variable theories,” Phys. Rev. Lett. 23, 880 (1969).

[17] D. Deutsch, “Quantum theory of probability and decisions,” Proc. R. Soc. Lond. A 455, 3129 (1999).

[18] B. S. DeWitt, “Quantum theory of gravity. I. The canonical theory,” Phys. Rev. 160, 1113 (1967).

[19] A. Di Biagio and C. Rovelli, “Stable facts, relative facts,” Found. Phys. 51, 30 (2021).
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