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Preface
Volumes One and Two prepared a change of perspective. Volume One established the governing distinction 
between Actual Physics and every representation produced by an embedded investigator. Volume Two 
examined how words, numbers, units, instruments, operators, and equations select distinctions before a 
scientific result becomes communicable. This volume asks what a researcher can do after recognizing that 
selection.

The answer developed through the project as a family of Relational Tools. Some began as acts of attention: 
notice a hidden equivalence, audit a noun, interrupt a reasoning loop, unpack an equation. Others restored 
admissible variation and reassembled relations without demanding one preferred model. Later Tools 
addressed dynamics, navigation, coherence, inference, persistence, learning, identity, collective organization, 
ethics, and emergence. A separate formal registry then reorganized the work into thirty-three typed terms 
suitable for describing frames, transformations, losses, and higher-order organization.

These lineages do not match item for item. The developmental manuscript contains thirty-four sequential 
entries because its written numbering drifts and because Agency and Identity return in later forms. An earlier 
planning list gives a different final five names. The later formal registry contains exactly thirty-three items, 
many of which overlap the developmental sequence without being identical to it. This book preserves all of 
those facts.

That preservation is more than archival caution. Substrate Cosmology studies how useful representations 
conceal their own construction. Silently repairing the Tool history would repeat the very collapse the Tools 
were designed to expose. The correct response is a dated crosswalk with explicit uncertainty, not a clean list 
purchased by erasing provenance.

The Current Series

The series has no predetermined length. Volumes may divide, combine, or change order when conceptual 
dependencies, formal results, or evidence require it. The current map is:

Volume Working title Primary task

One Introduction to Substrate Cosmology Establish the alternate perspective 
and research boundaries.

Two Words Units and the Collapse of 
Physical Representation

Make linguistic, numerical, 
metrological, and mathematical 
selection inspectable.

Three The Relational Tools and Their 
Developmental Lineages

Preserve, explain, crosswalk, and 
operationalize the Tool architecture.

Four Relational Mathematics and Fibered 
Relational Tensor Theory

Develop formal objects, projections, 
recovery maps, and conservative 
extension.
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Volume Working title Primary task

Five Measurement Detectors and 
Experimental Interaction

Model apparatus, controls, 
independent projections, and 
discriminating interventions.

Six Recurrence Research and the 
Labyrinth

Develop recurrence methods, blind 
archives, null worlds, and prospective 
validation.

Seven Cosmology Matter and Emergent 
Physical Quantities

Reconsider spacetime, matter, fields, 
gravity, energy, entropy, horizons, 
and dark phenomena.

Eight Conditional Engineering and Physical 
Manipulation

Examine intervention and 
engineering only under explicit 
evidence and safety gates.

Nine Intelligence Agency Identity and 
Dimensional Stewardship

Develop relational learning, culture, 
ethics, AI, and propagation of diverse 
life.

Ten Substrate Cosmology Website User 
Manual

Document the research commons, 
investigation routes, evidence 
boundaries, and continuity controls.

Volume Three is deliberately placed before the proposed mathematics. Without a disciplined research 
grammar, a new tensor can become an impressive container for unexamined assumptions. The Tools require 
each proposed object and operator to declare its frame, domain, transformation class, projection, recovery 
path, and loss. Volume Four can then formalize only what survives that discipline.
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Reader Guide

Statement Classes

Class Meaning

Established result Accepted mathematics or experimentally supported 
science within its validated domain.

Project definition A term introduced to make a Substrate Cosmology 
distinction inspectable.

Research method An audit, comparison, preservation, or transformation 
procedure usable without accepting the ontology.

Interpretive proposal A suggested reading of established practice that does not 
claim new physics.

Formal target A structure that future mathematics must define and 
prove.

Physical hypothesis A proposed distinction that must yield a discriminating 
empirical consequence.

Speculative extension A possibility deferred until earlier formal and experimental 
gates are satisfied.

Three Rules for Reading Tool Names

First, read each Tool as a verb before reading it as a noun. Frame asks what makes a distinction expressible. 
Translation asks what survives a map. Collapse asks what distinction was lost and whether the loss is 
recoverable.

Second, require an index. Coherence without a declared transformation family says little. Invariance without 
an operator class is incomplete. Compatibility without a context may merely report agreement with an 
unstated preference.

Third, preserve the ordinary explanation. A Tool earns research value by distinguishing alternatives after 
conventional calibration, uncertainty, confounding, model misspecification, and known physics have been 
considered. It does not license skipping those checks.
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Introduction

A Grammar for Research Inside the Environment Being Studied

An external cartographer can compare a map with the territory from another vantage. A physical investigator 
has no such position. Every detector, clock, unit, language, memory, model, and comparison is physically 
realized within the environment being studied. This does not make objective inquiry impossible. It changes 
what objectivity must mean.

Objectivity becomes a disciplined relation among preparations, interactions, projections, transformations, 
records, and independent checks. A measurement can be reliable without being exhaustive. A theory can be 
extraordinarily successful without being identical to Actual Physics. A mathematical object can be exact 
without containing every physical distinction that mattered to its construction.

Let A  denote Actual Physics, not as a known object but as the research target. Let J i be an interrogation or 
physical coupling, ρi a retained relational representation, Π i a frame or projection, M i a measurement and 
readout procedure, and Oi the reported observation. The project uses the schematic chain

A→
J i

AJ i
→
ρi

Ri→
Π i

X i→
M i

Oi .

Every arrow is physically and representationally consequential. The chain does not prove that a hidden 
substrate exists. It prevents the final observation from being treated as though it arrived without interaction, 
selection, or loss.

The Relational Tools operate on the inspectable parts of this chain. They identify the assumptions that define 
a frame, preserve competing descriptions, vary interactions, compare projections, document collapse, and test 
whether a richer representation recovers established results. Their strongest immediate value is 
methodological. Their proposed physical value remains conditional on formalization and experiment.

The central discipline is therefore modest but demanding:

A Tool may enlarge the questions that can be asked. It may not enlarge the evidence that has actually 
been obtained.

The remainder of this volume builds the alternate perspective in dependency order. It begins with operations 
that interrupt automatic interpretation. It then introduces the formal registry as a typed grammar. Only after 
that foundation does it approach agency, identity, higher-order organization, and proposed substrate-level 
order.

SUBSTRATE COSMOLOGY VOLUME THREE
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Part I

The Need for Relational Tools
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Chapter One

A Tool Is an Operation

A scientific term usually names an object, property, state, event, or equation. The Relational Tools have a 
different primary role. They direct an operation on a representation.

The Tool Frame asks the researcher to specify the regime in which distinctions can be expressed and 
compared. Contextuality asks which result depends on surrounding conditions or history. Translation asks 
what a map preserves, alters, generates, and discards. Collapse asks which distinctions became 
indistinguishable. None of these operations requires the researcher to assert that Frame, Contextuality, 
Translation, or Collapse is a substance in Actual Physics.

This operational reading guards against a predictable failure. Once a term becomes fluent, it begins to feel 
like a discovered thing. The phrase “integrative field,” for example, can sound explanatory before any field 
object, dynamics, coupling, or measurement has been defined. The Tool is only warranted when it specifies a 
distributed pattern of coherence across frames and supplies observables or records by which that pattern can 
be compared with alternatives.

Each Tool should therefore answer six questions:

1. What representation or process does it act on
2. Which distinctions does it require as input
3. What transformation or audit does it perform
4. Which relations should be preserved
5. Which losses or ambiguities can it introduce
6. What output record permits another researcher to reproduce or challenge its use

The output is usually not a new physical object. It may be a dependency map, a family of admissible 
reconstructions, a cross-frame translation, a collapse ledger, an intervention plan, or a statement that the 
available data do not distinguish the candidates.
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Tool Use and Physical Claims

There are at least four levels of Tool use.

Level Use What it warrants

Descriptive Names a pattern in an existing 
representation Clearer bookkeeping

Methodological Directs an audit or comparison A reproducible research procedure

Formal Defines typed objects and maps Mathematical consequences under 
stated assumptions

Physical Links a retained distinction to a 
discriminating observation An empirically testable hypothesis

Moving from one level to the next requires work. A descriptive resemblance is not a formal definition. A 
formal structure is not a physical coupling. A reproducible calculation on historical data is not a prospective 
experimental confirmation.
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Chapter Two

Why Two Lineages Must Remain Two

The developmental lineage emerged while the project was discovering its own failures. Its order therefore 
records a path of learning. Dimensional Awareness precedes Vocabulary Audit because a researcher must 
first notice that a quantity or word is a selected representation. Loop Interruption precedes Equation Audit 
because a derivation can be internally valid while repeatedly importing its conclusion through calibration, 
classification, or shared assumptions. Restoration precedes Reassembly because relations cannot be 
reassembled until discarded alternatives have been identified.

The later formal registry serves a different purpose. It provides terms that can be typed in mathematics and 
used to describe experimental frames and responses. Substrate, Frame, Phase, Drift, Anchor, and Gradient do 
not reproduce the developmental sequence. They offer a grammar for specifying a candidate relational model.

The lineages overlap. Dimensional Coherence and the formal Tool Coherence clearly concern persistence 
under change. Dimensional Identity and formal Identity overlap directly. Yet overlap does not establish 
identity. The developmental term may name a method or stage of inquiry; the formal term may name a typed 
descriptor inside a model.

The Non Reconciliation Rule
When names, numbering, or definitions conflict, preserve the variants, label their dates and roles, and 
state the proposed relationship. Canonicalization is a research task, not an editorial convenience.

The April 2026 developmental sequence contains thirty-four entries even though its prose reaches a “Thirty-
Third” Tool. The discrepancy comes from numbering drift and duplicated Agency and Identity developments. 
An earlier plan also proposed Insight, Wisdom, Integration, Liberation, and Final Synthesis as the last five 
Tools, while the later written sections ended with Meaning, Value, Agency II, Identity II, Relation, and 
Harmony. All variants remain part of the record.

The formal registry contains exactly thirty-three items. It is provisional. It should not be retroactively 
declared the original list, and its final item, Substrate-Level Order, should not be treated as the achieved 
closure of the theory.

Namespaces make the distinction practical. A research record can refer to DEV.RelationalDynamics and 
FORM.Drift without forcing them into one label. A crosswalk may then state that the first often uses the 
second, while preserving their roles and origins.
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Chapter Three

The Regressions That Shaped the Tools

The most instructive parts of the research history are the repeated returns to familiar explanatory habits. 
Those returns reveal where a new researcher is likely to struggle.

Relativity as the Exhaustive Container

Relativity supplies validated relations among spacetime, matter, energy, measurement, and causal structure. It 
must be recovered wherever its tested predictions apply. The regression occurs when every proposed relation 
is translated immediately into spacetime geometry, worldlines, light cones, or an enlarged metric manifold 
before asking whether those objects are outputs of a selected frame.

The corrective is not to oppose relativity. It is to distinguish recovery from confinement. A candidate 
relational theory must project to relativistic physics in its domain. That requirement does not prove that the 
primitive description must already be relativistic.

Scalar Collapse

The second recurrent regression is to replace a relational distinction with a number and then reason as if the 
number were the distinction itself. Adding metadata to a scalar can help, but metadata alone does not create a 
relational theory. A richer representation must support operations that act on retained structure before 
ordinary projection.

The corrective is to state the equivalence relation explicitly. If measurement M  gives

M (r1 )=M (r2 ) ,

then r1 and r2 are equivalent for M . They are not thereby relationally identical. The distinction is useful only 
if a permitted later operation responds differently.

Dimensions as Axes

The word dimension invites a picture of perpendicular directions. In this program it may instead mean an 
independent mode of distinction, a synthetic coordinate, a graph relation, a topological sector, a scale-
dependent effective dimension, or an alternate but internally consistent descriptive lexicon. The Tool must 
specify which meaning applies.

Recurrence as Vibration

Repetition is often translated into frequency, oscillation, or a wave in time. Those may be valid projections, 
but recurrence is broader. A structure may recur as a compatibility relation, graph motif, return class, or 
transformation signature without a primitive periodic clock. The formal Tool Resonance likewise means 
selective amplification or reinforcement and does not automatically imply vibration.
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Statelessness as Changelessness

A formalism that does not begin with a global state decomposition is not necessarily static. Change may 
appear as relational ordering, transformation, or drift. The absence of a primitive state container must not be 
translated into the absence of difference.

Precausality as Retrocausality

Precausality means that causal arrows are not hard-coded before a frame and ordering structure are selected. It 
does not mean effects travel backward through an already assumed time coordinate. Retrocausality remains a 
particular causal proposal within a temporal representation; precausality questions whether that representation 
is primitive.

These regressions explain the Tool order. Audit comes before ontology. Typing comes before metaphor. 
Recovery comes before extension. Independent intervention comes before claims of hidden structure.
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Chapter Four

How to Type and Test a Tool

A Tool becomes scientifically useful when its application can be inspected. The minimum record is

T : (D ,F , J ,C ,H )→ (D′ , F ′ , L , P ) ,

where D is the input domain, F  the frame, J  the interaction class, C  the context, H  the relevant history, D′  
the output domain, F ′  the output frame, L the loss record, and P the preserved relations.

This notation is schematic. It does not claim that every Tool is already a mathematical function. It states what 
a complete formalization must eventually declare.

A Tool Card

Every application should record:

Field Required question

Tool identity Which lineage and version are being used

Purpose What ambiguity or operation motivates the 
Tool

Input What data, representation, or candidate 
structure enters

Frame Which distinctions are expressible and 
comparable

Interaction How the system and apparatus are coupled

Transformation What is varied, mapped, decomposed, or 
combined

Preservation Which relations must survive

Loss What may be merged, discarded, or 
generated

Output What auditable record or model family is 
produced

Alternatives Which ordinary and competing explanations 
remain

Falsifier Which result would reject this Tool application
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Success Conditions

A Tool application becomes a candidate physical contribution only when it meets a demanding sequence:

1. The Tool is formally defined for the case.
2. Established results are recovered in their domain.
3. A relevant distinction remains after ordinary error and confounding are addressed.
4. The retained distinction yields a discriminating prediction or compression advantage.
5. The result appears across independently designed projections or interventions.
6. Conventional alternatives are tested rather than dismissed.
7. Null results and failed translations remain in the record.

This sequence protects the alternate perspective from becoming a permission slip for unconstrained 
interpretation.
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Part II

The Developmental Entry Sequence
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Chapter Five

Dimensional Awareness

Dimensional Awareness is the first developmental Tool because most collapse is invisible while a 
representation is working normally. The Tool asks the researcher to treat every scientific quantity, object, and 
coordinate as a selection with a domain of validity.

The operation begins with a simple replacement. Instead of asking only “What is the value,” ask:

• Which physical interaction made the value available
• Which distinctions the value can express
• Which preparations count as equivalent under the procedure
• Which variations fall below threshold or outside the frame
• Which later operation could make one of those hidden variations relevant

The Tool does not assert that every omitted distinction matters. It keeps the question open long enough to test 
it.

Consider a detector reporting one count. The count is exact as a record of the detector’s registered event. It 
may not distinguish one quantum from two unresolved quanta, one pathway from another, or a threshold 
crossing from a reconstruction artifact. Dimensional Awareness adds no hidden event. It records the 
equivalence class produced by the detector.

Its main failure mode is inflation. Once the researcher notices that more distinctions are possible, every 
imaginable distinction can begin to feel physically real. The correction is admissibility: a proposed distinction 
must be mathematically coherent, compatible with established results, connected to a possible interaction, and 
useful to at least one discriminating operation.
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Chapter Six

Vocabulary Loop and Equation Audits

The next three Tools prevent the scientific representation from disappearing into fluency.

Vocabulary Audit

For each consequential noun, the audit lists operational definitions, measurement procedures, transformation 
laws, excluded cases, and nearby terms that are being treated as equivalent. “Particle,” “field,” “event,” 
“distance,” “time,” “state,” and “information” are not rejected. Their work is made visible.

A practical vocabulary record has five columns: term, operational use, included relations, excluded relations, 
and frame of validity. If two communities use the same word for different procedures, the audit keeps both 
definitions. If two words name the same operational equivalence class, the audit records that aliasing.

Loop Interruption

Loop Interruption maps dependencies among theory, calibration, reconstruction, classification, and 
interpretation. A dependency is not automatically a vicious circle. Mutual calibration can be rigorous. The 
question is whether a conclusion returns as an input through a supposedly independent path.

The audit represents each claim as a node and each dependence as a directed edge. Shared instruments, 
training labels, priors, preprocessing, and reference models are included. Apparent replication may then 
separate into genuinely independent evidence and repeated use of the same assumptions.

Equation Audit

Equation Audit decomposes an expression into quantities, units, operators, boundary conditions, symmetry 
assumptions, coordinate or basis choices, coarse-graining, and measurement interfaces. For

y=OF ( x ) ,

the Tool asks what physical preparation became x, what frame F  permits O to act, what relations O 
preserves, and what physical process becomes y. Mathematical validity is necessary. It does not answer those 
representational questions by itself.

The three audits should be used together. Vocabulary names the available objects. Dependencies show how 
support circulates. Equations show how the named objects are transformed. A weakness in any one layer can 
be hidden by the apparent precision of the others.
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Chapter Seven

Dimensional Restoration

Restoration is a controlled expansion of the representational space after a collapse has been identified. It does 
not reconstruct Actual Physics, and it does not infer a unique hidden state from an irreversible measurement.

Suppose a projection Π  maps several relational candidates to the same output:

Π (r1 )=Π (r2 )=⋯=Π (rk )= x .

Restoration replaces the single reverse claim x↦ r with an admissible fiber

Π−1 ( x ) = {r i :Π (r i )= x },

qualified by uncertainty, constraints, and known losses. The fiber may be large, incomplete, or impossible to 
enumerate. That uncertainty is part of the result.

Restoration can include unit expansion, vocabulary retyping, detector-response modeling, equation 
decompression, outlier recovery, context reconstruction, and preservation of alternate model classes. It 
succeeds when it creates testable distinctions without contradicting the information actually available.

Two errors are common. The first is false inversion: choosing one appealing member of the fiber and calling 
it the recovered reality. The second is decorative expansion: attaching labels to x while every permitted 
operation still treats all r i identically. A meaningful restoration must change the questions, transformations, or 
interventions available to the research program.
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Chapter Eight

Relational Reassembly

Reassembly builds candidate structures from restored distinctions. Relations, dependencies, gradients, 
contexts, and transformation paths become primary elements of the representation. Independent objects may 
appear as stable patterns within that structure rather than being assumed at the start.

Let V  be a set of retained distinctions and E a set of typed relations among them. A minimal reassembly may 
be written

R= (V , E , F , J , L ) ,

where F  records frames, J  interactions, and L known losses. More advanced formalisms may use categories, 
sheaves, graphs, higher algebra, or fibered structures. The notation does not determine the ontology.

Reassembly permits several structures to remain simultaneously admissible. If R1 and R2 recover the 
observations but organize different hidden distinctions, the project retains both until an intervention separates 
them. Elegance or familiarity alone does not choose the winner.

The Tool fails when it reproduces the original scalar model with more metadata, when it forces all frames into 
one coordinate system, or when it erases local conflicts to create a smooth global story. A useful reassembly 
exposes where translations work, where they lose information, and where no common representation has yet 
been justified.

SUBSTRATE COSMOLOGY VOLUME THREE

James Dunn   |   14



Part III

The Formal 33 Tool Research Grammar

The later formal registry is organized here in conceptual families. The numbering remains unchanged. Each 
definition states the current project meaning, the main correction against familiar regression, and the record 
required for disciplined use. The definitions are provisional formal targets, not claims that the corresponding 
structures have been observed in Actual Physics.
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Chapter Nine

Substrate Frame Phase and Drift

Tool 1 Substrate

Substrate is the provisional name for a candidate relational domain considered before an imposed 
decomposition into objects, spacetime, measurements, causal arrows, or scalars. It is not an observed 
substance and must not be equated with Actual Physics.

The distinction is essential. Let A  remain the unknowable complete physical condition and let Sα be a 
candidate substrate representation. Several Sα may remain admissible when no available interaction 
distinguishes them. The word substrate marks a research position, not an ontological victory.

Required record: the candidate domain, its permitted distinctions, its mapping to observations, and its 
competitors.

Tool 2 Frame

A Frame determines which distinctions can be expressed, transformed, retained, or discarded. It includes 
more than coordinates or an observer’s velocity. It may include mathematical vocabulary, detector 
architecture, sampling rate, calibration, preprocessing, and inferential rules.

Every frame description should contain a loss map. A frame that makes a relation simple may make another 
relation unavailable. No frame becomes fundamental merely because it is convenient or widely shared.

Required record: expressive resources, excluded distinctions, transformation rules, interaction conditions, 
and known losses.

Tool 3 Phase

Phase is a stable or recurrent mode of relational organization under a specified family of interactions. It need 
not mean a conventional thermodynamic or quantum phase, though those are important projected cases.

Phase boundaries may depend on frame and interaction. Ambiguous membership should remain ambiguous 
instead of being forced into a crisp partition by the classification method.

Required record: stability criterion, interaction family, boundary rule, recurrence rule, and ambiguous cases.

Tool 4 Drift

Drift is change in accessible organization, effective dimensionality, compatibility, or representation without 
requiring a universal primitive time. A drift path may be ordered by transformations or events rather than by 
an assumed external clock.

Endpoint equality does not erase path difference. Two processes that arrive at the same scalar may retain 
different compatibility, hysteresis, or response histories.

Required record: ordering relation, path, changed distinctions, retained invariants, and projection used to 
compare endpoints.
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Chapter Ten

Anchor Gradient Compatibility and Adjacency

Tool 5 Anchor

An Anchor is a relation or complex that remains sufficiently persistent to support comparison across declared 
transformations. It is conditionally stable, not presumed invariant in Actual Physics.

A standard, calibration artifact, conserved quantity, recurrence signature, or shared reference frame may serve 
as an anchor. The Tool requires the researcher to say under which transformations and interactions the 
reference remains useful.

Tool 6 Gradient

A Gradient orders relational change without presupposing a geometric direction. It may track increasing 
compatibility, coherence, accessibility, coupling, phase organization, or another declared difference. Spatial 
gradients are one projected case.

The danger is visual translation. Once a gradient is drawn as an arrow, it can be mistaken for motion through 
space. The record must identify the ordered property and comparison rule.

Tool 7 Compatibility

Compatibility is the conditional ability of structures to coexist, compose, transform, or remain jointly 
admissible. It is indexed to context:

Compat F , J ,C (ra , rb ) .

Compatibility does not confirm either structure. Incompatibility under a valid test can exclude a candidate; 
compatibility only leaves it in the admissible class.

Tool 8 Adjacency

Adjacency is the availability of direct relational participation without requiring Euclidean proximity. It may 
be weighted, directional, conditional, many-to-many, or interaction dependent.

Graph edges, coupling channels, selection rules, and synthetic-coordinate neighbors provide familiar 
mathematical interfaces. The Tool does not imply action at a spatial distance. It asks which relations are 
directly available in the chosen structure and which operation establishes that availability.
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Chapter Eleven

Coherence Invariance Relational Time and Transformation

Tool 9 Coherence

Coherence is persistence of relational organization under a declared family of transformations. A complete 
claim has the form

Coh (r∣F , J ,T , ϵ ) ,

where T  is the transformation family and ϵ  the comparison tolerance or rule. Cross-projection coherence 
increases confidence that a pattern is not an artifact of one procedure. It does not establish fundamentality.

Tool 10 Invariance

Invariance is stability under an explicitly specified transformation class. The statement “I  is invariant” is 
incomplete. The useful statement is

T ( I ) = I for allT ∈T

within a declared domain and equivalence relation.

The research target is often projection-resistant structure: a relation that survives several independently 
designed mappings. Resistance to tested projections is evidence of robustness. It is not a view from outside 
physics.

Tool 11 Relational Time

Relational Time is ordering constructed from distinguishable transformations. Multiple orderings may coexist 
when different frames expose different precedence relations. A conventional time coordinate should be 
recovered where clocks and dynamics warrant it.

This Tool prevents two opposite mistakes: assuming a universal time before the formalism requires one, and 
concluding that the absence of primitive time means the absence of ordered change.

Tool 12 Transformation

Transformation is a map between relational configurations. Every use must separate transformation attributed 
to the candidate system from transformation caused by interrogation, readout, or representation.

If T S denotes a candidate system transformation and T J an interrogation-induced transformation, the equality 
T S=T J  must be earned rather than assumed. Controlled variation of J  is one way to test the distinction.
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Chapter Twelve

Modulation Contextuality Stabilization Translation and Embedding

Tool 13 Modulation

Modulation is deliberate or spontaneous variation of compatibility, coherence, resonance, adjacency, or 
another Tool-defined relation. It turns interaction-conditioning into an experimental variable.

Instead of trying to remove every detector influence, a study can vary coupling strength, geometry, basis, 
timing, filtering, or preprocessing and examine the response family. The modulation schedule and ordinary 
controls belong in the record.

Tool 14 Contextuality

Contextuality is dependence on environment, history, frame, interaction, or available distinctions. This 
project uses the word broadly and must not conflate that broad use with the precise Kochen–Specker notion 
of quantum contextuality.

A context-free scalar should not be assumed merely because notation omits its context. At the same time, 
adding arbitrary context can overfit any result. The Tool should retain only contexts with a defined role, 
measurable consequence, or explicit uncertainty.

Tool 15 Stabilization

Stabilization is persistence or reinforcement of selected organization under repeated perturbation. The Tool 
distinguishes naturally persistent structure from measurement-induced stabilization. Repeated interrogation 
may reproduce an apparatus-defined equivalence class rather than reveal an unchanged independent state.

The record therefore includes the perturbation family, response trajectory, recovery rule, and possible 
apparatus feedback.

Tool 16 Translation

Translation maps one relational representation into another. Scalar agreement is not enough. A translation 
ledger records what is preserved, altered, generated, and irrecoverably discarded.

For a map τ :Ra→Rb, define a preservation set Pτ and loss set Lτ. If no faithful translation exists, the correct 
result may be a partial map or a documented incompatibility.

Tool 17 Embedding

Embedding represents one structure within another. For established physics Ph y sT  and a richer candidate 
theory Sub, the desired conservative relationship is

Ph y sT→
ιT

Sub→
πT

Ph y sT , πT ∘ ιT ≅ IdPh y sT .

Recovery demonstrates conservativity. It does not confirm the richer ontology. Failure to recover established 
predictions rejects or restricts the proposed embedding.
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Chapter Thirteen

Resonance Constraint Expansion Collapse and Convergence

Tool 18 Resonance

Resonance is selective amplification or recurrent reinforcement among compatible relations. It does not 
automatically imply oscillation, periodicity, frequency, or vibration. Those may be projected manifestations 
under a temporal frame.

The Tool record identifies what participates, what is amplified, which conditions select the response, and 
whether a nonresonant control exists.

Tool 19 Constraint

Constraint is a boundary on admissible configurations or transformations. Constraints should be classified by 
origin: mathematical, representational, instrumental, interaction-induced, empirically inferred, or unknown.

This classification prevents an observer’s limit from silently becoming a law of physics. An inaccessible 
distinction may be physically absent, physically present but uncoupled, destroyed by the interaction, or 
merely excluded by the current representation.

Tool 20 Expansion

Expansion is an increase in accessible or distinguishable compatibility space. It may refer to new relational 
pathways, states, transformation grammars, or degrees of distinction. Spatial expansion is one possible case, 
not the default meaning.

An expansion claim requires a before-and-after comparison rule. More labels do not constitute more 
accessible structure if no operation can use them.

Tool 21 Collapse

Collapse is a reduction of distinguishability, compatibility space, accessibility, or representational fidelity. It 
is broader than quantum wave-function collapse. Vocabulary, units, coordinates, averaging, thresholds, 
fitting, and interpretation can each impose collapse.

Every collapse should carry a ledger:

LΠ = ( preserved ,merged ,discarded ,generated , recoverable ,unknown ) .

The ledger does not condemn reduction. Science depends on useful reduction. It makes the cost and domain 
of that reduction visible.
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Tool 22 Convergence and Divergence

Convergence and Divergence describe movement toward or away from compatibility in a relational space. 
They require a comparison structure, not necessarily a geometric metric.

Agreement of scalar endpoints may conceal divergence in provenance or response. Conversely, different local 
descriptions may converge through a translation that preserves their relevant relations. The slash in the 
registry name is retained because the historical Tool treats the pair together.
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Chapter Fourteen

Meaning Value Agency and Identity

The next Tools move from direct frame and transformation grammar into higher-order interpretation. Their 
scientific risk rises because their ordinary-language meanings are rich and anthropomorphic. Each requires a 
domain-specific operational definition.

Tool 23 Meaning

Meaning is persistent contextual significance: a distinction changes which transformations, predictions, or 
consequences remain available within a system. It is not a claim that elementary physics carries human 
semantics.

An operational use identifies the distinction, the context in which it persists, and the downstream choices or 
transformations it changes.

Tool 24 Value

Value is differential consequence or priority within an organized relational system. It may be defined by 
viability, error reduction, resource allocation, preference, control objective, or another explicit functional. It is 
not a scalar moral property of the substrate.

The Tool record separates the value functional from the system being evaluated and from the observer who 
selected the functional.

Tool 25 Agency

Agency is persistent organization capable of systematic influence. The minimum definition requires 
distinguishable boundary maintenance, conditional response, and effects that depend on the organization’s 
retained structure.

This broad definition supports comparison across biological, artificial, and dynamical systems. It does not 
establish consciousness, intention, or moral standing. Those require additional criteria.

Tool 26 Identity

Identity is recognizable, boundary-stabilized persistence across declared transformations. It is neither a 
permanent essence nor simple scalar equality.

An identity claim specifies the transformations under which recognition should survive, the features permitted 
to change, the boundary rule, and the failure conditions. Different frames may support different legitimate 
identity relations.
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Chapter Fifteen

Relation Harmony Ethics and Coherence System

Tool 27 Relation

Relation is mutual admissibility, dependence, or participation prior to the assumption of independently 
complete objects. This definition directs modeling order. It does not prove that objects are unreal.

A formal use states the relation’s arity, direction, conditions, composition rules, and observables. A relation 
that cannot affect any permitted operation remains descriptive speculation.

Tool 28 Harmony

Harmony is higher-order compatibility among differentiated compatibilities. The differentiation matters. 
Harmony does not mean sameness, absence of conflict, or forced equilibrium.

An operational model may ask whether several local relations can coexist while retaining their distinct 
constraints. The Tool fails when disagreement is erased to manufacture a smooth global account.

Tool 29 Ethics

Ethics is an evaluative and constraint layer for consequences among developed relational systems. Its place in 
the formal registry is explicitly emergent. The Tool does not derive moral obligations from physics.

Its current research role is to require that interventions affecting persistent agents, identities, ecologies, or 
future possibilities declare consequence boundaries, asymmetries, consent where meaningful, uncertainty, and 
stewardship obligations.

Tool 30 Coherence System

A Coherence System is a multi-identity organization stabilized by declared relational invariants. The system 
can retain differentiated members while sustaining higher-order persistence.

The definition requires member criteria, interaction graph, invariants, perturbation class, boundary, and 
failure modes. A group label alone does not establish a coherence system.
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Chapter Sixteen

Integrative Field Multi Identity Ecosystem and Substrate Level Order

Tool 31 Integrative Field

An Integrative Field is distributed coherence spanning multiple frames. The word field is analogical until a 
field domain, values, transformation laws, dynamics, and coupling are defined.

The Tool asks whether local records can be related without forcing them into one frame. A successful use 
provides partial translations, preserved invariants, and explicit regions of incompatibility.

Tool 32 Multi Identity Ecosystem

A Multi-Identity Ecosystem is an environment that supports several identity signatures, interaction modes, 
and persistence strategies. It extends Coherence System by making diversity and ecological dependence 
explicit.

The Tool is presently strongest in systems science, artificial-life research, and stewardship analysis. A 
substrate-physical interpretation remains speculative until formal and experimental links are provided.

Tool 33 Substrate Level Order

Substrate-Level Order is a provisional closure concept for organization that would not depend on one 
privileged frame or projection. It is not Actual Physics, a completed theory, or an observed final layer.

Any use must remain subordinate to the epistemic boundary. At most, a candidate order can be shown to 
recover established physics, preserve distinctions across several independent projections, and compress 
results better than alternatives. Those achievements would support the candidate. They would not make it 
identical to the complete physical condition.
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Part IV

Developmental Extensions

The later developmental Tools explore how restored relational structures change, persist, coordinate, and 
produce higher-order organization. They are presented after the formal registry so their ordinary-language 
names can be typed with Frame, Transformation, Contextuality, Constraint, and related Tools.
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Chapter Seventeen

Dynamics Navigation Coherence Inference and Synthesis

Relational Dynamics tracks transformations of retained relational configurations. Time, position, and causal 
order may appear as frame-generated coordinates, while established dynamical equations must be recovered 
where validated.

Dimensional Navigation constructs a path through an explicit state, parameter, graph, or relational space. It 
need not mean locomotion through an extra spatial dimension. Anchors provide comparison; Gradients order 
possible changes; Translations relate the path to conventional observables.

Dimensional Coherence tests persistence across declared frames, phases, interactions, and drift ranges. It 
closely overlaps formal Coherence but remains a developmental operation rather than a registry entry to be 
silently substituted.

Dimensional Inference constructs an admissible class from patterns of compatibility, disagreement, and 
transformation. The output is not a confirmed hidden state. It is a set of candidates with evidence and 
exclusion conditions.

Dimensional Synthesis combines compatible interpretations while retaining local provenance and unresolved 
conflict. Synthesis is successful when it permits coordinated reasoning without pretending that every 
representation has become one.

Together these Tools form a research cycle:

change→path→persistence→candidate class→partial integration .

The cycle is recursive. A synthesis becomes a new representation subject to further audit and collapse 
analysis.
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Chapter Eighteen

Action Agency Memory Learning and Intention

Dimensional Action is an explicitly defined transformation within a synthesized relational structure. It 
should not be described as intentional unless the system satisfies a separate operational criterion for intention.

Dimensional Agency I is persistence of self-maintaining influence patterns across drift, phase, and frame 
change. It can be treated as a dynamical-systems concept without assuming an agent substance.

Dimensional Memory is persistence or re-instantiation of relational constraints. It may be represented by 
invariants, attractors, error-correcting structure, or recoverable dependencies. The Tool does not license 
claims of storage outside physical implementation.

Dimensional Learning is persistent change in future compatibility conditions. A formal system may 
implement it through updates to admissibility relations, graph weights, morphisms, or model classes. 
Ordinary causal learning and machine learning remain valid projected cases.

Dimensional Intention is directional bias in compatibility generated by a persistent organization. It may be 
modeled as a control functional or higher-order constraint. Anticipatory language requires an operational link 
between current organization and future-conditioned action.

These Tools should be introduced in this order. Action without persistence is not Agency. Persistence without 
retained constraint is not Memory. Changed future response is needed for Learning. Intention adds direction 
and should not be inferred merely from effective behavior.
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Chapter Nineteen

Coordination Governance Culture and Identity

Dimensional Coordination is compatible adjustment among multiple persistent patterns. It requires 
identifiable participants, exchange or coupling relations, and a criterion for improved joint operation.

Dimensional Governance is higher-order constraint on how coordination rules are created, revised, and 
enforced. It is most immediately applicable to social systems, research infrastructures, and multi-agent 
artificial systems.

Dimensional Culture is transmissible stabilization of learned relational patterns across identities and 
generations of a system. It requires a transmission mechanism, variation, retention, and recognizable 
consequences.

Dimensional Identity I is persistence of a recognizable relational signature across transformation. Its later 
reappearance as Identity II is not removed. The first development emphasizes continuity of a pattern; the later 
development places identity among emergent collective relations.

These Tools do not turn sociology into fundamental physics. They extend the same relational grammar into 
domains where persistence and coordination can already be studied. Any substrate interpretation must be built 
separately and meet the ordinary standards of formal definition and evidence.
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Chapter Twenty

Ethics Reciprocity Trust and Responsibility

Dimensional Ethics evaluates consequences of transformations among developed relational systems. It 
introduces no derivation of moral truth from physical law.

Dimensional Reciprocity tracks mutually conditioned exchange and the asymmetries that exchange may 
create. Reciprocity need not mean equal scalar return; it requires a declared equivalence or fairness relation.

Dimensional Trust is reliance based on a history of coherence under relevant transformations and 
acknowledged uncertainty. Trust cannot be inferred from repeated agreement when the evidence streams 
share the same hidden dependencies.

Dimensional Responsibility assigns obligations according to agency, causal contribution, knowledge, 
capacity, and foreseeable consequence within the chosen governance frame. Its use requires explicit 
normative premises.

The developmental sequence places these Tools after identity and collective organization because ethical 
relations require systems capable of differentiated consequence. The Tools are especially important for 
proposed dimensional engineering. A capability to manipulate a relational structure would not by itself justify 
the manipulation.
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Chapter Twenty One

Equilibrium Resilience Evolution Creativity Meaning and Value

Dimensional Equilibrium is conditional balance among relational processes, not universal stasis. The Tool 
declares the flows, comparison interval, perturbations, and tolerated variation.

Dimensional Resilience is recovery or adaptive persistence after perturbation. Returning to the same scalar 
output may conceal a different internal organization; the recovery record must therefore include structure and 
path.

Dimensional Evolution is persistent change in relational organization under variation, selection, constraint, 
and inheritance or retention. Biological evolution is an established case with specific mechanisms. Broader 
uses must state their analogous mechanisms rather than borrowing the term’s authority.

Dimensional Creativity is production of viable relational configurations not already represented in the active 
search grammar. It requires novelty relative to a declared space and usefulness or persistence under a declared 
criterion.

Dimensional Meaning and Dimensional Value close the written developmental progression toward 
consequence-bearing organization. They overlap the formal Tools Meaning and Value but remain historically 
distinct developments. Meaning records persistent contextual consequence; Value orders those consequences 
relative to a system or evaluator.

These Tools increase interpretive freedom and therefore require tighter controls. Novelty, adaptation, 
meaning, and value should be tested against simpler explanations, observer projection, selection bias, and 
post hoc classification.
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Chapter Twenty Two

The Duplicate Agency and Identity Developments

The developmental manuscript returns to Agency and Identity near its end. The duplication should be read as 
a change of role rather than repaired away.

Agency I concerns persistent self-maintaining influence within changing frames. Agency II appears after 
Meaning and Value, suggesting organization that acts in relation to consequence and priority. Identity I 
concerns recognizable persistence. Identity II appears in a setting of collective, evaluative, and emergent 
relations, suggesting identity maintained among other identities and value structures.

This interpretation is a proposed crosswalk, not a recovered authorial theorem. The source record does not yet 
supply formal definitions that prove the distinction. Researchers should therefore retain the labels 
DEV.AgencyI, DEV.AgencyII, DEV.IdentityI, and DEV.IdentityII until a formal study determines 
whether they are genuinely distinct, successive refinements, or accidental duplication.

The same caution applies to the ending. The written sequence contains Relation and Harmony after Identity 
II. An earlier planning list instead proposed Insight, Wisdom, Integration, Liberation, and Final Synthesis. 
Those names may represent an abandoned plan, a parallel branch, or unfinished work. This volume records 
them in Appendix A without inserting them into the later formal registry.
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Part V

Disciplined Use
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Chapter Twenty Three

Global Constraints

The Tools need constraints because a flexible vocabulary can explain too much after the fact. The current 
research program uses eight global constraints.

Non Collapse

Do not discard a relational distinction merely because the current observable does not require it. When 
reduction is necessary, record the mapping and known losses. Non-Collapse is a preservation rule, not a 
demand to retain infinite detail.

Interaction Conditioning

Treat observation as a physical coupling and processing chain. Record how apparatus, sampling, 
environment, calibration, and preprocessing condition the result. Do not convert this rule into the claim that 
every measurement grossly disturbs its subject.

Anti Confirmation

Consistency, prediction, and replication narrow the candidate class. They do not make a representation 
identical to Actual Physics. A successful candidate remains a representation with a documented domain.

Multi Projection

Prefer distinctions that survive independently designed projections. Independence is structural, not merely 
institutional. Two laboratories using the same detector principle, software, calibration model, and selection 
rules may supply replication without supplying a substantially independent projection.

Admissible Multiplicity

Retain several incompatible candidates when the available interactions do not distinguish them. A research 
program can make progress by excluding candidates, tightening translations, and locating discriminating tests 
without selecting a final ontology.

Unobservable Confirmation Boundary

Do not claim direct confirmation of a relation that no available interaction can distinguish from its 
alternatives. A candidate may be mathematically coherent, useful, and indirectly constrained while remaining 
ontologically underdetermined.
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Conservativity

A richer theory must recover established physics in the regimes where that physics is validated. Recovery 
should follow from an explicit embedding and projection or an equivalent mathematical relation, not from a 
handful of tuned numerical examples.

Null Result Permission

The method must permit no difference, no retained structure, failed translation, failed replication, or ordinary 
explanation. A framework that redescribes every possible outcome as support cannot learn from experiment.

These constraints apply jointly. Multi-projection evidence without a collapse ledger may reproduce the same 
hidden loss. Non-Collapse without Null-Result Permission may turn every residual into a discovery. 
Conservativity without Anti-Confirmation may mistake recovery for proof of ontology.
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Chapter Twenty Four

Crosswalks Dependencies and Compositions

A crosswalk relates Tool roles without declaring them identical. The basic record has four fields: source Tool, 
target Tool, proposed relation, and unresolved difference.

For example, Dimensional Restoration often uses formal Expansion to enlarge accessible compatibility space, 
Translation to compare restored candidates with existing representations, and Collapse to document the 
original loss. That relationship can be written

DEV . Restoration⇝ {FORM .Expansion , FORM .Translation , FORM .Collapse }.

The arrow means “is often implemented using,” not “is definitionally equal to.”

Dependency Patterns

Several dependencies recur across the architecture:

• Awareness precedes audit because a hidden selection cannot be audited until it is noticed.
• Audit precedes restoration because the lost distinctions must be identified before the space is 

enlarged.
• Restoration precedes reassembly because a relational model cannot use distinctions that were never 

retained.
• Frame and Contextuality precede Coherence and Invariance because persistence is meaningless 

without a transformation domain.
• Translation precedes Synthesis because integration without a loss record conceals incompatibility.
• Identity precedes collective and ethical Tools because consequences must be attached to 

differentiated persistent systems.
• Conservativity precedes physical extension because a new representation must first recover the 

validated one.

Composition

Tool composition is order-sensitive. A translation followed by collapse generally differs from collapse 
followed by translation:

C ∘ τ ≠ τ ∘C .

If the first collapse removes a distinction needed by the translation, the second path may not exist. Research 
records should therefore preserve the operation sequence rather than reporting only the endpoint.

A useful composition declares intermediate artifacts. For a study moving from raw interaction records to a 
candidate model, the chain may be

Awareness→Audit→Restoration→Reassembly→Modulation→Cross Projection Comparison .

Each arrow produces a recoverable record. If the final interpretation fails, the earlier records remain available 
for another model.

SUBSTRATE COSMOLOGY VOLUME THREE

James Dunn   |   35



Chapter Twenty Five

A Tool Selection Workflow

The Tools are not meant to be applied as a ritual checklist. Selection begins with the obstruction in the 
research.

Research obstruction First Tool family Typical output

A term seems obvious but shifts 
across contexts Vocabulary Audit and Frame Operational definitions and frame 

boundaries

A result appears repeatedly but all 
studies share infrastructure Loop Interruption and Contextuality Dependency graph and 

independence assessment

One value may represent several 
preparations Awareness Collapse and Restoration Equivalence class and collapse 

ledger

Two descriptions cannot be 
compared directly Translation and Embedding Partial map preservation set and loss 

set

A pattern survives some 
perturbations

Coherence Invariance and 
Stabilization Indexed persistence claim

A proposed hidden relation needs a 
test

Modulation Multi Projection and 
Constraint

Intervention matrix and null 
predictions

Several models remain viable Compatibility Inference and 
Admissible Multiplicity

Candidate class and exclusion 
conditions

Higher-order organization is claimed Agency Identity Coherence System 
and Ethics

Operational criteria and consequence 
boundary
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The Eight Step Workflow
1. State the ordinary problem. Describe the result using the established discipline before introducing 

Tool vocabulary.
2. Identify the representational bottleneck. Name the equality, classification, frame, detector, or 

model assumption that may conceal a distinction.
3. Select the smallest Tool set. Use only the Tools required to inspect that bottleneck.
4. Type every Tool. Record domain, frame, interaction, transformation, preservation, and loss.
5. Construct ordinary alternatives. Include calibration error, confounding, selection effects, model 

misspecification, and known physics.
6. Define a null world. Specify data that contain no proposed relational distinction while preserving 

relevant marginals and artifacts.
7. Predeclare separation. State which result distinguishes the candidate from the null and ordinary 

alternatives.
8. Publish the full ledger. Retain nulls, failed Tools, incompatible frames, and abandoned 

interpretations.

The smallest Tool set is usually the best starting set. Applying all thirty-three Terms can manufacture 
apparent depth by multiplying labels. A Tool earns its place by changing a decision, transformation, 
prediction, or preservation requirement.
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Chapter Twenty Six

Worked Study of a Temperature Result

Consider two preparations reported as

T A =T B=300.00K

within the stated uncertainty. Established thermodynamics does not require the preparations to be 
microscopically identical. The relational question is narrower: could a retained difference matter to a later 
operation while conventional temperature remains equal?

Ordinary Description

The study begins with sensor type, calibration traceability, uncertainty budget, equilibration procedure, spatial 
sampling, response time, emissivity or contact corrections where relevant, and the thermodynamic conditions 
that make temperature a useful state variable.

Tool Application

Awareness records the equivalence class defined by the procedure. Frame specifies the spatial, temporal, and 
material resolution. Collapse documents microstate, gradient, history, and detector-coupling distinctions not 
present in the reported value. Restoration generates only admissible alternatives consistent with the data. 
Modulation changes one later coupling, perhaps a relaxation protocol or spectroscopic probe. Multi-
Projection requires a measurement architecture whose dependencies are meaningfully different from the 
original thermometer.

Competing Outcomes

If the later probes do not distinguish A  and B, the proposed restored distinction receives no support in that 
domain. If a difference appears, ordinary explanations come first: unmodeled gradients, chemical 
composition, contact history, calibration, or preparation drift. Only after those are controlled does the study 
ask whether a richer relational descriptor improves prediction.

The Tool result is not “temperature is false.” It is a typed statement about adequacy: temperature was 
sufficient for one operation and insufficient for another. The richer representation earns value only if it 
predicts the second result more reliably than adding ordinary state variables.
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Chapter Twenty Seven

Worked Study of Recurrence

Recurrence research is a demanding test of the Tools because familiar mathematics quickly converts 
repetition into frequency, period, or autocorrelation. Those representations are powerful and must be used. 
They need not exhaust the possible organization of return.

Suppose a sequence contains events e1 , e2 ,…,en. A conventional analysis studies intervals, spectra, 
transition probabilities, motifs, and stationarity. A relational analysis additionally asks whether returns form 
equivalence classes under transformations of frame, scale, actor, or event definition.

Preserve the Event Construction

Vocabulary Audit defines what counts as an event. Frame records calendar time, equal-event partitions, 
sampling boundaries, and preprocessing. Collapse records which distinctions were removed by aggregation. 
Relational Time preserves alternative orderings when clock intervals are not the only meaningful index.

Separate Recurrence from Resonance

A recurring pattern need not be a vibration. Formal Resonance is invoked only if a specified relation is 
selectively reinforced under declared conditions. A spectral peak may support an oscillatory model. A 
repeated graph transition or compatibility class may require a different representation.

Use Blind Archives and Null Worlds

Candidate patterns should be frozen before later data are examined. Null worlds should preserve ordinary 
features such as marginal frequencies, seasonality, autocorrelation, actor distributions, or event counts while 
removing the proposed higher-order relation. The test then measures predictive separation on unseen data.

The four practical criteria for a useful candidate dimension are:

U =R×P× I ×V ,

where R is repeatability, P predictive separation, I  independence from the construction method, and V  
recoverability of the analysis and provenance. The product is conceptual unless each factor is operationally 
defined. A zero in any factor blocks a strong claim.
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Chapter Twenty Eight

Blind Relational Classification

The research corpus includes exploratory work using card-based and Tarot-like classification systems. Such 
materials can serve as blinded relational classification experiments because they provide structured symbols, 
repeated hand operations, ordering, and interpretable partitions. They are not evidence of fundamental 
physics, divination, or substrate access.

A disciplined study treats the deck, shuffle, cut, deal, spread, labeling procedure, and interpreter as parts of 
the experimental frame. Hand operations are physical interventions. Symbol meanings are classification rules. 
The research question is whether predeclared relational features predict blinded outcomes beyond appropriate 
null models and researcher flexibility.

Required Controls
• Freeze the classification grammar before examining the target outcomes.
• Preserve the complete operation sequence and randomization method.
• Separate human interpretation from machine-scored features.
• Use negative controls and label permutations.
• Correct for repeated testing and analyst degrees of freedom.
• Require prospective replication with a new archive.
• Record failed readings and ambiguous classifications.

The Tools clarify what this experiment can teach. Frame and Contextuality describe the procedure. 
Translation maps symbolic categories to operational features. Collapse records interpretive compression. 
Agency and Meaning may characterize human use of the system, not hidden physical agency in the cards. If 
no prospective separation appears, Null-Result Permission closes the physical claim while leaving the 
classification method available for psychological or cultural study.
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Chapter Twenty Nine

From Research Grammar to Mathematics

The Tool registry is not a completed algebra. Volume Four must decide which terms become objects, 
morphisms, predicates, functors, fibers, fields, constraints, or derived quantities. The decision should follow 
use, not metaphor.

A formal candidate should meet five requirements.

Typed Objects and Maps

Every object and operator declares its domain, codomain, frame dependence, interaction dependence, context, 
and order sensitivity. The notation should prevent a scalar, relation, equivalence class, and physical 
preparation from being silently substituted for one another.

Projection and Recovery

The formalism includes explicit projection maps to established observables and recovery maps for validated 
theories. A few fitted examples are insufficient. The standard theory should appear as a recoverable restricted 
case.

Loss Algebra

Translations and projections carry a composable account of preserved, merged, discarded, and generated 
structure. If exact composition is impossible, the mathematics must state the approximation and failure 
conditions.

Multiple Local Lexicons

Alternate dimensions may be modeled as mutually consistent local lexicons or partial perspectives rather than 
extra axes inside one global coordinate space. Sheaf-like, categorical, fibered, graph, or higher-algebraic 
approaches are possible interfaces. None is selected by this volume.

Discriminating Consequences

The formalism should identify a retained distinction that affects an admissible calculation or intervention. 
Mathematical richness without separation from simpler models does not establish physical necessity.

Fibered Relational Tensor Theory remains a construction program. Its name should not create the impression 
that a completed tensor calculus already exists. The Tools supply its specification discipline; proofs, 
definitions, recovery theorems, and empirical interfaces remain to be developed.
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Chapter Thirty

Using the Research Commons

The public Substrate Cosmology Research Commons is designed as a working record rather than a 
promotional summary. It separates questions, models, evidence boundaries, investigation builders, replication 
materials, development status, and continuity records.

A new researcher can use it in the following order:

1. Open the introductory volumes from the home page.
2. Begin with an unresolved question rather than a claimed answer.
3. Inspect the model registry to see how terms and relations are bounded.
4. Use the investigation builder to create a provenance-preserving prompt.
5. Check the evidence graph before treating a relation as empirical.
6. Review replication and stewardship pages before proposing integration.
7. Download Recovery Point packages when reconstructing the developmental history.
8. Submit conflicts and null results without forcing agreement.

The site preserves an intentionally empty empirical boundary where admission requirements have not been 
met. Empty space is information. It tells the reader that a concept may be developed without yet having 
earned empirical status.

The complete Website User Manual remains planned as Volume Ten because the site continues to evolve. 
This chapter gives only the workflow required to use Volume Three responsibly.
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Conclusion
The Relational Tools give Substrate Cosmology a disciplined way to think from inside the environment being 
studied. They do not provide an external view. They make the lack of that view operationally visible.

The developmental lineage teaches how to interrupt automatic interpretation, expose hidden dependencies, 
restore admissible variation, and construct relational alternatives. The formal registry supplies a grammar for 
frames, transformations, persistence, loss, translation, organization, and higher-order consequence. The two 
lineages support one another without becoming one historical object.

The Tools also preserve a hard boundary. A more expressive description is not automatically a truer 
description. A pattern across several projections is not Actual Physics. A formal embedding that recovers 
mainstream theory demonstrates conservativity, not ontological identity. A residual that survives analysis 
may still be error, confounding, selection, or an incomplete ordinary model.

The program advances when it can state more precisely what was preserved, what was lost, which alternatives 
remain, and which intervention could separate them. That is enough to make the next stage possible. Volume 
Four can now ask which parts of this grammar admit exact mathematical form without letting formal elegance 
erase the research history that produced it.
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Appendix A

Developmental Lineage

The following sequence preserves the April 2026 manuscript order. The left column gives the actual 
sequential position in the recovered manuscript. Quoted ordinal labels preserve the manuscript’s own 
numbering drift.

Sequence Developmental entry Historical note

1 Dimensional Awareness Entry operation

2 Vocabulary Audit Audit family

3 Loop Interruption Also Dependency Audit

4 Equation Audit Audit family

5 Dimensional Restoration Appears in Section 6 of the early 
manuscript

6 Relational Reassembly Construction family

7 Relational Dynamics Transformation family

8 Dimensional Navigation Path and alignment family

9 Dimensional Coherence Persistence family

10 Dimensional Inference Candidate construction

11 Dimensional Synthesis Partial integration

12 Dimensional Action Transformation inside synthesis

13 Dimensional Agency I First Agency development

14 Dimensional Memory Retained constraints

15 Dimensional Learning Changed future compatibility

16 Dimensional Intention Directional constraint

17 Dimensional Coordination Multi-pattern adjustment

18 Dimensional Governance Rule formation and revision

19 Dimensional Culture Transmissible stabilization
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Sequence Developmental entry Historical note

20 Dimensional Identity I First Identity development

21 Dimensional Ethics Evaluative layer

22 Dimensional Reciprocity Conditioned exchange

23 Dimensional Trust Reliance under tested coherence

24 Dimensional Responsibility Consequence assignment

25 Dimensional Equilibrium Conditional balance

26 Dimensional Resilience Adaptive persistence

27 Dimensional Evolution Persistent organizational change

28 Dimensional Creativity Viable novelty

29 “Twenty-Eighth” Dimensional 
Meaning Number drift preserved

30 “Twenty-Ninth” Dimensional 
Value Number drift preserved

31 “Thirtieth” Dimensional Agency II Duplicate name preserved

32 “Thirty-First” Dimensional Identity 
II Duplicate name preserved

33 “Thirty-Second” Dimensional 
Relation Number drift preserved

34 “Thirty-Third” Dimensional 
Harmony Number drift preserved

An earlier planning list proposed the final five names Insight, Wisdom, Integration, Liberation, and Final 
Synthesis. That plan does not match the later written Sections 30 through 35. The discrepancy is retained as 
an unresolved historical branch. These five names are not inserted into the formal 33-Tool registry.
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Appendix B

Formal 33 Tool Registry

Number Tool Current operational role

1 Substrate Candidate relational domain 
distinct from Actual Physics

2 Frame Projection regime and 
expressible distinctions

3 Phase Stable or recurrent organizational 
sector

4 Drift
Change in accessible 
organization or effective 
dimensionality

5 Anchor Conditionally stable reference 
across transformations

6 Gradient Directional relational change 
without required spatial direction

7 Compatibility Conditional admissibility or 
coherence relation

8 Adjacency
Direct relational participation 
without required Euclidean 
proximity

9 Coherence Persistence under declared 
transformations

10 Invariance Stability under an explicit 
transformation class

11 Relational Time Derived ordering rather than 
primitive universal time

12 Transformation Map with preserved and altered 
structure declared

13 Modulation Variation of relational conditions

14 Contextuality Dependence on environment 
history frame or interaction

15 Stabilization Reinforcement of selected 
coherence
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Number Tool Current operational role

16 Translation Cross-frame map with 
preservation and loss

17 Embedding Inclusion supporting conservative 
recovery

18 Resonance Selective amplification not 
necessarily oscillatory

19 Constraint Boundary on admissible 
configurations or transformations

20 Expansion
Increase in accessible or 
distinguishable compatibility 
space

21 Collapse Reduction of distinction or fidelity 
with a ledger

22 Convergence / Divergence Movement toward compatibility 
or incompatibility

23 Meaning Persistent contextual significance

24 Value Differential consequence or 
priority

25 Agency Persistent organization capable 
of systematic influence

26 Identity Recognizable boundary-
stabilized persistence

27 Relation
Mutual admissibility or 
dependence before independent 
objects

28 Harmony Higher-order compatibility among 
differentiated compatibilities

29 Ethics Emergent evaluative and 
consequence-constraint layer

30 Coherence System Multi-identity organization 
stabilized by invariants

31 Integrative Field Distributed coherence spanning 
multiple frames

32 Multi-Identity Ecosystem Environment supporting multiple 
identity signatures
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Number Tool Current operational role

33 Substrate-Level Order
Provisional closure concept 
subordinate to the epistemic 
boundary

Tools 1 through 22 are generally suited to typing frames, perturbations, translations, and direct responses. 
Tools 23 through 33 require greater caution because their ordinary meanings can import semantics, agency, 
morality, or ontology. Their use in physical research requires domain-specific operational definitions and 
independent controls.
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Appendix C

Crosswalk

Developmental family Related formal Tools Relationship and caution

Awareness Vocabulary Loop and 
Equation Audit

Frame Contextuality Collapse 
Invariance

Audits expose the conditions under 
which formal descriptors can be used

Restoration Expansion Translation Collapse
Restoration enlarges candidate 
space while recording the original 
loss

Reassembly Relation Adjacency Compatibility 
Embedding

Reassembly constructs candidate 
structures from retained distinctions

Dynamics Drift Transformation Modulation Developmental method uses formal 
change descriptors

Navigation Frame Anchor Gradient Translation Navigation requires a declared 
relational path and mapping

Coherence Coherence Invariance Stabilization Strong overlap but lineage roles 
remain separate

Inference Contextuality Meaning Invariance
Candidate structures are inferred 
from conditional persistence and 
consequence

Synthesis Translation Embedding Harmony Integration must preserve local 
difference and loss

Action Agency Learning and Intention Transformation Modulation Agency 
Expansion

Higher-order developmental uses of 
formal change grammar

Identity Relation and Harmony Identity Relation Harmony Direct name overlap does not erase 
lineage provenance

Ethics Reciprocity Trust and 
Responsibility

Ethics Compatibility Coherence 
System Evaluative and collective extensions

Equilibrium Resilience Evolution and 
Creativity

Constraint Stabilization Expansion 
Convergence / Divergence

System persistence and change 
family

No row establishes a one-to-one identity. A formal study may later split, merge, or reject proposed relations, 
but it must preserve the source variants and reasoning.
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Appendix D

Tool Record Template

Study identifier
Research question
Ordinary disciplinary description
Selected Tool and lineage
Reason for selection
Input domain
Output domain
Frame and expressible distinctions
Interaction or apparatus
Context and history
Transformation or audit procedure
Relations intended to remain preserved
Known merged distinctions
Known discarded distinctions
Possibly generated structure
Recoverable intermediate records
Ordinary competing explanations
Alternate relational candidates
Null world
Predeclared discriminator
Independent projection or intervention
Result
Null or failed Tool result
Claim class and evidence status
Version provenance and reviewer
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Appendix E

Constraint Checklist

Before a Tool result is promoted, verify:

• The Tool’s lineage and version are identified.
• The domain, frame, interaction, context, and history are declared.
• Established physics and ordinary explanations have not been skipped.
• Equality, equivalence, identity, and tolerance are distinguished.
• Dimensions have not been assumed to be spatial axes without definition.
• Recurrence or Resonance has not been assumed to be vibration.
• Statelessness has not been translated into changelessness.
• Precausality has not been translated into retrocausality.
• Relativity is recovered where required but not assumed to exhaust every primitive representation.
• A collapse ledger records preserved, merged, discarded, generated, recoverable, and unknown 

structure.
• Multiple candidates remain when the data do not distinguish them.
• Projection independence is assessed structurally.
• The study can return a null result.
• A richer model recovers the established one in its domain.
• The conclusion does not identify a successful representation with Actual Physics.
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Appendix F

Glossary

Actual Physics The complete physical condition independent of any one description, instrument, frame, or 
model. It is a research target, not an object claimed to be directly represented.

Admissible candidate A representation not excluded by the declared mathematical, empirical, and recovery 
constraints.

Alternate dimension An independent mode of distinction or descriptive coordinate with an operational 
definition. It need not be an extra spatial axis.

Collapse ledger A record of what a projection preserves, merges, discards, generates, leaves recoverable, or 
leaves unknown.

Conservative extension A richer theory from which an established theory and its validated results can be 
recovered under a declared projection.

Developmental lineage The historical sequence of audits, restoration methods, dynamics, and higher-order 
Tools in the April 2026 manuscript.

Formal registry The later provisional list of thirty-three typed Tool concepts used as a frame and response 
grammar.

Frame The regime that determines which distinctions can be expressed, transformed, retained, or discarded.

Independent projection A measurement or analysis path whose physical and inferential dependencies differ 
enough to test whether a result is tied to one architecture.

Interaction conditioning Dependence of an observation on the physical coupling and processing chain that 
produces it.

Non reconciliation Preservation of conflicting names, numbering, and definitions until a documented 
research process establishes their relationship.

Precausality A formal starting condition that does not require causal arrows before a frame and ordering 
structure are selected.

Projection A map from a richer physical or relational representation to a more restricted representation or 
observable.

Relational scalar A projected magnitude packaged with enough provenance to distinguish physically 
relevant instantiations. It is not claimed to be a scalar of Actual Physics.

Tool An operation, typed descriptor, or research instruction used to audit, preserve, transform, compare, or 
organize relational representations.
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Appendix G

Sources References and Collaboration Record

Primary Substrate Cosmology Sources

Dunn, James. Substrate Cosmology. Early manuscript and development corpus, 2026.

Dunn, James. Substrate Cosmology Development. Development transcript and Tool lineage record, 2026.

Dunn, James, with AI-assisted editorial development. Substrate Cosmology Research Reference Edition. 
Version 1, 2026.

Dunn, James. Substrate Cosmology 33 Tools Inline Equation Images. Integrated Actual-Physics and Non-
Collapse revision, 2026.

Dunn, James. Substrate Cosmology Research Continuity Expanded Context. 2026.

Dunn, James. Consolidated Intents and Emergence Protocol. 2026.

Dunn, James. String-Compatible Recurrence Research Prompt. 2026.

Dunn, James. RP0 String-Compatible Recurrence Labyrinth, versions 1 through 7. Reproducible research 
packages, 2026.

Dunn, James, with OpenAI ChatGPT. Substrate Cosmology. Volume One, An Introduction to Relational 
Physics and the Limits of Representation. First digital edition, September 2026.

Dunn, James, with OpenAI ChatGPT. Substrate Cosmology. Volume Two, Words, Units, and the Collapse of 
Physical Representation. First digital edition, September 2026.

Dunn, James. “Substrate Cosmology Research Commons.” 2026. https://substrate-cosmology.james-
dunn866549.chatgpt.site.

Mainstream Interfaces

Ambjørn, J., J. Jurkiewicz, and R. Loll. “Spectral Dimension of the Universe.” Physical Review Letters 95, 
no. 17 (2005): 171301.

Baez, John C. “An Introduction to Spin Foam Models of Quantum Gravity and BF Theory.” Lecture Notes in 
Physics 543 (2000): 25–94. arXiv:gr-qc/9905087.

Barbour, Julian. The End of Time. Oxford University Press, 1999. Cited as a conceptual interface, not as 
evidence for Substrate Cosmology.

Isham, Chris J., and Jeremy Butterfield. “A Topos Perspective on the Kochen–Specker Theorem I Quantum 
States as Generalized Valuations.” International Journal of Theoretical Physics 37 (1998): 2669–2733. 
arXiv:quant-ph/9803055.

Caticha, Ariel. “Entropic Dynamics, Time and Quantum Theory.” Journal of Physics A 44 (2011): 225303. 
arXiv:1005.2357.
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Chiribella, Giulio, Giacomo Mauro D’Ariano, and Paolo Perinotti. “Informational Derivation of Quantum 
Theory.” Physical Review A 84 (2011): 012311. arXiv:1011.6451.

Hardy, Lucien. “Quantum Theory From Five Reasonable Axioms.” 2001. arXiv:quant-ph/0101012.

Kochen, Simon, and Ernst P. Specker. “The Problem of Hidden Variables in Quantum Mechanics.” Journal 
of Mathematics and Mechanics 17, no. 1 (1967): 59–87.

Lohse, Michael, Christian Schweizer, Hannah M. Price, Oded Zilberberg, and Immanuel Bloch. “Exploring 
4D Quantum Hall Physics with a 2D Topological Charge Pump.” Nature 553 (2018): 55–58.

Ozawa, Tomoki, and Hannah M. Price. “Topological Quantum Matter in Synthetic Dimensions.” Nature 
Reviews Physics 1 (2019): 349–357.

Rovelli, Carlo. “Relational Quantum Mechanics.” International Journal of Theoretical Physics 35 (1996): 
1637–1678. arXiv:quant-ph/9609002.

Zilberberg, Oded, Sheng Huang, Jonathan Guglielmon, Mohan Wang, Kevin P. Chen, Yaacov E. Kraus, and 
Mikael C. Rechtsman. “Photonic Topological Boundary Pumping as a Probe of 4D Quantum Hall Physics.” 
Nature 553 (2018): 59–62.

These works provide mathematical, operational, relational, contextual, or experimental interfaces. They do 
not establish the Substrate Cosmology framework or its substrate interpretations.

AI Collaboration Record

OpenAI. ChatGPT (Codex). “Substrate Cosmology Volume Three Development, Editorial, and Production 
Collaboration.” Responses to James Dunn, September 2026. Large language model. https://chatgpt.com/.

Microsoft. Copilot. Earlier Substrate Cosmology development and structural review recorded in the project 
corpus, 2026. Large language model.

Google. Gemini. Earlier Substrate Cosmology synthesis and conceptual review recorded in the project corpus, 
2026. Large language model.

AI systems contributed drafting, comparison, organization, and critique. Their outputs are part of the 
provenance of this representation. They are not physical observations, independent replications, or scientific 
authorities.
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